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Tl^ENA JuAX DE, one of the Italianizing Spanish poets 
lYJL of the loth century, -was born at Cordova about 
1411. We are informed by Eomero, to whom we are 
indebted for almost all we know about his life, that he had 
ittained the age of twenty-three before he began to give 
limseK to “the sweet labour of good learning,” pursuing a 
regular course of study at Salamanca and afterwards at 
dome. It was at the latter city that he first became 
icquainted with the writings of Dante and Petrarch, which 
ifterwards so powerfully influenced his ovm st 3 de. Having 
•eturned to Spain, he became a “veinticuatro,” or magis- 
;rate, of his native tovm, and was received as a poet with 
,Teat favour at the court of John IX, being made Latin secre- 
ary to the king and historiographer of Castile. He died 
uddenly, in consequence of a fall from his mrde, in 1456, 
t Torrelaguna, where the marquis of Santillana, his friend 
md patron, erected his monument and wrote his epitaph, 
le Mena’s principal work, El Labennto (“ The Labyrinth ”), 
ometimes called Las Trescientas (“ The Three Hundred ”) 
rom the original number of its stanzas, is a didactic 
Eegory on the duties and destinies of man, obviously con- 
tracted on the lines of the Eivina Commedia of Dante. 
?he poet, while wandering in a wood and exposed to the 
ttacks of A'arious beasts of prej^, is met by Providence in 
he guise of a beautiful woman, who offers to guide him 
afely through the dangers which siwroimd him, and at the 
ame time to explain — “ as far as they may be grasped by 
uman understanding” — the dark mysteries of life that 
.'eigh upon his spirit. He is then led to the spherical 
entre of the five zones, where he sees the three wheels of 
estiny, the past, the future, and the present, and the men 
elonging to each, arranged in the seven circles of planetary 
ifluence. Oiiportunity is thus afliorded for a vast quan- 
ity of mythological and historical portraiture; the best 
ketches are those of the poet’s own contemporaries, but 
lie work in general is much disfigured with all sorts of 
edantry, and hardly ever attains to mediocrity as a poem, 
'he Lahennto was &st printed at Seville in 1496 ; Hunez 
nd Sanchez accompanied it with commentaries in 1499 
nd 1582 respectively ; and it is still regarded rvith a good 
eal of reverence by the Spaniards as the “ magnum opus ” 
f their “Ennius.” De Mena was the author of a nmnber 
f minor poems or “ vers de soci^t^” written merely for | 


-MEN 

court circles, and having neither general interest nor per- 
manent value; most of them are to be foimd in the 
Candonero General. He also wrote a poem entitled La 
Coronacion, the subject being the “crowning” of the 
marquis of Santillana by the Muses and the Virtues on 
Mount Parnassus. FinaUj', his Side Pecados Ifortales 
(“ Seven Deadly Sins ”) is a dull allegory on the antagonism 
between reason and the nuU of man. Complete editions 
of the poems of De Mena appeared in 1528, 1804, and 
1840. 

MANAGE, Gilles (1613-1692), described by Bayle as 
“ one of the most learned men of his time, and the Varro 
of the 17th century,” was the son of Guillamne Manage, 
king’s advocate at Angers, and was born in that city on 
August 15, 1613. A tenacious memory and an early 
developed enthusiasm for learning carried him speedily 
through his literary and professional studies, and we read 
of him practising at the bar at Angers as earty as 1632. 
In the same j^ear he pleaded several causes before the 
parlement of Paris, and soon afterwards he attended the 
“Grand Tours” at Poitiers, but after having been laid 
aside by a severe illness he abandoned the legal irrofession 
and declared his intention of entering the church. He 
succeeded in obtaining some sinecure benefices, and lived 
for some j’^ears in the household of Cardinal De Betz (then 
only coadjutor to the archbishop of Paris), where he had 
ample leism-e for his favourite literary pursuits. Some 
time after 1648 he mthdrew to a house of his omi in the 
cloister of Notre Dame, where his remarkable conversational 
powers enabled him to gather round him on Wednesday 
evenings those much frequented literary assemblies which 
he called “ Mercuriales.” His learning procured for him 
admission to the Della Cruscan Academy of Florence, but 
his irrepressible tendency to caustic sarcasm led to his 
remorseless exclusion from the French Academy. He died 
at Paris on July 23, 1692. Of the voluminous works 
of Manage (fully enumerated in the Didionnaire ^ of 
Chauffepi6) the following may be mentioned 
de la Langiie Frangoise (1650 ; greatly enlarged in 1694) ; 
Eiogenes Laertius Greece et Latine, cum Gommentario (1663, 
and again much improved in 1692); Poemata Latina,^ 
Gallica, Graxa, et /tuffcu (1656 ; 8th ed., 168y); Origini 
della Lingua Italiana (1669) ; and Anti-Paillet (1690). 
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er Ms deati a volume of Menagiana "was published ; it 
) aftervards expanded into two, and, with great addi- 
is, into four in the Paris edition of 1715. 
ilENAXDEE, the most famous Greek poet of the 
sv Comedy, which prevailed from about the death of 
xander the Great (323 B.c.) to 250. He was born at 
lens in 342, and died, it was said, by di-owning m the 
hour of that city (Pirreus) in 291. His social tastes 
aced liim to widte plays rather for the upper classes, 
to raise comedy to a gentility which it had hardly 
;essed in the hands of the preceding comic poets. He 
the associate, if not the pupil, of Theophrastus, who 
self had been a disciple of Plato and Aristotle, and he 
the intimate friend and admirer of Epicurus ; but he 
enjoyed the more distinguished patronage of Demetrius 
lereus (who was likewise a pupil of Theophrastus), and 
tolemy the son of Lagns.^ His principal rival in the art 
Philemon, who appears to have been more popular with 
multitude, and for that reason probably more suecessM. 
said that out of a hundred comedies Menander gained 
prize with but eight. All the extant plays of Terence, 
the exception of the Phormio, are avowedly taken 
Menander ; but some of them appear to have been 
tations and combinations of more than one plot, 
mgh Terence himself says in the prologue to the 
phi (11) that he copied the Greek model closely, 
bum de verbo expressum extulit.” Julius Cmsar 
i Terence dimidiatus Mienander, as if two halves of 
rent plaj-s had been fitted into one." 
le Attic Xew Comedy, says Dr Wagner,^ “may be 
nated as essentially domestic,” i.e., as opposed to 
free discussion of the politics of the day which gave 
e Old Comedy the place wMch is held by the “ leading 
es ” of a modern newspaper. “ The stock characters 
such as the stern or weak father, the son whose 
3 are seconded by a slave or a hungry parasite, the 
ogger, active in stirring up law suits, and the gascon- 
soldier of fortune.” ^ These and cognate subjects, 
i formed the stock-in-trade of Menander’s plays, are 
led up in two well-knorni lines of Ovid — 

“ Dum fallas semis, durus pater, improha lena 
Vivet, dum meretrix blanda, Menandros erit.” 

, good remark of Dr Wagner’s ^ that the last-mentioned 
lese, the merdriv hlanda (which probably refers 
aUy to the Thais), “ holds the most important and 
icuous part in the New Attic Comedy, wMle married 
are continually represented as the plague and bore 
iir husbands’ lives.” Litrigues with these, generally 
rh the medium of a clever confidential slave, are for 
lost part the verj- point or pivot on wMch the plot 


! more literary Romans greatly admired Menander 
3oet. Pliny (iT. H., xxx. 1, § 7) speaks of him as 
ander litterarum subtilitati sine semulo genitus.” 
rtius, contemplating a visit to Athens,® anticipates 

sasure of reading Menander in Ms native city 

Persequar aut studiuin linguie, Demosthenis aima 
Libaboqtie tiios, scitc iMenandre, sales.” ’ 


Illusion to this Pliny ivrites (xV. H., vii. SO, § 111), “Mamu 
andro in coiiuco socco testimomum legum .Eqypti et Mac 
•ontigit classo et per legates petito ; majus es ipso, reg 
pralata litterarum conscientia.” This seems to say th 
courts of Ale-yander and Ptolem 

ferrad king of Macedonia, h 

ferred to wnte comedies for the Attic stat'e 

T in tw 'rf r and flcci/m are describ 

'ruch Va r- '‘r Uenand, 

'Midi and Timorumcnos are each based on two plays 

wmDfphuL" from Menander a 


0 biction io Terence, p. 6 (Bell, 1869). 
cs^or Jebb, Primer of Greek Literature, p 101 


He elsewhere speaks of him as “mundus Menander,” 
neat, terse, and urbane j and Ms skill in depicting the 
character of a fascinating Thais is alluded to here and 


in ii. 6, 3 ; — 

“ Turba Mcnandrem fuerat nee Tliaidos olim 
Tanta, in qua populus lusit Ei'ichtnonius.” 

Of tMs comedy, the Thais, Professor hlahaffy remarks" 
that perhaps it was the most brilliant of Menander’s plaj's, 
“ the manners and characters of the personage being painted 
with thorough exjierience as well as genius.” Nevertheless, 
onty five verses of this play have been preserved to us, one 
of wMch is that quoted by St Paul (1 Cor. x\'. 33), “Evil 
communications corrupt good manners.” The same critic, 
in praising Menander’s style as the purest model of the 
New Attic, observes that a remarkable feature of the New 
Comedy was “its utter avoidance of rlietoric” (p. 489). 
The influence which this art had on Euripides is well 
known. Sophocles was not wholly exempt from a kind of 
rhetorical pedantry, and the speeches in Thucydides arc 
so many exercises of the author in that art. But, as 
rhetoric pertained essentially to public life, it was likely 
to have a much less scope in scenes borrowed almost solel}’ 
from social and domestic exjjeriences. 

Menander, however, did not neglect the other branch of 
a liberal Attic education, — philosophy. A follower and a 
friend of Epicurus, whose suinimun bontim was the greatest 
amoimt of enjo3Tnent to be got out of life,'he carried out 
in practice what he advocated by precept; for he was 
essentiall}’- the well-to-do gentleman,® and moved in the 
upper circles of Athenian societj’. “The philosophers of 
the day ” {i.e., the schools and universities in om‘ modern 
systems of teaching) “ were still,” says Professor Mahaffj-,® 
viz., even during the period of the New Comedj’, “ the con- 
stant butt of the dramatists.” He adds that, “ what is 
still stranger, imlitical attacks on living personages, not 
excepting Alexander the Great, were freelj' and boldly- 
made.” 

On the ivhole, onr estimate of the spirit and object of Menander 
must be formed rather from his imitator and cojiyist Terence than 
from the fragments which ivmain, about 2400 verses in all, as col- 
lected by Meineko in his Fragmciita Comicornm Grxeornm. For, 
as Professor Mahaffy well obsen-es,’® the c.xtracts made b)- 
Athenams, our principal authority, have reference chieflj* to “ the 
arclueologj- of cooks and cookery,” while Stobaius was a collector of 
yv&jxai or -wise ma.viras, — “a most unfortunate and worthless kind 
of citation.” It follows that no sound conclusions as to dramatic 
genius, or of the knowledge of human nature, can be drawn from 
detached -yerses preserved iiithout the least reference to these par- 
ticular points. The extraordinary popularity of Alenander must 
have been due to literary merit, if not to groat originalita'. Mr 
Mahaffy observes on this®' that “there is so much of a calm gentle- 
manly moralitj^ about his fragments, ho is so excellent a teacher 
of the ordinary world-wisdom — resignation, good temper, modera- 
tion, frienffincss — that we can well undei-stand this popularity. 
Copies of hi.s plays continued long in existence, and were certaiuh' 
known to Siiidas and Eustathius as late as the 11th and 12th cen- 
turies, if they did not sunive to a yet later period.'® 

In respect of language, Menander occupies the same position in 
poetry which his contemporai^’- Demosthenes does in prose. In both 
the New Attic is elaborated with great finish, and with much greater 
grammatical precision than we find in w liters of the Old Attic, such 
as Sophocles and Tlmcydides. A considerable addition to the 
yooabular3- of everj'-day life had now been made, as was indeed 
inevitable from the versatile character of the language and the 
genius of the people who used it. Manj' new verb-forms, especialh" 
the perfect active,'® now occur, and indeed form a characteristic 
innovation of the stj-le of Plato. The earlier piose was in its 
general vocabulary to a considerable extent poetical, and such a 
concurrence of short S3ilablcs as in the Platonic oTroSeooKigaKoVer 


~ BisL Class. Gr. Lit, y. 488. 

® Pliny calls Menander “ dUigentissimas luxuriffi interpres,” A’. //., 
xxxn. 5. 


“ Btsl. Class. Gr. Lit., i. p. 480. p. 480. 

“ Ibid., p. 48/. i: 75, p. 490. 

^ A curious example is cnrcKrayKaai, the transitive perfect of 
Siniilar!3- we have the unusual forms KfXPVna (frag. 
ooO), (727), crvyKexoKa (810). 
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(affoSoKi^ttCfii') is ill-suited even to choral metro. The Old Comedy 
was worked by men of real genius, who “ were indeed giants, while 
the men of Jlenander’s day only showed how strong and tliorongh 
was the culture which in art and literature outlived the decadence 
of the nation.”* 

In all, wo have, as collected bj- Jlcineke, 1045 fragments of 
Menander, of which 515 can bo rcfeired to known pla 3 ’s, the 
titles of those quoted from amounting to ninetj-, and including 
the Tcreutian Andria, Adclphi, Eiaiuchus, JTcattlonliiiiontmenos. 
Tlicse fragments contain about 1650 verses or parts of verses, not 
including a considerable number of words (quoted e.'cpresslj' as from 
Llenander bj- the old Ic-xicographci-s. Besides all tlieso there are 
not fewer than 75S mouosticli verses separately preserved in MSS., 
'though some of these are mot with in the other and longer frag- 
ments. Manj' of the fragments are obscure, some corrupt ; and thej' 
have been a fertile field for critical acumen from the time of Bontlej'. 
Xot unfrcquentlj' wo come upon the shrewd or original remark of 
an observer. Thus (frag. 7) ‘‘A poor man has no relations, for no 
one acknowledges him, lest ho should beg.” Frag. 145, “Ever)-- 
thing that takes place is brought about by law, nccessitj’-, or 
fashion.” 237, “The gods do not save men through any human 
means (prayer or saerilices) ; if they did, the human would have 
more power than the divine." 275, “Poverty is the most easily 
cured of all evils ; any friend can do it by mcrclj’ putting his hand 
in his pocker.” 397, “A j)oor man who lives in a largo town makes 
himself more UTetched than he need ; for he cannot help comparing 
with his own the luxurious lives of the rich." 435, “Xo man 
realizes the extent of a sin when he commits it ; it is afterwards 
that ho sees it” 460, “A man is convinced not so much bj’ wh.at 
is€.aid.as by the manner of saying it” 474, “There is one thing 
only that hides vulgarity, villainy, and every other fault, — ^wealth. 
Everything but that is carped at and criticized.” 517, “People 
who have no merit of their omi generally boast of their birth and 
their ancestors. But every living man has ancestors, or he would 
not be a living man." 57S, “ Wealth acts on a man as wind does on 
a ship, — it oftcii forces him out of his proper course.” 663, “Many' 
a young lady says a great deal in her own favour bv saying nothing 
at all.” OSS, “A man who abuses his own father is practising 
blasphemy against the gods.” In fact, Jlcnauder is characteristi- 
cally’ a sententious writer, like Euripides, with whom in tlie general 
stylo of his writings, though not, of course, in his somewhat loose 
and irregular versification, ho is sometimes compared. (F. A. P.) 

IklENCIUS, the Latinized form of Miing-tsze, “Mr 
Mnng,” or “ ^lung the philosojdier,” a name in China only 
second as a moral teacher to that of Confucius. His statue 
m spirit-tablet (as the case may he) has occupied, in the 
temples of the sage, since our 11th century, a place among 
■‘the four asses.sors”; and .since 1530 a.x>. his title has 
ocen “the i)hilosoi)her ilang, sage of the second degree.” 

The Miing.s or 5lang-suns liad been in the time of Con- 
'ucius one of the three great clans of Lfi (all descended 
rom the marquis Hwan, 711-G9-1 B.c.), which he had en- 
leavourcd to curb. Their ])owcr had subsequently been 
woken, and the branch to which ^lencius belonged had 
ettlcd in T.srai, a small adjacent principality’, the name 
if which still remains in Tsau hsien, a district of Yenchfiu 
ihan-tung. A magnificent temple to Mencius is the chief 
ttraction of the district city. The present imter visited 
t in 1873, and -was struck by a large marble statue of him 
II the courtymrd in front. It sho'ws much artistic skill, and 
rives the impre-ssion of a man strong in body and mind, 
houghtful and fearless. His lineal reijresentative lives 
a the city, and thousands of filings are to he found in 
he neighbourhood. 

The dates of some of the principal events in Mencius’s 
fe are fixed by a combination of evidence, and his death 
; referred by’ common consent to the year 289 B.c. He had 
ved to a great age, — some say to his eighty-fourth year, 
lacing hi.s birth in 372 B.c., and others to his ninety- 
:venth, placing it in 385. All that we are told of his 
ither is that he died in the tim’d year of the child, who 
as thus left to the care of his mother. She -was a lady 
superior character, and 'well discharged her trust. Her 
rtues and dealings with her son were celebrated by a 
•eat -iVTitcr in the first century before our era, and for two 
ousand years she has been the model mother of China. 

* MahafTy, Ibid., p. 490. 
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We have no accounts of Mencius for many years after 
lus boyhood, and he is more than forty years old when he 
comes before us as a public character. He must have spent 
much tune m study, investigating the questions which were 
rife as to the fundamental principles of morals and society, 
and brooding over the condition of the country. The his- 
tory, the poetry’, the institutions, and the great men of the 
past had received his careful attention. He intimates that 
he had been in communication with men who had been 
disciples of Confucius. That sage had become to him the 
chief of mortal men, the object of his unth-ing admiration ; 
and in the doctrines which he had taught Mencius recog- 
nized the truth for want of an appreciation of -^vliich the 
bonds of order all ro'und him were being relaxed, and the 
Idngdom hastening to a general anarchy. 

MTien he fii’st comes forth from Tsau, he is accompanied 
by several eminent disciples. He had probably imitated 
Confucius in becoming the master of a school, and en- 
couraging the resort to it of inquiring minds that he 
might resolve then’ doubts and unfold to them the right 
methods of government. One of his sayings is that it 
■would be a greater delight to the superior man to get the 
youth of brightest promise around him and to teach and 
train them than to enjoy the revenues of the Idngdom. 
His intercourse with his foUo-wers was not so intimate as 
that of Confucius had been with the members of his 
selected circle ; and, •while he maintained his dignity among 
them, he •svas not able to secure from them the same 
homage and reverent admiration. 

More than a century’ had elapsed since the death of 
Confucius, and during that period the feudal kingdom of 
Chau had been showing more and more of the signs 
of dissolution, and portentous errors that threatened to 
upset all social order were widely disseminated. The- 
sentiment of loyalty to the dynasty had disappeared. 
Several of the marquises and other feudal princes of earlier 
times had usurped the title of king. The smaller fiefs had 
been absorbed by the larger ones, or reduced to a state of 
helpless de 2 iendence on them. Tsin, after greatly extend- 
ing its territory’, had broken up into three powerful king- 
doms, each about as large as England. Mencius found 
the nation nommally’ one, and nith the traditions of two 
thousand years affirming its essential unity, but actually 
divided into seven monarchies, each seeking to subdue the 
others under itself. The consequences were constant war- 
fare and clironic misery'. 

In Confucius’s time we meet -with recluses who had 
withdraivn in disgust from the world and its turmoil ; but 
these had now given place to a class of men who came 
forth from then’ retirements provided -nith ai’ts of war or 
schemes of iiolicy which they recommended to the contend- 
ing chiefs, ever ready to change their allegiance as they 
were moved.by Avhim or interest. Mencius was once asked 
about two of them, “Are. they not really great men ? Let 
them be angry’, and all the princes are afraid. Let them 
live quietly’, and the flames of trouble are everywhere ex- 
tinguished.” He looked on them as little men, and 
delTghted to proclaim his idea of the great man in such 
language as the follov-ing : — 

“To dwell in love, the wide house of the world, to stand in 
propriety’, tlie correct seat of the world, and to walk in righteousness, 
the gi'cat path of the world ; when he obtains his desire for office, 
to practise his principles for the good of the people, and when that 
desire is disappointed, to practise them alone ; to he above the 
power of riches and honours to make dissipated, of poverty and 
mean condition to make swerve from the right, and of power and 
force to make bend,— these characteristics constitute the great 
man.” 

Most vivid are the iiicttires which Mencius gives of the 
condition of the peojfie in consequence of the wars of the 
states. “ The royal ordinances were -violated ; the multi- 
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After liis deatli a volume of was_ published; i 

was afterwards expanded into two, and, with great addi- 
tions, into four in the Paris edition of 1 ( lo. 

MENANDER, the most famous Greek poet ot tue 
Now Comedy, which prevailed from about the death of 
Alexander the Great (323 b.c.) to 250. He was born at 
Athens in 342, and died, it was said, by di;ouming in the 
harbom- of that city (Piraius) in 291. His social tastes 
induced him to write plays rather for the upper classes, 
and to raise comedy to a gentility which it had hardly 
possessed in the hands of the preceding comic poets. He 
was the associate, if not the pupil, of Theophrastus, who 
himself had been a diseiple of Plato and Aristotle, and he 
was the intimate friend and adinmer of Ejiicurus ; but he 
also enjoyed the more distinguished patronage of Demetrius 
Phalereus (who was likewise a pupil of Theophrastus), and 
of Ptolemy the son of Lagiis. ^ His principal rival in the art 
was Philemon, who ajipears to have been more popular with 
the multitude, and for that reason probably more successful. 
It is said that out of a hundred comedies ilenander gained 
the prize with but eight. All the extant pla 3 's of Terence, 
with the exception of the Phormio, are avowedly taken 
from Menander ; but some of them appear to have been 
adaptations and combinations of more than one plot, 
although Terence himself sa 3 's in the prologue to the 
Addplii (11) that he copied the Greek model closel 3 ', 
“verbum de verbo expressum extulit.” Julius Cmsar 
called Terence dimidiatm Jlenander, as if two halves of 
different pla 3 -s had been fitted into one." 

The Attic New Comedy, sa 3 's Dr Wagner,^ “may be 
designated as essentially domestic,” t.e., as opposed to 
that free discussion of the politics of the day which gave 
to the Old Comedy the place which is held by the “ leading 
articles ” of a modern newspaper. “ The stoek characters 
were such as the stern or weak father, the son whose 
follies are seconded b 3 '' a slave or a hungry parasite, the 
Ijettifogger, active in stirring up law suits, and the gascon- 
ading soldier of fortune.”'* These and cognate subjects 
which formed the stock-in-trade of Menander’s pla 3 's, are 

summed up in two well-knoum lines of Ovid 

“Dnm fallax servus, durus pator, improba Icna 
\ u ct, (liiiii inerctrix blauda, Meiiaudros erit ’* 

It is a good remark of Dr Wagner’s = that the last-mentioned 
of these, the meretnx blanda (which probably refers 
e.speciaUytothe T/n»s), “holds .the most important and 
conspicuous part in the New Attic Comedy, while married 
ladies aie continually represented as the plague and bore 
f their husbands lives.” Intrigues with these generally 
through the medium of a clever confidential slave, are iov 

tllrns!"” ^ plot 

the 

i Demostbenis Jma, 
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He elsewhere speaks of him as “mundus Menander” 
neat, terse, and urbane; and his skill in depicting the 
character of a fascinating Thais is alluded to here and 
in ii. 6, 3 : — 

“ Turba Mcnandreai fuerat nec Tbaidos olim 
Tanta, in qua populus lusit Ericlithonius." 

Of this comedy, the Thais, Professor Mahaffy remarks" 
that perhaps it was the most brilliant of Menander’s pla 3 ’s, 
“ the manners and characters of the personage being painted 
wdth thorough exiierience as well as genius.” Nevertheless 
onl 3 ' five verses of this play have been preserved to us, one 
of which is that quoted by St Paul (1 Cor. xv. 33), “Evil 
communications corrupt good manners.” The same critic, 
in praising Menander’s styde as the purest model of the 
New Attic, observes that a remarkable feature of the New 
Comedy was “ its utter avoidance of rhetoric ” (p. 489). 
The iiilluenco which this art had on Euripides is well 
known. Sophocles was not wholly exempt from a kind of 
rhetorical pedantry^ and the sjieeches in Thucydides are 
so many' exercises of the author in that art. But, as 
rhetoric pertained essentially' to public life, it was likely 
to have a much less scope in scenes borrowed almost solely 
from social and domestic exjreriences. 

Menander, however, did not neglect the other branch of 
a liberal Attic education, — philosophy. A follower and a 
friend of Epicurus, whose summum bonum was the greate^t 
amount of enjoyment to be got out of life, 'he carried out 
in practice what he advocated by' precept; for ho was 
essentially' the Avell-to-do gentleman,® and moved in the 
upper circles of Athenian society. “ The philosophers of 
the day ” (?.e., the schools and universities in our modern 
systems of teaching) “were still,” says Professor Mahaffy,® 
viz., even during the period of the New Comedy, “ the con- 
stant butt of the dramatists.” He adds that, “what is 
still stranger, jmlitical attacks on living personages, not 
excepting iUexander the Great, were freely and boldly 
made.” 


On the wliole, our estimate of the spirit and object of Menander 
must bo formed rather from his imitator and cojiy’ist Terence than 
from tlie fraginents whicli ivmaiu, about 2400 verses in all, as col- 
lected by Mcineke in his Fragmcnta Comteorum Grsecorum. For, 
as Professor Mahnily well observes,*® the cxtiucts made by 
Athenoeus, our i)riucipal authority, have reference chiefly to “ the 
arohteology of cooks and cookery,” while Stobreus was a collector of 
•yvSfiat or 'wise maxims, — “ a most unfortunate and worthless kind 
of citation.” It follows that no sound conclusions as to drauiah'c 
genius, or of the knowledge of human nature, can be drawn from 
uetached verses ])rcservod without the least reference to these par- 
ticular points. The cxtmordiuary pojnilarity' of Menander imi't 
literary merit, if not to gi-cat originality, m 
JUahatfy obsciwes on this** that “ there is so much of a calm genUc- 
manly morality' about his fragments, ho is so excellent a teacher 
ol the ordinary world-wisdom — resignation, good temper, modcra- 
non, friendliness — that wo can well undcratand this populariti. 
Uopics of his play-s continued long in e.xistcncc, and were certainly 
known to Suidas and Eustathius as late as the 11th and 12th ch>- 
tunes, if they did not survive to a yet later period.*® . . . 

In respect of language, Jlenaiidcr occupies the same position m 
poem- wiiicli his contemporary' Demosthenes docs in yiroso. In h®' ' 
tiic 14 ew Attic is elaborated with great finish, and with much greater 
grammatical precision than wo find in writers of the Old Atfic, such 
as Sophocles and Thucydides. A considerable addition to the 
every-day life had now been made, .as was indeed 
f versatile character of the language and tin 

genius of tho people who used it. Many now verb-forms, cspccml .1 
the pieifect active,*® now occur, and indeed form a charactenst « 

The earlier prose was in ib 

fminijv "to a considerable extent poetical, and 

rreiico of short syilab lcs as in tho Platonic ar roS(Soiaf‘"S’>‘^ 

' Iftsi, C/(iss. Gr, XAt, ^ i p 48 g 
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{anodoKifidCfiv) is ill-suitcd oven to ciioral metro. Tlio Old Comedy 
Avas worked by men of real genius, who “ were indeed giants, avliilc 
tlio men of Menander’s day only showed hoAV strong and tliorongli 
was the culture wliicli in art and literatiu-e outlived the decadence 
of the nation.”^ 

In all, wo have, as collected by Mcineko, 1045 fragments of 
Menander, of wlncli 615 can be referred to known plaj's, the 
titles of those quoted from amounting to ninety, and including 
the Tcrcntian Andria, Adelplii, Eiimiclms, Hcautontimorimenos. 
These fragments contain about 1650 verses or parts of vemes, not 
including a considerable number of words (^uoted expressly as from 
ilonauder by the old lexicographers. Besides all tliese there are 
not fewer than 758 monoiitich verses separately preserved in MSS., 
’though some of these arc met with in the other and longer frag- 
ments. Many of the fragments are obscure, some corrupt ; and they 
have been a fertile field for critical acumen from the time of Bcntlejf. 
Not nnfrequontly wo come upon the shrmvd or original remark of 
an obsorv’er. Thus (frag. 7) “A poor man has no relations, for no 
one acknowledges him,, lest ho should beg.” Frag. 145, “Every- 
thing that takes place is brought about by law, necessity, or 
fashion.” 237, “The gods do not save men through any human 
means (prayer or sacriliccs) ; if they did, the human would have 
more jiowor than the divine.” 275, “Poverty is the most casUy 
■cured x>f all evils ; any friend can do it by merely putting his hand 
in his ])Ocket." 397, “A poor man who lives in a largo town makes 
himself more wretched than ho need j for he cannot help comparing 
with his own the luxurious lives of the rich.” 435, “No man 
realizes the extent of a sin when ho commits it ; it is afterwards 
that he sees it.” 460, “A man is comduced not so much by what 
is eaid as by the manner of saying it.” 474, “There is one thing 
only that hides vulgarity, villainy, and every other fault, — wealth. 
Everything but that is carped at and criticized.” 617, “People 
who liavo no merit of their owm genci-ally boast of their birth and 
their ancestors. But every living man has ancestors, or ho Avould 
not bo a living man.” 578, “ AVcalth acts on a man as rvind docs on 
a ship, — it often forces him out of his proper course.” 663, “ Many 
a young lady says a groat deal in her own favour by saying nothing 
at all.” 688, “A man who abuses his own father is practising 
blasphemy against the gods.” In fact, Menander is characteristi- 
cally a sententious Avritor, like Euripides, Arith Avhom in thogeueml 
stylo of his AATitings, though not, of course, in his somcAA’hat loose 
and irregular versification, he is sometimes compared. (F. A. P.) 

MENCIUS, the Latinized form of Miing-tsze, “Mr 
lilang,” or “hlfing the philosopher,” a name in China only 
second as a moral teacher to that of Confucius. His statue 
or sinrit-tablet (as the case may be) has occupied, in the 
temples of the sago, since our 11th century, a place among 
“the four assessors”; and since 1530 a.d. his title has 
been “ the philosopher Mang, sage of the second degree.” 

The Slangs or Miing-suns had been in the time of Con- 
fucius one of the three great clans of Lft (all descended 
from the marcpiis Hwan, 711-694 B.c.), Avhich he had en- 
deavoured to curb. Their poAver had subsequently been 
broken, and the branch to AA^hich Slencius belonged had 
settled in Tsuu, a small adjacent principality, the name 
of AA'hich still remains in Tsau hsien, a district of Yenchfiu 
Shan-tung. A magnificent temple to Slencius is the cliief 
attraction of the disti’iet city. The present AAuiter visited 
it in 1873, and Avas struck by a large marble statue of him 
in the courtyard in front. It shoAvs much artistic skill, and 
gives the impression of a man strong in body and mind, 
thoughtful and fearless. His lineal representative lives 
in the city, and thousands of Mangs are to be found in 
the neighbourhood. 

The dates of some of the principal events in Mencius’s 
life are fixed by a combination of evidence, and his death 
is referred by common consent to the year 289 B.o. Ho had 
lived to a groat age, — some say to his eighty-fourth year, 
placing his birth in 372 B.c., and others to his ninety- 
seventh, placing it in 385. All that Ave are told of his 
father is that he died in the third jmar of the child, Avho 
Avas thus left to the care of his mother. She aa'us a lady 
•of superior character, and Avell dischai'ged her trust. Her 
virtues and dealings A\ith her son Avere celebiuted by a 
great Avriter in the first century before our era, and for Iaa’o 
thousand years she has been the model mother of China. 
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_ We have no accounts of Mencius for many years aftc 
his boyhood, and he is more than forty years old Avhen h 
comes before us as a public character. Ho must liai'e spen 
much time in study, investigating the questions Avhich Aver 
rife as to the fundamental principles of morals and socictA 
and brooding over the condition of the country. The hit 
tory, the poetry, the institutions, and the great men of th 
past had received his careful attention. Ho intimates tha 
he had been in communication AA’ith men aa-Iio had bee 
disciples of Confucius. That sage had become to him th 
chief of mortal men, the object of his untiring admiration 
and in the doctrines Avhich he had taught Mencius reco;. 
uized the truth for Avant of an appreciation of AA-hich tli 
bonds of order aU round him AA^ere bemg relaxed, and th 
Idngdom hastening to a general anarchy. 

MTien he first comes forth from Tsfiu, he is accompanie 
by several eminent disciples. He had probably imitate 
Confucius in becoming the master of a school, and ei 
couraging the resort to it of inquiring minds that h 
might resolve their doubts and unfold to them the rigli 
methods of govermnent. One of his sayings is tliat i 
would be a greater delight to the superior man to get th 
youth of brightest promise around him and to teach an 
train them than to enjo}’- the revenues of the kingdon 
His intercourse Avith his folloAA’ers AAms not so intimate s 
that of Confucius had been AA'ith the members of hi 
selected circle ; and, Avhile he maintained his dignity amon 
them, he AA-as not able to secure from them the sam 
homage and reverent admiration. 

More than a century had elapsed since the death c 
Confucius, and during that period the feudal kingdom c 
Chfiu had been shoAving more and more of the sign 
of dissolution, and portentous errors that threatened t 
ujiset all social order Avere Avidely disseminated. Th 
sentiment of loyalty to the dynasty had disappeared 
Several of the marquises and other feudal princes of earlic 
times had usui-ped the title of king. The smaller fiefs ha( 
been absorbed by the laiger ones, or reduced to a state o 
helpless dependence on them. Tsin, after greatly extend 
ing its territory, had broken up into three poAA’crful king 
doms, each about as large as England. Mencius foum 
the nation nominally one, and AAuth the traditions of tAV 
thousand years affirming its essential unity, but actuall_ 
divided into seven monarchies, each seeking to subdue tli 
others under itself. The consequences Avere constant AA’ai 
fare and chronic misery. 

In Confucius’s time Ave meet Avith recluses aa'Iio ha( 
AAuthdraAvn in disgust from the Avorld and its turmoil ; bu 
these had noAV given place to a class of men avIio canr 
forth from their retirements provided AA'ith arts of aabi- o 
schemes of policy Avhich they recommended to the contend 
ing chiefs, ever ready to change their allegiance as thcj 
Averc moved, by Avhim or interest. Mencius AA'as once asket 
about tAVO of them, “ Are. they not really great men 1 Le 
them be angry, and all the princes are afraid. Let then 
live quietly, and the flames of trouble are cverjuA'liere ex 
tinguished.” He looked on them as little men, an< 
delighted to proclaim his idea of the great man in sue) 
language as the folloAA'ing : — 

“To (IavoU in love, the AA-ido house of the AA'ojhl, to .stand ii 
propriety, the con'cct scat of the AA-orld, and to Avalk in rightcou'^nes-'- 
tlio gi'cat path of the Avorld ; AA'hcn he obtains hi.s dc.sirc for ofiiee, 
to practise his principles for the good of the people, and Avlien tliai 
desire is disappointed, to practise them alone ; to be aboA-c tin 
poAA'cr of riches and honours to make di.'-sipated, of poverty and 
mean condition to'niakc SAvorve from tiic right, and of poAver ami 
force to make bond, — the.se ■’ ''■riC-s const^^•' ^be gre.v 

man.” 

Mos| yivid are 
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tildes were oppressed; tlie suppUes of food and drink 
flowed away like water.” It is not wonderful that when 
the fonndations of government were thus overthrown, 
speculations should have arisen that threatened to o^ er 
throw what he considered to he the foundations of tra 
and all social order. “A shrill-tongued barbarian from 
the south,” as Mencius called him, proclaimed the mssoiu- 
tion of ranks, and advocated a return to the prmutive 

simplicity, „ 

“ When Adam delved and Eve span. 

He and his followers maintained that leammg was 
quackery, and statesmanship craft and oppression, that 
prince and peasant should be on the same level, and eve^ 
man do everytliing for liimself , Anotlier, called Yang-cliu, 
denied the difference between virtue and vice, glory and 
shame. The tjvants of the past, he said, were now but so 
many rotten bones, and the heroes and sages were no more. 

It was the same with all at death ; after that there was but 
so much putridity and rottenness. The conclusion of the 
whole matter therefore was — “Let us eat and drink; let 
us gratify the ears and eyes, get servants and maidens, 
beauty, music, wine ; when the day is insufficient, carry it 
on through the night. Each one for himself.” A^inst a 
third heresiarch, of a very different stamp, Mencius felt 
no less indignation. This was Mo Ti, who found the 
source of all the evils of the time and of all time in the 
want of mutual love. He taught, therefore, that men 
should love others as themselves; princes, the states of 
other princes as much as their own ; children, the parents 
of others as much as their own. !Mo, in his gropings, had 
got hold of a noble principle, but he did not apprehend 
it distinctly nor set it forth with discrimination. To 
our philosopher the doctrine appeared contrary to the 
Confucian orthodoxy about the five relations of society ; 
and he attacked it without mercy and with an equal 
confusion of thought. “Yang’s principle,” he said, “is 
‘ each one for himself,’ which does not acknowledge the 
claims of the sovereign. Mo’s is ‘to love all equally,’ 
which does not acknowledge the peculiar affection due to 
a father. But to acknowledge neither king nor father is 
to be in the state of a beast. The way of benevolence 
and righteousness is stopped up.” 

On this seething ocean of lawlessness, vickedness, 
heresies, and misery Mencius looked out from the quiet of 
his school, and his spirit was stirred within him to attempt 
the rescue of the people from the misrule and error. It 
might be that he would prove the instrument for this pm- 
pose. “ If Heaven,” he said, “ wishes that the kingdom 
should enjoy tranquillity and good order, who is there 
besides me to bring it about 1 ” He formed his plan, and 
proceeded to put it in execution. He would go about 
among the different kings till he should find one among 
them who would follow his counsels and commit to him the 
entire administration of his government. That obtained, 
he did not doubt that in a few years there would be a 
kingdom so strong and so good that all rulers would 
acknowledge its superiority, and the people hasten from all 
quarters to crown its sovereign as monarch of the whole of 
Clnna. This plan was much the same as that of Confucius 
had been ; but, with the bolder character that belonged to 
him, ilencius took in one respect a position from which 
10 marter woidd have shrunk. The former was always 
loyal to Chfm, and thought he could save the country by 
a Tefonnatron;_ the latter saw tlie day of Chau was 
past, and the tune was come for a revolution. Mencius’s 
Slew u-as the more correct, but he was not wiser 
than the sage in forecasting for the future. They could 
nn ' on j o a reformed dynasty or of a changed dynasty, 
nihng according to the model principles of a feudal con- 
svitution, which they described in gloning language. They 


desired a repetition of the golden age in the remote past; 
but soon after Mencius disappeared from the stage of ^e 
there came the sovereign of Ch’in, and solved the question 
with fire and sword, introducing the despotic empire which 
has since prevailed. 

An inquiry here occurs — “How, in the execution of his 
plan, was Mencius, a scholar, uuthout wealth or station, to 
find admission to the courts of lawless and unprincipled 
kings, and acquire the influence over them which he 
expected 1 ” It can only be met by our bearing in mind 
the position accorded from the earliest times in China to 
men of virtue and ability. The same written character 
denotes both scholars and officers. They are at the top of 
the social scale, — ^the first of the four classes into which the 
population has always been divided. This appreciation of 
learning or culture has exercised a most powerful influence 
over the government under both conditions of its exist- 
ence ; and out of it grew the sj^tem, w'hich was organized 
and consolidated more than a thousand years ago, of making 
literary merit the passport to official employment. The 
ancient doctrine was that the scholar’s privilege was from 
Heaven as much as the sovereign’s right; the modern 
system is a device of the despotic rule to put itself in 
Heaven’s place, and have the making of the scholar in its 
own hands. The feeling and conviction out of which the 
system grew prevailed in the time of Mencius. The 
dynasties that had successively ruled over the kingdom had 
owed their establisliment not more to the military genius of 
their founders than to the wisdom and organizing ability 
of the learned men, the statesmen, who were their bosom 
friends and ‘ trusted counsellors. "Why should not he 
become to one of the princes of his day what t Yin had 
been to Thang, and ThSi-kung "Wang to King "Wfin, and 
the duke of Chftu to Y’’li and Ch’ang 1 But, though Mencius 
might be the equal of any of those worthies, he knew of no 
prince like Thang and the others, of noble aim and soul, 
who would welcome and adopt his lessons. In his eager- 
ness he overlooked this condition of success for his enter- 
prise. He might meet with such a ruler as he looked for, 
or he might reform a bad one, and make him the coadjutor 
that he required. On the strength of these peradventures, 
and attended by several of his disciples, Mencius went for 
more than twenty years from one court to another, always 
baffled, and always ready to trj' again. He was received 
with great respect by kings and princes. He would 
not enter into the service of any of them, but he occa- 
sionally accepted honorary offices of distinction; and he did 
not scruple to receive large gifts which enabled him to live 
and move about as a man of wealth. In delivering his 
message he was as fearless and outspoken as John Knox. 
He lectured great men, and ridiculed them. He unfolded 
the ways of the old sage kings, and pointed out the path 
to universal sway ; but it was all in vain. He could not stir 
any one to honourable action. He confronted heresy with 
strong arguments and exposed it with withering sarcasm; 
but he could work no deliverance in the earth. The last 
court at which we find him was that of Lff, probably in 
310 B^c. The marquis of that state had given office to 
Y^hang, one of Mencius’s disciples, and he hoped that 
tffis might be the means of a favourable hearing for 
himself. So it had nearl}’^ happened. On the suggestion 
of Yo-chang the marquis had ordered his carriage to be 
yoked, and was about to step into it, and proceed to bring 
Mencius to his palace, when an miworthy favourite stepped 
in and diverted him from his purpose. The disciple told his 
master what had occurred, reproaching the favourite for his 
ill-timed intervention; Mencius, however, said to him, “A 
man’s advancement or the arresting of it may seem to be 
effected by others, but is really beyond their power. My 
not finding in the marquis of Ld a ruler who would confide 
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in me and put my lessons in practice is from Heaven.” He 
acceiited this incident as a final intimation to him of the 
vdll of Heaven. He had striven long against adverse cir- 
cumstances, but now he bowed in submission. We lose 
sight of him. He mthdvew from courts and the public 
arena. We have to think of him, according to tradition, 
passing the last twenty years of his life in the congenial 
society of his disciples, discoursing to them, and giving the 
finishing touches to the record of his conversations and 
opinions, which were afterwards edited by them, and con- 
stitute his works. Living, he may have been a failure ; 
dead, yet speaking in them, he has been a great power 
among the ever-multipljdng millions of his countrymen. 
Nor Avill any thinker of the West refer to them without 
interest and benefit. Jileneius was not so oracular, nor 
so self-contained, as Confucius • but his teachings have a 
vivacity and sparkle of which we never weary, and which 
• is all their ovm. 

We will now attempt to indicate briefly the more important 
principles which our philosopher thought would have been oirectual 
to regenerate his country, and make an end of misery and heresy 
within its borders. 

And first as to his views on government, and the Avork to bo 
■done by rulers for their subjects. Sloncius hold with Confucius — 
and it was a doctrine which had descended to them both from the 
remotest antiquity — that royal govcniment is an institution of God. 
An ancient sovereign had said niat “Heaven, having produced the 
people, ajApointed for them rulers, and appointed for them teachers, 
Avho should be assisting to God.” Our imUosopher, adopting this 
■docti'ine, was led by the manifest iiicompetency of all the rulers of 
his timb to ask how it could be known on what individual the 
appointment of Heaven had fallen or ought to fall, and he concluded 
that this could be ascertained only from his personal character and 
Ms conduct of alfairs. The people must find out the will of Heaven 
as to who should bo tfieir ruler for themselves. There Avas another 
old saying AA-hich delighted hlenoius, — “Heaven secs as the people 
see; Heaven hears as the people hear.” Ho taught accordingly 
that, Avhile government is from God, the governors are from the 
people ; — vox vox Dei. 

No claim then of a “diA-ino right” should bo allowed to a soA’ereim 
if ho AA'oro not exercising a rule for the good of the people. “ The 
]) 0 oplo are the most important element in a nation ; the altars to 
the spirits of the land and grain are the second ; the sovereign is 
the lightest.” Llencius was not afraid to follow this utterance to 
its consequences. Tho monarch Avhoso rule is injurious to the 
people, and aa’Iio is deaf to remonstrance and counsel, should bo 
dethroned. In such a case “killing is no murder.” 

But Avho is to remove the soA'ercign that thus ought to be removed? 
Mencius had three ansAvers to this dilficult question. First, ho 
Avould have the members of tho royal house perform the task. Let 
them disoAvn their uiiAA'orthy head, aud appoint some better in- 
diA’idual of their number in his room. If they could not or Avould 
not do this, he thought, secondly, that any high minister, though 
not allied to tho royal house, might take summary measures Avith 
the sovereign, assuming that he acted purely AA-ith a view to the 
public weal. His third and grand device ArasAi’liat he called “ tho 
minister of Heaven.” When tho sovereign had become a pest 
instead of a blessing, ho belicA’ed that HeaA'on Avould raise up some 
one for the help of the people, some one avIio should so conduct 
himself in his original subordinate position as to dr.aAV all eyes and 
' hearts to himself. Let him then raise the standard not of rebel- 
lion but of righteousness, and he could not help attaining to tho 
highest dignity. Mencius hoped to find one among the rulers 
of his day Avho might be made into such a minister, and ho 
counselled one and another to adopt measures A\ith that object. 
It Avas in fact counselling rebellion, but ho hold that tho house of 
Chfiu had forfeited its title to tho throne. 

What noAV Avere tho attiibutcs AA’hich Mencius considered necessary 
to constitute a good government according to his ideal of it ? It 
must be animated by a spirit of bcncvolonco, and ever pursue a 
policy of righteousness. Its aims must bo, first, to make the people 
well off, and next, to educate them. No ono Avas fit to occupy tho 
throne aa’Iio could bo hajiiw Avhile any of tho people were miserable, 
who delighted in Avar, Avho could indulge in palaces and parks 
AA'hich tho poorest did not in a measure share AA-ith him. Game 
laAvs received his emphatic condemnation. Taxes should be light, 
and all tho regulations for ngriculturo and commerce of a character 
to promote and encourage them. The rulcs Avhich he suggested to 
secure those objects had reference to tho existing condition of his 
country, but they are susceptible of AA-ido application. They carry 
in them schemes of drainage and irrigation for land, and of free 
trade for commerce. But it must bo, he contended, that a sufficient 


and certoin livelihood bo secured for all the people. Without this 
their minds would be unsettled, and theyAvould proceed to wery 
form of AVild licence. They Avould break the laAvs, and the ruler 
would punish them,— punish those whom his neglect of his own 
tohes had plunged into poverty, of which crime Avas the consequence 
He Avonld, be, not their ruler, but their “ trapper.” 

Supposing the people to ho made Avell off, Mencius taught that 
education should bo provided for them all. He gave the marquis 
ot Thang a programme of four kinds of educational institutions 
Avhich he Avislied him to establish in his state— in the villages and 
the toAvns, for the poor as well as the rich, so that none might be 
imorant of their duties in the various relations of society. But 
after all, unless the people could get food and clothing by their 
labour, he had not much faith in riie poAver of education to make 
them virtuous. Give him, hoAvever, a government fulfilling the 
conditions that he laid doiA-n, and he Avas confident there Avould 
soon be a people, all contented, all virtuous. And he saAV nothing 
to prevent the realization of such a government. Any luler might 
become, if he woiM, “ the minister of Heayen,” Avho Avas his ideal, 
and tho influence of his example and administration would be all- 
poAverful. Tho people Avould flock to him as their parent, and help 
him to do justice on the foes of truth and happiness. Pulse and 
grain Avould be abundant as Avater and fire, and the multitudes, 
AA-ell clothed, and AveU principled, would sit under the shade of 
their mulberry trees, and hail the ruler “king by the grace of 
Heaven.” 


_ Secondly, as to Jlcncius’s views about human nature. His con- 
A'iction of the goodness of that encouraged him to hope for such 
grand results from good government, and his discussion of this 
subject gives his principal title to a place among philosophical 
tliinkcrs. 

Opinions were much divided about it among his contemporaries. 
Some hold that the nature of man is neither good nor bad ; he may 
bo made to do good and also to do evil. Others held that the 
nature of some men is good, and that of others bad ; thus it is that 
tho best of men sometimes have bad sons, and tho AA'orst of men 
good sons. It was also maintained that the nature of man is evil, 
and AA'hatever good appears in it is the result of cultivation. In 
opposition to all these vioAvs Mencius contended that the nature of 
man is good. “Water,” he said, “aatII flow indifferently to the 
e.ist or Avest ; but AA-ill it flow indifferently up or doAA-n ? The 
tendency of man’s nature to goodness is like the tendency of Avater 
to floAV doAvnAA-ards. By striking Avater you may make it leap over 
your forehead ; and by damming and leading it you may make it 
go up a hill. But such movements are not according to the nature 
of AA’ater ; it is the force applied Avhich causes them. AVhen men 
do what i^ not good, their nature has been dealt AA-ith in tliis 
AvaJ^” 

Slencius had no stronger language than this, — as indeed itAA-ould 
bo difficult to find any stronger, — to declare his belief of the goodness 
of human nature. With various, but equally felicitous, illustration 
he replied to his different opponents. Sometimes he may seem to 
express himself too strongly, but an attenth-e study of his AATitings 
shoAA-s that ho is speaking of our nature in its ideal, and not as it 
actually is, — as aa-c may ascertain, by an analysis of it, that it was 
intended to be, and not as it has been made to become. In fact, 
his doctrine of human nature is hardly to be distinguished from 
that of Bishop Butler, AA-hile the Christian prelate is left far behind 
so far as charm of stj-le is concerned. 

Our author insists on the constituents of human nature, dAA-elling 
especially on the principles of benevolence, righteousness, propriety, 
and AA-isdom or knowledge, the last including the judgment of 
conscience. “These,” said he, “are not infused into us from 
without. Men have these four principles just as they haA-e their four 
limbs.” But man has also instincts and appetites Avhich seek their 
OAv-n gi-atification Avithout reference to righteousness or any other 
conti-ol. He met this difficulty by contending that human nature 
is a constitution, in which the higher principles are designed to 
rule the loAA-er. “Some constituents of it are noble and some 
ignoble, some great and some small. The great must not be 
injured for the small, nor the noble for the ignoble.” 

One of his most vigorous vindications of his doctrine is the 
folloAving “ For the mouth to desire flavours, the eye colours, 
the ear sounds, and the four limbs ease and rest belong to man’s 
nature. An individual’s lot may restrict him from the gratification 
of tliem ,- and in such a case the superior man will not say, ‘ My 
nature demands that pleasure, and I will get it.’ On the other 
hand, there are love betAV-cen father and son, righteousness betAveen 
ruler and minister, the rules of ceremony between host and guest, 
and knoAvledge seen in recognizing the able and virtuous, and in 
the sage’s fulfilling the heavenly course ; — tliese are appointed (by 
Heaven). But they also belong to our nature, and the supenor 
man aa-III not say, ‘ Tho circumstances of my lot relieve me from 
them.’ ” In his preliminary dissertation to the 7th edition of this 
cucyclopaidia. Sir James Mackintosh h.as said that in his sermons 
on human nature Butler “ taught truths more Avorthy of the nanie . 
of discovery than any in the same department of inquiry with 
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v,-lncli are acquainted; if ought not to except the/iret steps 
of the Grecian philosophers towards a theorj’ of morals. Mencms 
vas senior to Zeno, the one of those philosophers to whom Butler 
has most affinity, and it does not appear that he had left anj thing 
for cither of them to discover. 

men he proceeded from his ideal of human natoe to account 
for the phenUena of conduct so different from what they ought 
to be according to that ideal he was necessarily less succe^lul. 
'niey puzzled him and they made him indignant and ang^. There 
is nothing good,” he said, “that a man wnnot do ; he offiv does 
not do it.” But why does he not do itl_ Against the steWoom 
fact SIcncius beats his wings andshatters his weapons,— all in vain. 
Ke mentions a fe^ ancient worthies who, he conceived, had always 
been, or who had become, perfectly virtuous. Above them all he 
extols Confucius, taking no notice of that sage s conf^ession that he 
had not attained to conformity to his own rule of doing to others 
as he would have them do to him. 2^^o such acknowledgment 
about himself ever came from Mencius. Therein he was infenorto 
his predecessor ; he had a subtler faculty of thought, aud a much 
more vivid imagination ; but he did not know himself nor his 
special subject of human nature so well. . 

Our limits will uot allow us to go into a detail of bis views on 
other special subjects. A few passages illustrative of his style and 
f^eneral teacbin ''‘^3 will complete all that can be said of him here. 
His thoughts, indeed, were .seldom condensed like those of “the 
master” into aphorisms, and should he read in their connexion; 
hut we have from him many words of wisdom that have been as 
goads to millions for more than tivo thousand years. For in- 
stance : — , 

“Though a man may he wicked, j-et, if he adjust his thoughts, 
fast, and bathe, he maj’ sacrifice to God.” 

“ IVlien Heaven is about to confer a great office on an}’ man, it 
firat exercises his mind mth suffering, and his sinews and bones 
with toil. It exposes his body to hunger, subjects him to extreme 
poverty, and confounds his undertakings. In all these ways it 
stimulates his mind, strengthens his nature, and supplies his in- 
competencies ” 

“The great man is he who does not lose his child-heart.” 

‘ ‘ The sense of shame is to a man of great importance. When one 
is ashamed of haring been without shame, he will afterwards not 
have occasion for shame.” 

“To nourish the heart there is nothing better thfin to keep the 
desires few. Here is a man whose desires are few : in some things 
lie may not be able to keep his heart, but they niU he few. Here 
is a man whose desires are many ; in some things he may be able 
to keep his heart, hut they will be few.” 

“ Benevolence is the distinguishing characteristic of man. As 
embodied in his conduct, it may be called the path of duty.” 

“ Tliere is an ordination for everything ; and a man should receive 
submissively what may be correctly ascribed thereto. He who has 
the correct idea of what Heaven’s ordination is will not stand 
beneath a tottering wall. Death sustained in the discharge of one’s 
duties may be correctly ascribed to Heaven. Death under handcuffs 
and fetters cannot he correctly so ascribed.” 

“When one by force subdues men, they do not submit to liim 
in heart. When' he subdues them by virtue, in their hearts’ core 
they are pleased, and sincerely submit.” 

Tn-o translations of the tvorhs of Jlertdu-S are within tiie reach of Enropean 
readers that by the iate Stanisians Jniien, in Latin, Paris, 1624-29 ; and that 
forming the. second voinme of Legge’s Chinese Classia, Hong Kong, 1SC2, The 
inter has been published at London (187.5) withont the Chinese text. See also E. 
Faber. The Mind of Meneius, or FolUical Economy founded on Moral PhiiosopJi'j 
translated from the German by A. B. Hutchinson (London, 1862). (J. LE.) ’ 

ilENDELSSOHN, Felix (1809-1847). Jakob Ludwig 
Felix Jslendelssolin-Bartholdy, one of the greatest com- 
posers of this century, was the grandson of Closes Men- 
delssohn noticed below, and was bom in Hamburg on 
Febraavy S, 1809. 

In consequence of the troubles caused by the French 
occupation of Hamburg, Abraham Mendelssohn, his father 
migrated in 1811 to Berlin, where his grandmother’ 
l-romet, then m the twenty-fifth year of her widowhood 
received the whole family into her house, Ho. 7 Kene 
Promenade. Here the little Felix and his sister Fanny 
received their first instruction in music from their mother 
under whose care they progressed so rapidly that the 
altogether exceptional character of their talent -^oon 
oecame nnmistakahly aiyarent. Their next teacher was 
famlrin pf'’ the temporarj- residence of the 

tiin On tf-”" f valuable instme- 

t on. On their return to Berhn they took lessons in 

and composition from Zelter, in pianoforte- 
I'lajingfrom Ludwig Berger, and in violin-playing from 


Henning, the care of their general education being en- 

trusted to the father of the novelist Paul Heyse. 

Felix first played in public on the 24th of October 
1818, taking the pianoforte part in a trio by lYoelfl. On 
April 11, 1819, he entered the Berlin Singakademie as an 
alto, and in the following year began to compose with 
extraordinary rapidity. His earliest dated ivork is a cantata. 
In riihrend feievlichen Tonen, completed on January 13, 
1820. During that year alone be produced nearly sixty 
movements, including songs, pianoforte sonatas, a trio 
for pianoforte, violin, and violoncello, a sonata for viobn 
and pianoforte, pieces for the organ, and even a bttle 
dramatic piece in three scenes. In 1821 he vTote five 
symphonies for stringed instruments, each in three move- 
ments; motetts for four voices; an opera, in one act, 
called Soldntenliehschaft ; another, called Die heiden Pdda- 
gogen ; part of a third, called Die vmndernde Comodianten ■, 
and an immense quantitj’- of other music of different kinds, 
some of which, thought worthy of publication by the 
editors of his posthumous works, now stands before the 
world in evidence of the precocity of his genius. The 
original autograph copies of these early productions are 
now preserved in the Berlin Librai-y, where they form part 
of a collection which fills fort}"-four large volumes, all 
written with infinite neatness, and for the most part 
carefully dated — a sufficient proof that the methodical 
habits wbicb distinguished his later life were formed in 
early childhood. 

In 1821 Jlendelssohn paid his first visit to Goethe, with 
whom he spent sixteen days at Weimar, in company with 
Zelter. From this year also dates his first acquaintance 
with Weber, ivho was then in Berlin superintending the 
production of Der Freiscliiitz: and from the summer of 
1822 his introduction, at Cassel, to another of the greatest 
of his contemporaries, Ludivig Spohr. During this year 
his pen was even more probfic than before, producing, 
among other works, an opera, in three acts, entitled Die 
heiden Keffen, oder Der OnJeel axis Boston, an(i a jhanoforte 
concerto, which he played in public at a concert given 
by Frau Anna Slilder. 

It had long been a custom with the Slendelssohn family 
to give musical performances on alternate Sunday mornings 
in their dining-room, with a small orchestra, which Felix 
always conducted, even when he was not tall enough to 
be seen -without standing upon a stool. For each of these 
occasions he produced some new work, — playing the piano- 
forte pieces himself, or entrusting them to Fanny, while 
his sister Eebecka sang, and his brother Paul played the 
■violoncello. In this way Die heiden Kejfen was first 
privately performed, on the fifteenth aiinn’ersary of Ms 
birthday, February 3, 1824. Between the 3d and the 31st 
of March, in this year, he composed his fine sj-mphony in 
C minor, now kno-wn as Op. 10, and soon afterwards the 
quartett in B minor. Op. 3, and the (posthumous) piano- 
forte sestett, Op. 110. In this year also began his lifelong 
friendship -with Moscheles, who, when asked to receive him 
as a pupil, said, “ If he -vushes to take a hint from me, 
as to anything new to him, he can easily do so ; but he 
standi in no need of lessons.” 

In 1825 Abraham Mendelssohn took Felix to Paris, 
where among other musicians then resident in the French 
capital he met the^ two most popular dramatic composers 
of the^ age, Bossini and MeJ’erheer, and lived on terms 
of intimacy -vrith Hummel, Kalkhrenner, Bode, Baillot, 
Herz, and^ many other artists of EurojDean celebrity. On 
this ocrasion, also, he made his first acquaintance -with 
Cherubim, who, though he rarely praised any one, expressed 
a-\ery high opinion of his talent, and recommended him 
to -RTite a Kyne, for five voices, with full orchestral 
1 accompaniments, which he himself described as “ exceeding 
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in thickness ” anything he had attempted. From letters 
witten at this period rve learn that Felix’s estimate of the 
French school of music -was very far from a flattering 
one: hut he formed some friendships in Paris, -which 
■\vere ifleasantly renewed on later occasions. He returned 
to Berlin with his father in ifay 1825, taking leave of 
his Parisian friends on the 19th of the month, and 
internipting his journey at Weimar for the purpose of 
jjaying a second visit to Goethe, to wliom he dedicated his 
quartett in B minor. On reaching home he must have 
fallen to work wth greater zeal fhan ever: for on the 
2.3d of July in this same year he comifleted hiis pianoforte 
cajjriccio in F sharp minor (Op. 5), and on the 10th of 
August an opera, in two acts, called Bie Hochzdt Jes 
Ciimadir,, a work of considerable importance, concerning 
which we .riiall pr&sentl 3 ’- have to speak more particularlj-, 

FTo ordinary' boj' could have escaped uninjured from 
the snares attendant upon such a life as that which 
IMendelssohn now lived. ISTotwithstanding his overwhelm- 
ing passion for music, his general education had been so 
well cared for that he was able to hold his own, in the 
societj* of his seniors, -vrith the easj’ grace of an accomplished 
man of the, world. He was alreadj' recognized as a lead- 
ing spirit bj' the artists with whom he associated, and 
these artists were men of acknowledged talent and position, 
fllie temptations to egoism by which lie was surrounded 
would have rendered most clever students intolerable. But 
the natural amiability of his disposition, and the health}* 
influence of his happj* liome-life, counteracted all tendencies 
towards inordinate self-assertion ; and he is described by 
all who knew him at this period as the most charming 
boy imaginable. Even Zeltcr, though bj* nature no less 
repressive than Cherubini, was not ashamed to show that 
he was proud of him ; and 3Ioseheles, whose name was 
alread.v famous, met liim from the first on equal terms. 

Soon after his return from Paris, Abraham ifendelssohn 
removed from his mother’s residence to Ho. .3 Leipziger 
Strasse, a roomy, old-fashioned house, containing an 
excellent rnusic-room, and in the grounds adjoining a 
“ Gartenhaus ” capable of accommodating several hundred 
persons at the Sundaj* performances. ^ In the autumn 
of the folio-wing j'ear .this “garden-house” -witnessed a 
memorable private performance of the work bj* means of 
which the greatnes-s of ilendeis-sohn’s genius was first 
revealed to the outer world — the overture to Shakespeare’s 
Mi'hvmmer NigMe Breow. The finished score of this 
famous composition is dated “Berlin, August 6, 1826,” — 
that is to .saj*, three daj’s after its author had attained the 
age of .seventeen p'cars and a half. Yet we may safelp* 
assert that in no later work does he exhibit more originality 
of thought, more fre.shne.ss of conception, or more perfect 
master}’ over the details of technical construction, than 
in this delightful inspiration, which, though now nearly 
si.vtj’ j’ears old, .still holds its place at the head of the most 
Ijrilliant achievements of our modem schools. Tlie over- 
ture was first publiclj* performed at Stettin, in February 
1827, under the direction of the young compo.ser, who 
vrith this bright patent of artistic nobility to support his 
claim, was at once accepted as the leader of a new and 
highly characteristic manifestation of the spirit of modem 
progress. Henceforth therefore we must speak of him, not 
as a .student, but as a mature and experienced artist. 

Meanwhile Camach/js Weddinf/ had been .s-ubmitted to 
Herr General-Musik-Director Spontini, with a view to its 
production at the opera. The libretto, founded upon an 
episode in the hi.story of Hon Quixote, was written by 
Klingernann, and ilendelssohn tlirew himself into the spirit 

’ After 3Ienr]e].?-ohii’.s death thi? house wa-s .sold to the Tnissian 
Government; and the “ Herrenhau-s ” now stands on the site of the 
garden-hon-se. 
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of the romnee -with a keen perception of its peculiar 
humour. The work was put into rehearsal soon after the 
composer’s return from Stettin, produced on April 29 
1827, and received -tvith great apparent enthusiasm ■ but’ 
for .some reason which it is now impos.sible to ascertain’ 
a cabal was formed against it, and it never reached a second 
performance. The critics abused it mercilessly ; yet it 
exhibits merits of a verj* high order. The solemn ’passarm 
for the _trombone.s, which heralds the first appearance of 
the knight, of La Mancha, is conceived in a spirit of 
reverent appreciation of the idea of Cervante.s, which 
would have done honour to a composer of lifelong 
ex})erience. Even the critics suborned to condemn the 
work could not refrain from expuessing their admiration 
of this ; but it had been decreed that the opera should 
not live — and it did not. ' 

Mendelssnhn w’as excessively annoyed at tliis injustice, 
and some time elapsed before his mind recovered its usual 
bright tone ; but he continued to work diligently for the 
caase of art. Among other serious undertaking?, he 
formed a choir for the study of the great choral works 
of Sebastian Bach, then entirely unkno-wn to the prablic ; 
and, in spite of Belter’s determined opposition, he suc- 
ceeded, in 1829, in inducing the Berlin Singakademie 
to give a public performance of the Passim according to 
St Matthew, under his direction, with a chorus of between 
three and four hundred voices. The scheme .succeeded 
beyond his wannest hopes, and piroved the means of 
j restoring to the world great compositions mth which we 
arc all now familiar, but which, at that time, had never been 
heard since the death of Bach. But the obstructive party 
i were grievou-sly offended ; and at this period Mendelssohn 
was far from popular among the musicians of Berlin. 

In April 1829 iIendels.sohn paid his first -visit to 
London. His reception was most enthu.siastic. He made 
his first appearance before an English audience at one of 
the Philharmonic Society’s concerts — then held in the 
Argyll Eoora.s — on the 25th of Maj*, conducting his 
symphony in C minor from the pianoforte, to -which he -was 
led by John Cramer. On the 30th he played "Weber’s 
ConcerislUck, from memory, a proceeding at that time 
extremely unusual. At a concert given by Drouet, on the 
24th of June, he played Beethoven's pianoforte concerto in 
E flat, which had never before been heard in the country ; 
and the overture to A Midsummer Night’s Bream was also, 
for the first time, presented to a London audience. On 
returning home from the concert, Mr Attvvood, then 
organist of St Paul’s Cathedral, left the score of the 
overture in a hackney coach, whereupon Mendelssohn 
-wrote out another, from memory, -without an error. At 
another concert he played, -with Moscheles, his stiU im- 
published concerto in E, for two pianofortes and orche.stra. 
After the close of the London season he started -with 
Klingernann on a tour through Scotland, where he was 
in-spired -w-ith the first idea of his overture to The Isles 
of Fingal, returning to Berlin at the end of Hovember. 
Except for an accident to his knee, which lamed him for 
some considerable time, his wsit was a highlj* successful 
one, and laid the foundation of many firm friendships and 
many prosperous negotiations in the time to come. 

The -visit to England formed in reality the first dirision 
only of a great scheme of travel which his father -wished 
him to extend to all the most important art centres in 
Europe, After refusing the offer of a professorship _ at 
Berlin, he .started again, in May 1830, for Italy, pausing 
on his way at "Weimar, where he .spent a memorable fort- 
night -with Goethe, and reaching Borne, after many pleasant 
interruptions, on Hovember 1, Ho pos.sible form of 
excitement ever prevented him from devoting a certain 
time eveiy day to composition ; but he lost no opportunity 
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raised to the highest position attainable in the German 
musical world. To this new sphere of labour he removed 
in Angnst 1835, opening the first concert at the Gewand- 
haus, '^on the ‘1th of October, with his overture Die 
a work possassing great attractions, though 
b}- no means on a level with the Mkhnmmcr KkjMs 
Dream, The Isles of Fiiifjal, or Mehisine. 

Mendelssohn’s reception in Leipsic was most enthusiastic; 
and under their new director the Gewandhaus concerts 
prosjiered exceedingly. !Mainwhile St Paul steadily pro- 
gressed, and -ivas first produced, Anth triumiihant succass, 
at the Lower Ehine festival at Diisseldorf, on May 22, 
183G. On October 3 it was first sung in English, at 
Liverpool, under the direction of Sir George Smart ; and 
on ;March 16, 183/, ^Mendelssohn again directed it at 
Leipsic. 

The next great event in Mendelssohn’s life was his happy 
marriage, on ilarcli 28, 1837, to Cecile Charlotte Sophie 
Jeanrenaud, Avhose amiable disposition, surpassing beauty, 
and indescribable charm of manner endeared lier to all 
Avho know her. The honeymoon was scarcely over before 
he Avas again smnmoned to England to conduct St Paul, 
at the Birmingham festival, on September 20th. During 
this visit he played on the organ at St Paul’s and at 
Clirist Church, Newgate Street, Avith an efiect which 
exercised a lasting influence upon English organists. It 
AA'as here also that he first contemplated the production 
of his second oratorio, Elijah. 

Passing over the composition of the Lohgesang in 1840, 
a sixth A’isit to England in tlie same year, the scheme for 
the erection of a monument to Sebastian Bach, and other 
CA’cnts on Avhich space does not permit us to enlarge, Ave find 
Mendelssohn in 1841 recalled to Berlin by the king of 
Prussia, with the title of Kapellmeister. Though this 
appointment resulted in the production of Antigone, CEdipus 
Coloneus, Athalie, the incidental music to the Ilidsummer 
Eight’s Dream, and other great Avorks, it proved an endless 
source of vexation, and certainly lielped to shorten the com- 
poser’s life. In 1842 he came to England for the seventh 
time, accompanied by liis Avife, conducted his Scotch 
symphony at the Philharmonic, again played the organ at 
St Peter’s, Cornliill, and Christ Church, NeAA-gate Street, 
and Avas received with all possible honour by the queen and 
the prince consort-. He did not, hoAveA*er, permit his ncAV 
engagements to interfere Avith the direction of the GcAvand- 
liaus concerts ; and in 1843 he founded in Leipsic the great 
conservatoire AA'liich soon became the best musical college 
in Europe, opening it on April 3, in the buildings of the 
GeAvandhaus. In 1844 he conducted six of the Philhar- 
monic concerts in London, producing his ncAv Ilidsummer 
A ight's Dream music, and plaj'ing Beethoven’s pianoforte 
concerto in G A\ath extraordinary effect. He returned to 
his duties at Berlin in September, but happily succeeded 
in persuading the king to free him from his most onerous 
engagements, and his delight at this relief Avas un- 
bounded. 

After a brief residence in Frankfort, [Mendelssohn 
rctunicd to Leipsic in September 1845, resuming Ids 
old duties at (he Gewandhaus, and teaching regularly 
in the conserA'atoire. Here he remained, AA-ith little in- 
tcmiption, during the AA-inter, — introducing his friend 
denny Lind, then at the height of licr popularity, to 
the critic.al frequenters of the GcAA-andhaus, and steadily 
AA'orking at Ehjnh, the first performance of AA-hich he con- 
ducted at the Binningham fcstiA’al, on August 26, 1846. 
The enthu'dastic reception of this great AA-ork is aa-cII knoAAai. 

I 1. nhappily, the excitement attendant upon its production, 

• added to the irritating efiect of the AA'orriesat Berlin, made 
I a .serion-i inr/t-ad upon the composer’s health. On his 
i j return to Leipsic he Avorked on ns usual, but it aa-os 
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clear tliat his health was seriously impaired. In 18 iT he 
visited England for the tenth and last time, to conduct four 
performances of Elijah at Exeter Hall, on the 16th, 23d, 
28th, and 30th of April, one at Manchester on the 20th, 
and one at Birmingham on the 27th. Again the queen 
and prince consort received him with marked respect, — 
one might almost venture to say, affection, — and all seemed 
prosperous and happy. But the necessary exertion was 
far beyond his strength. He mtnessed Jenny Lind’s first 
appearance at Her Majesty’s Theatre, on the 4th of May, and 
left England on the 9 th, little anticipating the trial that 
awaited him in the tidings of the sudden death of his sister 
Fanny, which reached him only a few days after his atrival 
in Frankfort. The loss of his mother in 1842 had shaken 
him much, but the suddenness \vith which this last sad 
intelligence was communicated broke him dowm com- 
pletely. He fell to the ground insensible, and never fully 
recovered. In June he was so far himself again that he 
was able to travel, with his family, by short stages, to 
Interlaken, where he stayed for some time, illustrating 
the journey by a series of water-colour drawings, but 
making no attempt at composition for many weeks. He 
returned to Leipsic in Seirtember, bringing TOth him 
fragments of Christiis, Loreley, and some other unfinished 
works, taking no part in the concerts, and living in the 
strictest privacy. On the 9th of October he called on 
IMadame Frege, and asked her to sing his latest set of songs. 
)She left the room for lights, and on her return found him • 
in violent pain, and almost insensible. It was the begin- 
ning of the end. He lingered on, now better now worse, 
through four weaiy weeks, and on the 4th of November 
he passed away, in the presence of his •wife, his brother, 
and his three dear friends, Moscheles, tSchleinitz, and 
Ferdinand David. A cross now marks the site of his 
grave, in the Alte Dreifaltigkeits Kirchhof, at Berlin. 

Mendelssohn’s title to a place among the greatest composers of 
the century is incontestable. His style, though differing but little 
in technical arrangement from that of his classical predecessors, is 
characterized by a vein of melody peculiarly his ovm, and easily 
distinguishable by those who have studied his works, not only 
from the genuine effusions of contemporary writers, but from the 
most successful of the servile imitations with which, even during 
his lifetime, the music-shops were deluged. In less judicious hands 
the rigid symmetry of his phrasing might, perhaps, have palled 
upon the ear ; hut under his skilful management it serves only to 
impart an additional charm to thoughts which derive their chief 
beaut}’’ from the erident spontaneity of their conception. In this, 
as in all other matters of a purely technical character, he regarded 
the accepted laws of art as the medium by which he might mo.st 
certainly attain the ends dictated by the inspiration of his genius. 
Though caring nothing for rules, except as means for producing 
a good effect, he scarcely ever violated them, and was never weary of | 
impressing their value upon the minds of his pupils. His method j 
of counterpoint was modelled in close accordance that practised 

by Sebastian Bach. This he used in combination with an elastic 
development of the sonata-form, similar to that engrafted by 
Beethoven upon the lines laid don-n by Haydn, The principles 
involved in this arrangement were strictly conservative ; yet they 
enabled him, at the very outset of his career, to invent a new style 
no less original than that of Schubert or Weber, and no less re- 
markable as the embodiment of canons already consecrated by 
classical authority than as a special manifestation of individual 
genius. It is thus that Mendelssohn stands before us as at the same 
time a champion of conservatism and an apostle of progress ; and 
it is chiefly by virtue of these two apparently incongruous though 
really perfectly compatible phases of his artistic character that his 
influence and example have, for so many years, held in check the 
violence of reactionary opinion which a little injudicious en- 
couragement might easily have fanned into revolutionary fury. 
Happily, this wholesome influence is still at work among us ; and 
in Ids oratorios, his symphonies, his overtures, his concertos, and 
his smaller pianoforte pieces Jlcndelssolin sets before us an ex- 
ample the value of which is universally recognized, and not likely to 
be soon forgotten. 

Concerning Jlcndolssolin’s private character there have never 
been two opinions. As a man of the world, he was more than ordi- 
narily accomplisbed, — brilliant in conversation, and in his lighter 
moments oveitlowing with .sparkling humour and ready pleasantry, 


loyal and unselfish in the more serious business of life, and never 
weaiy of working for the general good. As a friend he wnr.m- 
varyingly kind, sympathetic, and as true as steel. Ilis earnestness 
as a Clmstian needs no stronger testimony than that afforded bv 
his oivn delineation of the character of St Paul ; but it is not too 
much to say that his heart and life were pure as those of a little 
child. 

Aeompletelistof Mendelssohn’s published compositions— onclmndrcdnnd nine- 
teen in nimiber. besides some live and twenty unnumbered works of considerable 
Importance— irill be found in the thematic catalogue published by .Messrs Jirclt- 
kopf and Hartel at Leipsic, and also in Grove’s Liclionaty of i/usie and 
Musietans, vol. il. pp. 308, 309. Among his miscellaneous writings, we may men- 
tlon a translation of the Andria of Terence, in German verse, and an immcn'c 
collection of letters, postlmmonsly printed, and calculated to give the reader 
a far closer acquaintance with his life and character than any biographer can Iiopo 
to convey. (W. S. It.) 

MENDELSSOHN, Moses (1729-1786), philosopher 
and scholar, ■u’-eU known as Lessing’s friend and the proto- 
type of his “Nathan,” was horn on September 6, 1729, at 
Dessau on the Elbe, where his Jemsh father made a scanty 
livelihood by teaching a .small school and transcribing 
copies of the “law.” The leading events of Mendelssohn’s 
career have been indicated elsewhere (see Jew.s, vol. xiii. 
p. 680). His numeroiLs -writings include Ueher Evidrnz 
in metaphysischen Wissenschaften (1763), which gained 
the prize in a competition in which Immanuel Kant took 
part; BHefe iiher die Empfmclungen {Ij •, Phxdon, oder 
iiber die Unsterllichkeit der Scele (1767), an argument for 
immortality, founded on the nature of the .soul as exempt- 
ing it from the ordinary laws of change, which has been 
severely, criticized by Kant ; Jerusalem, oder die religiose 
Macht und Judenthum (1783), a specially important con- 
tribution to the question of Je^vish emancipation; a 
number of contributions to his friend Nicolai’s Literalur- 
hriefen and BiUiotheh der sclwnen Wissenschaften ; one or 
two tracts in Hebrew ; and some new German tran-slations 
from the Old Testament. The controversy which led to 
the publication of his Morgenstunden (1785-86), a reply 
to Jacobi’s Bnefe iiber die Lehre Spinoza's, is said to have 
been more or less directly the cause of his death, which 
took place on January 4, 1786 (see Jacobi, vol. xiii. p. 
537). Of Mendelssohn’s three sons, the second, Abraham, 
settled as a banker in Hamburg and married a Jewess, Lea 
fSaiomon Bartholdy, who bore him four children ; these, by 
advice of their mother’s brother, himself a conscientious 
convert from Judaism, were educated as Christians, and 
thenceforth joined their mother’s second surname to their 
o-wn. The second of them, Felix, is the .subject of the 
jireceding notice. In later life Abraham Mendelssohn 
was accustomed to say, — “MTien I was young I was the 
son of my father ; now I am the father of ray son.” See 
The Mendelssohn Family, 1882. 

jMENDOZA, a city of the Argentine Eepublic, .the only 
town of the province of Mendoza, lies 700 miles west- 
north-west of B’aenos Ayres, at the foot of the Cordilleras, 
2510 feet above the sea-level, in 32° 53' S. lat. and 68 45' 
W. long. It was formerly a frequent stopping-place on the 
route across the Andes by the Uspallata Pas.s, and used to 
rank as one of the best-huilt towns in the country, but in 
1861 it was almost completely destroyed by an appalling 
earthquake, in which the people, for the most part 
collected in the churches, perished to the number of 
about 12,000. Bravard, a French geologist who had often 
predicted the catastrophe, was one of those who peri.shed. 
Extensive ruins still mark the site of the old^ tov-n ; the 
new 'toivn, which has been built at a little distance, has 
grb’wn rapidly. Situated in a richly cultivated district, 
Mendoza depends mainly on agriculture and fruitgrowing. 

Tlie city ivas founded in 1659 by Garcia de Mendoza; and in 
1776 it -vvas made the administrative centre otifj 
La Plata. See Mulhall, Handhooh of the La Plata Stf es, 187o, 
and Mrs Mulhall, Pehecen the Amavm ami the Andes, 18 b 1. 

MENDOZA, Diego, Huktado de (c. 1503-1575), 
novelist, poet, diplomati.st, and historian, was a younger son 
of the member of the illustrious Mendoza family to whom 
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the covernmcnt of Granada nras entrusted not long after its 
surrender, and was born in that city about the year 1503. 
The marquis of Santillana, so prominent a figure at the court 
of John II. of Castile, was his great-^andfather. At an 
earlj* af^e l^Iendoza, who had been destined for the churclq 
was sent to Salamanca, where he studied n-ith success, and 
also some time between the years 1520 and 1525, produced 
his Lazarillo de Tonnes, the work upon which his Hterary 
celebrity largely rests. Having persuaded his father to 
allow him to enter the army, he served with the Spanish 
troops of Charles Y. in Italy, and also availed himself of 
opportunities as they arose to hear the lectures of famous 
professors at Bologna, Padua, and Borne. In 1538 he was 
taken into the diplomatic service of the emperor and sent as 
ambassador to Venice ; there he cultivated friendly relations 
with the Aldi, and energetically set about collecting a 
library, not only procuring copies of many old !MSS. in 
the public library of the city, but also sending to Thessaly 
and lilount Athos for new ones ; it was from his collection 
that the complete text of Josephus was first printed. _ For 
some time he held the post of military governor of Siena ; 
and, after having been present in an official capacity in 
Trent at the beginning of the oecumenical council, he was in 
1547 sent as special plenipotentiary to Borne, where he 
continued to act for some years. In 1554, shortly before 
the abdication of Charles, he was recalled to Spain, and his 
official career came to an end. He was never a favourite 
with Philip II. ; and in consequence of a quarrel with a 
courtier, in which he had lost his temper loadly, he was 
finally banished from court in 1568. The remaining years 
of his life, which were spent at Granada, he devoted partly 
to the study of Arabic, partly to poetical composition, and 
partly to the preparation of his history of the Moorish 
insurrection of 1568-70 {Guerra de Granada). He died 
at Madrid (which he had obtained leave to visit on some 
business errand) in April 1575. 

Jloiidoza’s LazariUo dc Tonnes, though wi-itten dming his 
college days, was not published until 1553, when it was printed 
auouyinously at Antwerp. Next year it was reprinted at Burgos, 
but ultimately it was taken exception to by the Inquisition, and the 
Spanish editions of 1573 and subsequent years are accordingly con- 
siderably abridged. It is a comparatively short fragment, written 
in vigorous and bright Castilian, and was the first example in modern 
literature of the “novela pic.arcsca’’ of which Le Sage’s Gil Bias 
now ranks as the most perfect specimen. The continuations, first 
by an anonymous author (1555) and afterwards by H. de Luna (1620), 
arc of very inferior interest. Of Mendoza as a poet all that need 
be said here is that he followed the modern Italian models quite .as 
far as was compatible with a due regard to his Castilian individu- 
ality. Ilis history, though of no great bulk, is, like his novel, a 
work of remarkable literary execution. It relates indeed only to a 
comparatively brief episode in a chapter of events for avhich it is 
almost impossible to claim much general attention, and it is often 
needlessly erudite aud sometimes pvovokinglj' obscure. But as a 
whole itis singul.ariy well-informed, dignified, and picturesque • “ the 
style IS bold and abrupt, but true to the idiom of the lan"ua"e,arrd 
the current of thought is deep aird strong, easily carrying thrTreader 
onward with its flood. Nothing in the old chronicling stj-lo of the 
earlier period is to bo compared to it, and little in any sirbsequent 
period IS equal to it for manliness, vigour, and truth ’’ (Tieknor). 
Ip?/' f®*- the Guerra dc Granada did not appear until 

tint of >ncorapletc ; the first perfect edition avas 

that M Ij 30. 1 ho work lias frequently been reprinted since. 

' ^*^0 Lopr.z DK. ,See S-vniillax-v. 

- -Y®’ Spart.q, was the brother of 

A(..v. IKMXON (f/.r.) and the husband of Helena (e/ v) He 

” f recovered 

A ards his fleet was sc-ittered off Malea by a stom which 
t CvnriY ^^tcr seven years’ further wandering 

country of he Erambi, lie at last had an interview with 

honiYl^'^itm"? him 

funeral fcai ovY d-Yi the 

ucrai feast o\er -'kgi.sthus and Clyticmnestra. After a 


long and happy life in Lacedmmon, Menelaus, as the son- 
in-law of Zeus, did not die but was translated to Elysium. 

ipiNGS, Antony Baphael (1728--1779), was the most 
celebrated representative of the eclectic school of painting 
in the 18th centurjq and played a great part^in the early 
days of the classic revival. He was born in 1728 at Aussig 
in Bohemia, but his father, a Danish painter, established 
himself finally at Dresden, whence in 1741 he conducted his 
son to Borne. Mengs. early showed that active intelligence 
and large capacity for laborious study which secured Mm 
the extraordinary distinction wMchhe enjoyed through life. 
His appointment in -1749 as first painter to the elector of 
Saxony did not prevent Ms spending much time in Borne, 
where he had married in 1748, and abjured the Protestant 
faith, and where he became in 1754 director of the Vatican 
school of painting, nor did tMs Mnder him on two occasions 
from obeying the call of Charles IH. of Spain to Madrid. 
There Mengs produced some of his best work, and 
specially the ceiling of the banqueting hall, the subject of 
w'hich was the Triumph of Trajan and the Temple of Glory. 
After the completion of this work in 1777, Mengs again 
returned to Borne, and there he died, two years later, in 
poor circumstances, leaving twenty children, seven of whom 
were pensioned by the king of Spain. Besides numerous 
paintings in the Madrid gallery, the Ascension at Dresden, 
Perseus and Andromeda at St Petersburg, and the ceiling 
of the Villa Albani must be mentioned among Ms chief 
works. In England, the duke of ^Northumberland pos- 
sesses a Holy Family, and the colleges of All Souls and 
Magdalen, at Oxford, have altar-pieces by his hand. In 
his ■writings, in Spanish, Italian, and German, Mengs has 
imt forth his eclectic theory of art, wMch treats of per- 
fection as attainable bj' a well-schemed combination of 
diverse excellences, — Greek design, with the expression 
of Eaphael, the cMarosciuo of Correggio, and the colour 
of Titian. His close intimacy ■\\ith Winkelmann — ^^vho 
constantly VTOte at his dictation — has greatly enhanced 
Ms Mstorical importance, for he formed no scholars, and 
the critic must now concur in Goethe’s judgment of Mengs 
in Winkelmann mid seine Jahrhundert ; he -must deplore 
that so much learning should have been allied to a total 
want of initiative and utter poverty of invention, and 
embodied with a strained and artificial mannerism. 

See Ojrci'c di Antonio EaffacUo Mengs, Parma, 1780 ; Mengs' 
Werke, ilhcrsetzt v. G. F, Prangc, 1786 ; Zeitschrift fiir hildendc 
Kunst, 1880; Bianconi, Blogio Storico di Mengs, Milan. 1780; 
Nagler’s Kiinstlcrlcxikon. 

MENHADEN, economically one of the most important 
fishes of the United States, known by a great number 
of local names, “menhaden” and “mossbunker” being 
those most generally in use. In systematic works it ap- 
pears under the names of Clupea menhaden and Brevoor- 
iia tyrannus. It is allied to the European species of shad 
and pilchard, and, like the latter, approaches the coast in its 
■wanderings in immense shoals, wMch are found throughout 
the year in some part of the littoral waters between Maine 
and Florida, the northern shoals retiring into deeper water 
or to more southern latitudes ■with .the approach of cold 
veather. The average size of the menhaden is about 12 
mches. Although it was long kno^rvn as a palatable table- 
fish, and largely used, when salted, for export to the West 
Mdies, and as bait for cod and mackerel, the menhaden 
fishery has been developed to its present importance only 
■within the last twenty years. A large fleet of steamers 
and sailing vessels is engaged M it ) and a great number of 
large factories have sprung into existence to extract the oil, 
which is used for tanning and currying, and for adulterat- 
ing other more expensive oils, and to manufacture the refuse 
into a very valuable guano. In the year 1877 2,426,589 
gallons of oil and 55,444 tons of guano were produced. 
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An extensive business is also carried on in converting 
menbaden of a suitable size into “ American sardines.” 

A very complete account of this fishery is given by G. Brown 
Goode in “The Natural and Economic History of the American 
Menhaden,” Uniled States Cormnissimi of Fish and Fisheries, part 
V., Washington, 1879. 

a small Belgian town, in the province of West 
Flanders; it is traversed by tbe river Lys, which there 
forms the boundary between France and Belgium. The 
population in 1880 was 10,200. Commercially and 
industrially Menin ranks high for its size, possessing, as it 
does, important manufactures of linen, oh, soap, Ac., as 
well as sugar refineries, breweries, and tanneries, and a 
good com and cattle market. Tobacco is extensively 
grown in the neighbourhood, and forms one of the main 
items of lawful trade, a good deal of illicit traffic also being 
carried on across the French frontier. 

Menin does not appear to have been in any way worthy of note 
until the 14th century. Philip II. caused it to be fortified in 1578. 
It was taken by Turenne in 1658. Vauban subsequently sur- 
rounded it with elaborate works, and made it one of the strongest 
citadels in France ; but all its fortifications were razed in 1744. 
It belonged to the Netherlands in 1815, and became part of Belgium 
in 1830. 

MENINGITIS (from /jL^viy^, a membrane), a term in 
medicine applied to inflammation aflEecting the membranes 
of the brain (cerebral meningitis) or spinal cord (spinal 
meningitis) or both. ' 

Of cerebral meningitis there are two varieties ; — (1) that 
due to the presence of tubercle in the membranes of the 
brain, which gives rise to the disease known as tubercular 
meningitis, or acute hydrocephalus; and (2) simple or 
acute meningitis, w’hich may arise from various causes. 
' Among the more common are injuries of the head, exten- 
sion of disease from contiguous parts, .such as erysipelas of 
the scalp or caries of the bones of the ear, exposure to 
cold or to extreme heat, the presence of tumours in the 
substance of the brain. It may likewdse occur in the 
course of fevers, rheumatism, and inflammatory affections, 
and also as a result of mental overwork, sleeplessness, and 
alcoholic excess. This latter variety of meningitis is less 
common than the former, but it is on the whole more 
amenable to treatment. The symptoms present such a 
general resemblance to those already described in tubercular 
meningitis that it is unnecessai^' to refer to them in detail 
(see Hydeocephaltts), and the treatment is essentially the 
same for both. 

Bfinal meningitis, or inflammation of the membranes 
investing the spinal cord, generally results from causes of 
a similar kind to those producing cerebral meningitis, — 
injuries, exj)osure to cold or sudden changes of tempera- 
ture, diseases affecting adjacent parts such as the vertebral 
column or the spinal cord itself, or extension doumwards 
of inflammation of the membranes of the brain. It is said 
to be most common in males. As in the case of the brain, 
the membrane.s become extremely congested ; exudation of 
lymph and effusion of serum follow ; and the spinal cord 
and roots of the nerves become more or less involved in 
the morbid process. 

The chief symptoms are fever, with severe pain in the 
back or loins shooting downwards into the limbs (which 
are the seat of frequent painful involuntary startings), 
accompanied with a feeling of tightness round the body. 
The local symptoms bear reference to the portion of the 
cord the membranes of which are involved. Thus when 
the inflammation is located in the cervical portion the 
muscles of the arms and chest are spasmodically contracted, 
and there may be difficulty of swallowing or breathing, or 
embarrassed heart’s action, while when the disease is seated 
in the lower portion, the lower limbs and the bladder and 
rectum are the parts affected in this wajv At first there 
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IS excited sensibility (hyperesthesia) in the parts of the 
surface of the body in relation vith the portion of cord 
affected. As the disease advances these symptoms give 
place to those of partial loss of power in the affected 
muscles, and also partial ansesthesia. These various 
phenomena may entirely pass away, and the patient after 
some -weeks or months recover ; or, on the other hand, they 
may increase, and end in permanent paralysis. ’ 

The treatment is directed to allajdng the pain and 
inflammatory action by opiates. Ergot of rye is strongly 
recommended by many physicians. The patient should 
have perfect rest in the recumbent, or better still in the 
prone, position. Cold applications to the spine may be of 
use, while scrupulous attention to the functions of the 
bladder and bowels, and to the condition of the skin 'ivith 
the view of preventing bed-sores, is all-important. 

Epidanic C'ercbro-spinal Meningitis . — ^This name, as well as 
cerebrospinal fever, is applied to a disease defined in the Komcnela- 
tiire of diseases as “ a malignant epidemic fever, attended b}- painful 
contractions of the muscles of the neck and retraction of tlie head. 
In certain epidemics it is frequently accompanied by a profuse pur- 
puric eruption, and occasionally by secondary effusions into certain 
joints. _ Lesions of the brain and spinal cord arc found on dissection.” 
This disease appears to have been first distinctly recognized in the 
year 1837, -when it prevailed as an epidemic in the south-west of 
France, chiefly among troops in garrison. For several years subse- 
quently it existed in various other localities in France, and mostly 
among soldiers. At tlie same time in other countries in western 
and central Europe the disease was observed in epidemic outbreaks, 
both among civil and militarj- populations. In 1846 it first showed 
itself in Ireland, cluefiy among the inmates of workliouses in Belfiut 
and Dublin. Numerous outbreaks occurred also about the same 
period in many parts of the United States. In more recent times 
the disease has repeatedly appeared both in Europe and America, 
but it has seldom prevailed extensively in any one tract of coimtiy, 
the outbreaks affecting for the most part limited communities, such 
as garrisons or camps, schools, workhouses, and prisons. 

Little is known regarding the causation of this disease. All ages 
seem liable to suffer, and, as regards sex, males are affected more 
commonly than females. Occupation and condition of life appear 
to exercise no influence. It has been observed to occur most 
frequently in cold seasons. The question of the contagiousness 
of cerebro-spinal fever remains still unsettled, but the weight of 
authority appears to be in favour of the theory of the communica- 
bility of the disease. It cannot, however, be regarded as contagious 
in the same degree as some other specific fevers, such as typhus fever, 
small-pox, or scarlatina. 

The following are the more prominent symptoms. After a few 
days of general discomfort the attack comes on sharply with rigors, 
intense headache, giddiness, and vomiting. Neuralgic pains in 
the abdomen, and pain with spasmodic contractions in the muscles 
of the extremities, occur at an early stage. The headache continues 
with gi’eat severity, and restlessne.ss and delirium supervene, accom- 
panied with periods of somnolence. The pains and spasms rapidly 
increase, the muscles of the neck, spine, and limbs being specially 
affected. The patient’s head is drawn backwards and rigidly fixed, 
the spine arched, and the anns and legs powerfully flexed, the 
whole condition bearing a considerable resemblance to tetanus. 
For a time there is greatly increased sensibility of the skin, pain 
being e.xcited by the slightest contact. There is more or less fever 
present. About the fourth day of the disease an eruption on tbo 
skin both of the face and body' frequently apjrears, in the form 
either of purpuric spots or small clear vesicles. Death may tako 
place in from a few hours to eight or ten days. Should the patient 
survive the immediate shock of the attack, serious comjdications 
are apt to appear in the form of destructive inffammiition of the 
eyes or ears, inflammation with effusion into certain joints, and 
paralysis of limbs ; or, again, recovery may take place .after a pro- 
longed convalescence. The mortality appears to vary in different 
epidemics, in some being as high as 80 per cent., in others only 
about 20 per cent. Cerhtin forms of the disease are of malignant 
character from the first, and vety rapidly fatal. 

The changes found after death in cerebro-spinal fever are jntenso 
inflammation of the membrane of tbe brain and .=pinal cord, with 
effusion of serum or pus into the ventricular and arachnoid spaces. 

The treatment is similar to that of other febrile conditions, but 
for the special symptoms of pain, spasm, kc., opium seem.s to have 
been found of eminent service, while quinine and ergot of rj e arc 
also recommended. 

ilENNONITES is a name borne by certain Christian 
communities in Europe and America, denoting their 
adherence to a type of doctrine of which Alenno Simons 
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was, not indeed tlie originator, but the chief exponent at 
the time when the anti-picdo-haptism of the congregations 
in which he laboured took permanent form in opposition 
to ordinarj' Protestantism on the one hand and to tne 
theocratic ideas of the Miinster type of anabaptism on the 
other. The original home of the views afterwards called 
Mennonite was in Zurich, ^vhere, as early as 1525, Grebei 
and Manz founded a community having for its most dis- 
tinctive mark baptism upon confession of faith, the cmei 
doctrines of these Zurich Baptists have been already stated 
in the article Baptists, vol. iii. p. 353. The main mto^o?t 
of the sect lay not in dogma but in disciphne. Within 
the communities evangelical life was reduced to a law o 
separation from the world, and this separation— erdorced 
by a stringent use of excommunication and the prohibition 
of marriage beyond the brotherhood — involved not only 
abstinence from worldly vanities but refusal of civic duties 
(the state being held to be un-Christian) refusal to take 
an oath or use the sword. In their revolt against the cor- 
ruptions of the mediceval church the Eeformers neither 
denied the continuity of the church as an organization nor 
impugned the Christian character of the state. The new 
sect did both ; and their position thus appeared so radically 
subversive of the foundations of society that it is not sur- 
pri.sing, under the imperfect views of toleration then current, 
that they became the objects of bitter persecution from 
Protestants as well as from Catholics. But the Grebelians 
had no desire, like the fanatics of Munster, to found a new 
theocracy in opposition to the anti-Christian state. They 
sought only to withdraw from what their conscience con- 
demned, content to live as strangers upon earth, and devot- 
ing all their energy to preserve the purity of their own 
communities. The medieval conception of separation from 
the world as the true path of Christian perfection had 
leavened all middle-class society in Europe, and prepared 
many to accept separatist views of the church as soon as 
they were reached by the impulse of revolt against Eoman 
Catholicism ; the pursuit of holiness in a society protected 
by a strict discipline is an idea which experience has shown 
to have a great attraction for one class of earnest minds ; 
hence, in spite of persecutions incomparably fiercer than 
any of the larger Protestant bodies ever underwent, the 
new doctrine and praxis rapidly spread from Smtzerland 
to Germany, Holland, and even to Prance. Each com- 
munity was quite independent, united to the rest only by a 
bond of love. There was no sort of hierarchy, but only 
“cxhorters” chosen by the congregation, of whom the 
most prominent were also “elders” entrusted with the 
administration of the sacraments — an organization so easily 
kept alive or reproduced that the movement could hardly 
be checked by any persecution short of the total annihila- 
tion which at length was actually the fate of many of the 
Swiss communities. The remnants of the Swiss Mennonites 
broke in 1620 into two parties, the stricter of rvhich, the 
Ammanites or Upland Mennonites, were distinguished from 
the Lowland Mennonites by holding that excommunication 
of one party dissolved marriage, and by their rejection of 
buttons and the use of the razor. Their persecution lasted 
till 1(10; a few congregations still remain and keep 
tliemselves_ quite distinct from Baptist bodies of more 
mo crn origin. In Germany the Mennonites are some- 
what more numerous; more important are the German 

Eussia, brought tHther in 
t ( 63 by the empress Catherine, which in turn have recently 

indeed, and 

^pemlly Pennsylvania, early became a refuge for the 
Mennonites of Switzerland, the Palatinate, and Holland 
and is now the chief home of the body (175 000 in the 

grSntlofh tl Canada). The oldest con- 

fcregation is that of Germantown (since 1683); the most 


numerous of several divisions are the Old Mennonites, cor- 
responding to the less strict of the Swiss sections. 

All these communities in Europe and America are dis- 
tinguished by an antique simplicity combined with antique 
prejudices, by indifference to the interests of the greater 
world, while at the same time their industry and self-con- 
centration have made them generally well-to-do. Their 
religious type has varied very little in the course of 
centuries, as indeed is not surprising, their _ theology 
being ascetic rather than dogmatic or speculative. The 
Mennonites of Holland, on the other hand, have passed 
through an interesting and progressive history. 

It was in Holland and the adjoining parts of Low Germany that 
the personal influence of Menno Simons (1492-1559) was mainly 
felt. He was originally a priest, and was pastor at his native place 
Witmarsum in Friesland from 1531 to 1536, when convictions long 
ripening in liis mind compelled him to resign his cure. At this 
time the anti-pcedo-baptist societies in .the Low Countries were much 
a"itated. The views which had just before received their political 
deathblow at Miiuster (see Anabaptists) were not extinct, and 
even those who did not share them were by no means at one. 
Menno attached himself to the Obbenites, who held that on earth 
true Christians had no prospect but to suffer persecution, refused to 
use the sword, and looked for no millennium on earth. Menno 
became one of their ciders, and by his wanderings among the 
scattered and oppressed communities, and especially by the natural 
eloquence and religious power of his numerous writings, did much 
to sustain the faith of his associates, to confirm the type of their 
religious life, and to prevent startling aberrations in doctrine or 
di.sciplino. He was not an original thinker; but the love which 
all felt for the man, and which was kept alive for generations by 
his writings, gave him the place which the name of Mennonites 
expresses. 

It may be ascribed to the influence of Menno’s writings that the 
Dutch Mennonites, though for a time (since 1554) they broke into 
fractions on questions of discipline, and especially on the effect of 
excommunication upon marriage, never fell so far apart ns regards 
the type of their religious life as to preclude the possibility of re- 
union. The IVaterlanders in North Holland, who held the least 
strict doctrine of excommunication, soon moved farther in the 
direction of libcmlity, and exchanged the name Mennonites for that 
of Doopsgezinden (Baptist persuasion). In 1579 they refused to 
condemn any one for opinions, even on the incarnation, which the 
word of Scripture did not pronounce necessary to salvation. They 
aided William the Silent with money, and from 1581 to 1618 even 
accepted civil office. Meantime the stricter party had undergone 
various divisions, which, however, in 1627-32 were reunited on 
the basis of confessions essentially embodying Menno’s teachings. 
They too had learned moderation, at least in tlieir views of excom- 
munication, and their antithesis to the state was softened since 
the cessation of persecution in 1581, hut especially since in 1672 
they were recognized as citizens. On the other hand, tlie adoption 
of a confession had deepened the separation between them and the 
liberal Doopsgezinden; but doctrine was never the fundamental 
principle of the Mennonite_ communities, confessionalism took no 
firm root, and the two sections gradually approached, and through 
a series of partial fusions became at length finally united when the 
Amsterdam congregations came together in 1801. The persuasion 
declined much in numbers in the 18th century; since then it has 
increased, and has now 127 congregations with nearly 50,000 
members. The objection to hold civil office disappeared in 1795; 
that to carry arms in the war of freedom against Napoleon. Baptism 
on profession of faith and the refusal of the oath, tolerance in 
matters of doctrine without religious indifference, are the chief 
marks of the body, which in point of theological culture and 
general enlightenment, philanthropic zeal and social importance, 
has long stood very high. 

Simons is Cramer’s, 1837. De Hooi 
f a’Jwle In Ilerzog-Piitt, R, 77., is e.xcelient; only one point of conse- 
\ P?”, for modification,— the hook against JoliA 

’‘oyo keen publislied before Menno joined the Obbenites, is 
spurious See Sepp, Gesdiiedkundige Xaspovingen, i. (1872) 
Sf fhem’nrri completest edition of Menno's works is that in folio, 1C8C. Many 
“OosWs?h"'),r'’w" versions; Menno himself wrote in the 

Mennonbe^ in ‘2,*' J'?"' Gorman. For the literature on the 

mainly dependrat*^™'’ Hoop Scheffer, on wliom the foregoing sketch is 

MENSHIKOFF, Alexander Danilovich (1672-1729), 
born at Moscow on tlie ITtli oi November (o.s.) 1672, was 
the son of a poor man, ’who employed him to seU cakes 
a out the streets of that city. In this humble occupation 
he attracted the attention of Lefort, one of Peter the Great’s 
most active co-operators, ’syho was pleased ivith his spright- 
uness, and took him into his service. Peter," soon afterwards 
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seeing the youth at Lefort’s, was also delighted mth him, 
and took him to be his page. Menshikoff soon became 
indispensable to the czar, assisting him in his workshop, 
and displaying signal bravery in the company of his master 
at the siege of Azolf. He_ formed one of the suite of Peter 
during his travels, and worked TOth him at Saardam and 
Deptford. Throughout his wars rvith the Swedes, Men- 
shikoff was the companion of the czar, and greatly distin- 
guished himself. For his gallantry at the battle of the 
hfeva, on the 7th of May (o.s.) 1703, he received the order 
of St Andrew. In 1704 he was made general, and at the 
request of the czar created a prince of the Holy Homan 
Empire. His house on the Vasdii-Ostroff was magnificent ; 
there ambassadors were received, and banquets were given 
gorgeous with gold and silver plate. Unfortunately there 
is a dark side to the pictm’e, and the favourite was guilty 
of extortion to such an extent as to bring him under his 
master’s censure. On the death of Peter the position of 
hlenshikoff became very perilous ; his successes had raised 
about him a host of enemies eager for his downfall. The 
Golitzins, Dolgoroukis, and all those who formed what may 
be called the Old Russian party, wished to proclaim the 
son of Alexis emperor. Those, however, whose aggrandize- 
ment was bovmd up ufith Peter’s reforms — Menshikoff, 
Apraksin, Bontourlin, Golofikin, and othei-s — were in favour 
of giving the crorvn to Peter’s nddow, who accordingly 
ascended the throne as Catherine I. During her reign the 
influence of Menshikoff was unbounded, and he vii'tuaUy 
governed the country; but the empress died in 1727, 
after a reign of two years. She had made a will, no 
doubt at the instigation of the favourite, to the effect 
that Peter, her grandson, was to be czar under the guardian- 
ship of Menshikoff, whose daughter Mary was to be married 
to the youthful sovereign. Under pretence of taking care 
of the young czar, Menshikoff caused him to be removed 
to his house and sm-rounded him ■with his creatures. He 
was now at the height of his power ; foreign- ambassadors 
remarked that even the great Peter himself was never 
feared so much. The young czar, however, sho'wed no 
affection for Mary Menshikoff, and the girl was equally 
apathetic towards her betrothed, being in love %vith a 
member of the family of Sapieha at the time her father 
had forced her into the engagement. The Dolgoroukis 
■used the aversion of the young prince to \asfianch as a 
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means of creating dislike to the father. A chain of events 
was gradually leading to the downfall of the favourite 
He^ was soon refused admittance to the summer palace, 
whither the young czar had retired. Next he was arrested’ 
and so overpowered was he at his disgrace that he 
had an apoplectic stroke. In vain did he address letters 
both to the emperor and his sister. Shortly after, by 
order of the czar, the fallen magnate departed from 
St Petersburg, but more like a nobleman retiring to his 
estate than a culprit going into exile. The people regarded 
him with dislike, and most of them rejoiced over his fall. 
On his way a courier arrived ■with orders to take the 
czar’s ring of betrothal from his daughter Mary and give 
her back her o-svn, which had been worn by Peter H. 
Menshikoff" was not permitted to pass through Moscow, 
but was conducted to Oranienburg, in the government of 
Riazan, and there placed under strict sm-veiUanpe. Soon 
afterwards the whole family was banished to Siberia, and 
arrived at Berezoff towards the end of 1727. Menshikoff’s 
■wife died on the joniney, and was buried near Kazan. On 
the arrival of the prisoners they were lodged in a wooden 
house, consisting of four rooms. But Menshikoff did not 
long endure the horrors of exile in this inclement region. 
According to Mannstein, he died (November 12, o.s., 
1729) of an apoplectic stroke, because there was no one 
at Berezoff, as he himself remarked, who understood how 
to open a vein. The young czar ordered the release from 
exile of the two remaining children of Menshikoff, — his 
daughter Mary had died at Berezoff in the same year 
as her father, — and restored some of their property to 
them. 

MENSHIKOFF, Alesanber Sergeievich (1787-1869), 
great-gi-andson of Peter’s favoiuite, born in 1787, entered 
the Russian service as attache to the embassy at Vienna. He 
accompanied the emperor Alexander throughout his cam- 
paigns against Napoleon, and attained the rank of general, 
but retired from active service in 1823. He then devoted 
himself to naval matters, and put the Russian marine, 
which had fallen into decay during the reign of Alexander, 
on an efficient footing. On the outbreak of the Crimean 
War he was appointed commander-in-chief, and suffered a 
severe defeat at the Ahna. On the death of the emperor 
Nicholas in 1855 he was recalled, ostensibly on account 
of failing health. He died in 1869. 
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M ensuration, or the art of measuring, involves 
the construction of measures, the methods of using 
them, and the investigation of rules by which magnitudes 
which it may be difficult or impossible to measure directly 
are calculated from the ascertained value of some associated 
magnitude. It is usual, however, to employ - the term 
mensuration in the last of these senses; and we may 
therefore define it to be that department of mathematical 
.science by which the various dimensions of bodies are 
calculated from the simplest possible measurements. 

The determination of the lengths and directions of 
straight lines, including what are familiarly kno'om as 
problems in heights and distances, generally depends on 
the solution of triangles, and Avill be discussed in the 
articles Trigoxojeetry and Sur^veying. The remaining 
portions of the subject are the determinations of the 
lengths of curves, the areas of plane or other figures, and 
the volumes and surfaces of solids,; and it is of mensura- 
tion as th^us restricted that the present article ■null discuss 
some of the more important problems. 

§ 1. Units of Lengthy Area, and Volume . — In measuring 
any magnitude we select some standard or “ rmit ” to mea- 


sure by. Thus in measuring length we take for unit an 
inch, a foot, or a yard. From the unit of length we derive 
the units of area and volume. Thus we define the unit of 
area to be the area of the square described upon the unit 
of length, and the unit of volume to be the volume of the 
cube whose edge is the unit of length or whose side is the 
unit of area. For example, if an inch be taken as the unit 
of length, the square whose side is 1 inch is the unit of 
area, and the cube whose edge is 1 inch is the unit of 
volume. The length of a line, the area of a surface, and 
the volume of a solid are then expressed by the munbers, 
whole or fractional, of units of length, area, and volume 
which they respectively contain. Hence, if I denote the 
linear unit, the length of a line which contains a units is al, 
or simply a since I is unity ; similarly the area of a surface 
which contains b units of area is hm, or simply h, where 
m is the unit of area. 

§ 2. Gommensurahle and Incommensurable Jlagniiudes,- 
When two magnitudes have a common measure, that is, 
when another magnitude can be found which is contained 
in each an exact number of times,- they are said to be 
“commensurable.” Thus a line 4^ and another 3^ inches 
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long are commensurable ; for, if i inch be taken as unit of 
length, the former contains thermit nine times and the 
latter seven times. If no common measure can be found, 
the two ' magnitudes are said to be “incommensurable. 
Ifor instance, 1 and ^/2 have no common measure j for 
<s/2 = 1-4142 ... an interminable decimal, and hence no 
unit, however small, can be found which will be contained 
in each an exact number of times. If, however^wc take 
^/2 = l•4, the error will be less than ; if \/2 = 1-414, 
the error will be less than &c. Hence, by taking a 
sufficient number of figures, ,we can find a fraction which 
will differ from 72 by less than any assignable quantity, 
and therefore we can always find two commensurable 
magnitudes that will represent two incommensurable ones 
to any degree of accuracy we please. In what follows we 
need therefore only consider commensurable lines. 

§ 3. Area of a Rectangle. — Let the side AB (fig. 1) con- 
tain a units and the side BC h units of length. If we 
divide AB into a equal parts, ^ ^ 

each equal to the unit of length, — — — 

and similarly BO into h equal 

parts, and if through the points 
of division we draw lines 

parallel to the sides of the — 

rectangle, these lines will di- 

vide the rectangle into a series 

of rectangles, each of which is — — — — — 

the unit of area, since each is pi,, 

a square whose sides are of 

unit length. As we have a rows of these rectangles, and 
h in each row, the whole number of rectangles wiU be ah. 
Therefore 

area of ABCD=«Zi units of area 
’=ah 


PART I.— PLANE FIGURES. 

Section L— Plane Figures contained dy Straight Lines. 

A. The liectanglc. 

§4. Let ABCD (fig. 2) be a rectangle, and lot AB=CD=h 
BC«=DA«= 6, AC=c, and tlio angle a 
BAC = a ; it is required to find its are.a. 

Since a rectangle is completely de- 
termined when two independent data, 
one of which at least is a length, aie 
given connecting its parts, we can de- 
termine its area in the following cases. 

(o) IFhen its length a and its breadth — 
b are given. — It has already been proved ^ 

(§ 3) that 

area of ABCD = a& ; 

or the area of a rectangle is equal to its length multiplied bv it' 
breadth. ■' 

Example.— l.<ii g= 12 feet 6 inches and 6=9 inches, then 
area of ABCD = 12 '5 x -76 = 9-375 square feet. 

If we make use of logarithms in the above calculation wo have 

log area = log a -p log 6 . 
logre=logl2-5 =1-0969100 
log6=log -75=1-8750613 
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logarea= -9719713; 


therefore 

hence area.= 9-376. 

- a side a and the diagonal c arc given. — Bv Enelii 

1. 47 we have ' ^ 

b- = t?-a-, or 6 = Vc- - , 
therefore area of ABCD = n6 = a\/¥lT^- 

or log area = logn -f 41og (c -)- g) -f J log (J - a) . 

Example.— 'Lei a=238 and then 

log«= log238 = 2-3765770 
41og (c -t- rt) = pog 694 = 1 -4200797 
41og(e-a)=|log218 = 1-1692282 
therefore log area = 4 -9664849 ; 

hence area =92573-1. 


{y) When a side a and a its inclination to the diagonal arc given. 
—Since 

JL.= tana, 6=retana, 
a 

and therefore area of ABCD t=db<=^a- tan a ; 
or logarca = 21ogn -f Ltann- 10 . 

Example . — Lot a=30 and a'=32° 25' 16", then 
21ogn=21og30= 3-1126050 
Ltana=Ltan32'“ 25' 15"- 9-8028C22 
therefore ]ogarea=12-9154672 - 10 = 2-9164672 ; 

lienee area =823 -127. N 

(8) When the diagonal c and a its inclination to either of the 
sides arc given . — ^We have 

«=ccosa, and6=CBina, 

therefore area of ABCD = «6=c-sinaoo3a=4c-sin2a; 

or 2 area =(^ sin 2a, 

and hence log2arca=21ogc-hLsin2a-10. 

§ 5. A square being a rectangle -whose .sides are equal, -n-o can at 
once determine its area. ‘When one datum, which must be a 
length, is given the square is eomjdctely determined, and hence 
we nave only two cases to consider. 

(a) men the side is given . — From § 4, a, wo have at once 
area of square = n 6 = « X n = a-. 

(0) When the diagonal c is given . — From 4, 0, we have 
rt--fa' = c-, or n-=Jc-; 

hence area of square = n- = ic", or2nrca=c^; 

and therefore log2nrca = 2logc. 

B. Eight-angled Triangles. 

§ 6. 'fhe diagonal of everj- rectangle divides it into two cquiva- 
lent right-angled triangles (Fuel. i. 34), and hence the area of the 
right-angled triangle ABC (fig. 2) is equal to half the area of the 
coiTcsponding rectangle ABCD. 


C. Triangles Gcnercdlij, 

, 7. In every triangle there are six cleinenfs to ho considered, 
namclj-, the three sides and the 
three angles. If any three of A 

these six be given, provided one 
is a length, the triangle is com- 
pletely determined, and hence 
its area can bo found. 

§ 8. Length of Perpendiculars 
of a Triangle.— In the triangle 
ABC (fig. 3) let BC=n, CA = 6, 

AB=c, AD the perpendicular 
from A on BC=/i, BD—k, 
and CD =11. 

Since BDA and CDA arc right angles, we have 
c- = K- -(- Ir , and 6" = i/- -p h- , 

and therefore 

6" - c- ■= 1/- - a;" ■= (2/ -r k) (y - k) = a (1/ - a;) ; 
h"-c- 

y-x-= . 



whence 


But i/-i-!e=n , and, by solving these equations, wo obtain 
b--i-a-~(P 

2'"— 2^r-- 

Again 

7 t== 6 ^ - 2 /== 6 - - / 6=-}-n--c- \5 {2ab)- - c-)- 
\ 2a J ,, 40-“ 

_(n-P6-Pc)(6-f c-n)(c-f rt- 6){«-f 6 — c) 
ia- ’ 

hence h = V'(g -P 6 -P c)(6 -{- c — n)(c -p « — b)(a -t-b — c). 

Now let a-p5-pc=2s, then 6 -pc-g=2(s-g), e-Pa-6=2(s-6), 
and g-p6-c=2(s-c) . 

Therefore, on substituting and reducing, we obtain 
“ ■|-V's(s-«)(s-6)(s-c) . 

Similarl}- the perpendiculars from B and C on the opposite sides 
are respectively 

2 , — . 2 

-^Vs(s-«)(s- j)(s_c) , and ~'fs{s-a){s-b){s-c). 

.§ proceed to investigate formuh-e for the area of a 

triangle m the following important cases. 

(a) iVhen the base a and the altitude h are given. — Since a 





triangle is eqnel to half a rectangle of the same base and altitude, 
we liave at once 

areaABO=|n:7t. 

Example . — Let a=40 chains and A=14'52 chains, then 
area= J X 40 x 14*52 = 290'4 square chains. 

(0) When tioo sides a and c and the inclined angle B are given . — 
From ligr 3 — =sinB , and therefore 7j.=esinB ; 

hence area— ^ah=^ac sinB ; 

or log2area=loga+loge+LsinB-10. 

Example.— Let a== 40 , c=30, andB^SO”, then 
area = B = 4 X 40 X 30 X i = 300. 

(y) When the three sides a, h, c arc given , — ^From § 8 
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§ 11. If the parallelogram be equiangular (a rectangle), c=tf 
and area =^c2sm^. If it be equilateral (a rhombus), 3=90°, and 
area =iM. If it he both equiangular and equilateral (a sqnareh 
c—d and 3=90 , and area =^c- as before (§ 5, 3). 


Vs(s-a)(5-i)(s-c) , 


and therefore 


area=^aA=^a x Vs(s- a)(s- 6)(s- c)= Vs(s - 


-a)(s-6)(s-c); 
or logarea = ^ {logs + log (s - a) + log (s - &) + log(s - c)} . 

Since 2s=a+6+c, we have 

area of triangle = J V 2(a=6- + 6 V + era") - (a* + 6^ + c4) . 
Example 1. — Letn=13, 6=14, aiidc=15, then 
s=J(13+14 + 15)=21, s-a=21-13=8, 
5-6=21-14=7, nnds-c=21-15=6; 

therefore area=V21x8x7x6 = 84. 

Example 2 . — Leta=255, 6=238, andc=221, then 
logs=log357= 2‘5526682 
log(s-a)=logl02= 2‘0086002 
log(s-6)=logll9= 2-0755470 
log(s-c)=logl36= 2-1335389 

tljerefore logarea=J{8-7703543)='i -3851771 ; 

hence area =24276, 

(S) When, any two angles B and 0 and the adjacent side a are 
given. — Since 

_c sinC nsinC 

a “sinA ’ °° sinA ’ 

and therefore (by 3) 


area^iacsinB. 


a- sin B sin C 


where A =180°- (B + C), 


2 sin A 

or - log2area=21og<z+LsinB + LsinC+LcosecA-30. , 

Since all the angles of a triangle are given when any two are 
given, we can find the area of a triangle when any two angles and 
any one side are given. Thus, when A, B, and c are given, we know 
C also, and the problem reduces to a case of the preceding. 

(e) When the three medians a, 3, 7 arc given. — If a, 6, c he the 
three sides of a triangle, and a, 3, 7 the three medians, i.e,, the 
lines drawn from the "angles to the middle points of the opposite 
sides, then by well-known geometrical propositions we have 
4{ar+fi"+'^) — 3{a- + lr + <r) , 

16(a"3" + 0^7^ + -y^w) = 9(a-ir 4- h-(? + <?a ") , 
and 16(a^-f3*-i-7^) = 9(a^-f-6« + c^). 

Now (§ 9, y) 

area of triangle = J V 2(«-6- -i- lr<? -f <fa-) — {a^ -i 6^ o’) , 

therefore 2(o-3‘-' + 3-V’ + 7^’“') -(.a*+0^+y‘'), 

D. Parallelograms. 

§ 10. The opposite sides and angles of a parallelogram being 
equal, three independent 
data, one of which at least 
is a length, are necessary and 
sufficient to determine it 
completely. 

In the parallelogram ABCD 
(fig. -4) let BC=DA=«, 

AB=CD = 6, AC=c, AE=7 j, b 
the angle ABC=a and 
AOD = 3. 

Since the diagonal AC divides the parallelogram into two equi- 
valent triangles, we obtain 

(a) area of ABCD = 2 area of triangle ABC 

= 2x^ ax7t (§ 9, a)=a/t; 

(3) area of ABCD = 2area ABC=2x4a6sina (§ 9, 3)=«6sin«; 
or logarea=loga-i-log6-f Lsina-10 ; 

(•y) area of ABCD=2 area ABC=2(ABO-t-CBO) 
=2{iBO.AOsinAOB -f iBO.COstnCOB} =2{iBO.ACsin3} 
=^BD.ACsin3=|cc7sin3 , 
or log2area=logc-f logc7+Lsin3- 10 . 



Fig. 4. 


E. Trapeziuins. 

§ 12. To determine a trapezium completely four data are neces- 
sary and sufficient. 

In the trapezium ABCD (fig. 6) let BC = a, CD = 6, DA= c, AB = d, 
A D 



B E F C 

Fig. 5. 

and AE perpendicular to.BC=A, and draw AF parallel to CD, 
then 

(a) area ABCD = area ABC -f area ADC 

=\tth,+^ch 

=|(aH-c}7i. ; 

or the area is equal to half the sum of the parallel sides multiplied 
by the perpendicular between them. 

Again, area of ABF= JBF x AE (§ 9, a)=^(n-c)7t, 
also area of ABF=V5(s- AB}(s-BF){s-FA), 

where 2s = AB -p BF -t- FA ; 

hence ^= ~\/s(s - AB)(s - BF)(s - FA), therefore 

(3) area of ABCD = i(« -f c)A = ^Vs(s - AB)(s - BF)(s - FA) 

= [~a->rh+c,¥d)[a+h-c~d)[a+l)-e+d)[a-l-c+d) , 
since AB=cZ, BP=a-c, andFA=CD=6. 

Thus we can find the area of a trapezium in terms of its sides. 

§ 13. If c=0, ABCD becomes a triangle, and its area 

“|V(-n-i-6-f (7)(rt-f-6-(7)(a-+6-f c7)(n-6'+d) . 

Again, if c=a, then also 6=«Z, and ABCD becomes a parallelo- 
gram, and its area takes the indeterminate form-^, as it should do, 
since four sides do not completely determine a parallelogram. 

F. Quadrilaterals Generally. 

§ 14. A quadrilateral is completely determined when five inde- 
pendent data ar-e given. We consider the foUowing cases. 

(a) When any diagonal and the perpendiculars on it from the 
opposite vertices are given. 

The quadrilateral ABCD (fig. 6) =ABD-l-BCD 

=iBD.AE-i-iBD.CF 

=pD{AE-i-CF); 

or the area is equal to half the product of the diagonal and the 
sum of the perpendiculars. 

If the diagonal BD fall B 
without the figrtre, as in the 
concave quadrilateral ABCD 
(fig. 7), then it is clear that 

area ABCD =pD(AE - CF). 

(3) When the diagonals and 
their included angle are 
given. — In the quadrilateral 
ABCD (fig. 8, p. 16) let BD=7i, AC=7;, and angle DEA=a, then 

ABCD =ABD-t- BCD 

=4BD.AEsina-fiBD.CEsina (g 10. 7) 

=J7i(AE-f CE)sina \ 

= (,6fcsina ; 

or the area is equal to the product of the diagonals and the sine of 
their contained angle. 

The same result holds 
rvhen one of the dia- 
gonals falls without the 
quadrilateral, as in fig. 

7, as the reader can easily 
verify. 

(7) When the four 
sides and the angle he- _ 
ttoeen the diagonals areB" 
given. — If a, 6, c, d be 
the sides and o the angle _ 
between the diagonals it can easily^ be shown^thm 

area of quadrilateral = J(<i- - 6- c- - tP) tan a . 



Fig. 6. 




IB 


(5) When the four sides arc ghen aruljhc oppmU angks are 


tie TOUT u-zt/ Vv . 

, In fig. 8 let AB=a BC=&, CD=c, DA— cZ, 


M E N S"U B A T I 0 N 

{p) In terms o/E.— The triangle ACB 


ABC = o, angle 
let o+^=180°, 


supplementary. 

AC=A, angle 
CDA = f3, and 
then 

area of ABCD = ABC + ADC 

=ia&sino+iKZsin8- 

But 

sin ^ = sin (1 80’ - a) = Bin o , 

therefore 

area of ABCD = J(n& + cd) sin a ■ 

This gives us the area of the 
quadrilateral in terms of the four sides and one angle. 

Again we have 

gP + ii-2abcosa=h-=c- + d--2cdcose==c^+d- + 2cdcosa, 
a'^ + b^ ~ c" -d~ 



therefore 


and hence 


and 


■d) 


2iab + cd) 

, (a-i-b+c-d)(a + b-c-hd) 

l+coso- 2{ab + cd) 

, (c + d + a-h)(c + d-a + b) 

l-cosa= ; — jT • 

2{ab + cd) 

From this we obtain 

sin^o = (1 + cos a)(l - cos o) 

(6 + c +d-a){c+d+a-b){d+a+b-c)[a + b-\-c 
i{ab + cd)" 

Ifowlet a+b+c-i-d=2s , 

then i(a5 + cd) siua= V(s - a)[s - b)[s - c)(s - d) ; 

therefore area of ABCD = V(s - a){s - b){s -c)(s-d), 

or log area=j{log(s-«)+log(s-&) + log(s-c) + log(s-d)} . 

If d=0, the qua drilateral becomes a triangle, and its area is 
V(s-a)(s-6)(s-v:)s as before. In extracting the square root of 
sin a we take the positive sign, since the angle o is less than two 
right angles. 

G. Begidar Polygons. 

§ 15. Since a regular poljfgon is both equilateral and equiangular, 
a circle can be inscribed within it and also described about it, and 
thus the n straight lines draum 
from the common centre of the 
two circles to the n vertices of the 
polygon divide it into u triangles 
equal in every respect. Therefore 
the area of the polygon is equal to n, 
times the area of any one of these 
triangles. 

§ IG. Radius of Inscribed and, 

Circumscribed Circles. — Let AB (fig. 

9) = a bo a side ot a regular polygon 
of n sides ; let C be the centre of 
the inscribed and circumscribed 
circles, CD=r the radius of the 
former, and CE=R the radius of the 
latter. The angle ACB is evidently equal to the nth part of four 
right angles, that is 

ACB=— , and ACD=iACB=M 



How 

and 

therefore 

and 


AD = 


n 


AD= 


CDtanACD = rtan-^ 
n 

W 

n 


=-|-.=ACsmACD=Rsin 


r=<tx .^cot— 
n 


3^ 

'll 


a" ,.180’ 

—cot 

4 n 


= § AC . CB sin ACB = ill^sin' 

360'* 

and therefore area of polygon =^nR=sin— — 

(•y) In terms of a.— The triangle ACB 

a a , ,.180’ 

= 1 AB . CD = |- X r = Y cot-^ ■ 

and therefore area of polygon , 

180® 

or log4arca=log7i+Lcot— — +21og«-10 . 

From a and J3 it follows that the areas of the inscribed and circum- 
scribed regular polygons of n sides of a circle of radius r arc 

n^AO 1 80^ 

inr-sin'^^ and Jir-tan—— respectively. 

’ll SI 

§ 19. In the formula (§ 18, 7) for tho area of a polygon, the 

factor —cot—— has a definite value for every value of n, and hence, 
4 n 

if we find its value once for all for a large number of values of si, 
and tabulate the results, we can find the area of a regular polyfjon 
of n sides by multiplying the square of its side by the appropnato 
tabular value. 

Again, if <t=l we have 

r=l,cotM?L° andIl = Acoscci§2!. 

- SI ' SI ’ 

and thus wo obtain in a similar manner the radius of the inscribed 
and circumscribed circles by multiplying the side by the appro- 
180® ISO® 

priato tabular value of loot and 4cosec— — respectively. 

§ 20. The following table contains the values of ^ coti^ and 
° ” 4 51 

180® 180® 

their logarithms, and the values of icot— — and Jcosec for all 

’ ' SI ~ n 

values of si from 3 to 12. 


n 

.'LcotllSl 

4 n 

LognrUIiins. 

icot™: 

n 

icosccHL 

n 

3 

0 q 330127 

T-O 30 S 00 C 

0 - 28 SG 7 

•57735 

•1 

rooooooo 

0-0000000 

0-50000 

-70710 

b 

17204774 

0-2350490 

C-CS 819 

- 850 G 5 

G 

2 -SD 80762 

0 - 414 C 519 

0 - 8 CC 02 

1-0000 

7 

3 'G 33012-1 

0-5003745 

1-0383 

1-1523 

8 

4 - 828 1271 

0 -C 380508 

1-2071 

1-3005 

0 

G -1818242 

079 incc 

1-3737 

1 - 4 G 19 

10 

7 'C 942088 

0-8801010 

1-5388 

1 -C 160 

11 

9 ’ 3 CGG 407 

0 - 971537.5 

1-7028 

17747 

12 

ll’lflC 1024 

1 - 0490 G 8 S 

1 - 6 GG 0 

1-9318 


K=ax Jcosecl52. . 

n 

§ 17. Perimeter of Pohjgon . — Tho perimeter of the polygon of 

n sides is na, i.c., 2!trtanll®! , or 2reRsinHi° 
n n • 

it Wlows that the perimeters of the inseribed and circura- 
senbed regular polygons of n sides of a circle of radius r are 

2?irsin-^ and 2nrtan'^^^ respectively. 

§ 18. Area of Polygon. 

(a) In terms of r. — ^Thc area of polygon 

= 5t ACB«=7iAD . CD = 71 X 180 


Let A denote tho area of a polygon of si sides and A' the cor- 
responding tabular value of .^cotl§2- , then 
4 SI 
A=a-A', 

or logA'=21oga-f logA'. 

H . — Length of the Radius of the Inscribed, Escribed, and 
Circumscribed, Cis’cles of a Triangle. 

§ 21. (a) Radius of 

Isiscribed Circle . — LetO ' , 

(fig. 10) be the centre ot 
the circle inscribed in 
the triangle ABC and 
touching the sides in D, 

E, and F. Join OA, 

OB, and OC. Tho 
angles at D, E, F are 
ri^t angles (Eucl. iii. 

18). Let BC=a, CA 
=6, AB=c, and OD 
=OE=OF=r. 

How A B C = B 0 C 
-1-COA-i-AOB 

= har -1 -f .^cr = ^(d -f 5 c)r = rs ; 

whence r = area of ABC ^ \/s(s — a)(s — b){s — e) 
s s 

(8) Rodim of Escribed Circles.—'Lel OD = OE = OF=ra, then 
^VBC= ACO -i- ABO - BOC 

= -i- icTa - hara = 4(5 -f c - a)ra = ;'„(s - a) 

area of ABC \Js[s -a)(s- b){s - e) /s {s-b){s-c) 

ra s-a ~ \' .s-a ‘ 



and 


Similarly 


rt 




s[s-a)[s-c) 
s-b 


and s'c ’ 




6(g~g)(5-&) 


s-c 
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(v) of Gircumscrihed Circle . — Let AD (fig. 12)=p the 

peipendiciilar from A on the side BC, and AE=2E the diameter 




■ Fig. 11. Fig. 12. 

of the circle, then (Eucl. vi. C) we have 
2Rx2J=5xc, 

"therefore 2R x ajj = a5c . 

Now aj)=2A, where A denotes the area of ABC ; 

hence 

4a 4\/s(s- 


a)[s~h){s-c) 

Example . — Let a=13, J = 14, andc=15; then r will be found 
to he 4, Ta lOJ, Th 12, Te 14, and B 8^. 

Section II. — Plane Eigtoes contained nr Cukved Lines. 

A. The Circle. 

§ 22. Circumference of a Circle . — If we inscribe in any circle a 
regular polygon of n sides, and also circumscribe a regular polygon 
of the saifio number of sides, it is clear that the perimeter of the 
circle is intermediate between the perimeters of the inscribed and 
circumscribed polygons, and that the difference betiveen the peri- 
meters of the inscribed and circumscribed polygons can be made as 
small as we please by sufficiently increasing n. A similar state- 
ment Imlds with reference to the areas of the circle and the in- 
scribed and circumscribed polygons. With the above assumptions 
it is easily proved that the circumference of a circle bears a constant 
ratio to its diameter. Hence wo have 

Circumference = C = constant x radius = constant x r. 

It is usual to denote this constant by 2ir, and therefore 

C=27rr=Tr(^, where d is the diameter of the circle. 

§ 23. Numerical Value of u . — ^The constant w being, as can be 
easily proved, an interminable decimal, we can only approximate 
to its value, but this we can do to any degree of accuracy we please. 

If s and er denote respectively a side of the inscribed and circum- 
scribed polygons of n sides, and s' and </ a side of the inscribed 
and circumscribed polygons of 27i sides, it can easily be shown that 
rs 

(“) 


-dsf 


(/5)s^=2r| r-'^r--{hs)- \ , 


M 


rd 




where r is the radius of the circle. 

If we take r^\ we find, by means of these formulae, and by 
assuming the value of s when 7i=6, that the perimeter of inscribed 
polygon of 98 sides=3‘140 and the perimeter of circum- 

scribed polygon of 96 sides =3 •142. . . . 

From this we learn that the circumference of the circle, in this 
case IT, is greater than 3 ‘140 .... and less than 3 '142 . . . . , 
and therefore as far as the second place of decimals 

w=3-14. 

By taking greater and greater values of ii we obtain closer and 
closer approximations to ir. 

The preceding method for approximating to the value of ir is the 
simplest afforded by elementary geometry, and is also the oldest ; 
but better and more rapid methods are furnished by the higher 
mathematics. The calculation of ir has been carried to 707 places 
of decimals, the following being the first 20 figures in the result: — 
3 •14159265358979323846 . 

For all practical purposes it is sufficient to take 

ir = 3-l4159or=||i. 

§ 24. The following table contains the functions of x that are of 
most frequent occurrence in mensuration: — 



Number. 

Logarithm. 


Number. 

LegaritUm, 

IT 

2n- 

3-1415927 
fi -2831853 

0-4971499 

0-7981799 


9-8696044 

0-9942997 

4ir 

^77 

12-5663706 

1-5707963 

1-0992099 

0-1961199 

677- 

0-0168809 

2-2275490 


1-0471976 

0'020028G 

Vx 

17724539 

0-2485750 

lx 

0-7853982 

1-8930899 


0-5235988 

1-7189986 

S/x 

1-4645919 

0-1657160 


0-3926991 

T-5940599 


0-2617994 

1-4179686 

1 

0-5641896 

1-7614251 

In- 

4-1887902 

0-622088C 

a/it 

180 

0-0174533 

5-2418774 

2 

a/it 

1-1283702 

0-0524551 

TT 

0-3183099 

T5028501 

1 

0-2820948 

T-4503951 

■7T 

1-2732395 

0-1049101 


1-2407010 

0-0936671 

1 

4r 

0-0795775 

5-9007901 

V— 

V4x 

0*6203505 

1-7926371 

180 





TT 

57-2957795 

1-7581226 

logeX 

1-1447209 

0'0587030 



Fig. 13. 


§25. Vhils of Angular Measurement . — In measui-ing lines we 
select some line of constant length as the standard or unit ; simi- 
larly in measuring angles we require to take some angle of constant 
magnitude as unit angle. The right 
angle is by its nature the simplest unit 
angle, but, for convenience, we take the 
T^ifth part of a right angle for unit, and 
call it a degree, which is subdivided 
into sixty equal parts called minutes, 
and these again into sixty equal parts 
called seconds. For theoretical purposes 
we define the unit angle to be the angle 
subtended at the centre of a cirele by an 
arc equal to the radius. This angle we 
call a “radian.” In many treatises the 
radian measiure of an angle is called 
the circular measure. 

§ 26. The radian is a constant angle , — Let OA (fig. 13)=arc AB 
then AOB=radian, and let AOD = 90°; then 
arc AD= J X 2x»*= Jirr ; 

and, since angles at the centre of a circle are proportional to the 
arcs on which they stand (Eucl. vi. 33), 

number of degrees in radian AOB AB . 

number of degrees in AOD AD inv x ’ 

therefore number of degrees in radian 

= 90° X -?-=57°- 2957795 = constant. 

TT 

§ 27. Number of Eadians in any Angle . — Let AOC (fig. 13) be 
any angle, AOB the radian, and AC=s ; then 

number of radians in AOC AC s . 
one radian AB r ’ 

therefore number of radians in AOC=— . • 

r 

If AOC =90°, then s=inT, and number of radians =Jir ; there are 
thus X radians in two and 2x in four right angles. 

When r=l we have number of radians=s, and hence in some 
treatises for the number of radians in an angle we find the length 
of the arc given. 

§ 28. To transfer froin degrees to radians and conversely.— 'Let x 
denote the number of degrees in an angle, and 6 the number of 

radians in the same, then, since j 

ZoU IT 


(a) g- 


(B) 


180 


g. 


TtX 

180 ’ ' X 

§ 29. The following table contains the values of 8 for values of 
X up to 180°, and also for minutes and seconds. 


Degrees. 

Radian. 

Degrees. 

Radiau. 

e 

tc 

C7 

o 

Radian. 

Jlinutes. 

Radian. 

•0 

Seconds. 

Radi- 

an. 

•000* 

1 

•0174533 

61 

1-0046508 

121 

2-1118484 

1 

002909 

1 

0018 

2 

•0349066 

62 

1-0821041 

122 

2-1293017 

2 

005818 


0097 

3 

•0523599 

63 

1-0995574 

123 

2-1467550 

3 

008727 

3 

0145 

4 

•0698132 

64 

1-1170107 

124 

2-1042083 

4 

011636 

4 

0191 

5 

•0872665 


1-1344640 

125 

2-181C61C 

5 

014.544 

5 

0242 

6 

•1047198 

06 

1-1519173 

126 

2-1991149 

6 

0174.33 

6 

0291 

7 

•1221730 

67 

1-1693706 

127 

2-2103682 

' 7 

020362 

7^ 


8 

•1396263 

68 

1-1868239 

128 

2-2340214 

i 8 

023271 

8 

0388 

0 

•1570796 

69 

1-2042772 

129 

2-2514747 

9 

026180 

9 


10 

•1745329 

70 

1-2217305 

130 

2-2689280 

10 

029089 

TO 


20 

*3490859 

80 

1-39C2G34 

140 

2-4434610 

20 

058178 

20 


30 

•5235988 

90 

1-5707903 

150 

2-6179939 

30 

087266 

30 

l4.>4 

40 

*6981317 

100 

1*7453293 

160 

2-792,3268 

40 

116355 

40 

1939 

50 

•872CC4G 

110 

1-9198622 

170 

2*9ri70497 

50 

14.3444 


2424 

60 

1-0471976 

120 

2-0943951 

180 

3-1415927 

60 

174-333 

60 

2909 
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As nn example of the use of this table proceed to find the 
value of 0 when a;=68° 45’ 17"'8. 

mena;=68° 0=1-1868239, 
a:=40' 0= -0116355, 
x= 6' 0= -0014544, 
aj^lO" 0= -0000485, 

7" 0= -0000339, 
and w-hen a;>=0"-8 6— '0000039, 
therefore when a:=68° 45' 17"'8 0=1-2000001 . 

§ 30. Combining the results of §§ 27 and 28 vre obtain 

± - ’ - ISO 

r 

s 180 s 

6 IT ' X 


(o) 

( 0 ) 

(y) 


0 =- 




180 


-The following are the more im- 


§ 31. Length of Arcs of Circles. 

])ortant cases: — _ , . , 

(a) In terms of the chord of the arc and the radius of the circle. 
Let AB (fig. 14)=2c, AC=?-, and AEB=s, then 

AD=^AE=c.=rs.mLG, •wbenee G is known, and therefore 
the arc s is found (§ 30, 7 ). 

(/ 8 ) In terms of the height of the arc and the radius of the cArdS - — 
Let DE= A = height of arc, then 

CD = CE-DE=r-;j, 

CD r-h 


,and 


cosiC=^= 


whence C is found, and therefore s. 
F 




Fig. 15. 

§ 32. Huygens's Approximation to the Length of a Circular Arc . — 
I^ct AB (fig. 15) =p be the chord of the arc AEB, and AE=EB=g' 
that of half the arc, then the arc AEB = i ( 8 ?-p) approximately. 
For, let r denote the radius, s the arc AEB, and 20 the aAgle 

ACB, then 0'='-^- Again, AB=p=2AD=27-sin0=2rsm.^ ; 

At jiT 

and similarlj -(7 = 2 j-sin-^ , 

4r 

03 0 = 

sin0=O- |Y + jy-kc. ; 


Kow 




Similarly 85 ■ 


= 4S- ; 


3 . 4 
>lGr \ 


.3.4 

I J^/s_ 

Ir |3\4r 


5.1G.7-* 


■ &c. 




&c. 


S3 




•v' 


-&e. 


sometimes more 
the equivalent 



sin 


2 . 3 . 4 . 2 . 3 . 4 . 5 . 64 . r* 

Hence, neglecting iiowers of -be- 
' r 

yoiid the fourth, we obtain 

S?-}’ /, s' \ 

' 3 - 

appro 'ciinafely. 

in practice' it is 
ronvenient to use 
form 

.r~2'j-l-t(.2g-pV 

§ 33. Area of Sector of a Circle. 

Lot the .sector lie OAB (fig, IG). 

Divide the arc AB into*! equal parts, IG- 

W-fiMPo '‘"t P ""“'r perimeter of the 

bro,.cn ime AL, A the aica of the polygon AOB, and p the alti- 


tude of any one of the n equal triangles of which this polygon is 
made up. . , ■, 

ETow in the limit, when n is indefinitely increased, P becomes 
the arc AB= 5 , a result which we symbolize thus— 

T) P=arcAB=s. 

•^n=ao 

Similarly ^ “ i-adius= r . 

Again, the area of the sector is equal to the area of the polygon 
when the broken line AB becomes the arc AB, that is, 

sector= L„=,„ iP X P = i L„=„P x P • 

=Jrs. 

§ 34. Let S denote the area of a sector of a circle, then, by means 
of the above result and § 27, we have 
(a) S = Jm-, 

( 0 ) S=ij -0 . r =47-30. 

§ 36. TVe proceed to find the area of a sector of a circle in the fol- 
lowing additional cases : — 

(o) IVhcn the chord of the sectm' and the radius of the circle are 
given.— In fig. 14 let AB=2(;, and let AC=j-, then we have 
ACB AD^ e . 

2 AG r ’• 

whence ACB and therefore 0 is known, and S can be found by _§ 34. 

ACB has two values, the smaller one giving the area of the minor, 
and the larger that of the major conjugate sector. 

(y 8 ) When the chord and height of the chord are given. — Let 
DE (fig. 14) —h and AB = 2c, then 

AC 3 =r 3 =AD 3 +DC 3 =c 3 +( 7 --A) 3 , whence 

“4- "h? * 

r—~L — , and therefore by previous case the area can be found. 

( 7 ) When the chord and angle subtended at the centre are given. 
— ^I^t AB (fig. 14) =2c and ACB = 0, then 
c . ACB c 

r 2 sin 40 

therefore area of sector =4 j- 30= 4 ( — ^ x 0 . 

\sin 40 y 

§ 36. Area of a Circle. — The circle being a sector whose arc is the 
whole circumference we obtain at once 

area of circle = 4 rxs= 4 rx 2 ffr= nr^. 

An independent proof of this proposition might be given by- 
means of the inscribed and circumscribed polygons, and from the 
area of a circle the area of a sector can be deduced. Tlie infini- 
tesimal calculus affords a simple and elegant proof (see § 44 ). 

§ 37. If A denote the area, r the radius, d=2r the diameter, and 
G the circumference of a circle, we have 
(o) A.=-tn^, 

(/3) A = 4x27rrX7-=4C7-, 

( 7 ) A=^=J:, 

4,ir 47r 

/ 5 j\ ' . 7r4r- irdr 

^ 4 - 4 • 

"Whence we see that the area of a circle is obtained by multiplying 
(o) the square of its radius by a- = 3 '14159, ° 

(/3) the radius by half the circumference, 

( 7 ) the square of the circumference by _L_ -07957 

43r 

(5) the square of the diameter by \n= -78539 . 

§ 38. Again, from the above formulse ive deduce^ 

(a) r=4=-A-= -5641896 X A, 

Vtt 

(0) . = A = 1 *1283792 x A , 

(y) _ c=2ViA=3-5449077xA, 

thus obtaining radius, diameter, and circumference from area. 

§ 39. Area of a Circular Bing.— Lot r and r, denote the radii of 
tlie outer and inner circles respect- 
ively (fig. 17), tlien the area of tlie 
space between them 

= 7rr= - xrj = ^(j- -f ri)(r - t-j) . 

The circles need not be concentric, 
and the reader should note that the 
area of tlie ring is equal to the area 
of an ellipse whose major and minor 
axes arc r +r,_ and r- r,^ (see § 51). 

§ 40. Area of the "Sector of an 
Annulus.— Let angle ACB =0 in fig. 

17, then the area of ABED 

= sector ACB - sector DCE Fig. 17. 

^ir-0-ir^e, 

= | 0 ( 7 -+r,)(r- 7 -j). ' 




19 


MENSURATION 


Again, let AB = Z, DE^Zj, and CA-CD=r-ri=Zt, then 

r=-|- and «i=-^ j therefore 

» 1 

r+ri=-j-(Z + 7i), and 

area of sector =|d(r+rj)(r-rj)=4d . 

§41. Area of a, Segment of a Circle. — (a) JFhen the radius and the 
angle suUcndM at the centre are given. — In fig. 14, let AEB ho a 
Bogment of a circle, then its area 

= sector AC B - triangle ACB. 

— kr-0-h^sine{%%d, 34 ) 

■= h--(e - sin fl) . 

If the segment ho greater than a semicircle siiifl is negative and 
the formula hecomes 

Jr-(fl+sine), 

as is also geometrically evident. 

“Wo might in a similar manner find the area of a segment of a circle 
iP) n'lien the chord and radius are given, 

(7) when the chord and its height are given, 

(S) when the radius and height of the chord are given, 

(e) when the chord and angle subtended by the chord are given. 

In all these cases the method of proceeding is obvious, a segnrent 
being the difference between a sector and a triangle. 

§ 42. Area of a Lunc. — Let ADB and ACB (fig. 18) be two seg- 
ments of circles, then the area of 
the lune ADBC 

>= segment ADB - segment ACB. 

Hence if wo so choose our data that 
wo can determine the areas of the 
two segments we have only to take 
their difference to find the area of 
the lunc. 

§43. Area of a Circular Zone . — 

Let AB and CD (fig. 19) be two 
parallel chords, then the area of the zone ABOD 

= circle - segment AHB - segment DFC ; 
or = segnmut AED + trapezium ABOD -l- segment BGO 

=>2 segment AED + trni)ezium ABCD. 

§ 44. The iNFiNiTESiMAi, Calculus ( 5. v.) furnishes a simple and 
elegant proof of the formula! for the areas of a circle and a sector. 
If y=<ji[x) be the equation to a plane curve referred to rectangular 



Fig. 18. 




axes, then the area between the curve, the axis of a, and two 
ordinates corresponding to the abscisste a and b is represented by 
the integral 

<p{x)dx . 




Let X and y be the coordinates of P (fig. 20), then if OP=r the 
equation to the circle is y^’=r°-x% and therefore 

area of quadrant AOB = x-dx 


’’r r- . - 1 X X . rr, s”! 

-Jv™ + 


r- v IT?" 

2 r 


and therefore area of whole circle =ur-. 

§ 45. If the equation to a plane curve be given in .polar coordi- 
nates, the area bounded by two radii and the curve is equal to 

where 01 and 6^ are the values of 0 corresponding to the limiting 
radii. 


For example, let AOP (fig. 20) be e, then area of circle 

1 *” /"Stt 

= -gY d0 = — ^ = -iri" as before. 

The area of a sector can bo found in a similar manner. 


B. The Parabola. 

§ 46. Length of an Are of any Plane Curve . — If a plane curve be 
referred to rectangular axes, then the length of any arc of the 
cuiwe 

taken between proper limits, i.e., the extremities of the arc. See 
Infinitesisial Calculus. 

§ 47. Arc of a Parabola . — Let the axes of coordinates be the axis 


1 


M 

A 




Fig. 21. 

of X and the tangent at the vertex A (fig. 21), then, the equation 
to the parabola being y-=2mx, where ni-=2a=^ latus rectum, we 
have 


dx 

dy" 


y 


, and hence 




therefore whole arc P AP' = \J~y\ + mi- + Milog, + + 

Since y\ = 2mx.^^ the formula may be written 

arc PAP'-Vtof+^’ + lI log, . 

2^ \ 2/j / 

§ 48. Area of a Parabola . — Taking the equation to the parabola 
in the form y-— 4px, we get 

rX\ 

area of segment PAP' (fig. 2\f^dx 

From these formulte we see that the area of a parabolic segment 
varies directly as the cube of the square 
root of the abscissa, and directly as the 
cube of the ordinate, and that it is equal 
to-l rectangle PQQ'P', or § triangle PTP . 

A similar relation holds for the segment 
cut off by any chord, and thus the area of 
any parabolic segment can be determined in 
terms of any data that are sufficient to de- 
termine the segment. 

§ 49. Area of a Parabolic Zone . — Let 

PM (fig. 22) = 2 /], AM=a:j, AF=a;2, 

and let the ordinates be inclined to the axis 
at an angle a. 

Area of zone PQQ’P’ = segment PAP’ 

- segment QAQ' 

Now y\^4px^ and yl^ip^., therefore 
substituting for.p we have area of zone 



Fig. 22. 
and hence on 


■$(*1 ~ *- 2 ) 


xvi-yi) 


77 -^; (y;+FiF=+l/ 2 )sin«. 

1/1+ ue 


C. The Ellipse. 

§ 50. Gircumfcrciicc of an Ellipse . — ^The equation to the ellipse 

hfijner -p = 1 , where a and b arc the semiaxes, we have 
° a- b" 
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^ , and therefore (fig. 23) 
dx a-y 

arc of qnadmnt | | ' where e-- 

This integral may he shown to be equal to the series 

_ &C.V 

2{ 2- 2- . 4- 2- . 4- . 6- } 

a rapidly converging series when c is a small fraction. 

By taking more and more 
terms of the above series we can 
approximate' as nearly as we 
pieiise to the circumference of an 
ellipse. For example, we have ^ 
quadrant AB A' 

•aa! . c- 1 e~ 

to a first approximation ; 
lienee whole circumference 

nearly. 

§ 51. Area of an Ellipse .— have at once 

area = 4 %jdxi=— f Va'-* - x^ilx . 

Jo “yo 

/-a 

But / Va'-af'rfa: is the area of the quadrant of a cii'cle of radius 
Jo 



a. Thus 


area of ellipse =4-^ (§ 44) 

—irdb. 


The following proof is worth the reader’s attention. By a well- 
knoivn theorem in conic sections the orthogonal projection of a 
circle on a given plane is an ellipse. Now, if A denote the area of 
any plane figure, A' the area of the projected figure, and 0 the angle 
between the idanes it can easily bo shown, by dividing the two 
areas by planes indefinitely near to each other and perpendicular 
to the common section of the pianos, that 

A cose = A'. 

In the case of the circle and ellipse A^va- and cose=— ; 

h * 

hence area of ellipse =5ra- x —^vab . 

§ 52. Area of an Ellipse in terms of a Pair of Conjugate Diame- 
ters . — Let a’ and V denote the semiconjugato diameters, and a the 
angle between them, then by an elementary property of the ellipse 

ni=ft'6'8ino; > 
hence area of ellipse = 7ra'i' sin a. 

D. The Hyperbola. 

§ 53. Area of a Segment of an Hyperbola.— Tlho equation of an 
hyperbola being E- _ , we have 

ft§ ** 0- 
6 


y = —V X- - a- ; hence (fig. 24) 

j /"X, 

1 of the segment PAP' = 2 - / Va:- - al-dx 
ct 

- a- - aJlog,^5ii^^:^LZl£l^ 


=®il/i~o&loj 




§ 54 Ai^a of a Sector of an Hyperbola.— Hho sector PAP'C 
equal to tnanglo POP' - segment PAP' * ^ .nr 


If the axes of coordinates be inclined at an angle a, we multiply 
the above results by sin a to obtain the correct areas. 



Fig. 24. 


Fig. 25. 




1 


^Vi - ab]o: 
•ablo: 




PP'cJq Hypcrbola.~ln fig. 24 the 

.segment QAQ'- segment PAP' 

+ f ) +n51og,('^ 


zone 


-s--i/;-flMog,( 


-xpj.-x^y^-ttbloi 


°Vyi + 5a:J’ 


hero 


=^1. Vi and a-,, y, are the coordinates of P and Q respectively. 


§ 56. Area bounded by an Hyperbola and Us Asymptolcs.—The 
equation of an hyperbola referred to its asymptotes is of the form 

xy<=e\ 

Let CM' (fig. 25)=a:i, CM-=a;„, Q’M'=2/i,Q M=2/2, then, if o be 
the angle between the asymptotes, 

area of QMM'Q'=^^Vsincif?a: 


Since 


Now 


(a) 


C- , li- 

= — and Xn — — . 

^ Vx ■ Ve. 

and 6ina=-|^ , and therefore 


4 

area*= 


:Ja&log,(2b)= Jnhlog,^^) . 


Again, let IW =Xi-x^’=p, then 


(f^xpj.e=xM,.= therefore 

I./1 . J . 


pypje 


Ising^ ' loj 
Ve-Vi 




Again, sinee 

4»j7/j sina=ic-6mtt= \xpj^ sin a , 
we have triangle QCM=Q'CM', and hence 

the sector QCQ'=QMM'Q'. 

The corresponding results for a rectangular hyperbola are ob- 
tained by substituting in the above formulm in- for c" and 1 for 
since. 

Section III. — Plane Ikregijlaii, Rectilineal, and Curvi- 
LiNEAL Figures. 

A. Irregular Reetilincal Figures. 

§ 57. The area of any irregular polygon can be found by dividing 
it into triangles, trapeziums, &c., in the most convenient manner, 
and adding together all the aieas. For example, 

ABCDEF (fig. 26)=CKB + BKHA + AHF + FGE+EGID+DI0. 




FC G 


Fig. 26. 


Fig. 27. 


It may sometimes happen that some of the component figures 
nave to be subtracted instead of added; for example, 

ABODE (fig. 27)=AFHE + BCG-AFGB-EDH. 

oaf irregular rectilineal figure PiPo . . . PgBo (^8' 

0) can_ be broken up into a series of triangles and trapeziums as 
figure, and hence its area can be found. 

made up of straight lines may be measured by 
cutting It up into triangles by lines drawn from some one vertex to 
the others. For example (fig. 29), 

ABCDEF = ABC + ACD + ADE + AEF. 
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If tlio polygon be concave some of the triangles mil, have to he 
subtracted. 





Fig. 29. 

§ GO. Area of a Polygon in terms of the Com-dinates of its Angular 
Points. — Let tlic coordi- 
nates of P, Q, E (fig. 30) bo 
(a-’n Vi), (««. Vi), and y^) 
respectively, and let the 
axes he inclined at an angle 
a. Draw PL, QM, and IlN 
parallel to OY, then 

LH = OM-OL 
MK' = 0 ]Y- 0 M=.a^-.r.,, 

and 0 / IT hi 

. NL = Olf - OL -a -3 - . Fig. 30. 

Xow FQR=PL5IQ + QMNE-PLNR. 

But PLMQ=PLM + QMP=PLM + QLM 

=iPL-LMsina + iQJI-LJIsin(180'’-a) (§ 9 , fi) 

’=Uxo-Xi){yi+y„)sma. 

Similarly QMNR= i(a ,3 - x„)(y„ + y^) sin a, 

and PLNR “ 5 (ah~aa)( 2 / 3 + 2 /i) sin d; hence 

area of PQR-isina{yi{a:j -a^) + 2 /o(« 3 -»i)+ 2 / 3 (a;i-a:»)}; 
or in the notation of determinants 

Jsino 1111 

^2 ^3 

l/i Vi Vz 

"When the axe.s arc rectangular sino=sin90°=l, and the formula 
for the area becomes 

J { 2/1 (®5 -»h)+ Vai.^ - »i) + “ ^a ) } 

■‘111 


®1 *3 


Vi Va 2/3 

§ Gl. The area of any rectilineal figure of n sides can be found by 
taking any point within the figure and joining it to tho n vertices 
of the figure, thus dividing it into n triangles the area of each of 
which can be obtained as in the preceding case. 

We may, however, find the area of the figure directly. 

For example, in fig. 31 

PQKST= PPT'T + TT'S'S + SS'R'R - RR'Q'Q - QQ'P'P, 
and in fig. 32 

PQRSTtr- PP'D'Cr+ RR'Q'Q + TT'S'S - PP'Q'Q - ER'S'S - TrU'tJ. 




B. Irregular Gurvilincal Figures. 

§ G2. Length of any Curve . — If we divide the given arc into an 
even number of intervals and re- p 

gard these as approximately circu- 
lar, we can find an approximation -g 

to the length of the arc by means 
of Huygens’s formula, § 32. For 
example, if we divide ABC (fig. 33) 
into four parts in D, B, and E, and 

draw the chords AD, AB, DB, BE, „„ „ 

BC, and EC, then 

arc AC^ AD + DB + BE-t-EC + J(AD + DB -t- BE-t-EC — AB — BG) 
approximately. 
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methods of approximation, see Rankine’s Ric?es and 

§ 63. Area of an Irregular Curvilineal Figure.—Eor rouoh an 
usef-— following, called the trapezoidal method, mayL 

Divide AjA^ (fig. 34) into n equal parts, and through the points 

Pn -5 Pt i-i 

-^3 




At A 2 A 3 


A71-2 An-i An 


Fig. 34. 


of division draw the ordinates, caUed by surveyors offsets, A,P.. 
A„P„, &c. ^ 


Let 


and 


AjPj — Sj f AnPg — Sn f &C., A,tPn — Sfi^ 

AjAg^AgAg— ... — A,t-iAn=at. 

Join PjPj, P 2 P 3 , &o., then the area of the polygon AiAnPnPjPi^ 
=AiAjP„Pi + A„A3P3P„-f .... +A„-,A„P„P„.i 
=4a(Sj-Ps„)-(-4a(s„-t-S3)+ .... +4a(sn-i-t-Sn) (§ 18, o) 

“'*{4(Si + Sn)+5j-f S 3 -t . . . .+Sn-i}. 

If we take it sufficiently great the difference between the area of 
the polygon and the curviGneal figure can be made as small as we 
please, in other words, the smaller we make a the more accurately 
wiU the above formula represent the area of the curvilineal figure. 
The curve may either be 


wholly convex or wholly concave 
to tho lino AjAn, or partly con- 
vex and partly concave. 

§ G4. Simpson's Pule . — Let 
AjAn (fig. 34) be divided into 
an even number of equal parts, 
and as before through the points 
of division draw the ordinates 
A 2 PJ, &c. 

Let A 2 A 3 P 3?2 (figs. 35, 36) bo 
a part of tho figure thus di- 
vided; join P 2 P 3 , and through 
P„ draw BO parallel to PjPg to 
meet A 2 P 1 in B and AsPs in C. 
through P,P„R 


B 


R 


D 


D 


Fig. 35. 


Af A^ ^ 
Fig. 36. 


Conceive a parabola to be drawn 


1 X 213 having its axis parallel to the ordinates, then 
A 2 P 2 p 2 P 3 A 3 = trapezium A 2 P 2 DP 3 A 3 ± parabolic segment P 2 P 2 P 3 
= 0;(«2 -f J3 )±|«{s2~J(Si+^3)} =b“(Si+4®2 + *3) • 

How when the points Pj,P„,P 3 are near each other the parabolic 
curve will coincide very nearly with the given curve; hence 

A 2 P 2 P 2 P 3 A 3 = Ja(s 2 -l- 4 s 2 + S 3 ) very nearly. 

Simil.miy A 3 P 3 P 5 A 5 = Ja(s 3 + iSi -l- Sj) , &c. ; 

hence whole area of figure 

'=Ja{s 2 + 'S;i + 2(53 + 55 + .... + an- 2 ) + 4 (S 2 -f-S 4 -i- .... +Sn-i)}; 

whence tho rule: — add together the two extreme ordinates, twice 
the sum of the intermediate odd ordinates, and four times the sum 
of the even ones, and multiply this result by one-third of the common 
distance between the ordinates; the result is the area , — accurately if 
the curved boundary be the arc of a parabola, in other cases ap- 
proximately. 

The curve may either be wholly convex or wholly concave to the 
line AjA„, or qiartl}' convex and partly concave, inovided in the 
latter case the points of contrary flexure occur only at the odd 
ordinates, for otherwise the intermediate arcs could not be even 
approximately parabolic. "When points of contrary flexure occur 
ordinates may bo drawn at these points, and the intermediate arcs 
being found sep.arately may be added to obtain the whole area. 

§ 66 . In the two preceding sections we investigated two formulre 
for approximating to the aieas of cmvilinear figures. tie now 
proceed to consider the subject more geneially. 



- -o* 

Let the equation to tho cmve PiPpPn+i (fig- 3?) “g^ee with the 
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equation 2 /=A.+Ba:'+Ca;-+ .... + Ka:« for m + 1 points between 
P, and P„+i, then the area of the curvilinear figure bounded by the 
straight lines Ai?!, AiAh+i, and An+iPn+i and the curve PjP«+i 
Tvill agree very nearly vdth. the curvilinear figure hounded by the 
same straight lines and the curve whose equation is 2/=A+Bx+ 

Cx^+ +Ifa:'‘, and the greater the number of common points 

the closer will be the agreement. 

Let AjAn+i Tje divided into n equal parts, each equal to ft, then 
AiA„+i=?!A Now 
whena;=0, i/=yi=A; 

whena:=A, 2/=j/„=A4-B7i + C/i"+ .... +K7i"; 
when a:=2^, 2/=2/3=A+B(27t) + C{27i)"+ .... +K(27t)"; 

when a;=^7i, y^y,-i.j — A + B{p7i) + C(phy+ .... +K(2)7 j)«; 

when a:=9i7i^, i/= 2 /n+i=A + B(«7t) + C(n^.)“+ .... +K(fl7t)". 

From these m+ 1 equations the n + 1 quantities A, B, . . . . K 
can be determined as functions of j/j, 1 / 0 , .... j/n+i, and 7i. 

Next let AjAn+i be divided into to equal parts each equal to h. 

Thus mh=iih and hence 7 j=— 
m 

Now the area of the rectangle ApAp+iPpE^ ApAp+i x ApP^. 


But ApPp= 2 /p= A + B(p7t) + 0(^770'+ . 

=A+B^-t^‘ + cf^‘y+ . . . 

m \ m J 




7i,= 


nh 


and 

therefore area of ApR 


ApAp.[-i — 7i* 


nh 


nh ■ 


+ Bji/t-^+C7i%--^ + 




m ' m' 

Hence the area of the whole figure 


+ K7i"7i’'-^ ; . 
m’‘+i 


L 1 - + Bnh^. + + . , + 

'm=a3 I 


S. 


“L M7i I A ^ + Bn7iA, + 071%=.^+ .... + Kii'ifi," A«_ I 

■^m=co I m TO- w? TO^+i 5 

where S„=l"-)-2'‘+3'*-p , . ' . +to”. 

Now if wo take the limit of each of the terms 

^0 ^1 So Si, 

m ^ 7/1- ' ^ • . . . — , 


rn7l-+— 7lVl=+ .... + 

O « -pi 


we obtain area of curvilinear figure 

=m7i. I A + A 

From this general result we can deduce “ Simnson’s Rule” nnri 
also another rule called “ Weddle's Rule ” ^ ® '‘nd 

2/= A + Bj; + Ca:-, 7,c., with a parabola, then ^ mnis 

Z/i^A, 

y. = A + BA +C7i.= , 

2/3“A+2B7i.+ 4C7i=. 

Now the area is approximately 

= 27i{A +iB27r + JC2=7t=} 

■=J7i{6A + GB7n-8C7t2} 

,,, + + Simpson’s Rule. 

L we now put 71 = G, we have area of curvilinear figure 


2/i = A, 

’/2-=A + B7i + C7t= + 


-fG7i6 


■ 2/r = A + B{670 + C(G70=+ , _ . 

and substituUn 7 tbo ^106^600^3?'^"^“^'^^"“"® ' G 

obtain the following remarkable Sa for expression we 


This formula, called Weddle’s Rule, gives the closest approximation 
to the curvilinear area that can be obtained 
by any simple rule. 

We are now in a position to find the 
approximate area of any irregular plane 
figure. For the given figure can be 
divided into plane rectilinear and cur- 
vilinear figures, the areas of which can 
be separately determined by the rules 
already given. For example, APQRS 
(fig. 38) 

= ABC -b APD -(- BEG - DQB - ASC . 

PART II. SOLIDS. 



Fig. 38.- 


Section I. Solids contained by Planes. 


A. Frisins, Pyramids, and Prismaloids. 

§ 66. Volume of a Right Prism. — First let the prism be a rect- 
angular parallelepiped (fig. 39), and 
let the side AB contain a units of 
length, BC b units of length, and 
CD c units of length. If we divide 
AB into a equal parts, BC into b 
equal parts, and CD into c equal 
parts, and if, through the points of 
division we draw planes parallel to 
the sides of the parallelepiped, these 
planes will divide it into a series 
of parallelepipeds, rvliose edges are 
each equal to the unit of length. 

Each horizontal layer contains ab 
of these cubes, and since there are c 
layers the whole number of cubes 
will be ahc. But each of these is the unit of volume, and therefore 

volume of ABCD=«ic=«Zixc = nrca of base ABC x altitude c. 

In the above demonstration we have assumed the edges to be 
commensurable, but from § 2 it follows that the proof will liold 
also when the edges arc incommensurable. If the parallelepiped 
be cut by a plane BGE it will be dirided into two equal triangular 
right prisms, and lienee 

volume of right triangular prism = ia7< x c = area of its base'x altitude. 

Since every prism can be divided into triangular prisms ns in fig. 
40, we have at once 

volume of right prism A'ABCDE^ A'ABC-f A'ACD + A'ADE 
= ABC X BB' -f ACD x CC'+ ADE x DD' 
-(ABC-bACD-b ADE) x altitude 
(since BB'=CC'=DD'=altitude) 

■=nren of base ABCDE x altitude. 



E' 




'Fig. 41. 

A"R"P''rwu'"Tr Oblique Ptosto.— D raw the right sec 

iv 1 ^ denote its area and A the arc 

the base ABCDE. Let I denote the length of the prism, 7 

A'^b“c’^"E'''^ “ ^ li’ctween the planes A'B'C'D'E' 

J**® above the right section placed at the 0 
voliimp-^A'^ Then wo have a right rirism, wl 

of A (§ 61 ) ^ •'^’=Acos a, since A' is the projee 

and r h 

y licncG 

cos a 

volume = A'x 7 ^Acosax-^=Ax 7 ^ ; 

. cosa ^ 

plied b7it7ltitude.^^"®™ 
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§ 68. Surface of a Prism.— Since the lines A"B", &c. (fig. 

41), which make up the perimeter of the right section are all m 
one plane perpendicular to the parallel edges A'A'", B'B'", &c., they 
are perpendicular to these edges- and are therefore the altitudes of 
the parallelograms A'B'B'"A , B'C'C"'B"', &c., respectively. The 
lateral surface of the prism is equal to the sum of these parallelo- 
grams, and therefore 

■= A'A'" X A"B" -!- B'B" X B"C" + 

=A'A'"(A"B"+B"C"+ ), 

since A'A"'=B'B'"=&o.; 

or the lateral surface of any prism is equal to the perimeter of its 
right section multij)lied by the length of the prism. 

If the prism be riffU, that is, if the faces he perpendicular to the 
base, then its lateral surface is equal to the perimeter of its base 
multiplied by its length. 

The whole surface of any prism is obtained by adding to the 
lateral surface the areas of its bases. 

§ 69. If the prism be regular, that is, if the bases be regular 
polygons, then 


area of base=a'X iLcoti^ (§ 18, y), 

4- 71 

of sides each of length a, and therefore 

volumo=«=x — ootl?5-x/4, 

4 n 

where h is the altitude of the prism. 

.Again, if the prism be right and regular, then 


where n is the number 


its lateral surface- 


= nah -b 2a- x iL cot 


§ 70. Volmne of a Pyramid. — Let YABC (fig. 42) be for sim- 
plicit}’ a triangular pyramid. Divide YAinto « equal portions, and 
through the points of section draw 
planes parallel to the base ABO, and 
through BC and through the inter- 
sections of these planes with VBC draw 
planes parallel to YA. Let h denote 
the altitude of the pyramid, then the 
distance of the base of the r*** prism 
from the vertex V 

h 

=>rx — , 
n ’ 

and, if A denote the area of ABC, wo 
have 

base of prism rVP,. 1 


A 


n- h- 



since, by a well-known theorem in solid 
geometiy, the areas of sections of a pyramid made by planes parallel 
to the base are proportional to the squares of their altitudes. 

Thus we have 

base of r*** prism =— A, and therefore 
11- 


its volume. 


r- . t, 

=—A. X — 

n- r 
hk „ 
■Jri 


(§ 67) 


Therefore volume of whole pyramid 


+r^+ 


-hn- 


therefore whole surface=base+lateral surface 


=«- X ~cot~+ina ^ 


n 


..ISO'’ 
-- - cot^ — - 

4 71 




V 



Fig. 43. 

§ 72. The Prismatoid . — If we have a polyhedron whose bases are 
two polygons in parallel planes, the number of sides La each being 
the same or diflerent, and if we so join the vertices of these bases 
that each line in 
order forms a triangle 
with the preceding 
line and one side of 
either base, the figure 
so formed is called 
a “prismatoid,” and 
holds in stereometry 
a position similar to 
that of the trapezium 
in planimetry. To 
make the investiga- 
tion of the volume 
of the prismatoid as 
simple as possible, 
wo take the case 
where the lower base 
is a polygon of four 
and the upper one or 
three sides. 

Let ABCDEFG 
(fig, 44) be the piis- 
matoid, of which 
ABO or Ai is the 
upper and DEFG or 
A3 the lower base, 
and let HLM be the Fig. 44. 

section equidistant from the bases. Take any point P in this 
section and join it to the corners of the prismatoid. AVe thus 
divide the polyhedron into two pyramids PABC and PDEFG, 
and a series of polyhedra of which CPDE may be taken as a 
specimen. 

Let h. be the altitude of the prismatoid, then IJi is the altitude of 
each of the pyramids PABC, PDEFG, and hence 
volume of PABC =iAAi, and 
volume of PDEFG 



=;,aL 


or the volume of any pyramid is equal to one-third of the area of its 
base multiplied by its height. 

From this we see that pyramids on equal bases are to one another 
as their altitudes. 

If the pyramid be regular, that is, if its base be a regular polygon 
the perpendicular through whose centre passes through the vertex, 

its volume = Ixa-x JLcoti^^ x h . 

i 71 


% 71. Surface of a Ikgular Pgramid . — ^The lateral surface of the 
regular pyramid VABGDEF (fig. 43) is equal to the sum of the areas 
of the u congruent triangles which make up the lateral surface of 
the jiyramid. 

Flow area of triangle A'^AB= JAB x A' G ; hence whole lateral sur- 
face =JriAB-A'G-=4?mf, where I is the slant height and a the length 
of the side of the base. 

, Again, if VO =74= altitude of pyramid, we have 


Z_VG=-A/VO=-fOG2= 




cot- 


180° 


Again join PH, PL, and LD, then 

volume of CPDE =2 volume of CPDL, 
since DE=2HL, 

and volume of CPDL=2 volume of CPHL, 
hence volume of CPDE=4 volume of CPHL. 

How volume of CPHL= J74 x area of HLP, and therefore volume 
of CPDE = 74 X area of HLP. 

Similarly the volume of every such polyhedron is 474Xthe area 
of its o\vn portion of the middle section. Hence if A; denote the 
area of the middle section we have 

volume of prismatoid A 3 -f474A2 
= J7i(A j -b lAn -h A3). 

§73. Volume of the Fruslwn of a Pyramid . — Let A'A'"B'B"GC" 
(fiff. 45) be a frustum of the pyramid YA'S'C/, and let Ai and A3 
denote the areas of the ends A'B'C', A'"B'"C'" respectively. Let 
VP=a:=altitude of pyramid VA'"B'"C'", and let PQ= A=altitude of 
frustum. 

/ a; A" A, , AvA.i 
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Again frustum =V A' I5'C'-TA B C 

J I A;(a: + /O “ -^3^ } 


d- 


^^^/Al - \/-^3 
= i7i{Ai + VZ^A^+Aa) ; 
a formula rvhich applies to the frusta of all pyramids regular and 

"^tIic above result may be othei-wise expressed. For, let =”i 
and A"'B"'=n3, then, if A"B''C" bo a section equidistant from the 
ends of the frustum, A"B"=rt:=i(ai + «3)' 

Kow Ai and A^^pal (sec § 70) ; 
lienee A„-arca of A"B"C"=i;a:=ii^^l^^J . which gives 

4A2 -=pai + ipaitt-j -^-pal = Aj + 2 V AjA,, + tV 
therefore volume of frustum 

= i7i(2Ai + 2 Vl^a + 2A3) = i7i{Ai + 4A2 + A3) ; 
or the volume of the frustum of a pyramid is obtained by adding 
the areas of the ends to four 
times the area of the middle 
section, and multiplying the 
sum by one-sixth of the alti- 
tude. 

Tlie above result can be ob- 
tained at once from § 72, since 
A'B'C'A"'B"'C"' is a prismatoid 
with similar bases. 

§ 74. Surface of the Frustum 
of allcgular Pyramid. — In fig. 

45 let the perimeter of Ai=Pi, 
that of and that of 

A-\’=P 3 t and * let VD'=7i, 

VD"'=73, and therefore D'D"' 


menstjeation 

S 77 If the prism be right or oblique, the volume of a frustum is 
eqLl to one-third of the area of its right section multiplied by the 
simof the parallel edges. For dmde the frustum AA'BG (fig. 
47) into two frusta by a plane A"B"C' of area A at light angles 
to the 

=^A(AA" -b'BB" + CC")+^A(A'A"H-B'B"-)-C'C") 

= -J A(AA" + BB" -b CC" -f- A' A" + B'B" -f C'C") 
=iA(AA'-bBB’-bCC'). 

Again, since evei-y prism can he divided into triangular prisms, 
we can find by repeated applications of the above -proposition the 
volume of the frustum of any prism whatever. For example, if 



VD' - VB'" - 7, - 7, = 7. Tlie 


Fig. 46, 


lateral surface of the frustum is 
equal to the difference botwcon the lateral surfaces of the pyramids 
VA'B'C' and VA"'B"'C"', 


But, since 

‘3 


"««3' 


Pi 


-«1 

■ «3 Ting P3 

therefore lateral surface of frustum 


, wo have Ij « 


^ and 73=^. 

-V. 3 Pi-Ps 


Pi -Pa 




or the lateral surface of the frustum of a regular pyramid is equal 
to the product of the slant height and the perimeter of the section 
equidistant from the ends. 

Otherwise. — The top aiidbase being regular polygons, the inclined 
faces arc congruent trapeziums. Let I be the height of each 
trapezium, and let there be n of them, then 


area of each faco=-^f — -b — 
2 \ n n 

7 


)■ 


and therefore the area of lateral surface =-Z(23j.{-p3) = 7p„, 

§ 75. If h the altitude of the frustum be given, we deduce the 
■slant height and then proceed as before. Thus let 
VQ=7ij, and using the same notation as in §§ 72, 73, and 74 wc 
liavc 


J‘i 


!‘i-h 


Again 


7: = 7. 


— — — , which givpg A3) afi 

"1 ~ «3 «i - Ug rt, - Uj 

i-bjftjcot^ , and 7=f \ i - 

n \ «a / 


whence 7 is hnown since fj is known in terms of h 
M'hcn the pyramid is irregu- 
lar the latcr.il planes are non- 
coiigruent tra])cziums, the areas of 
which can bo found scimratcly by 
§ 12, ami hence the whole surface. 

S 7G. Volume of the Frustum of 
a Trianiiulnr Prhm.— Let A denote 
the area of ABC (fig. 40), and lot 
iv’ nltitudcs of A\ 

lesi’cctively with reference to 
the plane ABC. Divide the frustum 
into three pyramids B'A'AC, B'ABC 

<’>0 t>'««es B'AC 
ami BAG. Tlie.se three pyramids 

UM to BA'AC, 

BABC, and AliCC; 

h' nee volmno of fnislum-idiA-bJfr.A-b 77,, A 




Fig. 47. Fig- 48. 

the base of the frastum of a right prism AA'B'C'D' (fig. 48) 
be a rectangle 12 feet by 6 feet, and the parallel edges in order 
6, 4, 10, and 12 feet, then 

A=area of base=12 x 6 = 72 square feet. 

Frustum = ABCA'B'C' -b ADCA'D'O' ' 

= J X 4A(AA'-bBB'-b CC') -b 4 X 4A(AA'-b CC'-bDD') 

= JA (2AA' -b 2CC' -b BB' -b DD') = 576. 

§ 78. Volume of a 
Wedge . — The wedge (fig. 

49) being merely the 
frustum of a triangular 
prism, we have at once 
volume =^A(FE 
-bAD-bBC) , 
where A is the area of its 
right section ; otherwise, 
the wedge may be con- 
sidered a prismatoid pj 

whose upper base is a . 

straight line, and hence its volume =i7i(4A2-b A3), since Ai>= 

B. Regular Polyhedra. 

§ 79. The regular polyhedra are five in number, namely, the 
tetrahedron, cube, oetahedron, dodecahedron, and ieosahedron, whose 
solid angles are formed respectively by three equilateral triangles, 
three squares, four equilateral triangles, three pentagons, and five 
equilateral triangles. 

Since a regular polyhedron admits of having a sphere inscribed 
within it and described about it, it can easily be showi that the 
volume of the polyhedron 

IT 

cos- 



=0. 


, nl 


m 


cof^— 


( \m . n J \m n J ) 
and from § 18, y, it follows that the surface of the polyhedron 

In 

T 


X - 


-cot- 


where 


and 


7= the number effaces, 
m=tho number of faces in each solid angle, 
«=the number of edges in each fdee, 
R=the length of each side. 


The following table contains the surfaces and volumes for the 
five regular polyhedra whose edgeis 1. 


Fig. 46. 


Polyhedron/ 

Surface. 

Tetrahedron 


Cube,., 


Octahedron 


l^odccahedrnn.... 

20-C457788 

8-0002540 

icosahedron 


Volume. 


0- 1178511 

1 - 0000000 
0-4714043 
7-GC31189 
2-1810960 
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The surface and volume of a regular polyhedron whose edge is 
a is obtained by multiplying the surface and volume of a similar 
polyhedron whoso edge is 1 by a" and a'* respectively. 

Section II. Solids contained ut Surfaces vvnicn are not 
ALL Planes. 

A. The Cylinder. 

§ 80. Volume of a Cylinder (fig. 50). — Inscribe in the cylinder a 
polygonal prism of which the number of sides may be increased 
indefinitely. Then in the limit the base of the prism becomes the 
base of the cylinder, and the volume of the prism the volume of 
the cylinder. Now by § 67 we have 

volume of prism = area of base x altitude ; 
hence volume of cylinder -= area of base x altitude. 

§ 81, Surface of ct Right Cylinder . — As above, in the limit the 
base of the prism becomes the base of the cylinder, and the surface 
of the prism the surface of the cylinder. Now the lateral surface 
of prism 

= perimeter of right section x length 

^perimeter of base x length, in the case of a right prism (§ 68); 
hence lateral surface of right cylinder=circnmfcreneo of base 
X length. 


V 




B. The Cone. 

§ 82. Volume of a Cone (fig. 51). — Inscribe within the cone a 
pyramid of which the number of sides may be indefinitely in- 
creased, then in the limit the base of the pjwamid becomes the base 
of the oone and the volume of the pyramid tlic volume of the cone. 
By § 70 volume of pjTamid= 4 base x altitude, 
and hence volume of cono'= J base x altitude. 

§ 83, Volume of the Frustum of a Cone. — Prom § 73 wo find that 
the volume of the frustum of a pyramid 

= 47i(Ai + VAJA 3 +A 3 ) ; 

hence, since in the limit the frustum of the pyramid becomes the 
frustum of the cone, wc have 

volume of conical frastum= ^^(Ai-i-VAiAs-f A3), 
where Aj and A3 are the areas of the terminating planes of the 
frustum. 

Let the terminating planes be circles of radii Tj and r^, then 
volume of frustum 

= lh,{rr\ + rTir^i wr=) = liTh{r\ + r^r^ -t- 1") . 

Again, by the same section we have 

volume of frustum of pyramid =-J-Z!( A j + 4A2 -f- A,) , 
therefore volume of conical frustum'=-j7r7i(r;-f 4n-f rj), 
where r„ is the radius of the circular section parallel to the ter- 
minating planes and eq^uidistant from them. 

§ 84. Sxirface of a Right Cone. — The lateral .surface of a regular 
pyramid is by § 71 

■= iperimeter of base x .slant height ; 
hence, since in the limit the .surface of the pyramid becomes the sur- 
face of the cone, the lateral surface of a right cone is equal to half 
the circumference of its base multiplied by the slant height. 

Thus the lateral surface of a right cone of slant height I and the 
andius of whose base is r is equal to 

hy.Zrrxl—rrl, 

iind whole .surface = lateral surface -f area of base 

=irrl+ttr" 

'=7rr(74-r). 

Again, if h, the altitude of the cone, be given, we have 

:and therefore whole surface = 7rT(\/ K- + + r) . 

§ 85. Surface of the Frustum of a Rigid Conc.—Fho lateral surface 
•of the frustum of a regular pyramid is equal to the product of the 
isl.ant height and the perimeter of its middle section (§ 74) ; hence 


in the limit wo find that the lateral surface of the frustum of a 
right cone is equal to the product of its slant height and the cir- 
cumference of the section equidistant from its parallel faces 
Let Tj and r^ denote the radii of the ends of the frustunl, and I 
the length of the slant height, then 

, , »'2=4 (ti-(-T 3)- radius of middle section, 

and therefore 

lateral surface = 2^, x Z- 2a- x 4(ri + 5-3) x I = ,rZ(ri + r3) , 
and Avhole surface = rr] + ■nl{r.^ + r^) + irr| . 

If h, the altitude of the frustum, be given, we have 
l^’^K' + lri-r^)”-. 


C. The 

§ 86, Surface of a Spherical 
Zone . — Let AB (fig. 52) bo a 
small arc of the sphere, and 
let AA', BB' be perpendicular 
to the axis XX', to find the 
surface of the zone generated 
by the .arc AB. Join AB, and 
draw OP perpendicular to AB, 
BD parallel to XX', and PP' ■ 
parallel to*AA' or BB'. The 
chord AB generates the frustum 
of a cone, whose lateral surface 
=2irPP'xAB. 

But, since the triangles ABD 
and OPP'are similar, 

AB OP 
BD PP" 


Sphere.. 



therefore area of conical frustum=2ir.OP.BD=2v.OP.A'B'. 
Similarly the area of the frustum generated by BC=27r.OQ.B'C'. 

But in the limit when the chords AB, BC, &c,, are indefinitely 
diminished, the peipendiculars OP, OQ, &c., become each = r, and 
hence by summing all the areas wc get in the limit 

area of zone= 2rr x (projection of arc on axis of revolution). 
Hence the convex surface of a segment of a sphere is equal to the 
circumference of a great circle multiplied by the height of the seg- 
ment or zone. 

§ 87. Surface of a Sphere. — The whole sphere being a zone 
whoso height is 2r, we obtain at once 

surface of sphere = 2Tir x 2r = I ttt- ; 
or the surface of a sphere is equal to four great circles. 

The total surface of the cylinder circumscribing the sphere of 
radius r is 6jrr^ hence the surface of the sphere ■= § surface of cir- 
cumscribing cylinder. 

§ 88. Surface of a Lune, a Spherical Triangle, and a Spherical 
Polygon. — It is shown in spherical trigonometry that 

(a) the area of a lune included betiveen two great circles of a 
sphere of radius r, and whose inclination is 0 radians, is 

20r2; 

{pi) the area of a spherical triangle whose angles are A, B, C is 
(A + B -}- C - 7r)j^ ; 

(7) the area of a spherical polygon of r sides is 

{P-(r-2)w}r=, where P is the sum of its angles. 

§ 89. Measurement of Solid Angles. — A convenient unit for the 
measurement of plane angles is the “radian.” If we assume that 
each unit of surface of a sphere subtends the same solid angle at the 
centre, wc can deduce a very convenient unit for the measurement 
of solid angles. This unit, which has received the name “stera- 
dian,” we define to be the solid angle subtended at the centre of a 
sphere by a portion of the surface whose area is r-. 

§ 90. Numlcr of Stcradians in an Angle. — Let A be the angle at 
the centre of a sphere, and let S be the portion of the surface of the 
sphere which it intercepts, then 

n umber of stcradians in A _ 

1 r- ' 


’or example, if A be a plane solid angle, S=a 
=2nr--, hence the number of stcradians 


B 


hemisphere 
D 


a a plane solid angle = 2w, 

nd therefore the nurnber of stcradians in„-, 
he solid angle at apoint=4a-. Thissolid 
nglo is sometimes called a steregon. 

Hence, if we can find the surface sub- 
ended by any solid angle, we can always 
ind its magnitude in terms of the unit 
olid angle'. ^ 

5 91. Volume of a Sphere . — Let ABO _ 
fm. 53) be the quadrant of a circle, draw DB and DC tangents to 
fc,°then, if AD be joined and the whole figure be conceived as 

’ XVI. — 4 




\y\ 
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rotating round AB, ABD, ABC, andABDC will generate a cone, 
a liemisnlicre, and a cylinder respectively. • , 

Now draw two parallel planes BFGH and E F G H near Mcn 

other and jierpendicular to AB, and draw PF' and G6 parallel to 
AB, then, by g SO, 

volume generated bv EHH'E'=wEll- x EE , 

„ ■ EGG'E' -wEG2 xEE', 

„ EFF'E' =rEF- xEE'. 

Tints volume generated by EFF'E'-f volume generated by EGG'E' 
= •n-(EF- -r EG-) X EE' = wCEA^ EGr) x EE’ 
=w;AG=)xEE'»wEH2xEE'^ ^ 

= volume generated by EHH E'. 

Therefore in the limit, when the number of slices is indefinitely in- 
creased, and their thickness indefinitely diminished, we have tolnnm 
of cone generated bv AF h- volume of spberical zone generated by CG 
= volume of cylinder generated by CH. 

Let r=radins of sphere, /i=AE=]ieight of zone ACGE, then 
volume of cone=irA-x7i=iw7i^, and 
volume of c}dinder=wr^xX, 

therefore volume of spherical zone ='!rj"7i- iwA® 

= i7r7tf3t^-7i=). 

The height of a hemisphere is r, 
therefore volume of hemisphere = Jrr(3r^ - = , 

and volume of whole sphere , 

a result readily obtainable by the infinitesimal calculus, or by 
inscribing within the sphere a series of triangular pyramids whose 
vertices all meet at the centre of the sphere, and the angles of whose 
bases all rest on the surface. In the limit the altitude of each 
pj'ramid becomes the radius of the sphere, and the sum of the bases 
of tbc pyramids tbe surface of tbe sphere ; hence 

volume = x r=i x 4wr^xr = . 

'The volume of the circumscribing cy]tnder=rr^x2r=25rr®, 
therefore volume of sphere =§ volume of circumscribing cylinder. 

§ 92. Let S denote the surface of a sphere and V its volume, then 
from §§ 87 and 91 we have 

(^) S = Vw(6V)-; 

(v)v=^-i_V(S)., 

fonnuIaMvhlch give the radius in terms of the surface or volume, the 
surface in terms of tbe volume, and tbe volume in terms of the 
surface. 

§ 03. Volume of a Spherical Shell.- 
of the two spheres, then 

volume of shcll=T = 


M E N S U R AT ION 


-Let r and fj denote the radii 


Now let Ti-r^ 


h, then 

'^'=‘ieer\h ^1 + 


r\ - 

= J )7(ri - r)(r; + r-pr + r=) . 




If h be small compared with rj, then r/tj is very nearly euual to 1 
and we have appro.vimately j 1 si vu v, 

Agtin, if 7i be nearly equal to r^, r is verj- small, and r/r. is also verv 
s.nall, .so that we have approximately ^ 

f 94. nivme of a Spherical A'-xpnCTiL— Let CRC' (fig. 54) be a 
S' clion of a Fphencal segment who=e ^ *7 oe a 

altuiuh r.Q is p, then, if OQ = 7i 
volume of s.:ginent CP.C'-volnine of 
bermqdiere- volume of 2 one AA'C'C 
•’Swr* -lT7i{Or--/i2j , § 91 . 

•"lv/.=(3r ~p) . 

Again if Cn.-Oj'v.-o"{;^..re 
GQ--n-^BQ.lVQ. 


whsncf r. 


lii’Tcfor 

9 95. 


'P<2r-p], 
^a] ~;P 
2;' ’ 


r. ^ i 



^ - \ 

{ 1 



0 1 


11' 
Fig. 54, 


vo.unie of 5 . gmei;t=- 
1 olnme of ft Spherical Frifsiuv 


inicn one of the termi- 


nating planes passes tlirough the centre we have already found 

that the volume , 

= Jw7i(r--7i2), 

where h is its altitude. 

2iow suppose that neither of the terminating planes passes through 
the centre j for e.vample, to find the volume of the frustum BB'C'G. 
Let BQ=n and EF=!7, then 

BB'C'C= segment EBB' -segment ECCf 

= h-!rq.{Sal+q-)- 

where Uj and are the radii of the ends CC' and BB'. 

Let O'- p=7i= height of frustum, and, since, from the geometry of 
the figure, 

£l±£=2l±2:=2r, 

p 2 

we have volume= Jr7i{3(aj -f af)-f 7i=}, 

a result which may also be obtained by considering BB'C'C as the 
difference of the tiro zones AA'C'C and AA'B'B, 

D. Spheroid. 

§ 96. Surface of a Prolate Spheroid . — The prolate spheroid is the 
solid generated by the revolution of an elEpse about its major axis. 
If S be tbe surface generated by an arc of the curve, then 




I -f taken between proper limits. 


In tbe case before ns 


S = 2'7r^ sin " 

e 


'c. 


(Ikfixitesijlvl Calcultts, 


where e is the eccentricity (IxFiKiTESniAi. CALCTrLms, art. 179). 

§ 97. Surface of an Oblate Spheroid . — The oblate spheroid is the 
solid generated by the revolution of an ellipse about its minor axis 
(fig. 65). 

Here sntface = 2va--lir--]o",E_f 
e ° l~e 

art. l79). 

§ 98. Volume of a Spheroid . — "We have volume of prolate spheroid 
a \ ci- 

Sinvilarly volume of oblate spheroid=4wa-6 . 

Thus, 

volnme of prolate spheroid ^alr I 
volume of oblate spheroid a 




(«) 

(0) 


(7) 

§99. 


sphere described on major axis 
prolate spheroid 
sphere described on min or axis 
oblate spheroid 
Volume of a Segment of a Spheroid. 


hcalF t- ’ 


ira-b 


■ E. 

a- 


(o) The prolate sjdicroid . — This segment is generated by the 
revolution of AjMP (fig. 23, p. 20) about AAI, and hence 

its volume tfdx^JL f''{2rvx-a?)dx^^vi~{Za-h), 

./o 

where A is the origin and ASI=7i. 

O) The oblate spheroid . — ^The segment in this case is generated 
by the revolution of BilP (fig. 55) about BC, and hence 

its Tfdx=^r^J''\2bx-9?)d.x=^i^ x ^^{Zb~h), 

where B is the origin and BlI =7i. 

§ 100. Volnme of the Frustum of a 
Spheroid ivlien one of the Termindting 
Planes passes through the Centre. 

((ri_ The prolate spheroid . frustum 
generated by the revolution 
of BCMP about Cil (fig. 23). 

Now volume nenerated bv 1 


A 



volume generated bj- BCJIP 
“Volume generated by BCA 
- volume generated by PMA 

~ X ^(3a - 7i) 

=-5-x^''(3a--7;-), where 

^ d" 

fnistnm=a-7j , 

Ip) 27ie Mate spheroid . — "We can show in a similar manner 
that tire volume generated in this case 

= f x«^'(3&=-7.-3). 

above formulfs may be put into another form. 'Thus, in the 
prolate spheroid, since the point P Ues on the elhpse 
weLare 

ldk-~a-b]=a-lA, where bi=PlI, which gives 
7.- Jp-b-) 
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wJiGiice, by substitution, tbe volume of prolate frustum 
^W:{2h- + l\). 

Similarly rve can sbow that the volume of the oblate frustum 
where Oj = PM . 

These formulaj play an important part in the gauging of casks. 

E. Paraboloid. 

§ 101. Surface of a Paraboloid.— L%t the equation to the para- 
bola be y-^iax, and let the coordinates of P (fig. 21, p. 19) be x. 
Vi, then the surface of the paraboloid generated by the revolution 
of AM about AP 

“firVcr {(a’l-fa)- . 

§ 102. Volume of a Paraboloid. — ^With the. same notation we 
have 

volume=i^ ^y-dx^i-K^ ’ xdx = Itt x 4«aq x a:^ = h-Ky\ x ; 

or the volume of a paraboloid generated by the revolution of a part 
of a parabola between the vertex and any point is equal to half the 
volume of the circumscribing cylinder. 

§ 103. If the coordinates of Q be k,, i/,, then the volume of the 
frustum PP'Q'Q • 

=hr!-{ylx..-y]xj] ==2TTa{xl~xi)==bTTlfil + y\)li , 

where 7i.=MN’ ; hence the volume of the frustum of a paraboloid 
is equal to half the sum of the areas of its ends multiplied by its 
height. 

E. Ellipsoid. 

§ 104. Volume of an Ellipsoid. — The equation to the ellipsoid 
being 

-5 

^-!-|r + ^=l, 

W' cr 

the equation to the elliptic section at the distance z from the 
origin is 

A+fv=i-^. 

a- Ir cr 

Jvow if we draw an indefinite number of parallel planes per- 
pendicular to the axis of s, each slice will be an infinitely thin 
cylindrical plate, and accordingly the whole volume of the ellipsoid 

= fkdz, where A is the area of the elliptic section. 

But A=Tra5^1--^j, § 51, 

therefore volume=irat^^^l - Jr-aJe ; 

The sphere being an ellipsoid whose axes are all equal, we obtain 
as before 

volume of sphere = j7rn^=^7rr^. 

G. Hyperboloid. 

§ 105. Volume of an Hyperboloid. — ^The hyperboloid is generated 
by the revolution of the hyperbolic segment AKT about AN (fig. 
24, p. 20). If the coordinates of P be x^, y^, then 

rxx b- fx, „ 

volume of hyperboloid =3^ y-dx — Tr-^/ {xr-a?)dx 
b" i xd „ 2a? 1 3r5%7„ , 

where Ii—AE = aq - « . 

Again, since x^, y^ is on the curve, we have 


If 

a?yl-b-(a+h)^^-a"-b-, which -^=2ah+li:- 

volume of hyperboloid = x . 


y\ 


- ; whence 


H. Solids to vjJtich the “ Prismoidal Formula” applies. 

§ 106. It was shown in § 72 that the volume of any polj'hedron 
bounded by two parallel planes and by plane rectilinear figures 

= J/;(''^i+4A»-l- A 3 ), , 

where Aj, A3, and A„ denote respectively the areas of the trvo ends 
and of the middle section. 

IVe now proceed to show that the same fonnula determines the 
volumes of all solids bounded by two parallel planes, provided the 
area of any section parallel to these planes can be expressed as a 
rational integral algebraic function of the third degree in x, where 
X is the distance of the section from either plane. 
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oftbo + .... +Kp;n denote the area 

of the section in question. 

Now tlie solid between the secHons ,&(0) and ^(4) is equal to the 

sections 0(2) and 0(4). Hence if the prismoidal formula is to hold 
in this case, we liave 

I tVi{0(O)-f-40(2)-f0(4)} 

! =TV'■{0(O) + 40(l)-^0(2)} -i-TV^i{0(2) + 40{3) + 0(4)} , 

where 7t is the distance between the sections 0(0) and Afil 
) Hence we have 

0(0) - 40(1) -P 60(2) - 40(3) + 0(4) = 0 . 

Now 0(O)=A 

-40(1)= -4A-4B-4C-4D-4E- .... -4K 
+ 60(2)=6A-H2B-{-24C-i-48D + 96E-f- .... +6-‘”'K 
-40(3)=-4A-12B-36O-lO8D-324E- .... -f-S-K 
+ 0(4)=A-f4B-l-16C + 64D + 256E-i- .... +4"K. 

Therefore 0=0-f-0 + 0-f0-b24E-i-PF+ .... -fTK. 

Hence E=E= . . . . K=0, and therefore 0(a;) mu.st be a func- 
tion of the third degree in order that the prismoidal fonnula may 
apply. 

§ 107. If we take0(a:) = A + Ba:+Ca^-l-Da.-^, there willbo as many 
possible varieties as there are combinations of four things, one, two, 
three, and four together, i.e., 2^ -1=15 varieties. Corresponding 
to each of these there will be at least one solid the area of a section 
of which at a distance x from one of the parallel planes is 
<h(x)=A+Bx+Cxf+D.Z‘^, and at least one solid of revolution 
generated by the curve whose equation is of the form 
Ti/- = 0(35 ) = A Bk + Ca? + Da:^ . 

As space prevents us discussing all the cases that may arise, we 
content ourselves by giving three examples as illustrations. 

(a) Volume of an ellipsoid . — Here i>{x) = 'Bx+Cx-. 

Let 2a, 2b, and 2c be the axes of which 2a is the greatest, then 
li=2a, Ai=0i, A3=0, and A^^ube ; 
therefore volume — i7i( A^ + 4 Ao + A3) = ^a(i'nbe) = JiroSc , 

which agrees with the result in § 104. 
j iS) Volume of a sphere . — Here 572/-= 0(a;) = Ba:-fC.r^. 

Let r be the radius of the sphere, then h-=2r, Ai = 0, As^O, and 
A. =577^, hence, as before (§ 91), 

volume of sphere =-J7i{A2 + 4A2 + A3)=-^(4a7") = JrrJ*‘ . 

(7) Volume of a right eireular eone . — Here 'ry-=4>(x)=‘Cx-. 
Letr=radius of base and h the altitude, then Ai-=0, 
and A„=u(i7 -)- ; hence 

volume of cone= J7t|^Aj + 4A5 4- A3} = J7i.{3rr-+wr“} = JfiTrr^ 

In a similar manner we can determine the volumes of a cylinder, 
a prolate spheroid, an oblate spheroid, &c. 

§ 108. In general, if in any solid we have 
0(37) = A -f- Ba; -i- Cai- + Bx* , 

where A, B, C, and D are known constants, then, if h be the length 
of the solid, 

Aj = 0(O)=A, 

A2= 0(i7i.) = A -i- B(ih) + C{lh)- + D(i7i)’ , 

A3 = 0(^) = A + B7t + C7i- Bh ? , 

and therefore 

volume of solid = i7i(Ai 4- 4A„ -t A3) 

= A7j 4- + hBlf 4- iD7t< . 


I, Solids ofEcvoltdion in General. 

§109. Vohmeof any Solid of EevohUion.— hot . ... Vn 

(fig. 34) be the generating curve, and Aj .... An the a.xis of 
revolution. Dmde the curv'e into portions in the points P-, P3, 
&c., and draw the chords and tangents of the small arcs PiPn, 
PoPj, &c., then it is evident that the solid generated by the curve 
is’ greater than the sum of the conical frusta traced out by the 
chords and less than the sum of the conical frusta traced out by the 
tangents. Hence, by increasing the number of chords, namely, by 
increasin77 the points of division of the cutve, we can make the 
diflerenc^ between these sums as small as we please, and therefore 
by this method we can approximate as closely as we please to the 
volume of the solid generated. , 

Assuming that the points Pj, P„, P3 are so near each other that 
the solid generated differs little from the frustum of a cone, and 
using the same notation as in § 63, we have volume generated by 
PiP;P3= JwAiAaCsi 4- 4 s=4-s:.)= j3r2AiA3(se4-46-:4-si) 

= J3ra(sj4-4s:4-si) ; 
similarly the volume generated by 

whence the volume generated by the whole curve PiP; . . . . Pn 
= Jra{sr4-ss4-2(s:4-«j-f- 4-s;,-e)4-4Gs;4-sj4- +sl-i)}; 
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or (since ■K-9; = ^ , -S;=^ , kc.) 

„l^/c;+cj+2(c=+c;+ . . . • -f«-2)+4(e: + c=+ .... +4-0}. 

a formula more convenient in practice, as it is sometimes more easy 
to measure equidistant circumterences than equidistant radii. 


J. Theorems of Pappus. 

S 110 Tiic following general propositions concerning surfaces aM 
solids of levolution, usually called Guldin’s theorems, are wortdtne 

reader’s attention. . .i. t t 

If any plane curve revolve about any external axis situated m iis 

plane, then _ 

(a) the surface of the solid which is thereby generated is equal 
to the product of the perimeter of the revolving curve and tiie 
length of the path described by the centre of gravitj' of that peri- 
meter ; , 1 f 

(/3) the volume of the solid is equal to the product of the afea oi 
the revolving curve and the length of the path described by the 
centre of gravity of the revolving area. 

We content ourselves with an example or two of the application 
of these theorems, referring to the article iCTlNlTESlilAL CALCfUi'CS 
for the proofs. 

Example 1.— To find the surface and volume of a circular ring. -y 
Let a be the distance of the centre of the generating curve, in this 
case a circle, from the axis of rotation, and r the radius of the 
circle, then 

perimeter of generating curve =2ar, 

area of generating curve=-r^, and 


path described by the centre of gravity either of the perimeter or 
area=»2ra; hence 

surface of ring=25rrx2wa=45rTa, and 
volume of ring=xr- x '2.T:a,=%f-fia. 

Example 2. — ^To find the volume swept out by an ellipse whose 
axes are 2a and 25, revolving about an axis in its owm plane whose 
distance from the centre of the ellipse is c. 

Here area of generating curve ='zab, 
and path described bj’ centre of gravity of area = 2 x 0 ; hence 

volume generated=ira6 x 2T!C=2irahc. 


Example 3. — A circle of r inches radius, with an inscribed regular 
hexagon, revolves about an axis a inches distant from its centre, and 
parallel to a side of the hexagon ; to find the difference in area of 
the generated surfaces and volumes. 

Here perimeter of circle =2a-r, 
and penmeter of hexagon=12 xrsinSO’ (§ 17) 

=6r ; 

.also aiea of circle =»r=, 

•and area of hexagon=3r=sin60'’ (§ 18, fS) 

=jV3r2; 

hence differcnco of surfaces generated 

= 4+^ra - 127rar= 47rar(7r - 3) ; 
and difference of volumes generated 
= 2+T^a - 3r?^ VSer 
■=wr=a(2--3\/3). 


PAKT III. GAUGING. 

§111. By gauging is meant the art of measuring the volume of a 
cask, or any portion of it. The subject is one of great interest and 
nrac heal importance, but space will only permit us to discuss it very 
bnenj. If the c,ask whose capacity we wish to detennino bn n. solirl 


i . 7r xu vis vv ujsicubis iv vci y 

t>ncn> If the (pk whose capacity we wisli to determine beasolid 

J* computed, either 

exactly or approximately, by the methods already described 


It is usual to divide casks into the following four classes according 
to the nature of the revolving curve : — 

(a) the middle frustum of a spheroid ; 

(j8) the middle frustum of a parabolic spindle ; 

(y) two equal frusta of a paraboloid, united at their bases ; 

(S) two equal/rusta of a cone, united at their bases. 

Casks of the second, third, and fourth variety are rarely met with 
in practice, and we shall accordingly confine our attention to the 
first kind, which is considered the true or model form of cask. 

Let ABCD (fig. 56) be a section of the cask, and assume it to be 
the middle frustum of a prolate spheroid, then 


its volume =j7r(25--k5j)/^ , 


xvhere 5=OY, and£=XX' (§ 99). 

YY' is called the bung diameter, and AB or CD the head 
diameter. 

An imperial gallon contains 277'274 cubic inches, and therefore 
the number of gallons in the above cask 


w(25= + 6;)I; 
3x277-274 

V 1059-1 ) ' 


xvhere d—2h, £fj<=25j 


whauca we heve the mle-. — ta tha square of the head diecaetei 
add tw-ice the square of the bung diameter, multiply the sum by the 
length and divide the result by 1059 -1, and the answer is the con- 
tent in imperial gallons. 

Casks as ordinarily met with are not true spheroidal frusta, but 
it is better to consider them as 
such, calculate their capacity on 
this assumption, and then make 
allowance for the departure from 
the spheroidal form. The de- 
termination of the proper allowance 
to be made in each case is a matter 
depending on the skill and ex- 
perience of the ganger, and pro- 
ficiency in the art can only be 
attained by considerable practice. 

§ 112. H the cask be very little 
curved, we obtain an approxima- 
tion to its capacity by considering it as made up of two equal frusta 
of a cone, united at their bases. Hence from § 83 we have 
volume of cask= Ja-A(rj+rir3+7'|) nearly. 

Here we neglect the small volumes generated by APY, YSD, 
BQY', and Y'RC ; and therefore the volume is too small. ' 

If we put rir 3 =rj we obtain 

volume = ^7r7j(2rj+rj) , 

which is a little too large, and therefore the true volume lies between 
these two limits, and a very close approximation to it is said to be 
given by the formula 

M{2r;+J-=- J(r7-r')}. 

§ 113. Ullage of a Cash :. — ^The quantity of liquor contained in a 
cask partially filled and the capacity of the portion which is empty 
are termed respectively the wet and dry ullage. 

(a) Ullage of a standing cash. — Bj' means of the method applied 
in § 105, the following rule is deduced : — 

Add the square of the diameter at the surface, the square of the 
diameter at the nearest end, and the square of double the diameter 
half-way between ; multiply the sum by the length between the 
surface and the nearest end, and by -000472. 

The product will be the xvet or dry ullage according as the lesser 
portion of the cask is filled or empty. 

{0) Ullage of a lying cash . — The ull.age in this case is found 
approximately on the assumption that it is proportional to the seg- 
ment of the bung circle cut off by the surface of the liquor. The 
rule adopted in practice is 

ullage content x segmental area. (W. T.*) 



Fig. 56. 


!^IENTAL DISEASES. See Ixs.vxity. 

MENTON (Ital, J/entone), a cantonal capital in 

department of Alpes-JIaritimi, France, situated 15 m 

north-east of Nice on the si, ores of fte Metoer^S 

So population of about 8000 r 

chrahr bSfS''' which its s( 

c rciilar bay (., mi cs -incle at its entrance, and bounded 


and of foreigners, which alone is accessible to wheeled 
vehicles; above is that of the native Mentonese, ivith\ 
steep, narrow, and dark streets, spread over and clinging ' 
to the mountain, around the strong castle which was once 
its protection against the attacks of pirates. Facing the 
south-east, and sheltered on the north and west by high 
mountains, the Bay of Menton enjoys a delicious climsitG) 
and is on tHs account much frequented by invalids re- 
quiring a mild and equable temperature. The mean for 
the year is 61 ° Fahr., exceeding that of Eome or of 
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Pisa, and equalling that of Naples. Frost occurs on 
the average only once in ten years ; in one particular 
year the thermometer did not fall below 46° Fahr. In 
summer the heat is never very great, the temperature 
rarely exceeding 86° Fahr. Winter and summer are the 
most agreeable seasons; in autumn the rain storms are 
accompanied by sudden changes of temperature, and in 
spring the sea breezes are apt to be violent. Besides the 
charms of its climate, Menton offers those of an almost 
tropical vegetation. Lemon-trees, olive-trees, and pines, 
rising above each other in successive stages, adorn the sur- 
roimding slopes. The district produces forty millions of 
lemons yearly, and this is the principal source of its natural 
wealth. The olive-trees are remarkable for the great size 
they have attained in the course of the centuries during 
which they have continued to bear. Of their wood a 
multitude of fancy objects are made for sale to strangers. 

The origin of Menton is unknown. During the Aliddle Ages it 
was successively occupied by the Saracens, the Genoese, and the 
princes of Anjou. In the middle of the 14th century it was pur- 
chased as a single domain by the Grimaldis, lords of Monaco. 
During the times of the republic and the first empire it belonged 
to France ; but in 1815 it again became the property of the 
princes of Monaco, who subjected it to such exactions that in 1848 
its inhabitants, weary of finding their reasonable demands put off 
with empty promises, proclaimed their town free and independent, 
under the protection of Sardinia. Menton, -with the neighbouring 
commune of Roquebrune, was united to France in 1860, at the same 
time as Nice and Savoy. 

MENTZ. See Mainz. 

MENZEL, Wolfgang (1798-1873), poet, critic, and 
historian, was born June 21, 1798, at Waldenburg in 
Silesia, studied at Breslau, Jena, and Bonn, and after 
living for some time in Aarau and Heidelberg finally 
settled in Stuttgart, where, from 1830 to 1838, he had a 
seat in the Wiirtemberg “landtag.” His first work, a 
clever and original volume of poems, entitled StrecJcverse 
(Heidelberg, 1823), was followed in 1824-25 by a popular 
Geschidite der Deutschen in three volumes, and in 1829 
and 1830 by Eiibezald and Harcisms, the ballads upon 
which his reputation as a poet chiefly rests. In 1851 he 
published the romance of Furore, a lively picture of the 
lieriod of the Thirty Years’ AYar ; his other very numerous 
writings include Geschichte Europa’s, 1789—1815 (1853), 
and histories of the German war of 1866 and of the 
Franco-German war of 1870-71. From 1825 to 1848 
Alenzel edited a. “ Literaturblatt ” in connexion with the 
Morgenhlatt ; in the latter year he transferred his allegiance 
from the Liberal to the Conservative party, and in 1852 
his “Literaturblatt” was again revived in that interest. 
In 1866 his political sympatMes again changed, and aUhis 
energies were employed to oppose the “particularism” of 
the Prussian “junkers” and the antiunionism of South 
Germany.' He died on April 23, 1873. His large private 
library of 18,000 volumes w'as afterwards acquired for the 
university of Strasburg. 

MEPHISTOPHELES, the name of one of the personi- 
fications of the principle of evil. In old popular books 
and puppet-plays the w'ord appears in various forms, — 
as Mephistopheles, ]\fephistophiles, Mephistophilis, and 
Mephostophilis. In the Tragical History of Doctor 
Faustus, Marlov'e writes “ Mephistophilis ” ; in the Merry 
^Yives of Windsor we find “ Mephistophilus.” The etymo- 
logy of the word is uncertain. According to one theory, 
it may be taken to represent fxri^wcrrof^ikr ]? ; in which case 
the meaning would be “ one who loves not light.” Another 
theory is that the word is a combination of the Latin 
“mephitis” and the Greek ^tAo?, signifying “one who 
loves noxious exhalations.” Probably it is of Hebrew 

origin, — from "'91?, a destroyer, and ^9^3, taken to mean a 
liar. This View is supported by the fact that almost all 
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the names of devils in the magic-books of the 16th century 
spring from the Hebrew. In the old Faust legends the 
character of hlephistopheles is simply that of a powerful 
and wicked being who fulfils Faust’s commands in order to 
obtain possession of his soul. Marlowe attributes to him 
a certain dignity and sadness, and there can be little doubt 
that the Mephistophilis of the Tragical History suggested 
some important traits of Milton’s Satan. Tiie name has 
been made famous chiefly by Goethe, whose conception of 
the character varied at different periods of his career. In 
the fragment of Faiist published in 1790, but ivritten 
many years before, Mephistopheles has a clearly marked 
individuality; he is cynical and materialistic, but has a 
man’s delight in activity and adventure, and his magical 
feats alone remind us that he is preternatural. In revising 
and extending this fragment, which forms the chief portion 
of the first part of Faust, Goethe treated Mephistopheles 
as the representative of the evil tendencies of nature, 
especially of the tendency to denial for its onm sake, rather 
than as a living person. This character Mephistopheles 
maintains in the second part, where, indeed, the name often 
stands for a pure abstraction. 

See Julius Mosen, Faust ; Diintzer, Erlautcrungcn zu Goethe’s 
Werhen : Faust ; Vischer, Goethe’s Faust. 

MEQUINEZ (the Spanish form of the Arabic Mikndsa), 
a town of Morocco, the ordinary residence of the emperor, 
is situated in a fine hilly country about 70 miles from the 
west coast and 35 west-south-west of Fez on the road to 
Sallee, in 34° N. lat. and 5° 35' W. long. The to^vn-wall, 
■with its four-cornered towers, is kept in good condition; 
and a lo'W'er waU of wider circuit protects the luxuriant 
gardens "with which the outskirts are embellished. In the 
general regularity of its streets, and in the fairly substantial 
character of its houses, Mequinez ranks higher than any 
other town in Morocco ; but it possesses few buildings of 
any note, except the palace, and the mosque of Mulei Ismael, 
which serves as the royal burying-place. At one time the 
jmlace (founded in 1634) was an imposing structure, but 
the finest part has been allowed to go to ruin. In 1721 
Windhus described it as “ about 4 miles in circumference, 
the whole building exceeding massy, and the walls in every 
part very thick ; the outward one about a mile long and 25 
feet thick.” The best part consisted of oblongs enclosing 
large open courts or gardens. Mortar or concrete was the 
principal material used for the walls, but the pillars were 
in many cases marble blocks of great beauty and costliness 
(A Journey to Mequinez, London, 1725). Most of the 
inhabitants of Mequinez are connected more or less directly 
with the court. Their number has been very variously 
estimated by different travellers. GrSberg de Hemso gives 
56,000 in 1834, Rohlfs in 1861 from 40,000 to 50,000, 
and Conring in 1880 about 30,000. The town was 
formerly called Tfikarart. Edrisi refers the present name 
to a Berber chief Meknds. 

MEE.AN, a favourite health resort, and the capital of a 
district in South Tyrol, Austria, is picturesquely situated 
at the foot of the vine-clad Kiichelberg, on the right bank 
of the Passer, about half a mile above its junction -n-ith the 
Adige, and 45 miles to the south of Innsbruck. Aleran 
proper consists mainly of one long narrow street, called 
the Laubengasse, flanked by covered arcades. In a wider 
sense, the name is often used to include the adjacent 
villages of Untermais, Obermais, and Gratsch. The most 
noteworthy buildings are the Gothic church of St Nicholas, 
with its loft^' tower, dating from the 14th and 15th 
centuries; the Spitalkirche, built in the 15th century, and 
restored in 1880 ; and the quaint old Fiirstenhaus, or 
residence of the counts of Tyrol. The town contains a 
gymnasium, a nunnery and school for girls, an institution 
for sick priests, and several other charitable establishments. 
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ileran owes its liigii reputation as a resort for consumptive 
and nen-ous invalids to tlie purity of its air and its com- 
parative immunity from ivind and rain in winter. It stands 
in 46’ 41' X. lat, at a lieiglit of 1050 feet above the sea, 
and lias a mean annual temperature of about 54’ lalir. 
ileran enjoys three seasons, being also visited in spring 
for the whev-cure and in autumn for the grape-cure. The 
arrangements for the comfort of the visitors are very com- 
plete? and the environs afford opportunity for numerous 
pleasaut walks and excursions. The favourite promenade of 
the inhabitants is on a massive dyke, built to protect the 
town against the encroachments of tlie Passer. Xcarly 
twenty old castles and chateaus are visible from the bridge 
over the Passer, the most interesting being Schloss Tv'rol, 
an ancient edifice which has given its name to the entire 
country, ileran is now frequented by about 6500 patients 
and 80*00 to 9000 passing travellers annually. _ In 1880 its 
population, including Obermais and Unterinais, amounted 
to 5334 souls. 

Ileran is probably the reprc=ent.ative of the Poman Urbs Ma jciisis, 
afterwards known as Mairania. It became a town in 12p0, and 
down to 1490 was the capital of the counts and dukes of Tyrol. 
The town suffered somewhat during the Peasants’ iVar in the ICth 
century, and subsequently from destructive llood.s. .\s a health- 
resort it has been known for about forty years. The whole n'gion 
in which it lies is singularly rich in historic interest. 

Avthoritm. — Beda \Veber, DUringsfclJ, Tftr ' 

Fr^hling ton J/mTn ; Stampfer, CKronik ron ISGT, nuil | 

Sfadi JferaTj. 1S72 ; Pirclier, Meran KHinaiisch^r Kurort, 1S70 ; I'Unt, /‘cArrr 
durch ^ferau, 2d c(l, 1873 ; Knoblauch, XVrj.i, ilth cd^ 15-Sl. ; 

ilERCATOE, Ger-vudcs (Latinized form of Gerhard ! 
Kramer) (1512-1594), mathematician and geographer, wa.s j 
born at Eupelmonde in Flanders, May 5, 1512. Hav- I 
ing completed his studies at Louvain, he devoted him- ; 
.self to geography, and, after being for some time attached ■ 
to the household of Charles V., ho was appointed cosmo- ' 
grapher to the duke of Juliers and Cleves in 1559, taking 
up his residence at Duisburg, where ho died December 
1594. One of his earlie.st cartograpliical work.s was a 
terrestrial globe (1541), followed in 1551 by a celestial 
globe. In 1552 he published a treati.so Be imt nnnuU 
nstronomici (Louvain), and at Cologire in 1569 his Chrono- 
togia, hoc est temporim demonstraiio . . . ah initio miindi 
vjsque ad Annum Domini 1568, e.r edipeibns cl ohscrca- 
tionibm astronomicu, sacris qiioque Bibliie, Ac. In the same 
year was published the first map on ilercatoFs well-known 
projection, -with the parallels and meridians at right anglc.s, 
for use in navigation. At Cologne, in 1578, appeared hi.s 
Tahxdse geographic^ ad mehtem Ptolemeel restitiif/v cl emend- 
atee. The work by which he is chiefly knoum is his atlas, 
published in 1594 at Duisburg, in folio, under tbe title of 
Allas, sive Cosmographicce meditationes dc fabrica mundi. 
It contains, besides the maps, cosmographical and other 
dissertations, some of the theological views in which were 
condemned as heretical ; it was completed by Hdndius in 
1607. Several of the maps had been previously puhli!=hed 
separately, the atlas being delayed to allow Ortelius to 
complete his. Mercator also published in 1592 a Uar- 
monia Evangeliomm. 

AIErPUMP. This name is given to 
is founded on 

statica^ the other on hydrodynamical princiifies. 

borp ^""'/’•—The famous spiritualist Sweden- 

' of mlra^ hv be- air-pump in which a mass 
or mercury, by being made to rise and fall alternatelv 
.vithm a vertical vessel, should do the work wH h ?n Z 
ordinary instrument is assigned to the piston He nub 
hshed a desenption of his pumn in 1 799 pT; -? ■ 
Euestionahle whether his desira Ls ^ or 




time before, by H. Geisler of Bonn, which at once, and 
justly, met with universal accojitance. 

The general scheme of Geisler’s jmmp is shown in fig. 1. 
A and B are pear-shaped glass vessels connected by a long 
narrow india-rubber tube, which must 
be sufficiently strong in the IxkIv* (or 
strengthened by a linen coating) to 
stand an outward iire.s.-;urc of 1 to L’ 
atmo.'pherc.s. A terininate.s below in a 
narrow' vertical tube c, which is a few 
inches longer than the height of the •, ^ 
barometer, and to the lower end (>f this \. 
tube the india-rublver lube is attached 
which conuecl.s A with B. To the 
ui>per end of A i.s .soldered a ghi-^s two- 
way stoji-cock, by turning which the 
vc>.=el A can either Iw made to enm- 
iininicate through and a Iiole in the 
hollow cock with the vc-'-el to be e.v- 
hausted (L, fig. 2), or througli g with 
the atnio.'jdiero (11., tig. 2), <‘r can be 
.shut off from l>oth when the ctHik hold.s 
an intennediate po.dtion. The njqaratu.s, 
after having been carefully cleaned and 
dried, i.s charged with jnire and dry mer- 
cury, which mti't ne.vt be worked b.ick- 
wards and forwanU IfCtwceu A and B to 
remove all tlic air-b-. ll.'. The air is llion driven out of A by 
lifting B ton .'-ufficient level, turning tlie cock into jto-^itioa 
II., and letting the mercury flow into A until it gct.s to 
the other .side of the .‘-top-cock, which is then placed in 
the intermediate jio.d- 
tion. Sujijto-ing the 
vc.ssei to be c.vban.sted 
to have already been 
.securely connected with 
/», wc now lower the 
re.servoir P» so a.s to re- 
duce the pressure in A 
sufficiently below the 
tension in the g-as to 
be .sucked in, and, by 
turning the cock into 
position L, cau.-^e the gas 
to c.\pand into and al- 
most fill A. The cock 
is now shut against both 
rt and h, the reservoir 
Ijftcd, the g-as contents 
of A discharged through 
a, and so on, until, when 
after an exhaustion mer- 
cury is let into A, the 


Pin. 1. — ftti'kr'j 
Merearial .\;f-IV.e;T'. 



Fio. 2- — Armigcnicnts of StoivCock 
IS jL-e inio x\, tne .Vir-l’iniir- 

metal strikes again.st the top without intcrpo.ution of -a 
gas-hell. In a well-made apparatus the pro.-esurc in tlie 
e.xlinusted vc-ssel i.s now reduced to -jL or of a milli- 
metre, or even less. An absolute vacuum cannot be pro- 
duced on account of the unavoidable air-film between the 
mercury and the avails of the apparatus. 

. The great advantage of the mercurial over the ordinary air-pump 
1 ^ 2.^ evacuates far more conipletelv than tlio latter, that it 
affords direct and unmistakable evidence of the oxliaiiriiveiiess of 
Its work, and — last not least — that it enables one to transfer 
sucked out to another vessel without loss or contamination, so thaf 
It can be me.asnred and analysed. On ncconnt of this latter featurc 
more especially, the iustnnnent is highly rained ns an auxiliary U' 
gasoinetnc researches. Without it the rese.arches on which p'sta 
our present knowledge of the gases of tlie blood could not have been 
Mmcd out. The actual instrument, as constructed for vanou- 
mds of work, has of course various complexities of det.ail oinit-w 
he above dc.scription. For these the reader must refer to hand- 
books of practic.al physiology. 
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As it takes a height of about 30 inches of mercury to balance 
the pressure of the atmospliere, a Geisler pump necessarily is a 
Komewliat long-legged and uiiwield}^ instrument. It can be con- 
siderably shortened, the two vessels A and B brought 7 nore closely 
together, and the somewhat objectionable india-nibber tube be dis- 
pensed with, if we connect the air-space in B with an ordinary air- 
puinj), and by means of it do the greater part of the sucking and 
the whole of the lifting work. An instrument thus modifieu was 
constructed by Poggendorlf (see his Annahn, vol. c.v.vv. p. 151, 
1805), and another, on somewhat different principles, by Prof! 
Dittmar (see the “ Challenger" Reports). 

Even a Geisler’s stop-cock requires to be lubricated to be abso- 
lutely gas-tight, and this occasionally proves a nuisance. Hence a 
number of attempts have been made to do without stop-cocks alto- 
gether. In Tbpler’s pumjji this is attained by using both for the 
inlet and the outlet vertical capillary glass tubes, soldered, the 
former to somewhere near the bottom, the latter to the top of the 
vessel. These tubes, being more than 30 inches high, obviously 
act as efficient mercury-traps ; hut the already considerable height 
of the pump is thus multiplied by two. This con.sideration liaskd 
Ale.vander Mitscherlioh {Rogg. Ann., cl. 420, 1873), and quite 
■ lately F. Heiseu {Z. /. Jnslnmenlenlciinde, 1882, p. 285) to intro- 
duce glass valves in lieu of stop-cocks. As glass floats on mercury, 
such valves do not necessarily detract from the exhaustive power 
of the pump. 

2. The Dynamic Pump . — ^This tvas invented in 1865 by 
H. Sprengel. The instrument, in its original (simplest) 
form (fig. 3), consists of a vertical 
capillary glass tube a of about 
1 mm. bore, provided with a 
lateral branch h near its ujiper 
end, which latter, by an india- 
rubber joint governable by a screw- 
clamp, communicates with a funnel. 

The lower end is bent into the 
shape of a hook, and dips into a 
pneumatic trough. The vessel to 
be exhausted is attached to h, and, 
in order to extract its gas contents, 
a properly regulated stream of mer- 
cury is aUowed to fall through the 
vertical tube. Eveiy drop of mer- 
cury, as it enters from the funnel, 
entirely closes the narrow tube like 
a piston, and in going past the 
place where the side tube enters 
entraps a portion of air and carries 
it down to the trough, where it can 
be collected. If the vertical tube, 
measuring from the point where 
the branch comes in, is a few inches 
greater than the height of the 
barometer, and the glass and mer- 
cury arc perfectly clean, the apparatus slowly but surely 
produces an almost absolute vacuum. 

Tfio great advantages of Sprengcl’s pump lie in tlie simplicity of 
its construction and in tlie readiness with which it adapts itself to 
the collecting of the gas. It did excellent service in the hands of 
Graham for the extraction of gases occluded in metals, and since 
then has become very popular in gas-laboratories, e.specinlly in 
Britain. Many imiirovemcnts upon the original construction have 
been proposed. One of these which deserves mention is to pass the 
mercury, before it enters the “falling” tube, through a bulb in 
which a good vacuum is maintained, by means of an ordinary- air- 
j>ump or a second “Sprengel.” (\V. D.) 

^lERCURY was the Roman god who pre.sided over j 
barter, trade, and all commercial dealing.?. His nature is j 
probably more intelligible and simple than that of any i 
other Roman deity. Hi.s very name, which is connected | 
with mer.x, mercator, itc., shows that lie is the god of j 
merchandise and the patron of merchants. In the native 1 
Italian states no merchants and no trade existed till the j 
influence of the Greek colonies on the coast introduced j 
Greek customs into the cities of the land. All the u.sages ^ 

J Sec Dingier s Pobjlechn. Journal, 1802 ; an improved_form by 
Besscl-Hagen is described in IViedcmann’s Annalai, xii. 425, ISSI. , 


a 



Fig. 3. — Sprengel’s 
Air-Pump. 


. and terminology’ of trade, and all the religious cereinonic.s 
' connected with it, were borrowed by the Romans from the 
Greeks. It was no doubt under the rule of the Tanpiins 
when the prosperity of the state and its intercourse with 
the outer world' were so much increased, that merchant-s 
began to ply their trade in Rome. Doubtless the 
merchants practised their religiou.s ccrcmonie.s from the 
first, but their god DIercurins was not officially recognized 
by the state till the year 495 n.c. Rome frequently .snlfcrcd 
from .scarcity of corn during the unsettled times that 
followed the expulsion of the Tarquins. Various reli<dou.s 
innovations were made to propitiate the gods; in 490 the 
Greek worship of Demeter, Dionysus, and Persephone 
was established in the city (see Lurnu), and in 495 the 
Greek god Hkkmes fy.v.) was introduced into Rome under 
the Italian name of Mercurius (Li-vy, ii. 21, 27). Preller 
thinks that at the same time the trade in corn was regu- 
lated by law, and a regular college of merchants was 
instituted. This colleyium was under the jirotection of the 
god; their annual festival was on the Ides of !May, on 
which day the temple of the god had been dedicated at 
the southern end of the circu.s ma.vimus, near the Aventine ; 
and the members were called mercxtrialcs as well ns 
mercatores. The Ides of May was chosen as the feast of 
Mercury, obviously because Slaia was the mother of 
Hermes, i.e., of Itlercurj’ (see Maia) ; and she was wor- 
shipped along with her son by’ the mercnriulc.'s on this 
day. According to Preller, this religious foundation had 
a political object ; it established on a legitimate and sure 
basis the trade between Rome and the Greek colonies of 
the coast, whereas formerly this trade had been exposed to 
the capricious interference of the Government officials for 
the year. Like all borrowed religions in Rome, it must 
have retained the rites and the terminology’ of its Greek 
original (Festus, p. 257). Mercury became the god, not 
only of the mercaiores and of the corn trade, but of buying 
and selling in general ; and it appears that, at least in the 
streets where shops were common, little chapels and images 
of the god were erected. There was a .spring dedicated to 
Mercuiy’ between his temple and the Porta Capena : every 
shopman drew water from this spring on the Ides of lilay, 
and sprinkled it with a laurel tvig over his head and over 
his goods, at the .same time entreating }ifercury to remove 
from his head and his goods the guilt of all his deceits 
(Ovid, Fasti, v. 673 sq.). Tlie art of the Roman trade,-,man 
was evidently like that of an Oriental tradesman in modern 
times, and the word mercvrialis was popularly’ used as 
equivalent to “ cheat.” In the Latin poets Dfercury is often 
gifted with some of the manifold characters of the Greek 
Hermes, but tliis finer conccjition seems to have had no 
real existence in Roman religion. 

Boraan statuettes of bronze, in which lilcrcurj’ i.s rcprc-sentcd, like 
the Greek Hermes, standing holding^ the c.aduceus in the one hand 
.and a purse in the other, are exceedingly common. 4 he c.adiiccus 
must have been introduced as a symbol of Mercury’ at a very’ »arly 
time, for it is found on Italian coins as early as the 4th cejiriiry 
before Christ, and we learn that several were Icept ns .sacred objects 
in the adytum of the sanetuaiy at Lavinium (Dion. Hah, i. 07). 
But it.s foreign origin is shown by the fact that, although it was a 
sign of peace, it wa.s never home by the fctinles, the old Itali.-m 
heralds. The veiy name is derived from tlie Greek K-npiuetoi-. 
rreller’.s view [Rom. Myth.) that mercuriaks and mercatores arc 
the same guild is a tempting one, but its truth is very doubtful. 
Mommsen thinks that meraeriales vetc a purely local guild, viz., 
the fcegarti of the Circus valley. 

MERCHRV, in cliemi.«tiy’, i.s a metal (.sjnibol Hg) wliicli 
is easily’ distinguished from all others by it.s being liquid 
at even the lowest ternjieratures naturally occurring m 
moderate climate,?. To this exceptional property it ov.e.-> 
the .sy’nonyms of quichsilver in Engli.sh (with the Germans 
nvechMlber is the only recognized name) and of hydrnr. 
gyrnm (from vhotp, water, and apyvpos, silver) in Gra.co-Datin. 
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This metal does not appear to have been known to the 
ancient Jews, nor is it mentioned by the earlier Greek 
writers. Theophrastus (about 300 B.c.) mentions it as a 
derivative of cinnabar. With the alchemists it was a 
substance of great consequence. Being ignorant of its 
susceptibiUty of freezing into a compact solid, they did not 
recognize it as a true metal, and yet, on the authority^ oi 
Geber, they held that mercury (meaning the predominatmg 
element in this metal) enters into the composition of aU 
metals, and is the very cause of their metallicity,^ When, 
about the beginning of the 16th century, chemistry and 
scientific medicine came to merge into one, this same 
mysterious element of “ mercury ” played a great part m 
the theories of pathology ; and the metal, in the free as m 
certain combined states, came to be looked upon as a 
powerful medicinal agent, which position, on purely em- 
pirical grounds, it continues to hold to the present day. 

Mercury occurs in nature chiefly in the form of a red 
sulphide, HgS, called cinnabar, which, as a rule, is accom- 
panied by more or less of the reguline metal, — the latter 
being probably derived from the former by some secondary 
reaction. The most important mercury mines in Europe 
are those of Almaden in Spain and of Idria in Elyria; 
these until lately furnished the bulk of the mercury of 
commerce, but they are now almost eclipsed by the rich 
deposits of New Almaden in California. Considerable 
quantities of mercury are said to be produced in China and 
in Japan ; minor deposits are being worked in the Bavarian 
Palatinate, in Hungary, Transylvania, Bohemia, and Peru. 
At Almaden the ore forms mighty veins traversing micaceous 
schists of the older transition period ; in Elyria it is dis- 
seminated in beds of bituminous schists or compact lime- 
stone of more recent date. 

Chemically speaking, the extraction of mercurj' from its 
ores is a simple matter. Metallic mercury is easily vola- 
tilized, and separated from the gangue, at temperatures far 
below redness, and cinnabar at a red heat is readily reduced 
to the metallic state by the action of iron or lime or 
atmospheric oxygen, the sulphur being eliminated, in the 
first case as sulphide of iron, in the second as sulphide 
and sulphate of calcium, in the third as sulphurous acid 
gas. To the chemical mind a close iron retort would 
suggest itself as the proper kind of apparatus for carrying 
out these operations, but this idea is acted upon only in 
a few small establishments, — for instance, in that of Zwei- 
brucken in the Palatinate, where lime is used as a decom- 
posing agent. Ei all the large works the decomposition 
of the cinnabar is effected by the direct exposure of the 
ore to the oxidizing flame of a furnace, and the mercmy 
vapour, which of course gets diffused through an immense 
mass of combustion gases, is sought to be recovered in 
more or less imperfect condensers. 

At Alniaden this roasting distillation is effected in prisinatic 
furnaces, which, by a second upper (brick) grating are divided into 
two Hate, the lower one serving for the generation of a wood fire, 
while the upper accommodates the ore, which is introduced through 
an opening in the dome-shaped loof. To avoid an excessive dilu- 

ila IS combustion gases, part of these are 

led out lateially into a chimney and the rest aUowk to strike up 
through the heap of ore. The large mass of metalliferourvapom 
produced passes out through a system of pipes inserted laterally mto 
the dome and so arranged-that they follow first a descending and 
then an ascending plane, to lead ultimately into a conStion 
chamber which communicates in its turn with a chimney The 
pi^s are formed each oi a large number of elongated pear shaped 


through the numerous leaks in the aludels) into the atmosphere 
to pomon the surrounding vegetation and the workmen. Similar 
furnaces to the Almaden ones are used in Idria and at New 
Almaden ; only the condensation apparatus are a little less im- 
perfect. But in all three places the loss of metal is veiy consider- 
able ; at New Almaden it is said to amount to close upon 40 per cent. 

The mercury obtained is purified mcchpically by straining it 
through dense linen bags, and then sent out into commerce in leather 
bags, or in ivrought-iron bottles provided with screw plugs, each 
holding about 75 lb avoirdupois. 

According to Balling’s Metallurgisclie Chemie (Bonn, 
1882), the production of mercury in the years named was 
as follows ; — 


Austria, exclusive of Hungary (1880), 

Hungary (1879) 

Italy (1877) 

Spain (1873) 

United States (1875) 


369 tons. 
180 „ 


929 „ 

2054 „ 


ARsnming tlie amount to be the same from year to year, 
this gives a total of 3587 tons. 

Tbe price of the metal is subject to immense fluctuations ; 
it generally ranges from 2s. to 7s. 6d. a poimd avoirdupois. 

Commercial mercury, as a rule, is very pure chemically, 
so that it needs only to be forced through chamois leather 
to become fit for all ordinary applications ; but the metal, 
having the power of dissolving most ordinary other metals, 
is very liable to get contaminated -with these in the labora- 
tory or worksho)), and requires then to be purified. For 
this purpose a great many chemical methods have been 
proposed, which, however, all come to this, that the 
base admixtures are sought to be removed by treatment 
■with nitric acid, oil of vitriol, or other agents which act 
preferably' on the impm-ities. The best of these methods 
is that of Brtihl, who shakes the metal with a solution of 
5 grammes of bichromate of potash and a few cubic centi- 
metres of sulphuric acid in one litre of water, xmtil the red 
chromate of mercury, first produced, has disai)peared, and 
its place been taken by green chromic sulphates. The 
supernatant liquor and chromic scum are washed away by 
a powerful jet of water, and the clean metal'is dried and 
filtered through a perforated paper filter. The only really 
exhaustive method is redistillation out of a glass apparatus. 
Unfortunately the operation is difficult of execution, as 
mercury “bumps” badly on boiling; but this can be 
avoided by distilling the metal in a perfect vacuum. An 
ingenious apparatus for this purpose, in W'hich the distilled 
metal itself is made to keep up the vacuum, was con- 
structed lately by Leonhard Weber. A U-tube, the limbs 
of which are longer than the height of the barometer, is 
filled with pure mercury, and inverted, the one limb 
being made to dip into a vessel with pure, the other 
into another containing the impure, mercury. This second 
limb is inflated above so that the meniscus is about the 
middle of the bulb. This bulb is heated, and the conse- 
quence is that the metal there distils over into the first 
hmb to add to the supply of pure metal, the impure 
rising up in the second by itself to maintain a constant 
level. Dewar has modified the apparatus so that there 
is no need of a supply of pure metal to start with. 
Absolutely pure mercury does not at all ' adhere to any 
surface which does not consist of a metal soluble in mercury. 
Hence the least quantity of it, when placed on a sheet of 
paper, forms a neatly rounded-off globule, which retains its 
form on being rolled about, and, when subdivided, breaks 
up into a number of equally perfect globules. The presence 
in it of the minutest trace of lead or tin causes it to “ draw 
tails.” A very impure metal may adhere even to glass, 
and in a glass vessel, instead of the normal convex, form 
an irregular flat meniscus. 

^ Prapo'ties . — The pure metal is silver-white, and retains 
its strong lustre even on long exposure to ordinary air. 
At - 38°-8 a, t.e.,- 37°-9 F. (Balfour Stewart), it freezes. 
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with considerable contraction, into a compact mass of 
regular octahedra, which can ’ be cut with a knife and be 
flattened under the hammer. The specific gravity of the 
frozen metal is 14-39 ; that of the liquid metal at 0 ' C. is 
13-595 (water of 4° C. = l). Under 760 mm. pressure 
it, boils at 357 -3 C. (675°-l Fahr.) (Regnault). At very 
low temperatures it seems to be absolutely devoid of 
volatility (Faraday); but from - 13° C. upwards (Regnault) 
it exliibits an appreciable vapour tension. 

The following^ table gives the tensions “ 71 ,” in millimetres 
of mercury of 0 C., for a series of centigrade temperatures 
“t,” according to Regnault; — 


0° 

10° 

20° 

50’ 

100° 

150° 

200° 

71= -02 

•03 

•04 

•11 

•75 

4-27 

19-90 

250° 

300° 

350° 

400° 

450° 

600° 

^=75-75 

242-1 

663-2 

1588 

3384 

6520 


According to the same authority, its average coefficient 
of expansion i per degree C. is as follows : — 

0-100° C. 0-200° C. 0 4300° C. 

A:= -0001815 *0001841 -0001866 

or 1/5510 1/5432 1/5359 

Its Specific heat in the liquid state is -03332; that of 
the frozen metal (between - 78° and - 40 ° C.) is -0319 
(Regnault). Its electric conductivity is -g^ of that of pure 
silver (lilatthiesen). Its conductive power for lieat is 
greater than that of w-ater, and is proved (by Herwig) to 
be perfectly constant from 40° to 160° C. Its vapour 
density (air of the same temperature and pressure = 1 ) is 
6-976 (jDumas), or 100-93 for hydrogen = 1., Hence its 
molecular weight (Ho = 2) is 201 - 86 . The atomic weight, 
,by chemical methods, u-as found = 200-0 (Erdmann and 
Marchand); hence mercury-vapour molecules consist of 
single atoms. ^Mercury does not appreciably absorb any 
chemically inert gas. 

Mercurj' is in constant requisition in the laboratory. It 
is used for the collecting and measuring of gases, in the 
construction of thermometers, barometers, and manometers, 
for the determination of the capacity of vessels, and many 
other pm-poses. In medicine it serves for the preparation 
of mercurial ointment and of “hydrargyrum cum creta” 
(the -chief component of “ blue piUs ”) ; both are obtained 
by diligently triturating the metal with certain proportions 
of grease and chalk respectively until it is “ deadened,” i.e., 
subdivided into inUsibly small globules (see below). 

Alloys . — ^iMercury readily unites directly with all metals 
(except iron and platinum) into what are called amalgams. 
In some cases the union takes place with considerable 
evolution of heat and large modification of the mean pro- 
perties of the components. Thus, for instance, sodium 
when rubbed up with mercury unites with it with deflagra- 
tion and formation of an alloy which, if it contains more 
than 2 per cent, of sodium, is hard and brittle, although 
sodium is as soft as wax and mercury a liquid. Liquid 
amalgams of gold and silver are employed for gilding and 
silvering objects of copper, bronze, or other base metal. 
The amalgam is spread out on the surface of the object 
b}' means of a brush, and the mercurj’’ then driven ofl[ 
by the application of heat, when a polishable, firmly 
adhering film of the noble metal remains. Copper 
amalgam containing from 25 to 33 per cent, of the solid 
metal, when worked in a mortar at 100° C., becomes highly 
jflastic, but on standing in the cold for ten or twelve hours 
becomes hard and crystalline. Hence it is used for the 
stuffing of teeth. A certain amalgam of cadmium is 
similarly emplo 3 -ed. 

Oxides . — There are two oxides of mercury, namely, an oxide, 
Hg-O, called mercurous, aud anotlier, HgO, called mercuric oxide. 
Tl;e latter can be produced directly by keeping the metal for a long 
time in air at a temperature somewhat below its boiling point, 
when the o.vide is gradually formed as a red powdeiv solid. This 
solid has long been known as “red precipitate,” or as tnereuritrs 


prmcipiiatus per sc. Priestley made the important discovery- that 
tne precipitate when heated to dull redness is reduced to metal 
VTuh evolution of wliat has since hocn known as oxvt'en pis * l»ut it 
W.TS reserred for Lavoisier to correctly interpret tins experiment 
and thus to establish our present aiews on the constitution of 
atmospiienc air. TIic oxide is easily prepared hy lieating niiv 
nitratc_ of the metal as long as nitrous fumes arc 'seen to go oif 
(when It remains as a scaly mass, black when hot, red after cooling) 
or else by precipitating tlio solution of a mercuric .salt with excess 
of caustic potash or soda, when it comes down as an amorphous 
t'cllow precipitate, wliich is free of combined water. Mercurous 
oxide, a black solid, can bo obtained only indirectly, bv the decom- 
position of mercurous salts with fixed caustic alkalies. ’ Both oxides 
are insoluble in water, but dissolve in certain, and comliiue with 
all, aqueous acids with formation of mercury salts and elimination 
of water. Thus, for instance. 


Hg„0-f2HNO; 


.3-H„04-Hg,(K0.,)., 
Mcrcumus iiltiatc 


HgO + 2HN'03 = H„0 + Hg(K 0.,). . 

Mercuric nitrate. 

The Kiiraics . — "l^Tien metallic mercuiy- is set aside with its own 
weight of nitric acid of 1-2 specific gravity, at ordinary tempera- 
tures, the normal mercurous salt Hg„(K03)3 L gradually produced, 
and after a day or two is found to liavo separated out in colouilcs.s 
crj-sLals, Tliese are soluble (somewhat sparingly) in water acidu- 
lated with nitric acid, but are decomposed by the action of jnire 
water, with formation of difficultly soluble' basic salts, wlicn 
this salt (or the metal itselp is treated witli c.xccss of nitric acid it 
is orfdized into mercuric nitrate Hg(N03)j, a white crystalline salt, 
readily soluble in water without decomposition. 

The Sulphates. — Cold aqueous sulphuric acid does not act upon 
mercurj-, but the hot concentrated acid converts it first into 
mercurous aud then into mercuric sulphate, with evolution of 
sulphurous acid. 

Hg„ + 2H„SO^ = 2H„0 -I- SO. -f Hg.SO^ , 

HgAO^ + 2H.SO^ ■='211.0 + SO. +'2HgS0 , . 

Both salts form white crj-stalline magmas. The mercurous salt 
is difficultly soluble in water, and consequently producible by 
prccipitation of the nitrate with sulphuric acid. The mercuric salt, 
when treated witli n-atcr, is decomposed with formation of a yellow 
insoluble basic salt, which has long been known as tiir^ict/nun mine- 
rale. Its composition is SO3 . 3HgO when produced by excess of 
liot water. Slercuric sulphate is of importance chiefly as forming 
the basis for the manufacture of the two chIoridc.s. 

The Chlorides. — These are both extensively used medicinal agents. 
The mercuric salt, HgCl., knoini in medicine ns corrosive sub- 
limate, is prepared by mi.v'ing tlie sulphate intimately with coiiunon 
salt, and subjecting the mixture to sublimation, a little hinoxido 
of manganese being added to oxidize the mercurous salt, which is 
generally present as an inipuritj-. The proce.ss is conducted in a 
glass flask buried in a hot sand-bath. M’licn the dccompo.sition i.s 
accomplished, the sand is removed from tlic upjicr half ot the flask 
and the temperature raised so that the chloride HgClj produced 
sublimes up and condenses in the upper part a.s a “sublimate.” 
The salt, as thus produced, forms compact crystalline crusts, which, 
when heated, melt into a limpid liquid before volatilizing. It is 
soluble in water, 100 parts of which at 10°, 20°, 100° dissolve G'vi, 
7-39, 54 parts of salt Corrosive sublimate dis-solvcs in 3 parts of 
alcohol and in 4 parts of ether. Tins salt, on account of its 
solubility in water, is a deadlj- poison. 31 creurous chloride, HgCi., 
better known as “calomel" (from koXos, fair, .and /i/Aai, black, 
because it becomes dead-black when treated with animonia, mer- 
curic chloride yielding a white product), is prepared iiy mixing 
corrosive sublimate witli the proper proportion of metallic ni'Tcurj* 
(H^CL • H") or mercuric sulphate with salt and mercury iti the 
proportions of HgSOj : Hg : 2NaCl, and subjecting the mixture to 
sublimation in glass flasks. The mH HgXI. ns thus obtained in 
the form of white, opaque, crystalline enust.s winch, wlion lieatcc , 
volatilize, without previousl)" melting, into a mixture of HgU. 
and Hg vapour, which, on cooling, recombine into calomel, tor 
medicinal purposes the sublimate is reduced to an impalinide 
powder, washed with water to remove any corrosive sublimate tiiat 
may be present, and dried. Being insoluble in water, it acts )ur 
less violently on the organism tlian mercuric chloride does. I t.s 
action, no doubt, is due to its verj- gradual couTC^ion in fhe 
stomach into mercury and corrosive sublimate. Fmidy din.-.-d 
calomel can be produced, without trouble, by tlie precipitation of a 
solvilion of mercurous nitrate with hydrocJiIonc acid or coinnmn 
salt; but tins preparation is liable to be contaminated vitii 
mercurous nitrate, aud, even when pure, has been fonnd to act .ar 
more violently than ordinarj- calomel does, irence its n-- i.c no. 
tolerated bv the piiannacopoeias. According to M cider a mercurciis 
chloride, niore nearly equivalent to the sublimed article, i.s produc- 
ible bv heating corrosive sublimate solution with siiIj>burou-S acn. 

2HgCL -i- H-SO3 + H-O " HXO4 -r 21191 j HgjCi. . 

XI L — 5 
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Tlie writer is unable to say whether 'Wdlilcr's calomel has ever 

found its way anywhere into medicinal jnactiee. 

The /orftVte.— The mercuric salt Hglo is ])rodn(’ed in two ways, 
viz., first by mixing tliu two elementary comiioncnts intimately 
and subiooting the mixture to sublimation, and secondly by pte- 
cinitating corrosive sublimate solution with its exact cf|iiu alen o 
ioilide of iiotassiiiin. In the first case the salt is obtained in yellow 
crystals, which, on the slightest touch with a solid body, assmno 
and then permaneiitly retain a rich scarlet colour. 'Iho jirecinita- 
tion process at once yields the scarlet salt. The salt is insoninlo 
in water, but soluble in alcohol and in iodide of potassium solution. 
The meicurous salt HgoL is obtained by preci[iituting iiiercuions 
nitiatc with iodide of potassium ns a dirty-green powder iiisolnolo 
in water, lloth iodides are used medicinally. 

The Sulphides.— 'hlavcmwis sulphide, Ilg^.S, docs not seem to 
exist. The morcurio salt, IlgS, exists in two modilie.itions, of 
wliicii one is aniorphous and has a black colour, while the other is 
crystalline and rod. The black one is obtained by picci]iitation of 
solutions of mercuric salts with excess of sulphuretted hydrogen, 
or by direct synthesis. The right jiioportions of mercury nnd 
flowers of sulphur are rubbed together in a mortar until the whole 
is converted into a jet-black unifoim powder. This preparation 
(the xthiops mineralis of the pharmaceutist), however, i.s a)d to be 
contaminated witli uiicombinod siilphiir and mercury. Apiilicalion 
of a gentle heat eauses exhaustive combination. The icd hulphidc, 
HgS, occurs in nature as cinnabar, nnd cun be jiroduced artilicinlly 
from the black. The artificial preparation, known ns vermilion, is 
highly valued as the most brilliant, stable, nnd innocuous of all 
mineral red pigments. Vermilion can he jiroduced from the black 
sulphide in two ways, viz,, first by sublimation, nnd secoudly by 
treatment of it with fixed nlknliiio sulphide solution. According 
to Brunner, 100 parts of mercury are mixed intimately with 38 jiarts 
of flowers of sulphur, and the mthiops is digested, with constant 
agitation, in a solution of 25 parts of potash in 150 parts of water at 
45° C. (the water lost by evaporation being constantly replaced), until 
the preparation has come up to its maximum of fire nnd hrilliancj", 
which takes a good many hours. Purely suhlimed veimilioii has a 
comnawtivoly dull colour, and must ho manipulated with alkaline 
sulplilde solution to give it the necessary fire. The action of the 
alkaline sulphide consists prohahly in this, that it dissolves succes- 
sive instalments of the amorphous preparation and redoposits them 
in the crystalline form. 

Mercuric Derivatives of Ammonia.— i^\) liecontly jneeipitated 
oxide HgO is digested, cold, in carbonio-acid-free mnmonia, njid 
the mixture allowed to stand for a few days. Tlie liquor is then 
decanted off, and the preoijntato washed with nlcoliol nnd then 
with other, and dried over sulphuric acid. Tlie jirodnct is a 
yellow solid haso (" llillon’a base ’’) of the composition 

NsHo + 4HgO -b H^O =■ NjHg40 . 21BO + 2ILO . 

It is insoluble in alcohol and in ether, and requires 13,000 parts 
of cold water for its solution. It readily unites with all ncins, 
forming salts, which, ns a rule, are insoluble in water. Hence nil 
ordinaiy salt solutions, when shaken with the base, are decomposed 
witli elimination of the base of the salt. Tims, for inshince, even 
such salts ns alkaline nitrates, chlorides, or .sulphates arc decom- 
posed with formation of solutions of caustic alkali. 

(2) A body N„HgjI;-(-2IInO, i.c., of the composition of the iodide 
corresponding to the oxide in (1), is produced ns a hrowii prcciintute 
wlien ammonia or an ammonia salt is added to a solution of mercuric 
iodide in iodide of potassium mixed with largo excess of caustic 
potash or soda (" Nessler’s reagent ”). In very dilute solutions of 
ammonia Ncssler’s reagent produces only a brown or yellow color- 
ation, which, however, is so intense that i 5 ,r 5 W;tli of ammonia in 
about 60 cubic centimetres of liquid hccomcs clearly visible. 

(3) The chloride NHJdg. Cl of the “ammonium” Nl'l.IIg is 
produced ns an insoluble white precipitate wlicn ammonia is added 
to a solution of corrosive sublimate. This substance is known in 
medicine as infusible white precipitate, in contradistinction to (4). 

(4) The tusiblo white precipitate was at one time supposed to ho 
identical with (3), and is obtained by boiling it with bal-nminoninc 

solution. Its composition is NHJIgCl+NH^Cl^NJB Hg Cl 

. -Analysis.— Any ordinaiy solid mercury compound: when li'cated 
in a sublimation tube with carhonato of soda, yields a sublimate of 
metallic mercury, which, if necessary, needs only to bo scraped 
together with a wooden spill to unite into visible globules. From any 
mercury ^a.lt solution the metal is precipitated by digestion with a 
uoco ol briglit copper-foil, _ Tho precipitated nicrcnrv forZ 



limato of mercury. 

■ Solutions of raorourous salts with hydrochloric acid 'dvo a white 
precipitate of calome|, which, after filtration, is easily identified by 
Its becoming .let-hlack on treatment with aiuiMnia. F. on, 
solutions hydroohloric acid preeipitates notliinr. • h.“r Stannous 
chloride, in its twofold capacity as ’a chloride a, d S mdfcing“ 


yields a precipitate of calomel. On nddilimi of an cxcr s.s of re.igciit 
the precipitate liecoines grey thioiigh eonvcr.sioii into finely divided 
quicksilver. Snlpliuretted hydrogen, when added very gradually 
to an acid meicurie solution, gives at first an nlninsl white precipi- 
tato, which, on addition of moie and moie leiigent, aMiimes .suc- 
cessively a yellow, orange, and at last jet-black colour, 1 he black 
piccipitnto is HgS, which is identified by its great heaviness, 
and fiy its being insoluble in boiling nitric nnd in boiling hydro- 
cliloric acid. A mixture of the tno {aqua login) dissolves it as 
chloride. (":• !!■) 

Thmtpcutm of 2ftrcury. 

The use of increury n.s a llicmiicutic agent j.s of com- 
paratively recent date. 'J’o the Greek.s and Koman.s it.s 
value tvas unknown, and the Aniliiiin phy.sicians only u.sed ‘ 
it for .skin alTcction.s, It wn.s not till the middle of the 
IGth century that the special properties of mercury were 
fully appreciated, Imt Kince that time the metal ha.s con- 
tiimed to hold a high though fluctuating value a.s a 
medicine. At fir.st the metal in a linely divided i-tate or 
in vapour was in-ed ; hut very .soon it.s variou.s comiiouiuis 
were found to he endowed with powers even greater than 
tho.se of the metal it.self, and with the di.scovery of new 
compounds the miniher of mercurial medicine.s has largely 
increased. 

The preparations now in use mn}' be thus classified. (1) 
Of the prcjiarations containing metallic mercury the chief 
members arc blue pill (pilula hydrargyri), grey powder 
(hy-drargyniin cum creta), and blue ointment (ungmenluin 
hydrargyri). Tho first consists of mercury, liquorice roof, 
nnd confection of rosc.s, the second of mercury and chalk, 
the third of mercury, suet, and lard. The power of the 
three jirepamtions seems to depend on the lino state of 
.subdivi.sion of the mercury they conUiin ; inercury in if.s 
ordinary liquid state seems devoid of medicinal proj)crtic.s. 
It i.s thought by some that the fine subdivi.sion of the 
metal leads to the formation of a little o.xidc, and that the 
efficacy of the preparations in part depends on this. (2) 
Three oxides of mercury arc employed in medicine, — the 
bed, from which is made red jirecipitate ointment (unguen- 
tum hydrargyri oxydi rubri), the yellow, an allotropic form 
of the red, and the black oxide. The yellow and Mack 
oxides suspended in linm water form respectively yellow 
and black wn.sh (iotio flava nnd lotio nigra). (3) The 
chlorides of mercury form a very important group: 
calomel (hydrargyri subehloriduin) is a "whito heavy 
powder ; corrosive sublimate (hydrargyri pcrchloridum) is 
n heavy crystalline substance. (4) Two iodidc.s arc u.scd 
jnedicinally ; they are knoini from their colour n.s the 
green and red iodides. (5) Nitrate of mercury enters into 
the composition of a powerful caustic known as the acid 
nitrate of meiTury. It is also the active principle of citrine 
ointment (unguentum hydrargyri nitratis). (G) In tliis class 
onl}' nmmoniated mercury nnd its ointment commonly 
known as white jireciiiitatc ointment, arc contained. Of 
the many comjiouuds not included in the above classifica- 
tion the oleale and albuminate are the most important. 

Mercurial jU'ciKiiatious arc largely einjilnycil ns external njqili- 
cations. Sovurnl of them aio potent agents for the ik'.slraction of 
tho lower forma of animal life, and hence are einidoyed to destroy 
parasites having tliyir habitat in skin, liair, nnd clolliing. The 
white and red ))rcripitato ointments ni-o sjiecially clfcctivo in tho 
destruction of pediciili, nnd blue ointment is occasionally used for 
tiic Banio purpose. Corrosive sublimate is, however, tho most 
energetic of tho lueicurial ]tarnsilicidc.s, and iccent ohsoivatioiis 
seem to show that it is superior to almost all other snhstances as 
a germ destroyer. It is sometimes used to get rid of ringworm. 
It should ho rornembered that corrosive sublimate is a powerful 
irritant to tho skin, and also an active poison. 

Acid nitrate of mercury is n caustic, and by it warts nnd small 
growthe are sometimes removed ; it is nhso one of tlie caustics occa- 
sionally applied to prevent the spread of lupus. 

_ In skin diseases mercurial preparations aro largely used, especially 
in some forma of eczema. A few grains of tiio red oxide or of 
ammoniatod mercury in rtn ounce of zinc ointment arc often found 
ol great service in tliis ailment ; citrine ointment is also useful. 
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Calomel ointment is not irritating, but rather tends to soothe. It 
is therefore sometimes applied to irritable rashes ; in pruritus ani 
it is of special value, llercurial preparations are not usually found 
of benefit in scaly eruptions. In acne a weak solution of corrosive 
sublimate is often most effective. , 

Preparations of mercury are often used to heal ulcers, especially 
those of syphilitic origin. Black wash is one of the commonest 
applications for tliis purpose. The red oxide ointment is at times 
employed to stimulate indolent ulcers, and it is capable of remov- 
ing exuberant granulations (proud flesh), which sometimes retard 
the healing of wounds. 

Mercury is largely used externally to promote the absorption of 
inflammatory products, especially iri the neighbourhood of joints. 
The blue ointment is frequently employed for this purpose, more 
rarely' a plaster containing mercury or a mercurial liniment. For 
■ effecting the absorption of goitre (Derbyshire neck) the ointment 
of the red iodide is often relied on, especially in India, where it is 
customary' to expose the patient’s neck to the sun after lubbing it 
rvith the ointment. In enlargements of the liver and spleen the 
application of mercurial ointment sometimes seems to promote re- 
duction in size. 

Taken internally in continued doses, mercury produces a peculiar 
effect known as salivation. First a metallic taste is experienced ; 
this is followed by soreness of the gums, an undue flow of saliva, 
and foetor of the breath. Further administration of the drug may 
increase greatly' the salivary flow, and also lead to swelling of the 
tongue, ulceration’ of the mouth, and even disease of tlie jaw'-bone. 
At the same time the blood becomes impoverished, and feverishness 
with loss of flesh occurs. A single large dose — rarely' too a single 
small dose — ^may' produce some of the above symptoms. They may' 
also follow the inlialation of the metal or its compounds, or their 
•absorption through the skin. The long-continued inhalation of 
the vapour of mercury acts likewise on the nervous system, caus- 
ing a peculiar kind of trembling. Mercurial tremor is sometimes 
seen in looking-glass makers, often in those who work in quick- 
silver mines. 

Internally mercury is chiefly' given for two purposes — (1) to 
cheek inflammation and cause the absorption of the products it 
gives rise to, and (2) to antagonize the syphilitic virus and remove 
the evils it causes. Some years ago the belief in the power of 
mercury to control inflammation W'as almost universal, and it was 
largely administered in almost all inflammatoiy affections, but of 
late it has been much less used, both because it seems doubtful 
whether it has really the power it was once supposed to have and 
because of the possibility of e'N'il results from its continued use. 
In peritonitis and iritis it is still often employ'cd, small doses of 
calomel being given. Not unfrequently too it is administered in 
pericarditis and hepatitis, but in pneumonia, pleurisy, .and most 
other inflammatory affections its use is now aisc<arded by many 
physicians. As an antidote to the syphilitic poison it is still held 
in high esteem, though opinions vary much as to the extent of its 
power. There can be little doubt that, given in an early stage of 
the disorder, it minimizes the secondary symptoms ; but it cannot 
bo relied on to prevent their occurrence. It aids in removing the 
secondary symptoms, and tends to the avoidance of tertiary 
manifestations, which nevertheless sometimes occur even Vrhcn 
mercury has been freely given. The custom of giving mercury 
till profuse salivation is established has long been abandoned; 
the aim now is so to give it as to prevent salivation occurring ; for 
this purpose' blue pill, csilomel, and corrosive sublimate are given 
in Very small doses, but if the gums become tender the dose is 
decreased or the administration stopped. 

SIcreurial treatment is sometimes carried out by rubbing the blue 
ointment into the skin, sometimes by exposing the patient to tlie 
fumes of calomel ; syphilitic eruptions are often treated by such 
fumigation. More rarely mercury is introduced by injecting the 
albuminate or some other preparation under the skin or by means of 
suppositories. In children grey powder is generally used when mer- 
curial treatment is required. Children bear mercury well. 

Blue pill, calomel, and grey powder are often used as purgtitivcs, 
and a power of promoting the secretion, of bile is attributed to 
them. Experimentally it has not been proved that they stimu- 
late the liv'er functions, but there is good retison for believing that 
they promote the expulsion of bile from the body. Grey powder is 
especially valued as a mild and efficient aperient for children, and 
is often git'en in the early stage of diarrheea to expel the irritating 
contents of the bowel. 

The use of calomel in tropical dysentery, once very prevalent, has 
■within the last few years been abandoned. (D. J. B.) 

JvIEBGANSER, a word originating ’vritli Gesner {Hiit. 
Animalium, iii, p. 129) in 1555, and for a long while used 
in English, as the general name for a group of fi^-eating 
Ducks possessing great di’ving powers, and forming the 
genus Mergus of Linnaeus, now regarded by ornithologists 
as a Subfamily, Merginx, of the Family Anatidx. The 
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Mergansers have a long, narrow bill, with a smaU but 
ewdent hook at the tip, and the edges of both man- 
dibles beset by numerous homy denticulations, whence in 
English the name of “Saw-bill” is frequently apphed to 
them. Otherwise their structure does not much depart 
from the Anatine or Fuliguline tyqie. All the species bear 
a more or less developed crest or tuft on the head. Three 
of them, Mergus merganser or castor, M. serrator, and M. 
albelhis, are found over the northern parts of the Old 
World, and of these the first two also inliabit North 
America, which has besides a fourth species, M. cucullatm, 
said to have occasionally -visited Britain. M. merganser, 
commonly known as the Goosander, is the largest species’ 
being nearly as big as the smaller Geese, and the adult 
male in breeding-attire is a very beautiful bird, conspicuous 
W'ith his dark glossy-green head, rich salmon-coloured 
breast, and the upper part of the body and ■w'ings black 
and white. This full plumage is not assumed tiU the 
second year, and in the meantime, as w'eU as in the post- 
nuptial dress, the male much resembles the female, having, 
like her, a reddish-brow head, the upper parts greyish- 
brown, and the lower dull white. In this condition the bird 
is often known as the “ Dun Diver.” This species breeds 
abundantly in many parts of Scandinavia, Russia, Siberia, 
and North America, and of late years has been found to do 
so in Scotland, usually making its nest in the stump of a 
hollow tree or under a slab of rock. M. serrator, com- 
monly called the Red-breasted Merganser, is a somewhat 
smaller bird ; and, while the fully-dressed male wants the 
delicate hue of the lower parts, he has a gorget of rufous 
mottled ■with black, below which is a patch of white 
feathers, broadly edged with black. The male at other 
times and the female alw'ays much resemble the preceding. 
It is more munerous than the Goosander, wth a somewhat 
more southern range, and is not so particular in selecting 
a sheltered site for its nest. Both these species have the 
bill and feet of a bright reddish-orange, while M, albellus, 
known as the Smew, has these parts of a lead colour, and 
the breeding plumage of the adult male is white, W'ith quaint 
crescentic markings of black, and the flanks most beauti- 
fully vermiculated — the female and male in undress having 
a general resemblance to the other two aheady described 
— but the Smew' is very much smaller in size, and, so far 
as is kno-wn, it invariably makes its nest in a hoUow tree, 
as ascertained first by WoUey (Ibis, 1859, pp. 69 et seq.). 
This last habit is shared by M. cucullatus, the Hooded 
Merganser of North America, in size intermediate between 
3f. albellus and M. serrator, the male of which is easily 
recognizable by his broad semicircular crest, bearing a fan- 
shaped patch of white, and his elongated subscapulars of 
w'hite edged w'ith black. The conformation of the trachea 
in the male of M. merganser, M. serrator, and M. cucullatus 
is very like that of the Ducks of the genus Clangula, but 
M. albellus has a less exaggerated development more 
resembling that of the ordinary FuUgulad From the 
southern hemisphere two species of Mergus have been 
described, M. oclosetaceus or brasilianus, Vieillot {F. Diet. 
ePEist. Naturelle, ed. 2, xiv. p. 222 ; Gal. des Oiseaux, 


^ Hybrids -bet-ween, as is presumed, If. albellus and Clangula 
glancim, the common Golden-eye, have been described and figured 
(Eimbeck, Jsis, 1831, 300, tab. iii. ; Brehm, Katurgeseh. Mer Vog. 
Deutschlands, p. 930 ; Naumann, VSg. Deutsclilands, xii. p. 194, 
frontispiece ; Kjaerbolling, Jour, fiir Omilhologie, 1853, Extrahef^ 
p. 29, Naumannia, 1853, p. 327, Omithol. Danica, tab. ly., suppl. 
tab. 29) under the names of Mergus anaiarius, Clangula angustirosiris, 
and Anas {Clangula) mergoides, as though they were a species ; 

but the remarks of M. de Selys-Longchamps {Bull. Ac. Sc. Bruxelles, 
1845. pt. ii. p. 354, and 1856, pt. ii. p. 21) leave little room for aoubt 
as to their origin, which, when the crj-ptogamic habit and common 
range of their putative parents, the former unknown to the author last- 
named, is considered. Trill seem to be still more likely. 
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tom. ii. p. 209, pi. 283), inhabiting South America, of 
■which but few specimens have been obtained, liaving some 
general resemblance to M. serrator, but much more darkly 
coloured, and IT. australis, Hombron and Jacquemont 
(Ann. Sc. N'at. Zoologie, scr. 2, xvi. p. 320; Joy. au lol 
Sud, Oiseaux, pi. 31, fig. 2), as yet known only by the unique 
example in the Paris Museum procured by the Ireuch 
Antarctic expedition in the Auckland Islands. This last 
species may iierhaps be found to visit New Zealand, and 
should certainly be looked for there. 

Often associated with the Mergansers is the genus 
Micrgaiictta, the so-called Torrent-Ducks of South America, 
of which three species are said to exist ; but they posse-ss 
spiny tails and have their wings armed with a .spur, 
"Whether they should be referred to the Mcrginm or the 
Ensmaturimz—tha Spiny-tailed Ducks proper— is a ipics- 
tion that further investigation must decide. (a. k.) 

- MERGUI, a district of British Burmah, between 9“ 58' 
and 13° 24' N. lat. It forms the southernmost district of the 
Tenasserim division, and is bounded on the N, l)j' Tavo}*, 
E. and S. by Siam, and lY. by the Bay of Bengal, with 
an area of 7810 square miles. Two princiiial rangc.s cross 
Mergui from north to south, running almost jiarallel to 
each other for a considerable distance, with the Tenasserim 
river winding between them till it turns south and Hows 
through a narrow rocky gorge in the westernmost range 
to the sea. Amongst these mountain range.s and their 
subsidiary sjrars are several fertile plains, densely clothed 
with luxuriant vegetation. Indeed, the whole di.strict, from 
the water’s edge to the loftiest mountain on the eastern 
boundary, may be regarded as almost unbroken forest, only 
73 square miles being under cultivation. Tlic timber trees 
found towards the interior, and on the higher elevations, 
are of great size and beauty, the most valuable being teak, 
itm^an (Ilopea odoratn), ha-gnyeng {Diyierocarpus tuher- 
culatm), &c. The coast-line of the district, studded with 
an archipelago of two hundred and seven islands, is much 
broken, and for several miles inland is verj- little raised 
above sea-level, and is drained by numerous muddy tidal 
creeks. Southwards of ilergui town it consists chiefly of 
low mangrove swamps alternating with small fertile riee 
plains. After passing the mangrove limits, the ground to 
the east gradually rises till it becomes mountainous, even 
to the banks of the rivers, and finally culminates in the 
grand natural barrier dividing British Burmah from A.s.sam. 
The four principal rivers are the Tenasserim, Le-gnya, 
Pakchan, and Palouk, the first three being narigablc for a 
considerable distance of their course. Coal is found in the 
district on the banks of the Tenasserim and its tributaries. 
Gold, copper, iron, and manganese are also found in various 
parts of the district. 


From the notices of earlj' travellers it appears that iMergui, when 
nnder Siamese rule, before it passed to the Burmese, was a rich and 
densely peopled country. On its occupation by the British in 
1824-25 it was found to be almost depopulated — the result ol 
border warfare and of the crhelties exercised by the Burmese con- 
querons. At tliat time the entire inhabitants only numbered 10 000 
in 18/6 they had increased to 61,846 (26,767 males and 25,07S 
according to religion, there were— Buddhists, 
o?/?® mi^^ 353 ; Christians and othem 

"rnnh . Y v only one town (Mergui) with more than 

uOOO inhabitants. _ Only 73 square miles of the district area wcri 
under cultivation in 1876, but this area is steadily tlioimh slowh 
increasing. The principal manufactures are sugai-boilin-and tin 
^lelting. Mergui carries on a flourishing trade with Ran "oon 
Bassein, and the Straits Settlements. The chief exports cons°si 
of nee, rattans, torches, diied fish, areca-nuts, sesaCm S 
molasses, sea-slup edible birds’ nests, and tin. The staple imnorti 

cotton, earthenware, tea, and suuar^T^n 
imperial revenue in 1876 amounted to i* *. 

fevers, bronchitis, rheumatism, and smaU-pox 


Meuoui, chief town of the above cli.strict, is situated 
on an island at the mouth of the Tenasserim river. The 
population (10,731 in 187G-77) con.si.sts of many races— 
Ta!aing.s, Burmese, Malay.s, Bcngali.s, Madrasi.s, Siamese, 
and Chinese. Considerable trade is carried on with other 
Burmese ports and the Straits Settlements. The harbour 
admits ve.sscls drawing 18 feet of water. 

MERIDA, a city of 7390 inliabitanls (1877), in the 
province of Badajoz, Spain, lies about 30 inile.s by rail 
eastward from Badajoz, on the Madrid and Badajoz lino, 
on a small eminence on the right bank of the Guadiana. 
It is connected by a branch lino of rail with Llerena on 
the south-east. The population is mostly agricultural. 
The city owc.s its interest entirely to its Pionian remain.s, 
which arc numerous and cxten.sivc. Of thc.se one of the 
ino.st important is the bridge of 81 nrclio.sof granite, erected 
liy Trajan; it is 2.075 feet long, 20 feel broad, and 33 feet 
above the bed of the river; it was unfortunately .‘^eriou.sly 
injured during the .siege of Badajoz in 1812, Of the 
colossal wall that formerly surrounded the town all that 
remains is a fine fragment, built of dre.^sed stone, on the 
spot formerly occupied by the ca-stelluin, and where the 
jirovisor of the order of Santiago nftenvard.s had lii.s 
residence (El Conventual). In the town arc .‘.omc rclic-s of 
templc.H of Diana, Mar.-^, Korluna, .Jupiter, and others ; and 
the Arco do Santiago, -l -i feel high, al.so datc.s fromTnijan'.s 
time; it has unfortunately been stripped of it.s marble 
casing. Of the aqueduct from the laguna of Albuera 
lhirty-.seven enormoii.s piers arc .Rtill otanding, with ten 
arches in three tiers bnilt of brick and gnuiitc. To the 
cast of the city is the circiH, mcn.suring .some 1.350 by 335 
feet; the eight rows of .seat.s .still remain. Further east- 
ward is the almost perfect theatre, and near it are the 
remains of the amphitheatre, or, ns some prefer to call it, 
nnumnehia (Bano do lo.s Romano.s). 

Ati'jusln J'mtrila w.m hiiiU in 2.5 P.c. by the cnieriti of the fifth 
nnd tentfi legions who hml served in the Cantnhriaii war uiider 
Augiistti.s. It rose to gre.it splendour nnd import.incens the c.spital 
of Lusit.inia. During the Ootliie j>eriod it U'C-muc nn rpbcopal s<'e, 
nnd .sovenil proviueial couiieils Iniowii to liLslnry were held there. 
It was taken by Mu<a in 71 1, ntul reconquered by .tiplioiiso in 1225. 

MERIDA, the cajntal of the Mexican state of Yucatan, 
.stands in a great plain in the north of the peninsula, on a 
.surface of limestone rock, about 25 mile.s from the port of 
Progre.'^o outlie Gulf of Mexico, with which it is connectctl 
by a mihvay o])encd in 1880. It is a well-built city, with 
broad streets and square.s ; and the flat-roofed stone houses, 
after the style introduced liy tlie Spaniard.s, give a Moorish 
colour to the general view. Be.’-ide.s the cathedral, an im- 
po.sing edifice of the IClh century, the bi.riiop’s palace, nnd 
the Government house (all of whicli are .situated in the prin- 
cipal square), the mo.st notable building i.s the Franchcnii 
monastery (154 7-1 000), which once harlmurcd within it.s 
high nnd turroted walls no fewer than two thousand friars, 
but^ has been allowed to fall into comjiletc decay .since 
their expulsion in 1820. For a long time Jlcrida has had 
the reputation of being one of the principal scats of culture 
in Mexico; and it i/osse.s.sc.s, besides the ecclesiastical 
seminary, schools of law, medicine, nnd pharmacy, a literary 
institute, a public library, a theatre, and a considerable 
niunber .of periodical publications. Commercially it has 
shared in the iirospority which Yucatan in recent years owes 
to the develojmicnt of the Sisal hemji trade ; nnd its manu- 
factures embrace cotton goods, cigars, sugar, and rum. The 
population, estimated about 1840 as 25,000, was found 
^0 number 33,025. The Jlayas still form numeri- 
cally the strongest element. Previous to the Spanish 
conquest the site of Merida was occupied by the Jlaya 
Tehoo, which contained so great a number of 
artificial stone-mounds that the new-comers had abundant 
material for all their buildings. The foundation of the 
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city dates from 1542, and it was made a bishopric in 
1561. Compare Stephen’s Yucatan. 

MERIDEN, a city of the United States, in New Haven 
county, Connecticut, 18 miles from New Haven by rail. 
It is a busy manufacturing town^ the population has 
increased from 3559 in 1850 to'7426, 10,495, and 18,340 
in 1860, 1870, and 1880. The Britannia Company alone 
employs upwards of 1000 hands, and sends out every year 
nearly $3,000,000 worth of Britannia metal and electro- 
plated goods ; and tin-ware, cutlery, brass-wmrk, flint glass, 
guns, and woollen goods are also manufactured in the towui. 
The State reform school had 307 inmates in 1880. A 
fortified tavern erected by Belcher in 1660 on the road 
between Boston and New Haven was the nucleus of 
Jleriden ; but the place was not incorporated as a town till 
1866, and became a city in 1867. 

M^RIifEE, Peosper (1803-1870), novelist, archseo- 
logist, essayist, and in all these capacities one of the 
greatest masters of French style during the century, was 
born at Paris on September 28, 1803, and died at Cannes 
on the 23d of the same month sixty-seven j'ears later, 
having lived just long enough to know that ruin was 
threatening France. Not many details have been published 
in reference to his family, but his father seems to have 
been a man of position and competence. Mdrim4e had 
English blood in his veins on the mother’s side, and was 
always considered, at least in France, to look and behave 
more like an Englishman than a Frenchman. He "was 
educated for the bar, but entered the public service instead. 
A young man at the time of the romantic movement, he 
felt its influence strongly, though his peculiar tempera- 
ment prevented him from joining any of the coteries of the 
period. This temperament was indeed exhibited by the 
very form and nature of the- works in which he showed 
the influence of romanticism. Nothing was more prominent 
among the romantics than the fancy, as Jkldrim^e himself 
puts it, for “local colour,” the more unfamiliar the better. 
Mdrimde exhibited this in an unusual way. In 1825 he 
published what purported to be the dramatic works of a 
Spanish lady, Clara Gazul, rvith a preface stating circumstan- 
tially how the supposed translator, one Joseph L’Estrange, 
had met the gifted poetess at Gibraltar. 'This was followed 
by a still more audacious and still more successful 
supercherie. In 1827 appeared a small book entitled La 
Guda (the anagram of Gazul), and giving itself out 
as translated from the Illyrian of a certain Hyacinthe 
Maglanovich. This book, which has greater formal merit 
than Clara Gazul, is said to have taken in Sir John Bow- 
ring, a competent Slav scholar, the Russian poet Poushkin, 
and some German authorities, although not only had it no 
original, but, as M4rim^e declares, a few. words of Dljrian 
and a book or two of travels and topograi^hy were the 
author’s only materials. In the next year appeared a short 
dramatic romance, La Jacquerie, in which all M4rimee’s 
characteristics are visible — ^his extraordinaiy ' faculty of 
local and historical colour, his command of language, his 
grim irony, and a certain predilection for tragic and terrible 
subjects which was one of his numerous points of contact 
with the men of the Renaissance. This in its turn was 
followed by a still better piece, the Chronique de Charles 
IX., which stands towards the 1 6th century much as the 
Jacquerie does towards the hliddle Ages. All these -works 
were to a certain extent second-hand, being either directly 
imitated or prompted by a course of reading on a particular 
subject. But they exhibited all the future literary qualities 
of the author save the two chiefest, his wonderfully severe 
and almost classical style, and his equally classical solidity 
and statuesqueness of construction. For the latter there 
was not much opportunity in their subjects, and the former 
required a certain maturity and self-discipline which 
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M4rim4e had not yet given to himself. These were 
however, displayed fully in the famous Corsican story of 
Colomba, published in the momentous year 1830. This 
all things considered, is perhaps Merim^e’s best tale. ' 

He had already obtained a considerable position in 
the civil service, and- after the revolution of July he was 
chef de cabinet to two diflterent ministers. He was then 
appointed to the more congenial post of inspector of 
historical monuments. M4rim4e was a bom archmolomst 
combining linguistic faculty of a very unusual kind ^th 
the accurate scholarship which does not always accompany 
it, -^vith remarkable historical appreciation, and -with a sincere 
love for the arts of design and construction, in the former 
of which he had some practical skill. In his official 
ca,pacity he published numerous reports, some of which, 
noth other similar pieces, have been republished in his 
works. He also devoted himself to history proper during 
the latter years of the July monarchy, and published 
numerous essays and works of no great length, chiefly on 
Spanish, Russian, and ancient Roman history. He did 
not, however, neglect novel -writing during this period, and 
numerous short tales, almost -without exception master- 
pieces, appeared, chiefly in the Reme de Paris. He travelled 
a good deal, both for his o-rti amusement and on official 
errands ; and in one of his journeys to Spain, about the 
middle of Louis Philippe’s reign, he made an acquaintance 
destined to influence his future life not a little — that of 
Madame de Montijo, mother of the future empress Eugenie. 
M4rimee, though in manner and language the most 
cynical of men, was a devoted friend, and shortly before the 
accession of Napoleon IH. he had occasion to show this. 
His friend Libri was accused of having stolen valuable 
manuscripts and books from French libraries, and M6rini4e 
took his part so warmly that he was actually sentenced 
to and underwent fine and imprisonment. He had been 
elected of the Academy in 1844, and also of the Academy 
of Inscriptions, of which he was a prominent member. 
Between 1840 and 1850 he -wrote more tales, the chief 
of which were Arsene Guillot and Carmen. 

The empire made a considerable difference in M^rim^e’s 
life. He was not a very ardent politician, but all his 
sympathies were against democracy, and he had therefore 
no reason to object to the Bonapartist rule, especially as 
his habitual cynicism and his irreligious prejudices 
made legitimism distasteful to him. But the marriage 
of Napoleon HI. -with the daughter of Madame de 
hlontijo at once enlisted what was always the strongest of 
Merim^e’s sympathies — ^the sympathy of personal friend- 
ship — on the emperor’s side. He was made a senator, and 
continued to exercise his archmological functions j but his 
most important r&le was that of a constant and valued 
private friend of both the “master and mistress of the 
house,” as he calls the emperor and empress in his letters. 
He was occasionally charged -with a kind of irregular 
diplomacy, and once, in the matter of the emperor’s 
Csesar, he had to pay the penalty frequently exacted from 
great men of letters by their political or social superiors 
who are ambitious of literary reputation. But for the 
most part he was strictly the “ami de la maison.” At 
the Tuileries, at Compiegne, at Biarritz, he was a con- 
stant though not always a very willing guest, and his 
influence over the empress was very considerable and was 
fearlessly exerted, though he used to call himself, in imita- 
tion of Scarron, “ le bouffon de sa majeste.” His occupa- 
tions during the last twenty years of his life were numeroim 
and important, though rather nondescript. He found, 
however, time for not a few more tales, of which more -will 
be said presently, and for two correspondences, which are 
not the least of his literary achievements, while they have 
an extraordinary interest of matter. One of these consists 
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of the letters which have been published as Lettres a une 
Incmnue, the other of the letters addressed to Sir Antonio 
Panizzi, the late librarian of the British Museum. Various, 
though idle and rather impertinent, conjectures have been 
made as to the identity of the inconnue just mentioned. 
It is sufficient to say that the acquaintance extended over 
many years, that it partook at one time of the character 
of love, at another of that of simple friendship, and that 
Mdrimde is exhibited under the most surprisingly diverse 
lights, most of them more or less amiable, and all interest- 
ing. The correspondence with Panizzi has somewhat less 
personal interest. Mdrimde made the acquaintance origin- 
ally by a suggestion that his correspondent should buy for 
the Museum some MSS. which were in the possession of 
Stendhal’s sister, and for some years it was chiefly confined 
to correspondence. But Mdrimde often visited England, 
where he had many friends (among whom the late Mr 
Ellice of Glengarry was the chief), and certain similarities 
of taste drew him closer to Panizzi personally, while during 
part of the empire the two served as the channel for a 
kind of unofficial diplomacy between the emperor and 
certain English statesmen. These letters are full of shrewd 
aper(^is on the state of Europe at difierent times. Both' 
series abound in gossip, in amusing anecdotes, in .sharp 
literary criticism, while both contain evidences of a cynical 
and Eabelaisian or Swiftian humour which was very strong 
in Mdrimde. This characteristic is said to be so prominent 
in a correspondence with another friend, which now lies in 
the library at Avignon, that there is but little chance of its 
ever being printed. A fourth collection of letters, of much 
inferior extent and interest, has been printed by M. Blaze 
de Bury under the title of Lettres d, une autre Inconnue. 
In the latter years of his life M4rim4e suffered very much 
from ill health. It was necessary for him to pass all his 
winters at Cannes, where his constant companions were two 
aged English ladies, friends of his mother. The terrible 
year found him completely broken in health, and anticipating 
the worst for France. He lived long enough to see his fears 
realized, and to express his grief in some last letters, and 
he died on September 23, 1870. 

Merimee’s character (which has been unwarrantably slandered 
by those to whom political differences or his sarcastic intolerance 
of “pose” in literature made him obnoxious) was a peculiar and in 
some respects an unfortunate one, but by no means unintelligible, 
and perhaps in a minor degree not uncommon. Partly by tempera- 
ment, partly it is said owing to some childish experience, when he 
discovered that he had been duped and determined never to be so 
again, not least owing to the example of Beyle, who was a friend 
of his family, and of whom he saw much, Merimee appears at a 
comparatively early age to have Imposed upon himself as a duty the 
maintenance of an attitude of sceptical indifference and sarcastic 
criticism. He certainly succeeded. Although, as has been said, a 
man of singularly warm and affectionate feelings, he obtained the 
CTedit of being a cold-hearted cynic ; and, although he was both 
mdependent and disinterested, he was abused as a hanger-on and 
toad-eater of the imperial court. Both imputations were wholly 
undeserved, and indeed were prompted to a great extent bv the 

other side at the cool 

ndicule with which he met them. But he deserved in some of the 
0^ the good senses of the term the phrase which 
wo have applied to him of a man of the Renaissance. He had the 
warm partisanship and amiability towards friends and the scorpion- 
like sting for his foes, he had the ardent deli<rht irieaSand 
?KlS;t“s?the"' hellos lettres, he°hadthe seTptLm! 

Like them he' was a man ot ! humanist period. 

baseness liked a kind’s palace better tht yithout any 

LikcthcmliehadaTi uetter than a philosophers hovel. 

fwnbo 


as throwing side lights on history. Rather more than another third 
consists of the ofiicial work which has been already alluded to— 
reports, essays, short historical sketches, the chief of which latter is 
a history of Pedro the Cruel, and another of tbo_ curious pretender 
known in Russian story as the false Demetrius. _ Some of the 
literary essays, such as those on Beyle, on Turgueniet, &o., where 
a personal clement enters, are excellent. Against others and against 
the larger historical sketches — admirable as they are — M. 'I'aiiie’s 
criticism that they want life has some force. Tliey are, however, 
all marked by Mmmee’s admirable style, by his sound and accurate 
scholarship, his strong intellectual grasp of ivhatever he handled, 
his cool unprejudiced views, his marvellous faculty of designing and 
proportioning the treatment of his work. It is, however, in the 
remaining third of his work, consisting entirely of tales cither in 
narrative or in dramatic form, and especially in the former, that his 
full power is perceived. He translated a certain number of things 
(chiefly from the Russian) ; but his fame does not rest on these, on 
liis already-mentioned youthful supcrclieries, or on his later semi- 
dramatic works. There remain about a score of tales extending in 
point of composition over exactly forty years, and in length from 
that of Colomba, the longest, which fills about one hundred and fifty 
pages, to that of L'Enlivcment do la Ecdoute, which fills just half 
a dozen. They are unqucstionablj' the best things of their kind 
written during the century, the only nonvcllcs that can challenge 
comparison with them being the verj' best of Gautier, and one or 
two of Balzac. The motives are sufficiently different. In Colomba 
and Mateo Falcone, the Corsican point of honour is drawn on ; in 
Carmen (written apparently after reading Borrow’s Spanish books), 
the gipsy character ; in La Vlnus d'llle and Lohis (two of the 
finest of all), certain grisly superstitions, in the former case that 
known in a milder form as the ring given to Venus, in the latter a 
variety of the werc-wolf fancy. Arsine Guillot is n sinmlar satire 
full of sarcastic pathos on popular morality and religion ; La 
Chamhre Blcue, an 18th-century conic, worthy of Crebillon for 
grace and wit, and superior to him in delicacy ; The Capture of the 
Redouht just mentioned is a perfect piece of description ; L’Abbe 
Aubain is again satirical ; La Double Miprise (the authorship of 
which was objected to ^lerimce when he was elected of the 
Academy) is an exercise in analysis strongly impregnated with 
the spirit of Stendhal, but better written tlian anything of that 
writer’s. These stories, with his letters, assure Mcrimde’s place in 
literature at the very head of the French prose writers of the century. 
Ho had undertaken an edition of Brantome for the Bibliothique 
Elzcviriennc, but it was never completed. 

Merimiie’s works have only been gradually published since his' 
death. The latest, The Letters to Fanizzi, which have also ap- 
peared in English, bears date 1881. There is as yet no uniform 
or handsome edition, but almost everything is obtainable in the 
collections of Jill. Charpenticr and Calmnnn Levy. (G. SA.) 

MERINO. See Sheep and IVooi.. 

MERIONETH (Welsh Meiiionydd), a maritime county 
of North Wales, is bounded N. by Carnarvon and Denbigh, 
S.E. by Denbigh and Montgomery, and W. by Cardigan 
Bay. It is triangular in shape, its greatest length north- 
east to south-west being 4.5 miles, and its greatest breadth 
north-west to south-east about SOmiles. The area is 385,291 
acres, or about 600 square miles. Next to Carnarvon, Meri- 
oneth is the most mountainous county in Wales. If the 
scenery is less bold and striking than that of Carnarvon, 
it excels it in richness?, variety, and picturesque beauty. 
Its lofty mountains are interpenetrated by dark deep dells 
or smiling vales. The outlines of its rugged crags are 
softened and adorned by rich foliage. The sea views are 
frequently fine, and rivers, lakes, and waterfalls add a 
romantic charm to the valleys. The highest summits in 
the county are the picturesque Cader Idris (which divides 
into three peaks, — one, Pen-y-Gadair, having an altitude of 
2914 feet), Aran Fawddwy (2955), Arenig-fawr (2818), 
Moel-wyn (2566), Ehobell-fawr (2360). The finest vallev^ 
are those of Dyfi, Dj^syni, Talylljm, Mawddach, and Festi- 
niog. The river Dyfrdwy or Dee rises 10 miles north-west 
of Bala, and, after passing through Bala Lake, flows nortli- 
east by Corwen to Denbighshire. The Dyfi rises in a small 
Fawddwy, and exjrands into an estuaD’ 
ot Cardigan Bay. The Mawddach or Maw, from the 
north of Aran Fawddwjq has a course of 12 miles south- 
W'hich it is joined by several other streams- 

he Dwyn-yd and other streams unite in forming the 
estuary of Traeth Bach. The finest waterfalls are the 
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,Rhaiadr-y-Glyn near Corwen, Rhaiadr Du, and Pistyll 
Cain, the latter 150 feet high. The lakes are very 
numerous, but small, the largest being Bala Lake, or Pim- 
blemere (in Welsh, Llyn Tegid, fair lake), 4 miles long by 
1 broad, and Llyn Mu'yngil (lake in a sweet nook) in the 
vale of Talyllyn. Both are much frequented by anglens. 
On account of frequent indentations the coast-line is about 
100 miles long. Sandy beaches intervene between the 
rocky shores. Frequent shoals .and sandbanks render 
navigation very dangerous. There are only two harbours 
of importance, Barmouth and Aberdovey. 

A mountain tract of the county 15 miles from north to 
south by 10 from east to west, stretching from the coast 
inland, is of the Cambrian age, composed of grits, quartzose, 
and slate.s, and comprising the Merionethshire anticlinal. 
This tract is enclosed on the north, east, and south by the 
Menevjan, Lingula, Tremadoc, and Arenig beds, which are 
pierced by numerous dykes and intrusive masses, mostly 
greenstone. Rhobell-fauT is one of the greatest igneous 
masses in the whole area of the Lingula beds. The Arenig 
beds are interstratified vith and overlaid by accumulations 
of volcanic ashes, felspathic traps, or lava flow's, which 
form the rugged heights of Cader Idris, the Arans, the 
Arenigs, Jtlanod, and iloel-w'yn; and these are in turn 
overlaid by the Llandeilo and Bala beds, the latter includ- 
ing the Bala limestone. Extensive slate quarries are 
worked near Festiniog, mostly underground, in strata of 
the Llandeilo age, giving employment to about 4000 men. 
Gold, lead, copper, and manganese have been obtained in 
various places. 

Climate and Agrimlture . — The climate varies much with the 
elevation, in some places being bleak and cold, and in others rc- 
niarkably equable and genial. At Aberdovey it is proverbially 
mild, and the myrtle grows in the open air. All attempts to intro- 
duce fruits have proved abortive in most parts of the county. The 
soil is generally thin and poor, with fertile tracts in the valleys. 
A great portion of the moss has been reclaimed within late years. 

According to the agricultural returns for 1882, tlicrepvero 154,406 
acres, or considerably less than half the total area, under cultiva- 
tion, Of this as much as 119,133 acres were, jiermancnt pa.sture, 
and 13,755 under rotation grasses. Of the 17,312 acres under com 
crops, 11,232 were under oats and 4807 under barley. Potatoes 
occupied 2392 acres, and turnips only 1496 acres. The area under 
woods extended to 15,049 acres. 

The total number of horses in 1882 was 6088. A breed of 
ponies is peculiar to this county and Montgomeryshire. The 
rearing of liomed cattle and dairy-farming are largely carried on, 
but the number of cattle (37,643) is considerably under the average 
of Wales generally. On the other hand the number.of sheep in 
1882 was 400,553, a larger number than in any other county of 
Wales, and much beyond the general average in the principality. 
They are a small hardy breed, -which grow heavy fleeces. Goats 
frequent the loftier crags. 

According to the latest return the number of proprietors was 1695, 
possessing 303, 374 acres, with a gross annual value of £183,253. Of 
the owners 1044, or 62 per cent., possessed less than 1 acre, the 
average extent of the properties being 189 acres, and the averege 
value per acre a little over 12s. There -vvere ten proprietors who 
possessed over 5000 acres, viz., Sir W. W. Wimn, 20,295 ; R. J. L. 
Price, 17,718 ;'T. P. Lloyd, 16,975; Mrs Kirkby, 13,410; Hon. 
C. H, Wynn, 10,504; A. J. ,G. Corbet, 9347 ; Sir E. Buckley, 
8738; W. E. Oakeley, 6018; W, 0. Gore, 5497; and R. M. 
Rickards, 5701. 

Manufactures . — ^Woollen goods are manufactured in various 
places, especially at Dolgelly. Thej' arc principally coarse druggets, 
kerseymeres, and flannels. The knitting of stockings was a great 
industry at the close of last century, the value of the sales at Bala 
being e.stimatcd .at from £17,000 to £19,000 annually. 

Jlailways . — The Cambrian Railway skirts the coast from Port- 
madoc to Aberdovey. At Barmouth Junction a branch of the same 
crosses to Dolgelly, where it is joined by a branch of the Great 
Western Railway. Another branch of the Great Western unites 
Bala and Festiniog, and the latter place has railway connexion both 
with Llandudno Junction and with Portmadoe. 

Adminislralim and Population . — Merionethshire comprises five 
hundreds and thirty-three ci-vil parishes. It has one court of quarter 
sessions, and the number of petty sessional divisions is six. Ecclesi- 
astically it is partly in the diocese of Bangor, partly in that of St 
Asaph. The county returns one member to parliament. There is 


no municipal or parliamentary borough. Tlie towns returned in 
1881 as uiban s.anitai-}' districts are Bala (1653), Barmouth (1512), 
Dolplly (2451) ie.stiniog (11,272), and Towyn (3363). Since 
1801 the population has nearly doubled. From 29,506 in that year 

in 1871 to 46,598, and in 1881 
to 54,793, ol whom 27,576 were males, and 27,217 females. 

Hutory and Antiquities.— OngmnWy iMerioneth belonged to the 
terntory of the Ordovices, and under the Romans it was included 
in B^tannia Secunda, There aie many Celtic, Koman, and medi- 
mval remains. Caer Drewyn on the Dee, near Corwen, was a British 
camp. There are numerous cromlechs in various parts of the county, 
especially near the sea-coast. The Via Occidentalis of the Romans 
passed tliroiigh Merioneth from south to north, and at Tomen- 
y-aiur was joined by a branch of the South Watling Street, the 
Castcll Tomcn-y-Mur being supposed to be identical with the 
Roman station of Heriri Mons. The immense ruin of Castel-y- 
Bere was originally one of the largest castles in Wales, but has not 
been occupied since the time of Edward 1. During the Wars of the 
Roses the castle of Harlech, still a fine ruin, was held by the 
Lancastrians, and was the last in Wales to surrender. Of ecclesi- 
astical remains the most important is Cymmer Abbey, founded by the 
Cistercians in 1198, a verj' fine ruin containing architecture of 
various periods from Norman to Perpendicular. There are numer- 
ous interesting old churches. 

MERLIN, See Falcon. 

IMERMAIDS AND MERMEN, in the popular mythology 
of England and Scotland, are a class of beings more or less 
completely akin to man, who have their dwelling in the sea, 
but are capable of living on land and of entering into social 
relations with men and women.^ They are easily identified, 
at least in some of their most important aspects, with the 
Old German Meriminni or Meerfrau, the Icelandic Hafgufa, 
Margygr, and Marmennill (mod. Marbendill), the Danish 
Hafmand or iMaremind, the Irish Merrow or Merruach, 
the Marie-Morgan of Brittany and the Morforwyn of 
Wales ; ^ and they have various points of resemblance to 
the vodyany or ivater-sprite and the rusalka or stream-fairy 
of Russian mythology. The typical mermaid (who is 
much more frequently described than the merman) has the 
head and body of a avoman, usually of exceeding loveliness, 
but below the waist is fashioned like a fish with scales and 
fins. Her hair is long and beautiful, and she is often 
represented, lilce the Russian rusalka, as combing it avith 
one hand w’hile in the other she holds a looking-glass. At 
other times, like the rusalka, she is seen engaged in the 
more prosaic occupation of avashing or beating clothes ; but 
this, as, for example, in Hugh Miller’s terrible Loch Slin 
legend, is a sign of some impending calamity. For a time 
at least a mermaid may become to all appearance an ordi- 
nary human being ; and from a very striking Irish legend 
(“The Overflowing of Lough Neagh and Liban the Mer- 
maid,” in Joyce’s Old Celtic Romances) it is evident that a 
human being may also for a time be transformed into a 


mermaid. 

The mermaid legends, both English and other, may be 
grouped as follows. A. A mermaid or mermaids either 
voluntarily or binder comjnilsion reveal things that are about 
to hajypesi. Thus the tw'o mermaids (merewip) Hadoburc 
and Sigelint, in the Nihelungenlied, disclose his future 
course to the hero Hagen, who, having got possession of 
their garments, -^vhich th&y had left on the shore, compels 
them to pay ransom in this way. According to Resenius, 
a mermaid appeared to a peasant of Samsoe, foretold the 
birth of a prince, and moralized on the evils of intem- 


1 Tho namo mermaid is compounded of the A.-S. mere, a lake, and 

meegd, a maid; but, though mere jot/ occurs in Beowulf, merc-TnaW does 

not appear till the Middle English period (Chaucer, Pomaunt of the 
Rose, &c. ). In Cornw.all the fishermen say merry-maids and merry- 
men. The connexion with the sea rather than with inland watera 
appears to be of later origin. “ Tlie Mermaid of Martin Mcer 
(Roby’s Traditions of Lancashire, vol. ii.) is an example of the older 
force of the word ; and such “ mecr-women ” are known to the 
country-folk in various parts of England (t.g., at Newport in .Shrop- 
shire, -where the town is some day to be drowned by the woman s 
ft^cucy 1 » 

See Rhys, "Welsh Fairy Tales,” in Y Cymmrodor, 1.881, 1882. 
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tHTAiir-' ,tc (K<mn FrcJmcIi.c dm ■ andaus Krvnike, '■ 
C'oiKninL'cTi. lGS0,'r. 302). V.. A Mmnaid imports ^ 

fuii^ n'.'ttin-'d imrm.i fn a laman hetng. Tlitis in the 
iK-autiful storv of “Tiie Old Man of Cury” (jn Hunts 
I'opidnr L'om'tnc^-' of (he JO' of En'jlnnd, 1871) the old 
man, in-tead of .-ilver and gold, obtains the power of doing 
grKxl to IiLs neighbours by breaking the spells of udtchcraft, 
chasitu: av.av diseases, ' and discovering thieves. John 
Reid. Ee Cromarty shipmaster, was more selfish,— h^ 
“wi-hcs three being that neither he nor any of his 
friends should ]»eri4i by the sea, that he should be unin- 
temiptedlv .successful in everything he undertook, and that 
the lady uho scorned his love should scorn it no more. 
C. m'rm'itd hits fome one undm her protection, and for 
irronp dune to her ward (Mcts a terrible penalti/. One of 
the lEt and most detailed c.xamples of this class is the 
story of the “Mermaid's Vengeance” in Mr Hunt’s book 
alreiidv tpiotcd. D. A mermaid falls in love with a human, 
b-inp, lives with him as his Inwfid wife for a time, and then, 
some comytet lAmj wiwitlinfjly or intentionally broken by him, 
dej/aris to her true home in the sea. Here, if its mermaid 
form be accej)ted, the typical legend is undoubtedly that 
of Melusina, which, being made the subject of a full-fledged 
romance by Jean d’ Arras, became one of the most popular 
folk-books of Europe, appearing in Spanish, German, 
Dutch, and Bohemian versions. Melusina, whose name 
may be a far-off echo of the Mjditta (Venus) of the 
Phtenicians, ivas married to Rajunond of Lusignan, and 
was long afterwards proudly recognized as one of their 
ancestors by the Lu.vembourg, Rohan, and Sassenaye 
fainilics, and even by the emperor Henry VIL Her story 
will be found in Baring Gould’s ^fyths of the Middle Ages. 
E, ..i mermaid falls in love with a man, and entices him to 
go and live with her below the sea ; or a merman wins the 
nfection or captures the person of an earthhorn maiden. 
This form of legend is very common, and has naturally 
been a favourite with poets. Macphail of Colonsay 
)-ucce.s,'fully rejects the allurements of the mermaid of 
Corrievrekin, and comes back after long years of trial to 
the maid of Colonsay.^ The Danish ballads are especially 
full of the theme; as “Agnete and the ilerman,” an ante- 
cedent of ^latthew Arnold’s “Forsaken Merman”; the 
“Deceitful Merman, or Mar.stig’s Daughter”; and the 
finely detaik-d story of Rosmer Hafmand (Ko. 49 in 
Grimm). 


In relation to man the mermaid is usually of evil iE,sue 
if not of evil intent. She has generally to be bribed oi 
compelled to utter her prophecy or bestow her gifts, and 
I'.httlicr as wife or paramour she brings disaster in hei 
train. In it-.clf her sea-life is often represented as one ol 
<ndlc%s delight^, but at other times a mournful mj'sterj 
and s.adnc'^- brivxls over it. The fi.di-tail, which in populai 
fairy forms the cliaractcrictic feature of the mermaid, h 
really of jec-ondary imj-ortance ; for the true Teutonii 
i.y.nr.aid— proliably a remnant of the great cult of tin 
\aT.ir--had no fish-tail;- and this symbolic appendam 
occur-, in ^ueb remote mytbological remons as to give n< 
cltir- to bi-torical conne.vion. The Tntons, and, in th( 
Vf' -uit.ation., the Siren, of classical antiquitv, tin 
r.o-mn m D.iuon, and the Cliaidiean Cannes are all' well 
kicm r. , -.niple- : the Ottaua-- and other American Indian 



r- h ^illor^ of Chinn, IST.o). 

I ir.r.c.d i!.v*-,nrts of ihv am,.^rancc or 


apj>.^rancc or caj/turc i 


mermaids are common enough,^ and serve, uith the frequent 
use of the fi£,aire on signboards and coats of arms, to show 
liow thoroughly the myth had taken hold of the popular 
ima'dnation.^ A mermaid captured at Bangor, on the 
shore of Belfast Lough, iu the 6th century, was not only 
baptized, but admitted into some of the old calendars as *a 
saint under the name of 2klurgen {Notes and Queries, 
Oct. 21, 1882); and Stowe {Annales, under date 1187) 
relates how a man-fish was kept for six months and more 
in the castle of Orforde in Suffolk. As showing how 
legendary material may gather round a simple fact, 
the oft-told story of the sea-woman of Edam is particu- 
larly interesting. Tlie oldest authority^ Job. Gerbrandus 
a Leydis, a Carmelite monk {oh. 1504), tells {Annales, 
kc., Frankfort, 1620) how in 1403 a wild woman 
came through a breach in the dike into Purmerlake, and, 
being found b}’- some Edam milkmaids, was ultimately 
taken to Haarlem and lived there many years. Nobody 
could understand her, but she learned to spin, and was 
wont to adore the cross. Ocka Scharlensis {Chronijk van 
Friesland, Leeuw., 1597) reasons that she was not a fish 
because she could spin, and she was not a woman because 
she could live in the sea; and thus in due course she 
got fairly established as a genuine mermaid. Vosmaer, 
who has carefully investigated the matter, enumerates forty 
writers who have repeated the story, and .shows that the 
older ones speak only of a woman (see “ Beschr. van de 
zoogen. ;Meermin der stad Haarlem,” in Verh. van de Roll. 
Mfaatsch: van K. en Wei., part 23, No. 1786). As for the 
stuffed mermaids which have figured from the day's of Bar- 
tholomew Fair dov.Tiwards, it is enough to mention that 
exhibited in the Turf Coffee-house, London, in 1822, 
and carefully drami by Cruikshank (compare Chambers, 
Book of Days). 

The best account of the mermaid-myth is in Baring Gould’s 
Myths of the Middle Ages. See also, besides works already men- 
tioned, Pontoppidan, who in his logically credulous way collects 
much matter to prove the existence of mermaids ; JIaillet, Telli- 
amed, Hague, 1755 ; Grimm, Deutsche Mythologic, i 404, pd 
Alldaii. Beldenliedcr, 1811 ; 'V\''aldron’s Description and Train’s 
Hist, and Slat. Acc. of the Isle of Man ; Folklore Society's Record, 
voL il ; Napier, Hist, and Trad. Tales connected icith the South of 
Scotland ; ^billot. Traditions de la Haute Bretagne, 1882, and 
Contes des Marins, 1882. (H. A. 17.) 


iFEROE, in classical geography (Strabo, xvii. 2, 2 ; Pliny, 
ii. 73, V. 10 ; PtoL, p. 201), was the metropolis of ^Ethiopia, 
situated on an island of the same name between the Nile 
and • the Astahoras (Athara). The “ island ” is only an 
inaccurate name for the fertile plain between the two 
rivers. This ileroe, first mentioned by Herodotus (ii. 29 
sop), succeeded an older Ethiopian kingdom of Napata lower 
down the Nile, originally subject to and civilized from 
hut which afterwards became independent and even 
sent forth an Ethiopian dynasty to reign in Egypt, to which 
the So and Tirhaka of the Bible belonged (see Ethiopia). 
'The name of ileroe in tbe form ileraud is now given to 
Napata. The later Meroe retained its independence when 
Egypl’ ipR under foreign sovereigns. Diodorus (iii. 6) 
describes it as entirely controlled by the priesthood till u 
native prince Ergamenes destroyed the sacerdotal caste in 
the time of Ptolemy IL Queen Candace (Acts viii. 27) 
was probably sovereign of ileroe; see Lepsius’s Leileri, 
Eng, tr., pp. 196, 206 ; and comp. Strabo, xvii. 1, 54 for 


- ,1 ® Htrance account of the quasi-human creatures fo-.mu 

*^•0 by Theophylactns, Historise, viii. 16, pp. 299-30- 

Ol i>£*kkers C'l. 

^ S»e the paper in Jour. Brit. Arch. Ass., xxiviii., 1882, by H. S. 
umiiw, who points out that mermaids or mermen occur in the anas 
T f'r '-uicdon, Ho:vth, and Sandwich, Viscounts Bovneand Hood, 
'd'tuetoa, and .Scott of Abbotsford, as well as in those of the 
hlhc Byron, Phene, Skeflington, and other families. The Englnh 
lioraPu repre,eat the creatures with a .single tail, the French and 
Otrmau heralds frequentiy witli a double one. 
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Queen Candace in Augustus’s time wlien the Eomans 
under Petronius advanced to ISTapata. Merbe was visited 
by Greek merchants ; and the astronomical expedition of 
Eratosthenes determined its latitude ndth great accuracy. 
An exploring party in the reign of Nero found that the 
country below Meroe, formerly the site of many towns, 
had become almost wholly waste (Pliny, vi. 29). From 
the 6th to the 14th century of our era the Christian 
(Jacobite) realm of Dongola occupied the place of the older 
kingdom. The ruins of Sleroe and Napata were fully 
explored by Lepsius in 1844, and the monuments are 
pictured in his Denkmaler. 

MERSEBUKG, the chief to^vn of a district of the same 
name in the Prussian province of Saxony, is situated on 
the river Saale, 10 miles to the south of Halle and IT to 
the west of Leipsic. It consists of a quaint and irregularly 
built old town, with two extensive suburbs, and contains 
six churches and several schools and charitable institutions. 
The cathedral is an interesting old pile, with a Romanesque 
choir of the 11th, a transept of the 13th, and a Late Gothic 
nave of the 1 6th century. Among its numerous monuments 
is that of Rudolph of Swabia, who fell in 1080 in an 
encounter with his rival Henry IV. It contains two 
paintings by Lucas Cranach. Contiguous to the cathedral 
is the Gothic chateau, formerly the residence of the Saxon 
princes and the'bishops of Merseburg. The town-house, the 
post-office, and the “ stiindehaus ” for the meetings of the 
provincial estates are also noteworthy buildings. The 
industries of Merseburg consist of the manufacture of card- 
board and coloured . paper, dyeing, glue-boiling, machine- 
making, calico-printing, fanning, and brening. Its popu- 
lation in 1880 was 15,206. 

Merseburg {i.e,, “ march-town ") is one of the oldest towns in 
Germany. From the 9th century do\vn to 1007 it was tlie capital 
of a countship of its own name, and from 968 to 1543 it was tlie seat 
of a bisliop. In tlie 10th, 11th, and 12th centuries it was a favourite 
residence of the German emperors, and at this time its fairs enjoyed 
the importance afterwards inherited by those of Leipsic. The town 
was re 2 ieatedly visited by destructive conflagrations in the 14th to 
17th centuries, and also sutfered severely during the Tliirty Years’ 
War, From 1656 to 1738 it was the residence of the dukes of Saxe- 
Merseburg. TJie great victory gained by the emperor Henry I. 
over the Huns in 933 is believed to have been fought on the Kcnsch- 
berg near Merseburg. 

MERTHYR TYDFIL, or Merthyh Tydvil, a parlia- 
mentary borough and markcLtown of Glamorganshire, 
South Wales, is situated in a bleak and hilly region on the 
river Taff, and on several raihvay lines, 25 miles north- 
north-west of Cardiff and 30 east-north-east of Swansea. 
The town, which consists principally of the houses of work- 
men, is for the most part meanly and irregularly built, and 
at one time, on account of its defective sanitary arrange- 
ments, was frequently subject to epidemics of great severity. 
Within recent years great improvements have taken place, 
and the town now possesses both a plentiful supply of 
pure water and an excellent system of sewage. There arc 
also some good streets with handsome shops, wffiile in the 
suburbs there are a number of private residences and villas 
inhabited by the wealthier classes. Apart from its extensive 
iron and steel wmrks, the town 2 u>ssesses no feature of 
interest. It is situated in the centre of the South Wales 
coal basin, and the rich coal-mines in the vicinity supply 
great facilities for the iron industries. At Merthyr Tydfil, 
which is said to have received its name from the martyr- 
dom of, a British saint Tydfil, there were smelting-works 
at a very early period, but none of any importance until 
1755. From about forty years ago until 1875 the manufac- 
ture of bar iron developed with great rapidity, but since 
then the production of steel has largely taken its place. 
The borough returns two members to parliament. The 
population of the urban sanitary district in 1871 was 
51,949, and in 1881 it was 48,857; the population of the 
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parliamentary borough, wffiich includes the parish of Aber- 
^re and parts of the parishes of Llanwonno and Merthyr 
iydfil and of Vainor (Brecon), and has an area of 29,954 
acre.s, was in the same years 97,020 and 91,347. 

_ MERY, Mertj, or Maotjr,! a district of Central Asia 
situated on the border-land of Iran and Turan. ’ 

The oasis of Merv lies in the midst of a desert, in about 
37 30' N. lat. and 62° E. long. It is about 250 miles 
from Herat, 170 from Chaijui on the Oxus, 360 from 
Khiva, and 175 from Gawars, the nearest point in the 
newly acquired (1881) Russian territory of Akhal. 

The great chain of mountains which, under the name of 
Paropamisus and Hindu-Kush, extends across the Asiatic 
continent from the Caspian to China, and forms the line 
of ethnic demarcation betrveen the Turanian and Indo- 
Germanic races, is interrupted at a single point ; that point 
is on the same longitude with Merv. Through or near the 



trou4e or-gap which nature has created flow northward in 
parallel courses the rivers Heri-rud (Tejend) and Murghab, 
until they lose themselves in the desert of Kara-kum — that 
large expanse of waste, known also as Turcomania, which 
spreads at the northern foot of the mountains, and stretches 
from the lower Oxus to the Caspian. 

"Whether as a satrapy of Darius and subsequently as 
a province of Alexander, whether as the home of the 
Parthian race, whether as a bidwark against the destructive 
waves of Mongol invasion, or later as the glacis of Persian 
Khorasan, the valleys of those rivers — the district of Merv 

1 Merv is the modern Persian name. The river Margus, now the 
Murgh.ab, on which was built the ancient city, is derived from Margu, 
the name of the province as recorded in the Behistan inscriptions of 
Darius. Spiegel connects the name 2Iargu with old Bactrian meregho, 
bird, in allusion to the numerous swarms of birds that gather there. 
So, too, the river name Murghab means bird-water. The district ap- 
pears to have been known in the 6th century as Marv-i-md, so mat 
the river was then the Marv. The name ilenXm for the distnct 
occurs in the Armenian geography ascribed to Moses of Kliorcne, 
written probably in the 7th century (cd. Patkanoff). Maour is the 
Uzbek name, and of comparatively recent date. 
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liave ever been important outposts on the borders of 

Iran. In bye-gone epochs their banks have, under poAverful 
rulers, been studded with populous and flourishing cities, 
which bore the name of “ Sovereign of the Universe ” {ifcrv 
Shah-i-jehan), and vied for fame with “Balkh, the Mother 
of cities”; of late times, with weakness or absence of govern- 
ment, those same banks have become choked witli fallen 
battlements and ruins, the home of the snake and the jackal. 

Merv has soared to prosperity or fallen to decay accord- 
ing to her political status at the moment, and liistor}', 
which repeats itself, may yet have to sing her praises in 
the future as it has done in the past. All that human 
life in the desert requires is there, — water in abundance, 
and a soil unsurpassed for fertility. Good government is 
alone wanting to turn those natural gifts to full account. 

The present inhabitants of the district are Turcomans j 
of the Tekke tribe, who, like the other tribes iidmbiting 
Turcoinania, enjoyed until the approach of the Ilii.ssians 
virtnal independence, and acknowledged allegiance to no 
one, — a pastoral people who eked out a miserable existence 
by the trade of passing caravans, and in bad times pillaged 
the neighbouring and equally barbarous states, to whose 
reprisals they were in turn subjected. 

From the year 1869, the date of the cstabli-shinent of 
the Russian military settlement at Krasnovodsk on the east I 
shore of the Caspian, the wave of Russian conquest has 
gradually .swept eastwards along the northern frontier 
of Persia until it has for the moment stopped at the outer- 
most border of the Akhal Turcoman countrj’, which was 
incorporated in 1881 by Russia as the result of tlic defeat 
of that tribe at Geok Tepe. Among the districts .still 
farther east, to which the Russians give tlie name of 
Eastern Turcomania, is that of the Jlcrv Tekke Turcomans, 
kinsmen of the Alrhal Tekkes, the most recent of Ilussin’.s 
subjects. The district of the Merv Tekkes may be taken 
to be that included between the lower Jfurghab below 
Yulutan, where the river enters the plain, and the Pension 
frontier from Saraldis to Gawars. 

A reference to the map will show the strategical import- 
ance of this district, situated at the point of meeting of 
two lines, of which one is the strategic line of Russian 
advance on Herat from ICrasnovod.sk to Sarakhs, and the 
other the strategic lino of advance on the same place from 
Tashkend through Bokhara. The capital of the district 
is, moreover, the crossing-point of the Herat-IChiva and 
Meshed-Bokhara trade routes. 

Consequently this district, a solitary oasis in a vast 
desert, guarantees to its possessor the command of an 
important avenue between north and south, and, in the 
event of its falling into Russian hands, will give that power 
in addition a valuable link in the chain of connexion 
between her recent acquisitions on the Persian frontier 
and those in Turkestan, the forging of which has been 
persistently advocated by Russian uTiters for years past. 
One of these. Colonel Veniukoff, frankly admits that it is 
the political results—" the consolidation of friendly relations 
with the Turcomans” — and not commercial interests 
merely, that are primarily looked to,, and openly states 
that the forward movement in Central Asia “cannot end 
otherwise than by the annexation to Russia of the whole 
®f Turan.” 


mother by design or by the force of circumstances th 
recommendations of those writers have been translated’ int 
tacts, and Russia rvith her advanced post at Askabod i 
now within 100 miles of Herat, which Sir HenryRawhnso 
designates as the key of India. The occupation of th 
Merv Tekke country would bring Russia to within 251 
miles of Herat. From _ Askabad she is in connexion v^tl 

Y communication, part of whicl 

from the sea to W Arvat) is by -rail ; and liLce faemtie 


are offered for bringing up not only the resources of the 
Caucasus but of the whole of European Russia. Mlulo 
Rns.sian troops arc within 400 miles of Herat, the British 
troops at Quetta are more than 500 miles from Hcrat.^ 

Thc.se remarks serve to explain the very natural 
su.spicion with which Great Britain has regarded the 
occupation one after another of important strategical 
points along that route by which alone Ru.s.sia can strike 
at India, — the same lino by which FTapolcon meditated a 
Russo-French invasion in the early part of this centuiy. 

In the matter of Slerv and the neighbouring Turcnrn.nn di.stricfs 
diplomacy liiia not been idle. As carlv ns 1SG9, when nu inter- 
change of opinions was tiiking place betivccn the Rm-sian and 
r.ritisli Government.s with respect to the demarcation of a neutral 
rone between the two empires, Great Britain objected to tbo 
Unssian proposal that Ibis -/one shonld be Afghanistan, “ bcc.ansa 
of tbc near npjtroach to India that would be thereby afforded to 
Rn.ssinn troops from the direction of tbo Knra-Unm, tbo borne of the 
Turcomans, of which Merv is the central point." In the following 
year a l!n.ssi.an diplomatist rem.arkcd to tlir Britisb nmbascador nt 
St Potcrsbiirg, when discussing the Afghan frontier, that grc.at c.aro 
would be required in traeinga line from KfioJaS'de/i on the Oxus 
to the .soulb, ns Merv and the country of the Tnreomans were !«- 
coming •‘commercially iinporlnnt." .\bonl the .'.anio time Russia 
infitnafed that, if the nmir of Afgb.iiiistnri claimed to e.vciTisfl 
.sovereignty over the Tckke.s.hisjireten.sioiiscmdd not lie recognized. 
After the Rnssinii rainiiaign against Khiva in 1S7.T and the sub- 
sequent operations against the Tnreomans, tlie Kngli.sh foreign 
.secretary early in 1874 c.alled attention “ to the fe.ire expressed by 
the nmir of Afghanistan ns to tlio compliMtioiis in wldcli bo might 
become involved with Russia were tbo result of a Riissi.in c-xpi--- 
dition against Merv to bi' to drive the Tnreomans to take refuge in 
tlio provinen of Badgbees in TIemt.” In reply to this communi- 
cation Prince Gort-seliakolf reps'.ateil tbo as-surance that the imperial 
Government " had no intention of sending any expedition against 
tho Turcomans, or of occupying Merv." In 1S75 the ojwnitions of 
General Lomakin on tbc northern frontier of IVrsia led to Tcprcscn- 
fcitions being made by the British nmbas,<.ador nt the court of St 
Petersburg. To these Russia mplicd that the evar had no inten- 
tion of extending bis frontier on tbo side of Bokhara or on the 
side of Krasnovodsk. Notwithstanding the oft-repeated assurances 
to the contrary, large annexations Imvi) been sinen made in Titreo- 
mania by tbo Russians, and these proceeding.s, clearly indicating 
the persistent prosecution of a eonerrted plan, havo naturally tended 
to disturb the harmonious relations which .shouhl subsist between 
the tavo givat civilizing powers of the Ivi.st. 

Setllcmcnt.i and Inhahiied Cridrcf. — Of town.s or even 
vil!ngc.s, fixed ceutve.s of linbitatioii, there arc none, ac- 
cording to Mr O’Donovan, the Intc.st European traveller 
to Merv. The pre.scnt political and military capital of 
Merv Is Kou.shid Khan Kala, a fort wliich serves rather as 
a place of refuge against suildon attacks than ns a hahita- 
tion. It is .situated on tho cast hank of the most westerly 
branch of the Murglmh, about 25 niiles below the dam at 
Por.sa Kala. In form it is ohloiig, measuring 1 ;] miles long 
by 5 mile broad, i.s con.structed entirely of cartli, revetted 
on tlic exterior slope M-itli sun-dried brick ; tbc ramparts 
are 40 feet high, and are GO feet at the base. The fort is 
built in a loop of the river, which protects it on two sides ; 
between it and the river is an “ obab,” or nomad village of 
huts and tents, some thousand in number, di.sposcd in row.s, 
but there is no town or settlement. 

Twenty-five miles east of Koushid Khan Kala lie tho 
ruins of the Greek city of Antiochia Alargiana, showing 
traces of a liigh civilization. According to Strabo (xi. 2) 
the Merv oasis at this period was surrounded with a wall 
measuring 1500 stadia (1 85 miles). Mr O’Donovan found 
the trace of tho fort of Iskander to havo been quadrangular, 
with a length of side of 900 j'ards. This was probahlj’ tho 
fort built by Alexander, about 328 B.o., on his return from 

* CoDcujTwitJj' wij Ji t!(e cousoIWntion of Iicrpo.sifion in 2 'arcomsnia, 
Rus^a has of late been showing less military activity on tlie side of 
her Turkestan district. It is probable tliat her recent explorations at 
the sources of the Oxus liave demonstrated tlic impracticahility of 
mrectuig any offensive movement against India from that side. 

, of strategical advance has been shifted from Tashkend 

to Tiflis. 
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Sogdiana after the capture of Bessus. The city -was 
destroyed in 66G a.b. by the Arabs, who built a ne-w one, 
afterwards known as Sultan Sanjar, about 1000 yards 
away, and occupying an area, according to Ikir O’Donovan, 
of about 600 yards square. The towers are still extant, 
and inside can be seen the ruins of a most elaborate tomb, 
in which the supposed bones of Sultan Sanjar are enshrined. 
It has always been a place of pilgrimage for the faithful. 
Hot far to the south-west lies the site of the last city of 
Merv, that which existed up to a hundred years ago, 
when it was laid -^vaste by the Bokharians. It bears the 
name of its gallant defender Bairam Ali. 

These three ruins are all that remain of that which 
flourished of yore as “ sovereign of the universe.” 

At the time of the -visit of Burnes, Abbott, Shakespear, 
and Taylour Thomson, about the fourth decade of the 
century, J^Ierv was under the jurisdiction of Khiva, and 
the administrative centre was at Porsa Kala, where the 
dam Ls situated. This place is now also a waste of mud 
ruins, uninhabited. 

Rivers . — The Heri-rud (or Tejend, as the river is 
named below Sarakhs) ruus a course of some 280 miles 
within Afghan borders. On reaching the Persian fron- 
tier it turns north and forces a channel through the 
mountain chain near Sarakhs. Beyond Sarakhs the river 
is Turcoman on both banks, runs close to the Khelat 
mountains, and in the latitude of Askabad loses itself in 
the marshes lormed by the spring floods. It is probably 
the Ochus of ancient geography, which watered Hissa, once 
the capital of Parthia, and joined the Oxus just before 
the latter river disembogued into the Caspian (Reunell’s 
JlerodoUis). The Tejend is fordable at all points belo-w 
Sarakhs except in the early .spring after the melting of the 
snows. On the road from Mench to Men' the river is 
.sluggi.sli, 50 yards -wide and 4 feet deep in February. The 
river-bed is .sunk 12 to 15 feet below the level of the 
surrounding country, and has immense quantities of drift 
wood on its banks j trees and luxuriant herbage clothe the 
immediate borders. At midsummer the river runs nearly 
diy, and does not reach Saraklis. The Kashaf-rud, -which 
flows near Meshed, is one of its chief affluents. 

The Murghab takes its rise in the northern .slopes of the 
Paropamisus, and runs parallel to the Heri-rud at a distance 
of 70 miles from it. On this river lies the plain or oasis 
of ilerv^j irrigated by means of an elaborate system of dams 
and canals cut from the main river. Beyond the limits 
of the oasis the Murghab “ hides its .streams in the sand,” 
like the Tejend. The river at Porsa Kala (near the 
principal dam) is 80 yards vide, at Koushid Khan Kala 30 
to 40 yards wide. In summer it is much swollen by the 
melting of the snows, and its stream is then barely fordable. 
The water is yellow in colour from su-spended matter. 

Formerly a great deal of the countrj-, now a waste, 
between the two rivers was also cultivated by the agency 
of water derived from canals cut from the Tejend. These 
canals extended to Kucha Kum in the desert, rendering 
the journey between the two rivers much easier than in the 
present day. From the Murghab was also cut, among 
others, the Kara-i-ab canal, which ran for a distance of 40 
miles towards the Tejend. Recent explorers affirm that there 
is no reason why these canals .should not be again filled 
from those rivens, when the interv'cning country, “an argil- 
laceous expanse ” (O’Donovan), would become culturable. 

Communication . — Merv is surrounded on all sides by desert. On 
the north, west, and east this desert is sandy and arid-; water is 
exceedingly scarce, the wells being sometimes 60 or 70 miles apart, 
and easily choked. To the south of Sferv, between the rivers 
ilurghab and Tejend, there are traces of past cultivation, of irrigating 
canals, and of considerable settlements. Between the Tejend and 
Askabad the road lies through a populous well-cultivated country 
(Persian territorj') by way of Kahka and Lutfabad. 


'Dierc are no roads in 'Merv,— nothing but mere tracks. Many 
wide and deep irrigating canals have to bo crossed ; bridges are few 
and bad. The inliabitants cross by inflated skins. 

The following tracks lead to the Persian frontier from Merv : fl) 

VKi Mahmnr or Chungul to Lutfabad— eight days on camels; (2) via 
Shalndh to Mehna— 120 miles ; (3) via Shahidli to Fort Cherkesldi 
and Meshed, — for 85 miles between the Murghab and Tejend there 
is sc.arccly any water; (4) via Sarakhs to Meshed, 9 or 10 marches 
for camels, and, according to Petrusevutch, without water between 
Jlerv and Sarakhs — 120 miles. 

To the Afehan frontier lead (1) the track via Sarakhs and up the 
llcri-md to Herat — fit for a coach, according to Sir Charles Mac- 
Gregor and Mr Lessor ; and (2) a practicable track, used by Abbott 
and Shakespear, up the Murghab and Kushk rivers. 

To the Oxus in Bokharian territory lead several tracks, the 
cliicf of which is that to Chaijui — nine marches for camels. Water 
is scarce. 

To Khiva by the direct track is 360 miles. Water is scarce. 

Pojmlaiion. — ^The Turcomans, according to Sir Henry Piawlinson 
and others, arc descendants of the Ghiiz or Komani, a race of Turks 
who migrated westward from their homes in the Altai before the 
Christian era, and penetrated even to the Danube. From sub- 
sequent intermixture with Persian and Caucasian peoples, they 
exhibit variations from the true Tartar tjqie. According to Baron, 
de Bode the Turcoman closely resembles both in appearance and 
in speech the Nogai Tartar and the Tartar of Kasan on the Volga. 

They are an independent race, as ^vild and free as their native 
desert, brave .and very impatient of control — “ Wild waniors in 
stormy freedom bred ’’ (Moore), They have a very evil reputation 
for brigandage and murder, so much so that the Bokharians and 
Khivans have a proverb — “ If you meet a viper and a Mervi, com- 
mence by killing the Jlervi and then despatch the viper.” Of late 
I'ears a change lor the better has taken place, and recent travellers 
among them state that the Mends show an inclination to lead a 
more settled life and to establish an elementary form of government 
(Medjliss), and that it is no longer accounted an honour among 
them to kill their neighbours. Opium smoking and arrack drink- 
ing arc apparently widespread vices (O’Donovan); at the same time 
thc3' are described as clover and intelligent. 

The Men' Tekkes (like the Akhal Tekkes) are classed in two great 
divisions— the Tokfamisli and the Otamish. Each of these 
dm.sions consists of two clans, and each clan is subdmded into 
families. The two clans of the Toktamish are called Beg and 
Wakil ; those of the Otamish, Suchmuz and Bukshi. The clans of 
Bc" and Wakil arc the most powerful, and occupy that part of the 
oasis which lies on the right or east bank of the Mur^ab. The 
•Suchmuz and Bukshi have their tents on the left or west bank. 

There is no machineiy of government, and no taxes are levied. 
Wliatcver government there be is of a patriarchal nature. Each 
family has a hcllchoda (patriarch), who represents the familj’ in 
matters of policy, hut can only act in accordance with the wishes 
of the clan. The aksakals, or grey beards, are also useful in settling 
intertribal disputD.s, but they are tolerated only so long as they do 
not act in opposition to the tribesmen. For external affairs and in 
time of war the ketkhodas exercise a certain amount of power. The 
authority of kctklwdas and aksakals is, however, overriden by the 
laws of custom or iis.age {dch) and the less respected laws of religion. 
The injunctions of deb are paramount. It sanctions the alaman, 
or plundering raid, and in general regulates the Turcoman’s daily 
life ; its prescriptions are more binding than those of the Koran. 

The Tekkes marry young. The father purchases for his twelve- 
j’car-old son a child-wife for 500 to 2000 krans (£20 to £80). A 
young widow cf twenty-five is much more valuable, but a woman 
over forty is not worth the price of a camel. On the conclusion of 
the bargain, the priest reads a prayer from the Koran, and the 
marriage becomes valid. 

Tlic dress of the men consists of a long tunic of coarse crimson 
silk reaching below the knees, with a white sash through which is 
stuck a dagger ; an outer robe of brown camel-hair cloth, a huge 
.sheepskin hat, trousers and slippers or amber-coloured knee-boots, 
complete the costume. Tlie women are exceedingly fond of trinkets, 
rin"s, and amulets, which accompany their movements with a 
sound as it were of bells. Their dress consists of the same red silk 
robe as the men -ivear, with a sash round the waist, and high-heeled 

boots, red or j^ellow. x x - 

The religion is Suni Mohammedan; their language J.agatai or 

Oriental Turk. , m • i 

The numbers of Merv Tekkes on the Slurgliab and Tejend are 
variously estimated, but may be stated approximately at 40,000 
tents, including 5000 tents of the Salor tribe. These 40,000 tents 
represent a populalnon of 200,000 to 250,000 souls. The Salors and 
Sariks at Yulutan and Panjdeh, highernp the Murghab, are given 
at li.OOO tents, or some 60,000 souls. . „ x- t. 

Products, Arts, and. Manufactures. — The country in all times h.as 
been renowned tliroughoiit the East for its ferHlity. Strabo tells us 
“that it was not uncommon to meet with a -i-ine whose stock coma 
hardly be clasped by two men with^outstretched arms, while 



u 


M E R — M E R 


clusters of crapes might he gathered two cubits iii length. The 
Arab traveller Ibn Haukal, writing in the 10th century, remarks 
that “ the fruits of Merv are finer than those of any other place, and 
one cannot see in any other city such palaces with groves and 
streams and garden.s.” A local proverb says, “Sow a gram to 
reap a hundred.” All cereals and many fnuts grow in great abund- 

"^"The Turcomans possess a famous breed of horses,— not prepos- 
sessing in appearance, being somewhat leggy and long in the back 
and neck, but capable of accomplishing long distances— oO or 60 
miles— for screral days in succession, and with very little food. 
Their great peculiarity appears to be their hairlessness ; the coat is 
very fine, the mane and tail very scanty. This breed of horses, ns 
well as the wealth of the Merv Tekkes in camels and flocks, is fast 

disappearing. „ , . , 

The Turcomans are noted as excellent workers in silver and as 

armourers, ami their carpets arc superior to Persian. They also 
make felts and a rough cloth of sheep’s wool. 

One of the chief occupations of the male sex is the repair of the 
dams and the clearing of the canals, upon the efficiency of which 
their existence is dependent. Tlic services of a large number of 
workmen are always held in readiness for the puqiosc. In 1878 
the unusual mass of water in the Murghab carried away the dam, 
and the drying up of some of the canals nearly led to a failure of 
the crops. 

CUmale . — The position of Merv, in the midst of sandy deserts in 
the heart of Asia, makes the climate in tlic lieat of summer most 
oppressive. The least wind raises clouds of fine sand and dust, 
which fill the air, render it so opaque ns to obscure the noonday sun, 
and make respiration difficult. In winter the climate is very fine. 
Snow falls rarely, and melts at once. 

History . — Tlie name Merv, or some similar form, occurs at a 
very early period in the history of the Aryan race. Under ^founi 
we find it mentioned with Bakhdi (Balkh) in the geography of tlie 
Zend Avesta (Vendidad, fargand i., ed. Spiegel), whicli dates prob- 
ably from a period anterior to tlie conquest of Bactria by the 
Assyrians, and therefore at least one thousand two hundred years 
before the Christian era. Under the name of Margu it occurs in the 
cuneiform inscriptions of Darius Hystaspis, where it is referred to as 
forming part of one of the satrapies of the ancient Persian empire 
{Tnscriptiones Sehislani, ed. Kossowicz). It afterwards became a pro- 
vince {Mapyiavii) of the Graico-Syrian, Parthian, and Persian king- 
doms. On the Margus— the Epardus of Arrian and now the Murghnb 
— stood the capital of the district, Antiochia Ifarginna, so called after 
Antiochns Soter, who rebuilt the city founded by Alexander the 
Great. About the 5th century, during the dynasty of the Sasa- 
nids, Merv was the seat of a Christian archbishopric of the 
Ncstorian Church. In the middle of the 7th century the flood of 
Arab conquest swept over the mountains of Persia to the deserts of 
Central Asia. Merv was occupied 6G6 a.d. by the lieutenants of 
the caliph Othman, and was constituted tlie capital of Khorasan. 
From this city as their base the Arabs, under Kuteibe bin Muslim, 
early in the 8th centurj- brought under subjection Balkli, Bokhara, 
Ferghana, and Kashgaria, and penetrated into China as far as the 
province of Kan-su. In the latter part of the 8th century Merv 
became obnoxious to Islam as tbe centre of berctical propaganda 
preached by Mokannali (Haschem ben Hakem), the “veiled 
prophet of Khorasan,” who claimed to be tlie incarnation of the 
Deity. In 874 Arab rule in Central Asia came to an end. Dur- 
ing their dominion Merv, like Samarkand and Bokliara, became 
one of the great scliools of science, and the celebrated historian 
Yakut studied in its libraries. About 1037 tbe Seljukian Turks 
crossed the Oxus from the north and raised Toghrul Beg, grandson 
of Seljuk, to the throne of Persia, founding the Seljukian dynasty 
with its capital at Nishapur. A younger brother of Toghrul’ 
Daoud, took possession of Merv and Herat. Toghrul was succeeded 
by the renowned Alp Arslan (the ^’eat lion), whose sway was so 
VMt that, according to tradition, no fewer than twelve hundred 
kings pnnees and sons of kings and princes did liomage before 
lus throne. Alp Arslan was buried at ^lerv. It was about this 
time that Merv reaebed tbe zenith of her glory. During the reign 
of Sultan Sanjar of tlic same house, towards the middle of the 11th 
century, Jlerv was overrun by the Turcomans of Gliuz, and the 
countrj- was reduced to a state of misery and desolation. These 
lurcomans, the ancestors of the present tribes of Turcomaiiia 
were probably introduced into the country by the Seljukian Turks 
as military colonists. _ Tliey formed the van of their armies, and 
rendered efficient service so long as the dynasty lasted, and after- 
wards took part in the wars of Tamerlnon ’ 
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Merv became included in the possessions of Toghluk Timur Khan 
(Tamerlane), in 1-380. In 1605 the decayed city was occupied by 
the Uzbeks, who five years later were expelled by Ismail Khan, 
tlie founder of the Sulfavcan dynasty of Persia. ^ Merv tlicncefor- 
ward remained in the hands of Persia until 1787, when it was 
attacked and captured by the emir of Bokhara. Seven years 
later tlie Bokliarians razed the city to the ground, broke down the 
dams, and converted the district into a waste. About 1790 the 
Sarik Turcomans pitclied their tents there. AVlien Sir Alexander 
Burnes traversed the country in 1832, the Khivans were the rulers 
of Merv, the uomad population being subject to them. About this 
time tlie 'Tekke Turcomans, then living at Orazkala on the Heri-rud, 
were forced to migrate northward in consequence of the pressure 
from behind of tlie Persians. The Khivans contested the advance 
of the Tekkes, but ultimately, about the year 1856, the latter be- 
came tbe sovereign power in tbe country, and have ever since 
resisted all attempts at reconquest. 

Authorities.— 'Res\Acs tlie Btnndnrd travels of tVoltf, Fender, Vomben-, Bmaes, 
Abbott, MouriivSeff, and others, tbe followliiK works and papers of more recent 
date may be consnltcd with advantage: — Sir II. liawllnson's Engiani and liussia 
in the East; O’Donovan's correspondence with the Eaily A’eicj, 18S0-81 ; 
O'Donovan’s “Merv," Proe. Roy. Oeog. Soe.; Col. Stewart’s “Conn’ry of tbe 
Tckkc Turcomans," Proe. Roy, Oeog. Soe., with excellent map ; “tlie New llns'O- 
I’crslun Frontier, 1881," Proe. Roy. Oeog. Soe.-, Girard de Itialle, Memolre tur 
I'Asie Centraie; Sir H, Kawllnson, “Rond to Men-," Proe. Roy. Oeog. Soe.; 
Col. Baker's Clouds in the East; Captain Napier's ‘-Reports," Jour. Roy. Ceog. 
,Soc.; Hutton's Central Asia; Slarvln's Mere; Col I’otio's Steppe Campaigns; 
Sir Charles JlncGrcgoi's Journey through Khorassan; lloulgcr's England and 
Russia in Centra! Asia; Captain Butler's Communieations to the Putlie Press; 
Lessar’s “ Journeys," Proe. Roy. Ceog. Soe.; O'Donovan's J/ei-c Oasis; Papers on 
the Turcomans, Ac., by Col. I’eti-uscvltch, Proe. Jinp. Russ. Oeog. Soe.. Caucasus 
section; Col. Grodekofl’s Journey from Tashlend to Persia, 18S0; Captain 
Kuropntkhi's Turcomania. 1880 ; Col. VenlukofTs Progress of Russia in Central 
Asia, 1877, and other papers by the same author; Col. Kostenko's “Tnrkc.stan," 
Jour. R. U. S. Instil.; Schuyler's Turiistan; coircspondcnce on Central Asia pre- 
aciitcd to parliament, ,1.-0, (F. C. II. C.) 

MfiRYON, Charles (1821-1868). Tbe name of 
M6ryon is associated with that sjiirited revival of etching 
in France which took place in the middle of the ISth 
century, — say from 1850 to 1865, — but it is rather by the 
individuality of his own achievements, and the strength of 
his artistic nature, than by tbe influence he exercised that 
Mdryon best deserves fame. No doubt his ivork encouraged 
others to employ the same medium of expression, and so 
great was ids own perfection of technique that he may well 
have been made a model ; but, after all, tbe medium he 
selected, and in which he excelled, was but the accident of 
his art ; ho was driven to it in part by stress of circum- 
stances — by colour blindness ; and, even with colour blind- 
ness, his extraordinarj' certainty of hand and his delicate 
perception of light, aided by his potent imagination, would 
have made him a great draughtsman not alone upon the 
copper. / 

(Hilaries Mdryon was born in Paris in 1821. His father 
was an English physician, his mother a French dancer. 
It was to his mother’s care that Mdryon’s childhood was 
confided. She was supplied with money, and she gave the 
boy passionate affection, if not a wise training. But she 
died when he was still very young, and Miiryon in due 
time entered the French navy, and in the corvette “Le 
Ellin ” made the voyage round the world. He was already 
a draughtsman, for on the coast of New Zealand he made 
pencil drawings which he was able to emploj’’, years after- 
wards, as studies for etchings of tbe landscape of those 
regions. The artistic instinct developed, and, while he 
was yet a lieutenant, M4ryon left the navy. Finding that 
he was colour-blind, ildryon determined to devote himself 
to etching. He entered the work-room of one Bldr}’, from 
whom he learnt something of technical matters, and to 
lyhom he always remained grateful. SKryon was bj’ this 
time poor. ^ It is said that he might have had assistance 
from his kindred, but he was too proud to ask it. And 
thus he was reduced to the need of executing for the sake 
of daily bread much work that was wholly mechanical and 
irksome. Resolutely, though, unwillingly, he became the 
hack of his art, doing frequently, from the day when he 
was first a master of it to the day when insanity disabled 
him, many dull commissions which paid ill, but paid better 
than his original works. Among learner’s work, done for 
his own advantage, are to be counted some studies after the 
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Dutch etchers such as Zeeman and Adrian van de Velde. 
Having proved himself a surprising copyist, he proceeded 
to labour of his own, and began that series of etchings 
which are the greatest embodiments of his greatest con- 
ceptions — the series called “ Eaux-fortes sur Paris.” These 
plates, executed from 1850 to 1854, are never to be met 
with as a set ; they were never expressly published as a 
set. But they none the less constituted in Meiryon’s mind 
an harmonious series. For him their likenesses and their 
contrasts were alike studied ; they had a beginning and an 
end ; and their differences were lost in their unity. 

Besides the twenty-two etchings “sur Paris” character- 
ized below, M^ryon did seventy-two etchings of one sort 
and another, — ^ninety-four in all being catalogued in 
Wedniore’s Meryon and MeryorCs Paris ; but these include 
the works of his apprenticeship and of his decline, adroit 
copies in which his best success was in the sinking of his 
own individuality, and dull and worthless portraits chiefly 
of forgotten celebrities. Vet among the seventy-two prints 
outside his professed series there are at least a dozen that 
Avill aid his fame. Three or four beautiful etchings of 
Paris do not belong to the series at all. Two or three 
etchings, again, are devoted to the illustration 'of 
Bourges, a city in which the old wooden houses were 
as attractive to him for their orvn sakes as were the stone- 
built monuments of Paris. But generally it was when 
Paris engaged him that he succeeded the most. He 
w'ould have done more work, however, — though he could 
hardly have done better work, — ^if the material difficulties 
of his life had not pressed upon him and shortened his 
days. He was a bachelor, unhappy in love, and yet, it is 
related, almost as constantly occupied with love as with 
work. The depth of his imagination and the^ surprising 
mastery which he achieved almost from the beginning in 
the technicalities of his craft were appreciated only by a 
few artists, critics, and connoisseurs, and he could not sell 
his etchings, or-could sell them only for about lOd. a piece. 
The fact that his own original work was of incalculably 
greater value than his best copies of his most celebrated 
forerunners had not yet impressed itself upon anybody. 
Disappointment told upon him, and, frugal as was his way 
of life, poverty must have told on him. He became subject 
to hallucinations. Enemies, he said, waited for him at the 
corners of the streets ; his few friends robbed him or owed 
him that which they would never pay. A very few years 
after the completion of his Paris series, he was lodged in 
the madhouse of Charenton. Its order and care restored 
him for a while to health, and he came out and did a little 
more work, but at bottom he was exhausted. In 1867 
he returned to his asylum, and died therein 1868. In the 
middle years of his life, just before he was placed under con- 
finement, he was much associated with Bracquemond and 
■with Flameng, — skilled practitioners of etching, while he 
was himself an undeniable genius, — and the best of the 
portraits we have of him is that one by Bracquemond 
under which the sitter wrote that it represented “the 
sombre M6ryon with the grotesque visage.” And it did. 

There are twentj'-two pieces in the Eaux- fortes sur Paris. Some 
of them are insignificant. That is because ten out of the twenty- 
two were destined as lieadpiece, tailpiece, or running 'commentary 
on some more important plate. But e.ach has its value, and certain 
of the smaller pieces throw great light on the aim of the entire set. 
Thus, one little plate — not a picture at all— is devoted to the record 
of verses made by Jleryon, the pnr])Ose of which is to lament the life 
of Paris. The niisery and poverty of the town Jleryon had to illus- 
trate, as well as its splendour. The art of Jleryon is completely 
misconceived when his etching.s are spoken of asviows of Paris. They 
are often “views,” but they are so just so far as is compatible with 
their being likewise the visions of a poet and the compositions of an 
artist. It was an epic of Paris that Jleryon determined to make, 
coloured strongly by his personal sentiment, and affected here and 
there by the occurrences of the moment,— in more than one case, for 
instance, he hurried with particular affection to etch his impression 


of some old-world building which was on the point of destruction, 
pearly every etching in the series is an instance of technical skill 
bxit even the teclinical skill is exercised most happily in those etch- 
ings which have the advantage of impressive subjects, and which 
the collector willingly cherishes for their mysterious snggestiveness 
or for their pure beauty. Of these, the Absido de Notre Dame is 
the general favourite ; it is commonly held to be Meryon’s master- 
piece. Light and shade play wonderfully over the great fabric of 
the church, seen over the spaces of the river. As a draughtsman of 
architecture, Meryon was complete ; his sympathy with its various 
styles was broad, and his work on its various styles unbiassed and 
of equal perfection— a point in which it is curious to contrast him 
with Turner, who, in drawing Gothic, often drew it with want of 
appreciation. It is^ evident that arcliiteoture must enter largely 
into any representation of a city, however much such representation 
may he a vision, and however little a chronicle. Besides, the archi- 
tectural portion even of Meryon’s labour is but indirectly imagina- 
tive ; to the imagination lie has given freer play in his dealings with 
the figure, whether the people of the street or of the river or the 
people who, when he is most frankly or even wildly symbolical, 
crowd the sky. Generally speaking, his figures are, as regards 
draughteinanship, “landscape-painter’s figures.” They are drawn 
more with an eye to grace than to correctness. But they are not 
“landscape-painter’s figures” at all when what we are concerned 
with is not the method of their representation but the purpose of 
their introduction. They are seen then to be in exceptional accord 
with the sentiment of the scene. Sometimes, as in the case of La 
Morgue, it is they who tell the story of the picture. Sometimes, as 
in the case of La Rue des Mauvais Gargons, — with the two passing 
women bent together in secret converse, — they at least suggest it 
And sometimes, as in L’ Arche du Pont Notre Dame, it is their 
expressive gesture and eager action that give vitality and animation 
to the scene. Dealing perfectly with arcliiteoture, and perfectly, as 
far as concerned his peculiar purpose, with humanity in his art, 
Meryon was little called upon by the character of his subjects to 
deal with Nature. He drew trees but badly, never representing 
foliage happily, either in detail or in mass. But to render the char- 
acteristics of the city, it was necessary that ho should know how to 
pourtray a certain kind of water — river-water, mostly sluggish — and 
a certain kind of sky — the grey obscured and lower sky that broods 
over a world of roof and chimney. This water and this sky Meryon 
is thoroughly master of ; he notes with observant affection their 
changes in all lights. 

Meryon’s excellent draughtmansliip, and his keen appreciation of 
light, shade, and tone, were, of course, helps to his becoming a great 
etcher. But a living authority, himself an eminent etcher, and 
admiring Meryon thoroughly, has called Meryon by preference a 
great original engraver, — so little of Meryon 's work accords with Mr 
Haden’s view of etching. Meryon was anything but a brilliant 
sketcher ; and, if an artist’s success in etching is to be gauged chiefly' 
by the rapidity with which he records an impression, Meryon’s suc- 
cess was not great. There can be no doub*' that his work was 
laborious and deliberate, instead of swift and impulsive, and that of 
some other virtues of the etcher — “selection ” and “ abstraction ” as 
Mr Hamerton has defined them — he shows small trace. But a 
genius like Meryon is a law unto himself, or rather in Lis practice 
of his art he makes the laws by which that art and he are to be 
judged. He was a great etcher, and by his most elaborate labour 
he seemed somehow to ensure the more completely for his picture 
that virtue of unity of impression which, it may well he admitted, 
oftener belongs to rapid than to deliberate work. In Miryon’s 
etchings the hand-work never seems to bo in arrear of the thought. 
As long as the hand-work must continue, the thought and passion 
are retaincti. Meryon knows the secrets of his craft as well as did 
the older masters of it ; but he turns thern to his own puqioses. 
He is unexcelled in strength and in precision, nor is he often 
rivalled in delicacy. These qualities, and others more distinctly 
teclinical, which it would take too long to insist on here, studente 
find in his etchings. But the incommunicable charm of Sleryqn’s 
prints and their lasting fascination are due to the fact that, behind 
all technical qualities, and as their veiy source and spring, there 
lies the potent imagination of the artist, poetical and vivid, direct- 
ing him what to see in 1ns subject, and how to see it. (F. WE.) 

MESCHERYAKS, or Me-schers, a people Miabiting 
eastern Russia. Nestor .regarded them as Finns, and 
even now part of the Mordvinians (of Finni.sh origin) 
call themselves Mescher.s. Klaproth, on the other hand, 
supposed they w'ere a mixture of Finns and Turks, and the 
Hungarian traveller Reguli discovered that the Tartarized 
Meschers of the Obi closely resembled Hungarians. They 
formerly occupied the basin of the Oka (where the town 
Meschersk, now ileschovsk, has maintained their name) 
and of the Sura, extending north-east to the Volga. After 
the conquest of tlie Kazan empire by Russia, part of 
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them migrated north-eastwards to the basins of the Kama 
and Byelaya, and thus the Ifeschers divided into two 
branches. Tlie western branch became Russified, so that 
the Mescheryaks of tlie governments of Penza, Saratoff, 
Ryazan, and Vladimir have adopted the customs, language, 
and religion of the conquering racej but their ethnogra- 
phical characteristics can be easily distinguished in the 
Russian population of the governments of Penza and 
Tambofi. The eastern branch has taken on the customs, 
lanmiarre, and religion of Bashkirs, with whom their fusion 
is still ^more comi^letc. They can be clistinguishecl from 
their neighbours only by their more peaceful character. 
This Bashkir-ilescheryak branch was estimated by Rittich 
in 1875 to number 138,000. They make 6 percent, of 
the population of the government of Upa, and 22 per 
cent, in the district of Birsk. The number of the western 
Mescheryaks is unknown, and could hardly be estimated on 
account of their mixture with Russians. It is only in the 
governmentof Penza thattheyhavemaintained theirnational 
features ; there they make 3 per cent, of the population. 

MESCHOVSK, a district town of Russia, in the govern- 
ment of Kaluga, 45 miles to the south-west of the capital 
of the province. It is an old town supposed to date from 
the 13th century, and it is often mentioned in Russian 
annals under the names of JIczetsk, ilezcchcvsk, or 
Mcschorsk. About the end of the 14th century it was 
embraced in Lithuania, and it was ceded to the JIoscow 
“ great principality ” in 1 494. It was often pillaged by Tar- 
tars in the 16th century, and during the great disturbances 
of 1610 all its inhabitants were killed by the Zaporoghi 
Cossacks, and the fort was taken by Poles, who returned it 
to Russia only after the treaty of Deulin. The country 
round Meschovsk is not fertile ; but, from its position on 
old established routes to the south, the town has become 
a centre of considerable trade. Its annual fair, which 
takes place on the grounds of the very old Petrovsk 
monastery, is important to the surrounding districts for 
the export sale of horses, grain, hemp, hempseed oil, and 
coarse linen, and for the import trade in cottons, woollens, 
and earthen and glass wares, the v/hole turn-over reaching 
about £100,000. Population, 7400. 

MESHED (properly Mesh-hed, i.e., “place of martyr- 
dom,” “shrine”), a city of northern Persia, capital of 
Khorfisdn, 472 miles east of Tehnln, 201 miles north-west 
of Herat, 36° 17’ 40” N., 52° 35' 29" E., lies on a plain 
watered by the Keshaf-riid, a tributary of the Heri-rud, and 
is surrounded by mud walls 4 miles in circumference, with 
a dry ditch 40 feet deep at some point.s, which could be 
flooded from the neighbouring reservoir and watercourses. 
■\Vithin this enclosure is a .strong citadel, with good walls 25 
feet high, residence of the prince governor of Khoriisfin. 
There are five gates, from one of which, the Bala Khiab4n, 
the Khfabi'in main street runs right through the city, form- 
ing a fine boulevard planted with plane and mulberry trees, 
and with a stream of dirty water running down its whole 
length. In the centre is an open parallelogram 160 yards 
by 75, encircled by double-storied cloisters, and pierced on 
the long side by a high a,rched porch leading directly to 
the great mosque, whose gilded dome rises above the shrine 
of the famous Imam RizA.i The marble tomb of the saint, 

,, ? A'i. ('?’■ vl-Kala), the eiglitli imam of tlio Shi'a is tlie 'Ali ilm 

Masa fiom a-liom the party of Alides had such hopes under the 
cahphato of Mamun (rcc Mohammkdamsji). He died at Tus 
81 S .t.U., and was buried by Mamuu’s orders in the vicinitv of ilnl 

new town eclipsed tiie older city of the 


wliicli is the most venerated spot in the whole of Persia, 
and yearly visited by from 80,000 to 100,000 pilgrims, is 
surrounded by a silver railing, and approached by a flight 
of inlaid marble steps. Eastwick, the only European before 
O’Donovan who penetrated as far as the parallelogram, 
describes the mosque as largo enough to contain three 
thousand people. It is flanked by two gilded minarets, 
one of which, 120 feet high, is extremely beautiful, with 
an exquisitely carved capital, built by Shah Abbds. The 
faqade is entirely covered with blue and white enamelled 
tiles. To the mosque are attached as many as two thousand 
attendants and retainers of all sorts, including no less than 
five hundred rnollahs. Beyond the dome is Gauliar Shiih’s 
liandsome mosque, surmounted by an immense blue dome, 
and also flanked by two minarets. In the main street 
is a public kitchen supported by the enormous revenues 
of the shrine, where eight hundred devotees are daily 
supplied with food gratuitously. The only other notable 
buildings in the i)lace are some colleges and twent}'- 
two caravauscYais, one of which is of great size. Meshed 
does a considerable local and transit trade to the yearly 
value of about 600,000 tomiins, and its bazaars are always 
well stocked with silks, velvets, felts, cottons, shawls, 
carpets, lacquer work, lambskins, hardw'are, glass, china, 
and other goods from South Persia, India, Turkestan, and 
Russia. The European trade is now entirely controlled by 
Russia, and Eurojfean manufactured articles are mostly all 
from that country. The chief manufactures are silk, satin, 
velvet, and checked-cotton fabrics, carpets, shawls, noted 
sword blades, shagreen, and turquois jewellery. Within 
the enclosures are extensive cemeteries far exceeding the 
local requirements, large numbers of the faithful being 
brought from all parts of the Shf'a world to bo buried in 
the vicinity of Riza’s shrine under tlie belief that their 
eternal salvation is thereby ensured. 

Some 10 inilp.s we.sL of Jlcshed is a powder factoiy, formerly 
under Colonel Dolmngc, where ))Owdcr ol excellent tinality is pro- 
duced. Tlie district, nltliongh fertile, docs not produce sudicient 
for the iiilmbitants, so that much grain lin.s to bo imjwrted from 
Kurdi.stiin ami Nish.qiur. Tlie climate is very severe in winter, with 
much snow ; in summer it is less sultry than might be expected, 
tlio temperature ranging from 7C° F. to 90“ or 02° F., and in excep- 
tional years 91“ to 98“ F. The po])ulation is variously estimated at 
from 45,000 (Coniiolly) and 00,000 (Ferrier) to 80,000 and 100,000 
(Eastwick). Tiio setliod residents, exclusive of pilgrims and foreign 
traders, arc estimated by O’Donovau at 50,000. 

Tire main caravan routes from Khiva, Bokhara, Sainarknndj and 
Herat conveige at Jloshed, whence linos of traflic radiate to luichan 
for the Atrek valley and the Cas))inn, to Kishapvir and Bostam for 
Tohran, to Tahas for Isfahan, to Khaf for Si'sti'm and Kinnan. It 
thu.s occiqiies a position in north-eastern Persia analogous to that 
of Tabriz in the nortli-wcst. 

MESHED-ALI, i.e., the shrine of the “ martyr ” All, is 
a town of Asiatic Turkey, province of Baghdad, 50 miles 
south of Kerbela, close to tlie ruins of Kufa, and 2 miles 
west of the Hindiye branch of the Euiflirates, the reputed 
burial-place of the calipli Ali.^ It stands on the east 
scarp of the Syrian desert, and is enclosed by nearly square 
brick walls flanked by massive round towers dating from 
the time of the caliphs. Under the gilded dome of the 
great mosque, which occupies the centre of the town, is the 
shrine of Ali, which is held by the Shi'a as at least as 
holy as the Kaaba itself. Any Moslem buried mthin 
sight of the dome being certain of salvation, largo nnmhers 
of bodies are yearly sent from all jiarts for interment here. 
Besides the mosque with its richly decorated facade, the 
only noteworthy building is a good bazaar supplied from 
Baghdad and Basra. The town itself, which Lady Aum 

Wliether the place really contains the grave of Ali was lons 
uisputcu, aiul the story given in defence of its claims i.s doubtless 
apocryphal. The dome was built under the Abbasid.s, and the restiag" 
place of the caliph unknown or concealed under the Oniayyads (Ibu 
Ilaukal, p. 163 ). 
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Blunt describes as “ an ideal Eastern city, standing in an 
absolute desert, and bare of all surroundings but its tombs,” 
consists of narrow gloomy streets lined by liouses closely 
packed, together. The locality is properly named ITajaf, 
and gives its name to the neighbouring lake, a large 
depression filled by an eruption of the river, and ranging 
from 6 to 20 feet in depth. The accumulated treasures 
of the shrine were carried off by the AVahh.-ibites when they 
captured this place early in the present century. The 
population is estimated at 7000, including seveial Indian 
Mohammedans under the protection of the British resident 
at Baghdad. 

The asjiect of the shrine in the 14th century is described by Ibn 
Batiita, i, •llf-sy. A plan of tlie town and description of its 
splendour before the IVahhabites pillaged it is given by Niebuhr, 
See also Ibn Jubair, p. 214 ; P. Teixeira, Jtin., cap. iv. 

hlESHED HOSEIjST, properly Mesuhed Hosein. See 
Kerbela, vol. xiv. p. 48. . 

MESMER, MESMERISil. See vol. xv. p. 277. 
e Plate JOiSOPOTAMIA, the “ country between the rivers,” is a 

jiurely geographical expression, the countries which it com- 
prehends never having formed a self-contained political 
unity.i It was first introduced by the Greeks at or after 
the time of Alexander, but probably had its origin in the 
earlier Aramcean name Mth nahrhi (the countiy between the 
rivers), to which again corresponds the Biblical Aram Xaha- 
rayini.~ As early as 700 B.c. “ the country of two rivers ” 
is mentioned on the Egyptian monuments under the name 
Naharina, but no such designation appears in the cunei- 
form inscriptions (though the territory formed part of the 
AssjTian as it afterwards did of the Persian empire). The 
most settled period in the history of klesopotamia was 
probably under Persian-Greek rule. Xenophon applies 
the name SjTia to the extremely fertile district which he 
traversed after having crossed the Euphrates at Thapsacus. 
The country beyond the Araxes (Chaboras 1) he calls Arabia, 
— a desert region in which his army had to suffer great 
hardships until it reached the “ gates of Arabia.” Even 
in later times Mesopotamia was included under the name 
■ As.syria, or was reckoned part of Babylonia. 

These statements of Xenophon already indicate a 
demai'cation of the territory afterwards called ilesopotamia, 
as well as its division into two sections. The fertile 
portion, inhabited by agricultural Aramaeans, stretched 
from the Euphrates to the Chaboras j the desert portion, 
the home of wandering tribes, extended to the Tigris. It 
would be rash, however, to conclude from this that 
Mesopotamia designated the whole territory between the 
Euphrates and Tigris ; indeed it is possible that Araw 
Afaharayim, the Aram of the country of the two rivers, 
originally meant only the main portion of the fertile country 
inliabited by Syrians. In this case the two boundary 
rivers must have been, not the Eniffirates and the Tigris, 
but the Euphrates and the Chaboras. After the final 
occupation of the country by the Romans (156 a.d.), the 
.imlitical province of [Mesopotamia was practically confined 
to this more limited district. Though in ordinary usage 
the Euphrates and Tigris are considered as the two rivers 
. which bound Mesoi)otamia, the one bank of the river 
cannot be geographically seijaratcd from the other, and 
consequently narrow strips of country on the right bank 
of the Euphrates and on the left bank of the Tigris must 
be reckoned to the country “between” the rivers. On 
the other hand, the country between the sources of the 
Euijhrates and the Tigris has from early times been 

^ Meo-oTTOTa/iio, more exactly ?; /ue'irr) twv voTatiSiv, sell. 

or Suplo. „ , . 

- In the more recent parts of Genesis Padan Aram take.s the place 
of Aram Naliarayim. But this jierliaps is the name of a smaller district 
in the neighhourhood of Ilarraii. 
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reckoned not to Mesopotamia but to Armenia. In this 
direction the Masius range forms the proper boundary, and 
it is only on rare occasions that theoretical geographers 
extend the name Mesopotamia over the more northern 
districts, SoiDhene, <fec. Purely theoretical too, and not to 
be approved, is the extension of the definition so as to 
include the land of Babylonia ('Mk ‘Arabi), that is, the 
country as far south as the confluence of the Euphrates 
and Tigris, or even as far as their embouchure in the 
Pensian Gulf. 

From_ what has been said it appears that Mesopotamia 
reaches itsnorthern limitsat the points wheretheEuPHRATEs 
(q.v.) and the Tigris break through the mountain range and 
enter the lowlands. In the case of the Euphrates this 
takes place at SumeisM (Samosata), in that of the Tigris 
near Jezfret ibn 'Omar (Bezabdd) and Mosul (Nineveh). 
Consequently the irregular northern boundaries are marked 
by the lowland limits of those spurs of the Taurus mountains 
knoum in antiquity as Mons Masius and now as Karaje 
Ddgh and Tur 'Abdin. Towards the south the ancient 
boundary was the so-called Median Wall, which, near 
Pirux Shapur, not much to the south of Hit (the ancient 
Is), crossed from the Euphrates in the direction of Kadisiya 
(Opis) to the Tigris. There the two rivers ajiproach each 
other, to diverge again lower down. At the same place 
begins the network of canals connecting the two rivers 
which rendered the country of Babylonia one of the richest 
in the world ; there too, in a geological sense, the higher 
portion of the plain, consisting of strata of gypsum and 
marl, comes to an end ; there at one time ran the line of 
the sea-coast; and there begin those alluvial formations 
with which the mighty rivers in the course of long ages 
have filled up this depressed area. Mesopotamia thus 
forms a triangle lying in the north-west and south-east 
direction, with its long sides towards the north and south- 
west. It extends from 37° 30' to about 33° N. lat. and 
from 38° to 46° E. long., and has an area of some 55,200 
square miles. The points at which the rivers issue from 
among the mountains have an absolute altitude of between 
1000 and 1150 feet, and the plain sinks rapidly towards 
the southern extremity of Mesopotamia, where it is not more 
than about 165 feet above the sea. As a whole the entire 
country consists of a single open stretch, save that in the 
north there are some branches of the Taurus — the Nimriid 
DAgh near OrfA, the long limestone range of 'Abd-el' Axlz, 
running north-north-west, and farther to the east the Sinjar 
range, also of limestone, 7 miles broad and 50 miles long, 
running north-north-east. Between these two ranges — near 
the isolated basaltic hill of Tell Kdkab (Hill of Stars) — runs, 
the defile by which the waters of the Chaboras, swollen, 
by the Jaghjagha and other affluents from the Masius, find 
their way into the heart of Mesopotamia. The Khdbiir 
proper, the ancient Chaboras, which rises in the three- 
hundred copious fountains of RAs- ain (the ancient Rhesmna), 
and idtimately falls into the Euphrates near KarkfslyA 
(CircesiumX forms the boundary between the two, or more 
correctly the three, great divisions of Mesopotamia. These 
divisions are (1) the northern country to the west of the 
KhAbur, (2) the northern country to the east, and (3) the 
steppe-land. In the country to the north-west of the 
KEAbiir we must probably, as already mentioned, reco^ize 
the true ancient Aram Naliarayim. Under the dominion 
of the Seleucids it bore the name of Osrhoene, or better 
Orrhoene, and was for a time the seat of a special dynasty 
■which at a later date at any rate was Arabian (Abgar). 
The capital of this kingdom was Orfa (Rolia), the Edes^ 
of the Greeks and Romans, the Orrhoi of the Syrians ; it 
was at a later date a Roman colony, and bore also the name 
of Justinopolis. This once flourishing city lies on the small , 
river Daisan (the ancient Scirtus). South of Edessa lie 
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the ruins of Hakean (see vol. xi. p. 454). In tlie Mongolian 
period Harran fell into decay, and at present it is a mere 
heap of ruins. A tliird town of this region is Semg 
(Gen. xi. 20) ; in the Greek period it was called Batne, but 
the Syrians retained the name Serug, which is still in use 
(Senij). The tow lies between Harran and the Euphrates, 
in a plain to which it gives its name. On the left bank of 
the Euphrates lay Apamea (the modern Birejik), connected 
ivith Zeugma on the other side by a bridge, and farther 
south, at the mouth of the Bilechas (modern Belik), 
was the trading tow and fortress Nicephorium, founded 
by command of Alexander, and completed by Seleucus 
Nicator, in memory of whose victory it was named. 
From the emperor Leo it received the designation Leonto- 
polis. The spot is now known as Eakka (see below). 
Farther up the fruitful valley of the Belik lay the town of 
lehniE (Chne). Farther south lay Circesium (Ohahoras of 
Ptolemy, Pkakff of Isidor), not to be identified, as is usually 
assumed, with Carchemish ; from the time of Diocletian 
it was strongly fortified. The site is at present occupied 
by a wretched place of the name Karkisiy/v. Carchemish 
probably lay near the bridge of Membij, the present 


Kalat el-Nejm. 

In ancient times a highly flourishing district must have 
stretched along the river Chaboras (Kh.lbiir) to its principal 
source at R4s-ain (“Fountain-head,” Syr. Risltaina, the 
Ehesrena of Ptolemy), a town which was for some time called 
Theodosiopolis, because after 380 a.d. it was extended and 
embellished by Theodosius. Justinian fortified it. The 
strip of completely desert country which now stretches along 
the lower course of the Kh4bur was called in antiquity 
Gauzanitis, and corresponds to the Gozan of 2 Kings xviii. 
G (Guzana or Guzanu in the cuneiform inscriptions). 

The country to the east of the upper Kh4bdr is in many 
respects similar to that which has just been described. As 
the watershed of the Tigris is not far distant, the Masius 
range sends down into Mesopotamia only insignificant 
streams, the most important being the Hermas, tlie 
Mygdonius of the Greeks. On its banks was situated 
Nisibis, the chief city of the district, which commanded 
the great road at the foot of the mountains leading 
tlu-ough the steppe, which here from the scarcity of rvater 
comes close up to the edge of the hills. In the old 
Assyrian empire Nasibina was the seat of one of the four 
great administrative officials. In the time of the Seleucids 
the site was occupied by the flourishing Greek colony of 
Antiochia Mygdonia j but the new designation, transferred 
to the river and the vicinity of Nisibis from the Mace- 
-donian district of Mygdonia, afterwards passed out of use. 
Nisibis was an important trading city, and played a great 
part in the wars of the Romans against the Persians. 
Captured by Lucullus, surrendered by Tigranes, recovered 
by Trajan, again abandoned by Hadrian, once more occu- 
pied under Lucius Verus, and strongly fortified by Severus, 
it was at length raised to be the capital of the province’ 
and remained the frontier fortress of the Romans till in 
the time of Jo\'ian it was ceded to the Persians. After 
the loss of Nisibis the emperor Anastasius in 507 
founded to the north-west the fortress of Darm or Daras 
(the modern D.lril), also called Anastasiopolis, rvhich from 
the reign of Justinian, who increased its strength, remained 
for a time the residence of the dux Mesopotamix Besides 
these strongholds, many fortified posts were established 
nfncf 1 district. Antoninopolis 

T ™PO‘-tant town -this was 
S pa name of Constantia, 

Mardrn Tela between Harran and Nisibis! 

Mardin too uas a fortress of a similar hind 


o* i 1 — ^ similar kind, and the torvn 

of Singara, at the southern foot of the mountain of the 
Bume name, was an advanced post of the Roman powL. 


The south or steppe portion of Mesopotamia was from 
early times the roaming-ground of Arabic tribes; for 
Xenophon gives the name of Arabia to the district on the 
left bank of the Euphrates to the west of the Khdbiir ; 
and elsewhere it is frequently stated that the interior at a 
distance from the rivers was a steppe inhabited by Arabes 
Scenitm (Tent Arabs). Along the bank of the two great 
rivers ran a belt of cultivated country, and the rocky 
islands of the Euphrates were also occupied by a settled 
population. On the Euphrates, beginning towards the 
north, we must mention first Zaitah or Zautha, south-east 
of Circesium; next Corsothe, at the mouth of the Jfascash; 
then Anatho or Anathan, the modern Ana; and finally 
Is (Hit). On the Tigris the point of most importance is 
Carme (Katmt of the Anabasis), south from the mouth of 
the Great Zab near the present Kal'at SherkAt ; and not 
far distant towards the interior was Atrm or Hatroe, also 
called Hatra, the chief town of the Arab tribe of the Atreni. 
It was besieged without success by Trajan and Severus ; 
by the 4th century it was already destroyed; but the 
interesting ruins, which can scarcely be visited oving to 
the plundering liabits of the Bedouins, still bear the name 
of El-Hadhr. They lie in the heart of the steppe, and 
were formerly well supplied with water. 

All these districts came in 640 a.d., or perhaps a littlo 
earlier, into the power of the Arabs, who named them 
Jezlra (island) or Jezlret Akiir,’ and divided them according 
to tribes into three portions, the land of Bekr, of Rebi'a, 
and of Modhar. The district of Modhar ran along the 
side of the Euiflirates, and its chief towns were Orfa and 
Raklja; the district of Rebi'a comprised the plain of 
Mosul as far as the country on the KhAbiir (chief towns 
Mosul and Nisibis), and the district of Bekr (Diydr Bekr) 
the more mountainous country to the west of the upper 
Tigris (chief town Amid or Diarbekr). In general the 
Arabs consider a part of the mountain territories which lie 
between the two rivers to belong to Jezira, as is best Seen 
from the following notice given by Abulfeda: — 

“El-Jezira is the land between the Tigris and the Euphrates, yet 
many places on the other side of the Euphrates, which properly 
belong to Syria, are also included, as well as places and even dis- 
tricts on the east side of the Tigris. The exact boundary line thus 
runs from llalatia by Sumeisat, Kal'at er-Riim (Rum-Kala of the 
maps), and Biro (Birejik) to the point opposite Jfembij, and then 
by Balis, Er-Rakka, Karkisiya, Er-Raliaba (on right bank), and 
Hit to Anbar. Here the Euphrates ceases to form the boundary, 
which runs across to the Tigris in the direction of Tekrit, and 
ascends the Tigris as far as Es-Sinn (Senna) to El-Haditha and 
Mosul, thence to Jezirct ibn 'Omar, then to Diarbekr, and so back to 
Malatia.’’ 

From the Arabic geographers and travellers we gain the 
impression that a great part of Mesopotamia, with the ex- 
ception of the southern steppe of course, must at that time 
havebeen in a very flourishing condition ; the neighbourhood 
of Nisibis especially is celebrated as a very paradise. In 
fact it is only since the Turkish conquest of the country 
under Sultan Selim in 1515 that it has turned into a desert 
and gradually lost its fertility. As the nomadic Arabs 
have continually extended their encroachments, agriculture 
has been forced to withdraw into the mountains ; and this 
is especially true of the western portions of Mesopotamia, 
the district of RAs-'ain, and the plain of Harran and Seriij, 
where huge mounds give evidence that the rvhole country 
W'as once covered with towns and villages. Under the 
Turks El-Jezira does not form a political unity, but be- 
longs to different pashaliks. 

From this brief survey it appears that Mesopotamia, like 
Syria, constitutes an intermediate territory between the 
great eastern and western monarchies, — Syria inclining 

(c. 200 a.d.) already reports that the Arabs called 
Mesopotamia v^cros. 
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more to tlie ■west, and Mesopotamia to tlie east. In 
virtue of its position it frequently formed both the object 
and tbe scene of contest between tbe armies of those 
mighty monarchies, and it is wonderful how a country so 
often devastated almost always recovered. The roads, it is 
true, which traversed the territory were not mere militaiy 
highways, but the main routes of traffic for Central Asia, 
"Western Asia, and Europe. It is only in modern timas, 
and since these lines of commercial intercourse have 
ceased to be followed, that the general condition of things 
has been so entirely altered. 

The number of roads which in ancient times traversed 
the country was very considerable ; the Euphrates formed 
not a barrier but a bond between the nations on either 
side; at many places there were at least boat-bridges 
(zeugma) across. One of the most important of the 
ancient crossing-places must be sought, where in fact it still 
exists, at Birejik, the ancient Apamea-Zeugma. From this 
point a great road led across to Edessa (Orfa) ; there it 
dmded into two branches, the northern going by Amid 
fDiarbekr) and the other by Mardin and Nisibis to Mosul 
(Nineveh). In quite recent times, in order to avoid the 
direct route.across the desert and through the midst of the 
Bedouins, the post-road makes a great circuit from Nisibis 
by Jezfret ibn'Omar to hlosul. A second route crossed 
the Euphrates somewhat more to the south, and joined the 
other via Harran and Ehessena. The principal crossing 
of the earlier times (Xenophon) was at Thapsacus, almost 
opposite Eakka ; and it •will be remembered also how 
important a part Thapsacus (Tiphsah) plays in the Old 
Testament. Sometimes a route along the Euphrates to 
Babylonia was followed, as is still frequently done by 
caravans at the present day; but even in ancient times 
this course was attended by more or less difficulty, the 
country being occupied by the chiefs of independent 
Arab tribes, with whom the travellers had to come to 
terms. 

The ancient condition of things m-ust consequently be 
considered as essentially analogous to that of the present 
day ; the central districts away from the rivers were occu- 
pied at certain seasons, according as they yielded pasture, 
by nomadic cattle-grazing tribes, the physical character of 
the country being then and now the same on the whole as 
that of the SjTian desert, which belongs not to SjTia j 
but property to Arabia. On the banks of the rivers were 
settled half-nomadic Arab tribes, — tribes, that is, which 
were more or less on the way to the agricultural stage, or 
which, ha'ving become altogether agricultural, had never- 
theless, ondng to frequent intercourse with the Bedouins, 
lost little of their original character, and even maintained 
their independence. The same movement takes place over 
and over again : Arab tribes migrating from Arabia, that 
officina gaitium, gradually settle do'^ra wherever circum- 
stances prove favourable, and by this very change in their 
mode of life make their first step towards civilization. In 
this way a continual stream of Arabs has flowed into 
the civilized countries of ilesopotamia. On the Assjuian 
monuments are figures of Arabs riding on camels ; evidently 
the Assjuians had carried on war against the Bedouins 
settled in their territory. At an early period the Tai Arabs 
were the neighbours of the Aramseans, and consequently all 
Arabs bear in Syriac the name of Taydye. The ^district 
between ifosul and Nisibis received the name Bdth ' Arbilye 
from its being occupied by Arabs. These Tai Arabs, ■whose 
original home was Central Arabia, are still settled partly 
near Nisibis and partly east of ilosul ; but they have to 
some extent lost their old noble Bedouin manners. The 
wandering Arab tribe which at the present time is 
dominant in Mesopotamia is the Shammar ; they have 
driven back the Aneze, the most powerful tribe of the 
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that the Shammar came fromNejd; but they have already 
broken up into two great parties. The head of the one 
division IS Ferhan, who has more or less completely sub- 
imtted to the Turks, and has consequently obtained the 
title of pasha ; to him adhere the Shammar tribes between 
Mosul and Baghdad, and those also to the east of the Tigris. 
The head of the tribes who roam over the greater part of 
Mesopotamia— pasturing their camels and sheep to the 
east of the Chaboras in the colder season and to the north 
in the hotter — ^is the chivalrous Fdris. These western 
tribes are totally independent of the Turkish Government, 
and have offered determined opposition to the attempts of 
the authorities at D^r to force them to a settled way of 
life ; they still lay the peasants of ilesopotamia under 
contribution by exacting Khuwwe, “ brother-money,” or a 
portion of grain. The Shammar live in almost perpetual 
feud with their relations to the east, and especially rvith the 
Aneze on the Syrian bank of the Euphrates, the so-called 
Shdmiye. Many other Bedouin tribes might here be 
mentioned ; but it may be enough to name the Delem on 
the Euphrates as an example of a tribe just in luocess of 
becoming agricultural. In the northern parts of Mesopo- 
tamia there are a number of tribes of mingled Kurds and 
Arabs which have to a greater or less degree abandoned 
their tents for fixed habitations and the tillage of the 
ground; such are the Beraziye near Orfa, the Milltye 
between Orfa and ^lardin, and the Kfldye nearer ilardin 
and also in the neighbourhood of Mosul. It is extremely 
hard to obtain trustworthy statistical information about 
the number of the Bedouins ; the Shammar may have a 
total strength of some 3500 tents. In the difficult contests 
which it has to cany on with those independence-loving 
tribes, the Turkish Government acts in general on the 
principle divide et impera. 

The Kurdish element only appears sporadically in the 
true ilesopotamian plain ; but the Yezidis, who form the 
population of the Sinjar range, maj' be referred to this 
stock. He who encounters the uncanny figure of one of 
these people ■will hardly be able to restrain a slight shudder, 
especially if he remembers the graphic descriptions of the 
Yezidi robbers in Morier’s Ayesha. Of the old Aramffian 
peasantry there are no longer any important remains in the 
plain, the Aramaeans having withdrawn farther into the 
Kurdish highlands, where, in spite of their ■wild Kurdish 
neighbours, they are more secure from exactions of every 
kind. The plain of the northern country of the two rivers 
was at one time richly cultivated, and owed its prosperity 
to this industrious people, who formerly played so distin- 
guished a part as a connecting link between the Persians 
and the Eoman empire and afterwards between the lYestem 
and the Arabian world, and whose highest culture was 
developed in this very region. Quite otherwise is it now. 
In the plain there are almost no remains of the common 
Aramrean tongue. Apart from the scattered areas in which 
Kurdish prevails, the ordinary language is a ■vulgar Arabic 
dialect; but both Kurdish and AraniEean (Syriac) have 
exercised an influence on the speech of the Arab peasant. 
Finally it must be mentioned that certain Turcoman hordes 
roam about the Mesopotamian territory. 

In climate and in the character of its soil, as ■well as in its ethno- 
trraphic history, Mesopotamia holds an intermediate position. _ In 
This aspect also" ire must maintain the division into two quite distinct 
zones. The southern half consists mainly of OTey, dreary flats 
covered ■with selenite ; and gypsum eveTywhere makes its appearance 
a little below the surface ; bitumen is not unfrequent, and here and 
there it rises in petroleum wells. In the solid strata of gj'psnm and 
marl the rivers have carved out valleys, from a quarter to half a niile 
broad and from 40 to 50 or even lOOfeetdeep, which with theirarabic 
soil contrast with the barren surface of the more elevated desert 
(chdl). Especially below Balls there are marl-hills capped with 
omsum, and alluvial plains (so-called hdicis) of considerable extent 
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have been formed. The banks of the rivers are there lined uith a 

luxuriant growth of tamarisks. Occasional swamps and small 

la-oons occur ; and the marl shows a more or less marked efflores- 
cence of salt. In this part of the country frost is rare eien n 
■winter; in summer the heat is of ef'^raordinary lutensitj, 
during the whole season from May to the close of October it is bi t 
sli^htty modified by the night-dews. During the sand storms 
which frequently blow from the West Arabian desert, the tempera- 
ture may rise to 50° C. (122° Fahr.), and this same e.xcess of 
then prevail through seven degrees of latitude in the nfiole aall y 
the Euphrates and Tigris from the Persian Gulf to the foot of the 
mountains. For, considering the strong radiation which takes 
place over what is now the uniform surface of the Mesopotainian 
soil with its almost complete absence of evaporation, there is 
nothing to hinder this warm zone extending in summer to tiie 
upper half of the country. In winter, on the other hand, this latter 
region has quite a different climate. From the mild coasts of the 
Mediterranean the cold increases from west to east. In the -‘.purs 
of the Taurus, consequently, the winter cold extends far to the south, 
and the influence of the snow-covered ridges spreads far into the 
Mesopotamian plain. Snow and ice are thus not unfrequent in the 
higher part of the plain, and the temperature may fall as low as 
-10“ C. Falir.), especially if the cold north winds are blowing. 
That iniand region too is cut off from the iuHuence of the mild air 
of the Mediterranean by the coast ranges. For this reason the 
vegetation is of a less southern character tlian that of tlie Jleditcr- 
ranean countries in the same latitude. ^ In the spring the green is 
soon parched out of existence. In this way the northern district 
of Mesopotamia combines strong contrasts, and is a connecting link 
between the mountain region of western Asia and the desert of 
Arabia. On the other hand the country to the soutli of iMesopotamia, 
or 'Irak, has a warm climate, and towards the Persian Gulf indeed 
the heat reaches the greatest extremes. 

In Upper Mesopotamia, strictly so called, agriculture has suffered 
an extraordinary decline; in spite of excellent soil, very little of the 
land is turned to account. In the western district the fertile rej- 
hrown humus of the Orfa plain, derived from the lime of Niinriid 
Dagh, extends to about 12 miles south of Harran. Witli a greater 
rainfall, and an artificial distribution of the water such as e.xistcd 
in olden times, agriculture would flourish. If sjiring rains are only 
moderately abundant, wheat and barley grow to a great lieiglit, 
and yield from thirty to forty fold. Rice is also grown in the richly 
watered hill-encircled district of Seri'ij and on the banks of the 
KhAbiir. Next, millet and sesamum are tbe chief crops,- — the 
latter being grown for the sake of its oil, as the olive does not 
succeed in this region. The abundance of wheat may be estimated 
from the fact that during Layard’s residence in Mosul a camel-load 
of 480 lb was Worth four shillings. Durra {Holciis Sorghum and 
E. iicolor), lentils, pease, beans, and vetches are also grown, as well 
as cotton, safflower, hemii, and tobacco. Mcdicago sativa furiiislics 
fodder for horses. Among the fruits the most noteworthy are the 
cucumbers, melons, and water-melons planted in great abiimlaiice 
on the banks of the smaller streams. The figs of the Sinjar 
mountains are celebrated for their exceptional sweetness. Timber 
trees are few ; plane trees and white poplars are planted along 
the streams, and a kind of willow and a sumach flouiisb on the 
banks of the Euphrates. The palm-trees which appear on the 
banks of both the rivers farther south do not come so far north. 
On account of the hot dry summer the orange does not succeed. 
Of the great forest which existed {%) near Nisibis in tbe time of 
Trajan no trace remains ; but the slopes both of the JIasius 
mountains and of tbe J ebel Abd-el 'Aziz, as well as, more especi- 
ally, those of the Sinjar range, are still covered with wood. 

The wide treeless tiaots of the low country of Jlesopotaniia arc 
covered with the same steppe vegetation which prevails from Central 
Asia to Algeria, but there is an absence of a great many of the 
arborescent plants tliat grow in the rockier and move irremAar 
plateaus of western Asia and especially of Persia. This comparative 
poverty and monotony of the flora is partly due to the surface bein.- 
mainly composed of detritus, and partly to the cultivation of the 
country m remote antiquity having ousted tbe original ve<rotatioii 
and left bebmd it what is really only fallow ground untouched for 
thousands of years. Endless masses of tall weeds, belont^iira to a few 
country, -large Crucifers:, Ounarex ami 
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Morocco, make up the list of tlie indigenous kinds. In the wide 
belt of swamp wliicli lines tlie Shatt el-' Arab in the low country of 
'Irak 'Arabi there are boundless reaches of gigantic sedge inhabited 
by a rich fauna, especially of birds such as iiolicaiis and llaiiiiiigocs. 
From the south, or in other lyords from tlie.true desert and o.isis 
country of Arabia, tbe date-palm spreads up tlio valley to suine 
little distance above Baghdad ; and especially along the Shatt it 
yields rich crops of fruit, which are e.xported to India. dVitli the 
exception of a few tiuftles, capers, liquorice, and such like, there are 
few wild food-plants. The cycle of vegetation begins in November. 
The first winter rains clothe the pdain with verdure, and by the 
beginning of the year a niinibcr of bulbous plants arc in bloom — 
Amaryllidm, Liliacctc, and ColcMcum. The lull summer develop- 
ment is reached in June ; and by the end of August everything is 
burnt up. 

The lion is said to roam as far as the Ivliiibur ; but iu any case it 
is at least niucli less frequent than in the time of the Assyrians, 
when the lion-hiiiit was a recognized form of sport. The wild ass 
too is very rare ; but on the other baud wild swine, lij'reim.s, jackals, 
cheetahs, and foxes are extremely abundant. IVolves are said to 
exist in the plain, and among others a variety of black wolf {Canis 
lycaon). Particularly niiincroiis in the steppe are tbe antelope 
species ; and herds of gazelles arc frequently met with. Beavers are 
said to have been observed on tiie Euplirates. Jerboas, moles, por- 
cupines, and especially the common European rat, abound in the 
desert ; bats arc numerous ; and tlie long-haired desert hare is also 
found. Among the domestic -animals in this steppe country the 
camel holds the first pilace ; and next come goats and sheep ; hut the 
Bedouin sheep is not the ordinary fat-tailed variety. The common 
bnlfalo is often kept by the Arabs and Turcomans on the Euplirates 
and the Tigris ; and on the Euphrates we also find the Indian zebu, 
wliicli is still more frequent in the districts farther to the south. 
Bird-life is very rare in the soiitheni parts of the plain ; though 
on the Eii])liratcs there arc vultures, owls, ravens, &c., as well as 
falcons (? jf'iHJiitiiciriiis abaiularhts) which are trained to hunt. 
Among gallic-birds are some ' kinds of doves, froiicolins, part- 
ridges, wild ducks and geese, and in the slejipo bustard.s. The 
ostrich seems almost to have disappeared. Large tortoises are 
numerous. 

In conclusion it is necessary in supplement to tlie article Irak 
to say something of tlie district of Babylonia, often (though tvrongly) 
included under the name Mesopotamia. Hero we have to do with 
a fnndainentnlly dilTereiit region, for it consists iu the main of 
alluvial formations, a few scattered reaches of sand only now and 
tlien appearing in the level depression not filled up by the alluvium. 
The mass of solid matter which the rivers bring down and deposit 
is very considerable ; it lia.s been ascertained that the maximum 
proportion for the Euphrates in the montli of January is -gVi and 
at other times -5^^;; for the Tigris the maximum is -rjhj- 
regards the physical character of the alluvia, in the most northerly 
portion the soil is pebbly, the pebbles consisting almost solely of 
variously coloured flints and occasional small fragments of gypsum. 
This is succeeded by a coiitiiiiioiis formation of clayey soil, in part 
argillaceous and argillo-calcareoiis, but covered with mould and 
sand, or the more tenacious clay of frequent inundations. 

In general, the nortbevn plains of the interior have a slight 
blit well-defined southerly incliimtion with local depressioii.s. The 
territory undulates in the central districts, and then sinks away into 
mere marshes and lakes. TJie clay, of a deep blue colour, abounds 
with marine shells, ami shows a strong ellloroscence of natron and 
sea-salt, the latter derived from the dcconipositioii of vegetable 
matter. Wlien the soil is parched up tlio appearance of the 
mirage (serab) is very common. As extensive inundations in 
springy are caused b3' both the rivers, ospecinily the Tigiis, great 
alterations must have taken place in this part of the coimtp’ 
in the cqin-sc of thousands of j’ears.' It has been asserted that in 
former times the alluvial area at the nioiiih of the river increasci 
one mile in the space of thirtj' j'ears ; and from this it lias been 
assumed tiiat about the 6 th century n.c. the -Persian Gulf must 
have stretched from 45 to 55 miles farther inland tbaii at present. 
The actual rate of increase at the present time is about 72 feet per 
aiimun. For this reason we cannot decide much in regard to the 
former plij'sic.al configuration ofsouthern Babidonia; but it is at least 
certain that the Euphrates and tlio Tigris reached the sea as imle- 
peiidciit rivers. Ritter estimates tliat iu the time of Alexander the 
Gieat Uie embouchures were still separated by a good day’s joiiiiioy ; 
and, though they cannot now be traced, great alterations have 
probably taken place in the upper portions of the rivers as well as 
mouths. Assyriologists tell 11s that more 

an thirtj'-five canals are known bj’ name from the Babylonian 
periou , out it is extremelj’ difficult, or rather it has proved bitiictto 
impossible, to identify them either with those actually c.xisting or 
witti those mentioned in classical aiitlior.s, iu tlie Babylonian 
lalmud, or in Arabian writers. To tlie west of tlie Euplirates was 
to be found the Pallaeoiias eliaiinel, and we .still have the Hindiye 
eliannel in the same quarter. The country between tbe rivers nioro 
pai iculaiy' lias traversed bj’ .such secondary' blanches. Beginning 
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from the Euphrates we must mention the Saklawi'ye,channel (Kahr 
’Isa), the Eahr llelik, tlio Eahr Zeinberam'ye, and especially the 
J^ahr-en-jril, eonstnicted hj' the famous Omayyad governor 
Hajjaj. Eastwards from the Tigris strikes tlie great Ealirawan 
channel ; and right throii^di tlie country of the two rivers runs 
the Shatt-el Hai from Kut-el-'Amdra, almost due south to the 
Euphrates, parallel with the Shat t-el-Kehr. Slany of these have 
been silted up ; from those, however, which are still maintained 
there is derived a considerable revenue, and by the restoration 
of many of the old channels, traces of which are met with at 
every step, the country might be again raised to that condition 
of high civilization' whicli it enjoyed not only in antiquity but 
partly even in the time of the later calijdis. The classical writers 
are unanimous in their admiration of tins country; and it is at 
least certain that nowhere else in the whole world was the principle 
of the application of canals to the exigencies of agriculture worked 
out so successfully. The most luxuriant vegetation was diffused 
over the whole_ country ; and three crops were obtainable in the 
year. It is this alone which makes it intelligible how this region 
in the most remote antiquity attained a high civilization, and for 
centuries played, it may be said, one of the principal parts in the 
history of the world. In the matter of civilization, indeed, no 
countrj' of the ancient world was its equal ; a multitude of great 
cities once flourished within its borders. Even the Arabic writers 
are unanimous in regard to the extremely' favourable influence 
which the character of the country exercised on the intellectual 
activity', spirit, and capacity' of its inhabitants. AVe need not here 
discuss the question recently started as to whether the Biblical 
garden of Eden is to he sought iu this locality, two canals of the 
Euphrates and Tigris being identified with the Gibon and Bison of 
Gen. ii. ; but it is certain at least that this lower country of the 
two rivers might well pass in antiquity' for the ne plus ultra of 
civilization, and exercised the most powerful political and intel- 
lectual influence on the surrounding regions. The question often 
raised as to whether the Semites were derived from this district 
may also be left untouched. Erom the Bible we know that an 
Mioient name of the district was Shiuar, though tins has not 
hitherto been discovered in the cuneiform inscriptions. Tlie name 
Kush is applied in the Bible to its oldest non-Semitic inhabitants. 
The northern half of the country was called Akkad, the southern 
Sumer. But it must not be forgotten that the rivers never formed 
ethnographic and political boundaries ; and thus Sumer extended 
to the coast of the Persian Gulf and Akkad as far as the Lower Zab, 
the eastern affluent of the Tigris. As a less ancieut designation 
of the whole country may he reckoned mat Kalda, the country of 
the Chaldaians (Hebr., ereis Kasdim) ; originally Kalda is said to 
have designated central Babylonia. Of still later date is the name 
derived from the capital, the country of Babel {crets Babel), as an 
equivalent of which uult BdbtM appears in the cuneiform inscriptions 
(in the Darius lists Babirii). From this was developed the Greek 
designation Babylonia, Bo/3u^^o^>^a (as early as Xenophon). That the 
country' was densely' peopled may be gatliered from the fact that about 
704 B.C. eighty-nine fortified towns and eight hundred and twenty 
smaller places in the Chaldrean country were captured during one 
milibaiy expedition. Of separate districts of the country' we m.ay' 
mention Karduniash, the district in the vicinity and especially to the 
north of Babylon ; and southward by the sea-coast the important 
country' of Bit Yakin, gov'emed by kings of its own. At a later date 
we find on the coast and at the mouth of the Pallacopas cau.al the 
maritime town of Teredon, which is also mentioned by the classical 
writers. Besides Babylon and Borsippa, the'darger cities were the 
double city of Sippar (Sefarvayim, 2 Kings xvii. 24', 31) and Akkad 
on the left bank of the Euphrates on the present Kahr Tsa ; Erccb, 
i.c., AA^arka, on the left bank of the Euphrates; Ur on the Balla- 
copas, not far from the. place where the Sliatt-el-Hai falls into the 
Tigris ; Kippur, i.e.. Tell Kiffer ; Kutha (2 Kings xvii. 24), lvalue 
(Gen. X. 10), in the north, Opis at the junctioir of the Adhein 
(Phy'sens) with the Tigri.s. Huge mounds give evidence of the 
extent of these cities. A number of the canals were navigable, 
and at the same time, when the bridges were destroyed, they' 
formed defensive moats against the incursion of enemies from the 
north. And the same purpose was served by the great wall (after- 
wards the Jledian AA'^all of the Greeks) which rair across the country 
from river to river between the points of their nearest approach. _ 
During the period of Greek domination a Greek city’, Selencia, | 
which afterwards attained great prosperity, was founded by j 
Seleucus I. in an extremely favourable situation on the right bank • 
of the Tigris. In the south of the country, too, there was a Greek 
seaport town first called Alexandria on the Tigris and afterwards 
Antioehia. After the conquest of Baby'lonia by the Partlnans 
(130 B.C.) a small Arabian kingdom grew up in those parts called 
Characene or Jlesenc, after the town of Cliarse or Jfaisan. It was 
under Parthian and for a time under Roman supremacy. Tlie city 
of A’'olo"esia, founded bv A''ologcses to the south-west of Babylon, 
near Ulfais; in the neighbourhood of the later Kufa, was one of the 
capitals of the Parthian power. In the time of the Sasanids, too, 
as well as in that of the Parthians, the country- of the lower 
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mam centre of the 1 ersian kingdom. The citv of Ctesiidion 
founded by the Greeks on tlie east side of tlie' Tigris opLsito 
Scleucia was the inntcr residence of the Parthian kings, and the 
^ Sasanids. Under the name of LMadaiu 
(ilie Cities) it continued to flourish till the rise of Ba-'lidad in the 
9tli century Tlie neighbourhood of Ctesiplion was aiUed in the 
tune ol the Sasanids Sunstan, a translation of tlie Aramaiau desi"- 
nation Beth-Arfimaye, “country of the Syrians,” for the land was 
mainly occupied by Arammans. By a notable substitution the 
Arabs afterwards gave the name Xabat, i.c., Kab.ata;ans, to these 
Aramman peasantry, who, it may be added, were already found in 
these parts at the time of the Babylonian empire. 

On the west side of the Tigris tlie Arab kingdom of Hira foimed 
the bulwark of the Sasanid power. As the result mainly of the 
battle of Kadisiya (cast of Hira) in 635 a.d., the whole of this 
wealthy country fell into the hands of the Moslems, and it .soon con- 
stituted the centre of their jiower, especially wlicn the Ahhasids, 
with true political insight, transferred thither the capital of the 
empire and founded Baghdad. Tlie chief cities of the older Arabic 
period were Ivitfa (in the neighbourhood of the earlier Hira to tho 
south of ancient Babylon) and Basra (or Bu.s.soi!An, }.v.) in tho 
neighbourhood of the earlier Jlaisan. After those two cities the 
country was divided into the Sawad, “rich arable district,” of 
Basra and that of Kufa. Sawiid was also employed as a name for 
the whole country ; and more or less identical with this designa- 
tion is tlie name 'Irak still in use. Sometimes also tlie term Sawad- 
cl-'_Irak is employed ; but at a later date the country is distingnisbed 
as 'Irak 'Arabi (Arabian 'Irak) from the Pereian 'Irak 'Ajemi to tlie 
east, the ancient liledia. Tlie Arabian geograpber A'dki'it makes tlie 
distinction that the country called Sawad reaches farther to tlio 
north (viz., to the district of the Upper Zab). 

Abnlfcda gives the boundaries of'lrak as follows; — “ In the west 
of the country lie El-Jezi'ra and the desert, in the south the desert, 
the Peraian Gulf, and Khuzistan, in the east tlie mountain countiy 
as far as Holwan (near the principal pass tliroiigh the Zagnis 
range). Thence the boundary runs again towards Mesopotamia. 
Thus the greatest breadth of 'Irak is in the north, and its narrow 
extremity is formed by the island 'Abbddan in the Shatt-el- Arab 
(the united Euphrates and Tigris) to the south of Basra’.'" From 
what has been said it ajipears that 'Irak extended far beyond tlie 
country between Euphrates and Tigris. Abtilfeda says clearly that 
'Irak lies on the Tigris as Egypt on tlie Nile ; for according to this 
view the Tigris flows through the middle of the country. 'Irak 
consequently lies between 30° and 34° 30' N. lat. and between 44‘ 
and 48° 30' E. long.; of it.s area it is impossible to foi-m an estimate 
under such varying conditions. For some details see Baghbad. 

From the union of the rivers upwards, in the case of the Eupliratcs 
as far as 26° N. lat. (above Rakka), in that of the Tigri.s to 35° N. 
lat., the valleys are known as ez-zSr, the dcpre.ssion, in opposition to 
the more elevated desert-plateau. It has been sunnised that in this 
name is to be recognized the Diira of the Old 'restament (Daniel 
iii. 1). 

A'cry little of the ancient condition of the countiy has been pre- 
served ; and there are now hut few remains of ancient buildings, 
scarcity of stone having all along led to the use of bricks. 'Irak 
Las ]>layed its part. It is onlj' by the expenditure of immense 
sums, far beyond the financial cajiaeity of the Turkish Govcni- 
ment, tliat tho ancient canals could he restored and the swamjis 
formed by tliem drained. The whole land falls into two unequal 
portions,— an extensive dry steppe with at any rate a healthy 
desert climate, and an unhealthy region of swamps. There is a 
good deal more agriculture along the Euphrates than along tho 
Tigris ; hut sw.amps, with almost impenetrable reed tliickets, com- 
posed of a kind of Agrostis, are at the same time much more exten- 
sive. The slightly more elevated districts are the special habitat 
of the date palm, wliich by itself forms dense groves bordering the 
banks particularly on the lower Euphrates, for a distance of several 
days’ journey. This jiavt of tlie countiy consequently has a some- 
what monot'onous but in its own way imposing aspect. A luxu- 
riant vegetation of water-plants is to be found in tbe swanips, 
which are the haunt of numerous ivild beasts— wild swine, lions, 
different kinds of aquatic animals and birds. The swamps are 
inhabited by a wild race of men, dark of hue, witli manj; negroes 
among.st them. They live in reed lints, and cultivate rice; and 
they weave straw mats. In the main tlioy keep ])ietty free both of 
the Turkish Government and of the semi-Bedouins and Bedouins of 
'Irak. Tho Khazael especiaUy who dwell to the south of ancient 
Babylon often give tbe Government trouble, through their passion 
for independence. Less turbulent arc the Bedouins in tlie intenor 
of the country — the Zobeid, the Afaij, and the Abu Mubammed ; but 
on the other band tbe Beni Lam (7500 tents strong), who oMupy the 
great tract of country cast of tbe Tigris to the -south of Laglmad, 
have often been a source of great annoyance to tbe pashiw of that 
city. A still more difficult task is the management of the Sham- 
mar, who come ami ytitcli their tents to the south-east of Baglidad ; 
and also the MunteCtclion the soiitlicm Euphrates put the wJioIcad- 
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ministrative and diidomatic skill of tlie Turkisli officials to the test. 
The Turkish influence has here made at one tune great advance 
and at another lost all the ground it had gamed,— the rich and 
powerful sheikhs pf the Muntefitch sometimes becoming for a season 
rolers over the whole of Southern 'Irak and even over tlie town of 
Basra The present writer once visited the great sheikh U asir in 
his camp near Suk-esh-Shiyukh ; and he received the impression 
of haviu" to do with a very remarkable and astute personage. 

The old S^a’ian population of Trak has almost entirely dis- 
appeared; the few remnants left are distinguished by a special 
rhimon, in regard to which see the article Mand^ans. Ethno- 
fraphically the country is subject to a double influence. On the 
one hand the connexion with Ncjd, the central plateau of Arabia, 
continues uninterrupted; the emigi'ation from that region being 
mainly directed towards 'Irak and Jezira. In Baghdad even, tlie 
'Af'41-Bedouins from Central Arabia have a quarter of their own. 
with the earnings obtained in these rich districts the emigrants 
return to their homes. But quite as strong at least is the influ- 
ence of Persia. Persian customs are in fashion ; in Baghdad 
there is an important Persian quarter ; and Kerbela and Meshed 
•Ali to the west of the Euphrates may be considered regular 
Persian “enclaves.” In these places are buried the son-in-law of 
Mohammed, the caliph Ali, and his son Hoseiii (in Kerbela), the 
chief saints of the Shiite sect; and their tombs are not only shrines 
of pilgrimage to the living, but the dead are brought by countless 
caravans from Persia to be buried in ground which they have made 
holy. The neighbourhood of Kerbela reeks with the odour of 
corpses ; and from the midst of them pestilence has often begun its 
march. Throughout the whole of 'Irak the Shiites have many ad- 
herents, — for example, the Khazael already mentioned. Persian 
influence prevails on the Aiwb population of 'Irak, and the inter- 
mingling of the races can still bo very clearly traced ; in this dis- 
tant corner of the Turkish empire a more international tone prevails 
than in any other district. And, however small when compared 
with former times the commercial and intellectual intercourse of 
various nations in these regions may be at the present day, the 
attentive observer must notice that such intercourse does still 
exist, though within restricted limits. No trace, indeed, is to be 
found of that rich intellectual development which was produced 
in the time of the caliphs through the reciprocal action of Persian 
and Arabic elements. Still tlie quickwittedness of the inhabitants 
of 'Irak makes a decided impression on tlie traveller passing through 
Asiatic’ Turkey ; and one might venture to prophesy that the 
country might to some extent recover its foi-mer position in the 
world, especially if English influence from India were more widely 
extended, and should lead to the construction of a railway’. The 
trade which passes through 'Irak is even now not unimportant ; 
horses, for example, are e.xporte'd in considerable numbers from 
southern 'Irak to India. But it might bo very much improved, as 
the country, it is said, could support five hundred times as many 
inhabitants as it actually contains. There is also a considerable 
export of dates, a fruit which forms the chief sustenance of a great 
number of the inhabitants ; and the breeding of cattle (especially 
buffaloes) is extensively carried on. Only a few steamboats ns yet 
navigate the majestic rivers. Communication by water is carried 
on by means of the most primitive craft. Goods are transported 
in the so-called " terrades,” moderately big high-built vessels 
which also venture out into the Poreian Gulf as far as Kuwet! 
Passengers are conveyed, especially on the Eupiivates, in the 
meshMf, a very long and narrow boat, mostly pushed alone- the 
river bank with poles. The Mesopotamian “ kelleks ’’—rafts laid 
on goatskin bladilers — come down as far as Baghdad, wliere round 
boats made of plaited reeds yiitched with asphalt are in use At 
Basra, on the other hand, we see the “holem,” boats of a large 
size, having the appearance of being hollowed out of tree trunks 
and partly m fact so consti-uctcd. Throughout 'Inak in general 
Indian influence is partially at work ; in the hot summer months 
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MESSENE, tlm chief city of Jlessenia, founded under 
the auspices of Epanunoudas, as a bulwark against tho 
Spartans. tlie battle of Leuctra that general sSt 

to al the exiled Messenians,— in Africa Sicilv nr rt!if 
and invited tlie.u to return to tlm Sd S [heTr 

bidUhwTm and in 369 b.c. the city was 

-vrgiieo under Epiteles, assisted by the Messenians 


themselves. The site was chosen in conformity with a 
vision which appeared to Eparainondas, _ and the walls 
were raised to the sound of flutes playing the airs of 
Sacadas and Pronomus. The citadel was erected on 
the summit of Mount Ithome, and the city on its southern 
slope and in the adjoining valley. City and citadel were 
enclosed by a wall 47 stadia in length. Near the centre 
of the city was the agora, -siuth a famous spring called 
Arsinoe, and various temples and statues, among the latter 
an iron statue of Epaminondas. The Hierothysion con- 
tained many statues of gods and heroes, among them a 
bronze statue of Epaminondas. In the gymnasium were 
statues of Hermes, Hercules, and Theseus by Egyptian 
artists. In the stadium was a bronze statue of the great 
hero Aristomenes, who had a sepulchral monument else- 
where in the city. On the summit of the citadel was a 
famous spring called Clepsydra, and near it a temple of 
Zeus Ithomatas, with a statue by the famous Argive artist 
Ageladas, executed originally for the Messenian Helots 
who settled in Naupactus (see Messenxa). It was in 
honour of this statue that the festival of the Ithomcea was 
performed. 

The situation of Messene is one of the finest and most 
romantic in the world. Tlie view of Mount Ithome, with 
its level summit and its ancient and medireval ruins, as 
one issues from the Langadha Pass in the Taygetua 
mountains, is beautiful beyond description. And the 
view from the summit of the mountain itself, which rises, 
steep and rugged, to the height of 2631 feet, and is 
crowned by the ruins of fortifications of Cyclopean work- 
manship, is enchanting, hardly equalled by any other in 
Greece. Hear the middle of the mins of the lower city 
stands a wretched village named Mavrommati (Black Eye), 

! so called from the Turkish name of the spring Arsinoe, 
j whicli still flows as plentifully as in the old days. These 
ruins are the most imposing in Greece, and furnish the 
finest existing specimen of Hellenic military architecture. 
Almost the entire circuit of the ancient walls can be traced, 
and in some places they are standing to their full height. 
They are built of large liemi stones laid in beautifully 
regular layers without mortar, and are surmounted by 
towers, of which there seem to have been originally over 
thirty. Seven of these are still in a good state of preser- 
vation, and bear testimony to the thoroughness of the great 
enterprise undertaken by Epaminondas. Two gates can 
still be distinguished, one on the slope of hlount Ithome, 
the other (the northern or Megalopolis gate) on the north 
side. The latter is a dipylon or double gate, opening into 
a circular enclosure 62 feet in diameter. The walls of 
this enclosure are built with extreme care, and tlie soffit 
stone of the inner portal, which has been partly moved 
from its place, reminds one of the lintel of the so-called 
treasury of Atreus at Mycenm. It is 18 ft. 8 in. x 4 ft. 2 
in. X 2 ft. 10 in. Within the town several ancient sites 
can still be distinguished — the stadium, the theatre, and 
several temples. 

MESSENIA (in Homer ilessene), a state of Greece, and 
the most M’esterly of the three peninsulas of the Pelopon- 
nesus. , Its area is a little over 1160 square miles. It is 
separated from Elis and Arcadia on the north by the river 
Neda and the Nomian mountains, and from Laconia on the 
east by the lofty range of Taygetus. The other sides are 
washed by the sea, whicli indents its shores with four gulfs 
or bays,— Messenia, Phoenicus, Pylus, and Cyparissus. On 
its south-west corner are the QSnuss® Islands, and oppo- 
m e the bay of Pylus (Navarino) the famous Sphacteria. 

e interior is divided by mountain chains into fertile 
plains, watered by rivers, the chief of which is the Pamisus 
(with its tributaries Leucasia, Charadrus, Amphitus, and 
Ansj, tailing into the Messenian Gulf. The great valley 
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of this river is dirided, pear Mount Ithome, into two 
distinct parts, the plain or basin of Stenyclarus on the 
north, and the plain of Macaria, so called from its extreme 
fertility, on the south. The climate is delightful 

The earliest inhabitants of Messenia were Leleges, whose 
' capital was at Andania. After these came .^tolians, whose 
chief centre was at Pylus. After the Dorian conquest the 
country was divided by Cresphontes into five parts, whose 
chief cities were respectively Stenyclarus, Pylus, Ehion, 
Hyamia, and Mesola. The towns of Messenia were not 
numerous. Homer mentions Pylus (the seat of the 
Thessalian Neleids), Amphigeneia (possibly the same as 
Ampheia), Dorion, yEpeia (possibly Methone), CEchalia, 
Pharm, Antheia (probably the later Thuria), Pedasus, and 
Ira (the later Abia). Other important towns were Asine, 
Corone, Limnm, Camasium, Cyparissia, and, finally, 
Messene. 

Of the histoiy of Messenia before the Dorian invasion little is 
knovn except a few fables related by Pausanias. Two generations 
after the Trojan war, the country was invaded by the Dorians, who 
expelled the iTeleids and conferred the sovereignty upon Cresphontes, 
who seems to have been a popular king. Perhaps for this reason 
he was put to death by the chiefs along with all his sons except 
Alpytus. Apj^tus was restored to the throne by the Arcadians, 
took vengeance for his father’s death, and became very popular. 
His line lasted through several generations. We know little of the 
subsequent histoiy of Messenia until the date of the Messenian wars, 
waged against Sparta. The ostensible and immediate causes of these 
wars are various!}’ assigned ; but the true cause was the cupidity of 
Sjarta. Our chief trustworthy authorit}- for the history of them 
is the old elegiac poet Tyrtaius ; but so little is known about them 
that it is a matter of doubt in which of them the great hero 
Aristomencs won his fame. The date of the first was from 743 to 
724, of the second from 685 to 668 or, according to others, from 
648 to 631 B.c. Ithome was the centre of action in the first, Eira 
in the second. Tlie result of these wars was the complete subjuga- 
tion of 3Iessenia to Sparta. Its territor}’ was parcelled out among 
Spartans, and its towns handed over to f eriosci and Helots. JIany 
of the inhabitants took refuge in Arcadia, but still more in Italy 
and SicUy. A very large number settled in Rhegium, whose chiefs 
for many generations were of Messenian stock. About 200,000 
remained behind in bondage. After the second war a large number 
of Messenians settled on the Sicilian coast at Zancle, to which they 
suhseqncntly gave the name Jlessana (see JIessika). In 464 i).c. 
the ilcssenian Helots, taking advantage of an earthquake at Sparta, 
revolted, and, though they were finaUy compelled to surrender in 
455, they did so only on condition of being allowed to retire to 
Kaupactus on the Corinthian Gulf. This cit}’ had been offered them 
as a residence by the Athenians, ever glad to favour the foes of 
Sparfca, Here the Jlessenians remained for sixty years, until the 
loss of the battle of ABgospotami deprived them of the protection of 
the Athenians. Tliey were then driven out, and had to find homes 
in Cephallenia and Zac}Tithus, or among their kinsmen in Rhegium 
and Mcs.sana. Some even went to Africa, and took up their Mode 
at Euesperida: or Hesperida;, aftenvards called Berenice. Things 
remained in this condition until 369 B.c., when Epaminondas, 
having broken the power of Sparta, rent from her Messenia, and, 
collecting from all quarters the descendants of the exiled inhabit- 
ants, helped them to found the city of JIe.ssene {q.v.). Sparta 
never gave up her claim to Me.ssenia, and made many attempts to 
reconquer it, but without success. The Messenians maintained 
their independence until 146 B.C., when, with the Aclneans, they 
were reduced under the power of Rome. From that time they fall 
into the background of liistor}’. In the Middle Ages the country, 
like the rest of'the Peloponnesus, was largely overrun by Slavic 
tribes, as is sho^vn by the numerous Slavic local names occurring in 
it. At the establishment of Greece as a kingdom, Messenia was 
constituted into a province, with a governor or nomarch residing at 
Kalamata (officially Kalamai), the ancient Phara:. Tlie country, 
though beautiful and fertile, is still in a deplorably backward con- 
dition, and the population is sparse and semi-barbarous. Agricul- 
ture languishes, and the roads and bridges are few and bad. More 
deeds of violence occur in Messenia than in any other part of Greece. 
With the exception of Kalamata, it contains no town of importance. 
JTavarino, on the Gulf of Pylus, was the scene of the destruction of 
the Turkish fleet in 1827. 

MESSIAH (Dan. x 25, 26), Messias (John i. 41; 
iv. 25), are transcriptions (the first form modified by 
reference to the etymology) of the Greek IHco-o-tas 
(Mco-iag, Meo-eia?), which in turn represents the_ Aramaic 
ttn'Kip (wesfii/id), answering to the Hebrew “the 


anointed.” ^ The Hebrew word with the article prefixed 
occurs in the Old Testament only in the phrase ‘‘the 
anointed priest” (Lev. iv. 3, 5, 16; vi. 22 [15]), hut 
“Jehovah’s anointed” is a common title of the king of 
Israel, applied in the historical books to Saul and David, 
in Lam. iv. 20 to Zedekiah, and in Isa. xlv. 1 extended 
to Clyrus, In the Psalms corresponding phrases (My, Thy, 
His anointed) 2 occur nine times, to which may he added 
the lyrical passages 1 Sam. ii. 10, Hab. iii. 13. In the 
intention of the writers of these hymns there can generally 
be no doubt that it refers to the king then on the throne, 
or, in h 3 ^ns of more general and timeless character, to 
the Davidic king as such (without personal reference to 
one king); 3 hut in the Psalms the ideal aspect of the 
kingship, its religious importance as the expression and 
organ of Jehovah’s sovereignty, is iirominent. “When the 
Psalter became a liturgical hook the historical kingship 
had gone by, and the idea alone remained, no longer as the 
interpretation of a present political fact, but as part of 
Israel’s religious inheritance. It -was impossible, however, 
to think that a true idea had become obsolete merely 
because it found no expression on earth for the time being ; 
Israel looked again for an anointed king to whom the 
words of the sacred hymns should apply with a force never 
realized in the imperfect kingship of the past. Thus the 
psalms, especially such psalms as the second, were neces- 
sarily viewed as prophetic; and meantime, in accordance 
with the common Hebrew representation of ideal things as 
existing in heaven, the true king remains hidden with God. 
The steps by which this result was reached must, however, 
be considered in detail. 

The hope of the advent of an ideal king was only one 
feature of that larger hope of the salvation of Israel from all 
evils, the realization of perfect reconciliation with Jehovah, 
and the felicity of the righteous in Him, in a new order of 
things free from the assaults of hostile nations and the 
troubling of the wicked within the Hebrew community, 
which was constantly held forth by all the prophets, from 
the time when the great seers of the 8th century B.c. first 
proclaimed that the true conception of Jehovah’s relation 
to Hi.t; people was altogether different from what was 
realized, or even aimed at, by the recognized ciril and 
religious leaders of the two Hebrew kingdoms, and that it 
could become a practical reality only through a great 
deliverance following a sifting judgment of the most 
terrible kind. The idea of a judgment so severe as to 
render possible an entire breach with the guilty past, and 
of a subsequent complete realization of Jehovah’s kingship 
in a regenerate nation, is common to all the prophets, but 
is expressed in a great variety of forms and images, con- 
ditioned by the present situation and heeds of Israel at the 
time when each prophet spoke. As a rule the prophets 
directly connect the final restoration ivith the removal of 
the sins of their own age, and with the accomplishment of 
such a work of judgment as lies within their own horizon; 
to Isaiah the last troubles are those of Asspian invasion, 
to Jeremiah the restoration follows on the exile to Babylon ; 
Daniel connects the future glory with the overthrow of the 
Greek monarchy. The details of the prophetic pictures 
show a corresponding variation; hut all agree in giving the 
central place to the realization of a real effective kingship 
of Jehovah; in fact the conception of the religious subject 


* The transcription is as in rccr<roip, Tetrcrlp for Onomasdea, 

1. Lag., pp. 247, 281, Ba<r. ^ ii. 3. For the tenn'ination or fox 
n, see Lagarde, Psalt. Memph., p. vn. 

- The plural is found in Psalm cv. 15, of the patnarchs as conse- 

ated persons, , . . - 

3 In Ps. Ixxxiv. 9 [10] it is disputed -n-hether anointed one is 
le king, the priest, or the nation as a -srhole. The second \aew is 
:rhap3 the test. 
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moulded that hope into certain fixed forms "which ■were 
taken -ndth a literalness not contemplated by the prophets 
themselves. It -was, however, only ver}' gradually that 
the figure and name of the Messiah acquired the pro- 
minence which they have in later Jewish doctrine of the 
last things and in the official exegesis of the Targums, In 
the very developed eschatology of Daniel they are, as we 
have seen, altogether wanting, and in the Apocrjqoha, both 
before and after the Maccabee revival, the everlasting 
throne of David’s house is a mere historical reminiscence 
(Sirach xlvii. 11; 1 Mac. ii. 57). So long as the wars of 
independence worthily occupied the energies of the Pales- 
tinian Jew’s, and the Hasmonman sovereignty promised a 
measure of independence and felicity under the law, in 
•which the people were ready to acquiesce, at least, till the 
rise of a new prophet (1 Mac. xiv. 41), the hope that con- 
nected itself with the house of David was not likely to rise 
to fresh life, especially as a considerable proportion of the 
not very numerous passages of Scripture which speak 
of the ideal king might -with a little straining be applied 
to the rising star of the new dynasty (comp, the language 
of 1 Mac. xiv. 4—15). It is only in Alexandria, w'here 
the Jews were still subject to the yoke of the Gentile, 
that at this time (c. 140 b.c.) we find the oldest Sibylline 
verses (iii. 652 sq.) proclaiming the approach of the 
righteous king -n’kom God shall raise up from the East 
(Isa. xli. 2) to establish peaSe on earth and inaugurate the 
sovereignty of the prophets in a regenerate world. The 
name Messiah is still lacking, and the central point of the 
prophecy is not the reign of the deliverer but the subjec- 
tion of all nations to the law and the temple.^ 

With the growing weakness and corruption of the 
Hasmonaean princes, and the alienation of a large part of 
the nation from their cause, the hope of a better kingship 
begins to appear in Judosa also; at first darkly shadowed 
forth in the Booh of Enoch (chap, xc.), where the white 
steer, the future leader of God’s herd after the deliverance 
from the heathen, stands in a certain contrast to the in- 
adequate sovereignty of the actual dynasty (the homed 
lambs) ; and then much more clearly, and for the first time 
■with use of the name Messiah, in the Psalter of Solomon, 
the chief document of the protest of Pharisaism against its 
enemies the later Hasmonaeans. The straggle bet'W’een the 
Pharisees and Sadducees, between the party of the scribes 
and the party of the Hasmonaean aristocracy, has - been 
described in Israel (vol. xiii. p. 423 sq.). It was a 
straggle for mastery between a secularized hierarchy on 
the one hand, to whom the theocracy was only a name, and 
whose whole interests were those of their own selfish politics, 
and on the other hand a party to which God and the law 
were all in all, and whose influence depended on the main- 
tenance of the doctrine that the exact fulfilling of the law 
according to the precepts of the scribes was the absorbing 
vocation of Israel. This doctrine had grown up in the 
political nullity of Judaea under Persian and Grecian rule, 
and no government that possessed or aimed at political 
independence could possibly show constant deference to 
the punctilios of the schoolmen. The Pharisees themselves 
could not but" see that their principles were politically 
impotent ; the most scrupulous observance of the Sabbath, 
for example — and this was the culminating point of legality 
— could not thrust back the arms of the heathen. Thus 
the party of the scribes, when they came into conflict 
with an active political power, which at the same time 
claimed to represent the theocratic interests of Israel, were 
compelled to lay fresh stress on the doctrine that the true 
deliverance of Israel must come from God and not from 
man. "We have seen indeed that the legalism which accepted 


^ In Sibyll., iii. 775, vn^v must undoubtedly bn road for vl6v. 


Jehovah as legislator, while admitting that his executive 
sovereignty as judge and captain of Israel was for the time 
dormant, would from the first have been a self-destructive 
position^ without the complementary hope of a future 
vindication of divine justice and mercy, when the God of 
Israel should return to reign over his people for ever. 
Before the Maccabee revival the spirit of nationality was 
so dead that this hope lay in the background ; the ethical 
and devotional aspects of religion under the law held the 
first place, and the monotony of political servitude gave little 
occasion for the observation that a true national life 
requires a personal leader as well as a written law. But 
now the Jews were a nation once more, and national ideas 
came to the front. In the Hasmonman sovereignty these 
ideas took a political form, and the result was the secular- 
ization of the kingdom of God for the sake of a harsh and 
rapacious aristocracy. The nation threw itself on the side 
of the Pharisees; but it did so in no mere spirit of 
punctilious legalism, but with the ardour of a national 
enthusiasm deceived in its dearest hopes, and turning for 
help from the delusive kingship of the Hasmonseans to 
the true kingship of Jehovah, and to His vicegerent the 
king of David’s house. It is in this connexion that the 
doctrine and name of the Messiah appear in the Psalter 
of Solomon. The eternal kingship of the house of David, 
so long forgotten, is seized on as the proof that the 
HasmonDeans have no divine right. 

“Thou, Lord, art our king for evor and ever. . . . Thou didst 
choose Dardd as king over Israel, and swarest unto him concerning 
his seed for ever that his kingship should never fail before Thee. 
And for our sins sinners (the Hasmonseans) have risen up over us, 
taking with force the kingdom which Thou didst not promise to 
them, profaning the throne of David in their pride. But Thou, 0 
Lord, will cast them down and root out their seed from the land, 
when a man not of our race (Pompey) rises up against them. . . . 
Behold, 0 Lord, and raise up their king the Son of David at the time 
that Thou hast appointed, to reign over Israel Thy servant; and gird 
him •with strength to crush unjust rulers ; to cleanse Jerusalem 
from the heathen that tread it under foot, to cast out sinners from 
Thy inheritance; to break the pride of sinners and all their .strength 
as potter's vessels with a rod of iron (Ps. ii. 9); to destroy tho law- 
less nations with the word of his mouth (Isa. xi. 4); together a 
holy nation and lead them in righteousness. ... He shall divide 
them by tribes in the land, and no stranger and foreigner shall dwell 
with them; he shall judge the nations in wisdom and righteousness. 
The heathen nations shall sen’e under his yoke ; he Shall glorify 
the Lord before all the earth, andeleanse Jerusalem in holiness as in 
the beginning. From the ends of the earth all nations shall come 
to seejiis glory and bring the weary sons of Zion as gifts (Isa. lx. 
3 sq.)\ to see the glory of the Lord -with which God hath crowned 
him, for he is over them a righteous king taught of God. In his 
days there shall be no unrighteousness in their midst; for they are 
all holy, and their king the anointed of the Lord(xpnrTij /ci?/)ios-, mis- 
translation of run' n'tJ’D). He shall not trust on horses and riders 
and bowmen, nor heap up gold and silver for 'svar, nor put his confi- 
dence in a multitude for the day of war. ‘The Lord is king,' that is 
his hope. ... He is pure from sin to rule a great people, to rebuke 
governors and destroy sinners by his mighty word. In all his days 
he is free from offence against his God, for He hath made him 
strong by the Holy Spirit. ... His hope is in the Lord; who 
can do aught against him ? Strong in deeds and mighty in the fear 
of the Lord, he feedeth the flock of tho Lord in truth and righteous- 
ness, and sufiereth not one of them to stumble in the pasture. . . . 
So it Ijeseemeth the king of Israel whom God hath chosen to lead 
the house of Israel. . . . God hasten His mercy on Israel to 
deliver them from the uncleanness of profane foes. The Lord is our 
king for ever and ever.” — PsetU. Sol. xvii. 

This conception is traced in lines too firm to be those of a 
first essay; it had doubtless grown up as an integral part of 
the religious protest against the Hasmonajans. And while 
the polemical motive is obvious, and the argument from 
prophecy against the legitimacy of a non-Da"vidic dynasty 
is quite in the manner of the scribes, the spirit of theocratic 
fervour which inspires the picture of the Messiah is broa(fer 
and deeper than their narrow legalism. In a word, the 
Jewish doctrine of the Messiah marks the fusion of 
Pharisaism "with the national religious feeling of the 



Maccabee revival. It is this national feeling that, claim- 
ing a leader against the Romans as well as deliverance 
from the Saddiicee aristocracy, again sets the idea of the 
kingship rather than that of resurrection and individual 
retribution in the central place which it had lost since the 
captivity. Henceforward the doctrine of the Messiah is 
at once the centre of popular hope and the object of 
theological culture. The New Testament is the best 
evidence of its influence on the masses (see especially Matt, 
xxi.^ 9) ; and the exegesis of the Targums, which in its 
beginnings doubtless reaches back before the time of 
Christ, shows how it was fostered by the Rabbins and 
prrached in the synagogucs.i Its diffusion far beyond 
lalestine, and in circles least accessible to such idca.s is 
proved by the fact that Philo himself {De Fmm. el Pmi 
Messianic interpretation of Num. x.xiv. 27 
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situated on the Straits of Messina (at this point about 
4 miles wide), 8 miles north-west of Eeggio and 130 
miles east by north of Palermo, in 38° 15' N. lat., 15° 30' 
E. long. The town is built between the sea and a range 
of sharp and rugged hills, called the Dinnamare, 3707 
feet at their highest point. It runs in a semicircle round 
the harbour, and presents a picturesque appearance from 
the sea, as the houses rise in tiers upon the slope of a hill, 
and behind are the wooded mountains. 

Messina is the second town of Sicily in importance and in 
size. Its population was 97,074 in 1850, 111,854 in 1871, 
and 126,497 in 1881. It is an archiepiscopal see, and has 
a university, founded by the Jesuits in 1548, with a public 
library of 66,000 volumes. 

The excellence of its harbour makes Messina an import- 
ant trading town. The harbour is formed by a tongue of 
low land which runs out from the shore in the form of a 
sickle, and encloses a round basin, open to the north only, 
where the entrance channel is about 500 yards wide. 'This 
basin is l-l- miles in circumference, and is of such depth 
that the largest vessels are able to use it. It is estimated 
that 1300 steamers, with a total of 1,000,000 tons burthen, 
and 9000 sailing ships, vith a total of 500,000 tons bur- 
then, enter the port yearly. The exports of Messina consist 
chie% of oranges, lemons, raisins, wine, oil, liquorice, and 
hides. There is no prominent manufacture; but silk stuffs 
are made in considerable quantities. Many of the inhabit- 
ants are engaged in fishing, chiefly for tunny. Sword-fish 
also are captured with the harpoon in the Straits during 
July and August. Coral fishery is a trade of the people. 
The hills behind Messina produce a strong dark wine, 
inferior to that which is made in other parts of the 
island. 

Messina has few bmldings of importance or antiquity. 
The sieges and earthquakes from which the town has 
suffered destroyed most of its monuments. After the great 
earthquake in 1783 the city was almost entirely rebuilt. 
The cathedral, the principal building, is a church of the 
Eorman-perioA It was begun in 1098 by Count Eoger 
I., and finished by his son Eoger 11, The church is in the 
form of a Latin cross, 305 feet long and 145 feet wide in 
the transepts. The lower half of the fagade is encrusted 
with slabs of red and white marble. It has three Gothic 
portals, with pointed arches and rich ornamentation, 
belonging to the period of the Anjou dynasty. The nave 
contains twenty-six columns of Eg5q3tian granite, said to 
have been brought from an ancient temple of Poseidon 
which stood near the Faro. The mosaics of the apses date 
from the year 1330. In the choir are the sarcophagi of 
the eniperor Conrad IV. (d. 1254), of Alphonso the Generous 
(d. 1458), and of Antonia, widow of Frederick III. of 
Aragon. In 1254 the cathedral was seriously damaged by 
fire; in 1559 the campanile was burned domi; in 1783 
the earthquake overthrew the campanile and the transept. 
The building therefore offers a mixture of styles, — first 
Norman, then Gothic, then Early Eenaissance, finally 
Barocco and Modern Gothic. 

The history of Messina begins ver}' early. It is said to have been 
founded, on the site of a more ancient Sicilian town, by pirates 
from Cumae, in 732 B.C. It took its earlier name of Zancle (a 
sickle) from the shape of its harbour. The number of its inhabit- 
ants was increased by an influx of Chalcidians under Cratemenes; 
and in 649 b.c. the town was sufficiently prosperous and populous 
to establish a colony at Himera. The Samians occupied Zancle for 
a short time after ililetus had been c-aptured by the- Persians in 
494 B.C. In the following year the city fell into the hands of 
Anaxilas, tyrant of Ehegium, who introduced a population of 
Messenians, from Llessenia in the Peloponnesus ; and they changed 
the name of the place to Messana, i n the Doric pronunciation, to 

Alcantara. The chief towns are Messina, Castroreale, Mistretta, 
Patti,, and Milazzo. The population in ^854 was 380,279, in 1871 
420,649, and in 1881 467,233. 
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remind them of their fatherland. The sons of Anaxilas were ex- 
pelled from the government of Messina in 466 b.c,, and a republic 
established; and this government was continued until Messina 
mil into the hands of the Carthaginians during their wars with 
Dionysius the elder of Syracuse (396 b.c.). Tlie Carthaginians 
destroyed the city; but Dionysius recaptured and rebuilt it" 
During the next fifty years Messina changed masters several times' 
till Timoleon finally expelled the Carthaginians in 343 B.c. In the 
wars between Agathoeles of Syracuse and Carthage, Messina took 
the side of the Carthaginians. Agathooles’s mercenaries, the 
Mamertines, treacherously seized the town in 288 b.c. and held it. 
They came to war with Hiero II. of Syracuse, after Agathocles’s 
death ; and Hiero’s allies, the Carthaginians, helped him to reduce 
Messina. The Mamertines appealed for help to Eome, which was 
granted, and this led to a collision between Eome and Carthage, 
which ended in the First Punic War.^ At the close of that war, in 
241 E.C., Messina became a piossession of the Bomans. During 
the ci\ril wars which followed the death of Julius Ciesar, Alessina 
held with Sextus Pompeius ; and in 35 B.c. it was sacked by 
Octavian’s troops. After Octavian’s proclamation as emperor he 
founded a colony here ; and Messina continued to flourish as a 
trading port. In the division of the Eoman empire it belonged to 
the emperors of the East ; and in 547 A.n. Belisarius collected 
his fleet here before crossing into Calabria. The Saracens took the 
city in 831 a.d, ; and in 1061 it %vas the first permanent conquest 
made in Sicily by the Normans under Eoger d’Hauteville. In 
1190 Richard Cceur de Lion with his crusaders passed six months 
in Messina. He fell out with Tancred, the last of the Hauteville 
dynasty, and sacked the town. In 1194 the city, with the rest of 
Sicily, passed to the hous? of Hohenstaufen under the emperor 
Henry VI., who died there in 1197. At the time of the Sicilian 
Vespers (1282), which drove the French out of Sicily, Messina 
bravely defended itself against Charles of Anjou, and repulsed his 
attack, Peter 1. of Aragon, through his commander Ruggiero di 
Loria, defeated the French off the Faro ; and from 1282 to 1713 
Messina remained a possession of the Spanish ro}'al house. In 1571 
the fleet fitted out by the Holy League against the Turk assembled 
at Messina, and in the same year its commander, Don John of 
Austria, celebrated a triumph in the city for his victory at Lepanto. 
Don John’s statue stands in the Piazza dell’ Annuziata. For one 
hundred years, thanks to the favours and the concessions of Charles 
V., Messina enjoyed great prosperity. But the internal quarrels 
behveen the Merli, or aristocratic faction, and the Malvezzi, or 
democratic faction, fomented as they were by the Spaniards, 
helped to ruin the city (1671-78). The Messinians susjiected the 
Spanish court of a desire to destroy the ancient senatorial consti- 
tution of the city, and sent to France to ask the aid of Louis 
XIV. in their resistance. Louis despatched a fleet into Sicilian 
waters, and the French occupied the city. The Spaniards replied 
by appealing to Holland, who sent a fleet under Euyter into the 
Mediterranean. ' The French admiral, Duquesne, defeated the 
combined fleet of Spain and Holland, but, notwithstanding this 
victory, the French suddenly abandoned Messina in 1678, and the 
Spanish occupied the town once more. The senate was suppressed, 
and Messina lost its privileges. This was fatal to the iniportance 
of the city, and it never recovered. In 1743 the plague carried off 
40,000 inhabitants. The city was partially destroyed by earth- 
quake in 1783. During the revolution of 1848 against the Bourbons 
of Naples, Messina was bombarded for three consecutive days. In 
1854 the deaths from cholera numbered about 15,000. Garibaldi 
landed in Sicily in 1860, and Messina was the last city in the island 
taken from the Bourbons and made a part of united Italy under 
Victor Emmanuel, 

Messina was the birthplace of the following celebrated men; 
Dicisarchus, the historian (ct>. 322 B.c.) ; Aristocles, the Peri- 
patetic ; Euheraerus, the rationalist (dr. 316 B.c.); Stefano 
Protonotario, Mazzeo di Ricco, and Tommaso di Sasso, poets of the 
court of Frederick II. (1250 A.D.) ; and Antonello da Messina, the 
painter (1447-99), five of whose works are preserved in the 
university gallery. During the 15th century the grammarian 
Constantine Lascaris taught in Messina ; and Bessarion was for a 
time archimandrite there. 

METALLURGY, a branch of applied science whose 
object is to describe and scientifically criticize the methods 
used industrially for the extraction of metak from^ their 
ores. Of the large number of metals entunerated in the 
handbooks of chemistry, the vast majority, of course, lie 
outside its range ; but it is perhaps as well for us to point 
out that in metallurgic discussions even the term 
“metallic,” as applied to compounds, has a restricted 
meaning, being exclusive of all the light metals, although 
one of these, namely aluminium, is being manufactured 
industrially. The following table enumerate in the order 
of their importance the metals w'hich our subject at present 

XVL — 8 



METAL 


h iniil. r-trHKl to include ; the f-ccond column in each ca'JC 
pise- the chernical clnractcrii of the native compounds 
ntilired, italic^ indicating ores of subordinate importance. 
Tlje t'.-m “('tide” must' be nndorst«x'd to include carbon- 
ate, hydrate, and occasionally (avhen marked in the table 
v.-ith *) silicate. 

UftU Clianrtorot Ore?. 


Io>fl 



tt.l.t. . - 
1/ ' 1 

. . . 

Tin . 

n iirv 

.\nliiiinn( . . 
l!;"ni'U}i 

Ntct.1 1 .itiil tobilt 


.. Oaidc'!, sulj'hinf. 
i Comjilot sulphides, also oxides, 
I vi'tal. 

j Siili'hido and regulino metal, 
( cJihririf. 

.Kegiilino metal. 

i Sulphide nnd hasic-c.arbonate, stil- 
ly jthate, A.O. 

....Sulphide, oxide * 

. .O.vidc. 

. .Sulphide, rcgnline met.al. 
..Sulphide. 

...Itegulinc metal. 

....\rhcnides 


i’h'imuii and jihtimnn inet.ds...Itegv»liiic. 

.\hitminum Oxide,* sodio-fluoride. 


L U R G Y 

excess of unbiu-ned oxygen ; or it is meant to deoxidize 
(“ reduce ") the ore, aa'heu the draught anust bo restricted 
?o as to keep the ore constantly avrapped up in combustible 
flame gases (carbonic o.xidc, hydrogen, marsh-gas, itc.). 
The vast majority of the chemical operations of mctallurg}- 
fall into this categorj-, and in these processes other metal- 
reducing agents than those naturally contained in the fire 
(or xrind) are only exceptionally employed. 

2. Amalgamation . — The ore by itself (if it happens to 
be a reguline one), or the ore plus certain reagents (if it 
docs not), is xvorked U]! "with mercury so that the metal is 
obtained ultimately as an amalgam, xvhieh can be separated 
raechanicallj' from the dross. The purified amalgam is 
subjected to distillation, n'lieu the mercury is recovered as 
a distillate xvhile the metal remains. 

3. irc< Processes . — Strictly spealdng, certain amalgama- 
tion methods fall under this head ; but, in its ordinary 
acceptance, the term refers to processes in xvhich the metal 
is extracted either from the natural ore, or from the ore as 
it is after roasting or some other preliminary treatment, by 
means of an aqiieous acid or salt solution, and from this 
solution precipitated — generally in the reguline form— by 
some suitable reagent. 

Fexv methods of metal extraction at once yield a pure 
product. ^Vhat as a rule is obtained is a more or less 
impure metal, mhich requires to be “ refined ” to become 
fit for the market. We now pass to the individual con- 
sidei-ation of the several steps referred to. 

Commimiiion of Ores . — ^Assuming tlie oroto bo given in the sbnpo 
of large lumps, these 'must first be biokcn up into small stones (of 
about the size of those used for macadamizing a road) before they can 
go to the giinding-mill. This iormerly used to be done by band- 
woik; nowadays it is pieferably effected by means of an American 
invention caUed the stonc-breakor (fig. 1). Tliis consists essentially of 
two substantial vcrticaliron plates; oncisfixcd,tho other is connected 
witlian cxceutric worked by an engine so as to alternatclydash against 
and recode from tlio fonner. The lumps of oie, in passing tlirougli 
this jaw-like contrivance, are biokcn np into bmallcv fragments fit foe 



Tio. ]. — Americ.m Stone-Brc.akcr. 
the mill. For the produrtion of a coarse powder revolving cylinders 
arc often employed. Two cylinders of equal dianietor nnd lonctli, 
made of iron, steel, or stone, arc susponded hv parallel axes in close 
proximity to tach other. Tlio width of the slit between them can 
>e made to a-ary according to tlio rcniuTcmonf.s of tiic case. The 
cylinders arc made to revolve in opposite directions, so that the 
stones when nin into tiie groove formed by their upper Inlxes .are 
( rawn beliiceii tliern nnd are enishcd into bits of a .size (IcKn'linC 
on the least djstaiicc betiuen the two .surfaces Jlxcevticii'uly h-oi 
Stones might bring the macliino to a standstill or caiwo breakages : 
li.nec only one of the two axes of rotation is .absohifely fixed : th» 
other nre only held in relatively lived posit.oii', 
•'ll eoiiplcof giiiiliii" rails, bvmeans of powerful rpnnc* 

m tlwir b-oks The springs are made of altcrnato disks of in'.ia- 
tamtar and slieit-iron, and yield appreciably onlr to very sfo' C 
P.ss^utes. Isnj, cxctptionallvbard stone comes on, tiieyji'i^ 
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awl allow it to pass tliro\i"li uncrnslicil. Sometimes two sets of 
cylinders are airanged one above the otlier, so that tliegrit from the 
uijper falls into the jaws of the lower set to receive turtlier com- 
minution. The diameter of tlie cylinders is from a foot to a j'ard, 
their length from 9 inches to a yard, the velocity of a point on the 
periphery a foot to a yard per second. Tlie quantity of ore reduced 
per hour per horse-power i.s about 6 cubic feet for quartz or other 
hard minerals, and about 14 cubic feet for minerals of moderate 
hardness. 

For the production of a relatively fine powder the pounding-mill 
is frequently used, which, in its action, is analogous to a moitar and 
pestle. Tlie mortar is a rectangular trough, while the pestle is 
replaced by a parallel set of heavy metal or metal-shod beams, 
which (bj' means of a revolving cylinder with cogs catching pro- 
jections on the beams) are lifted up in succession and tlicn 
let fall by their own weight so ns to pound up the ore in the trough. 
The ore is supplied from a prismatic reservoir with a .sloping 
bottom leading into a canal tbrough which the stones slide into 
the trough. A current of water, wliich constantly flows into the 
trough from helow, lifts np the finer particles and curries them 
away over the edge of the trough into a settling tank. 

The object pursued in powdering an ore is to propaio it for being 
purified by washing. But the velocity with whu-li a solid particle 
falls through water depends on its size as well ns on its specific 
gravity — an increase in citlier accelerating the fall ; hence, where 
the difference in specific gravity between the tilings to be separated 
is small, tlio washing must bo preceded by a separation of the ore- 
powder into portions of appro.ximately equal fiiioiicss. This is often 
effected hy passing the ore through a system of sieves of dilferent 
width of mesh superposed over one another, the coarser sieve 
always occupying the higher position. Sometimes the sieves are 
made to “go dry,” sometimes they arc aided in their action by a 
current of water which, more cfl'ectnally than mere shaking, pre- 
vents adlicronce of dust to coarser parts. 

Another contrivance is the “Drum ” (fig. 2). A long perforated 
circular cylinder made of sheet-iron, open at both cuds, is suspended, 
in a sloping position, hy a revolving shaft passing through its axis. 
The size of the perforations is generally made to increase in passing 
ft-om the upper to the lower belts of the cylinder. IVliilc the drum 



is revolving, the ore, suspended in water, flows in at the upper end, 
and in travelling down it casts oil' first its finest and then its coarser 
parts, the coar-sest only reaching the exit at llio lower end. llic 
several grades of powder produced fall each into a separate division 
of the collecting tank. 

The drum, of course, is subject to endless modifications. A 
very ingenious combination is H. E. T!i 3 dor’s “Drum Dressing 
Machine” (fig. 3). It consists of three truncated conc-.shapcd 
drums D, fixed co-axially to the same liorizontal revolving shaft, 



so that the narrow end of Is o. 1 projects into the wider end of Iso. 2, 
and No. 2 similarly into No. 3. TJie drums are not perforated, but 
are. armed inside with screw-threads formed of strips of sheet metal 


fi.xed edgewaj's to the drum. The ore grit to he dressed is placed 
m a hopper A, and from it, by a worm B fixed to the revolving 
■shaft, IS being screwed forward into a short fixed truncated cone C 
projecting into the revoMng drum No. 1, into which it flows in 
ii constant current. The rotary motion of the drum tends to 
convey the ore along the spiral path prescribed hy the screw-thread 
towards the other end, and from it into drum No. 2, and so on. 
But the ore in each drum meets with a jet of water E impelling 
it the opposite way, and the eifect is that, in each drum, the 
lighter parts follow the water, and with it run qff over the 
entrance edge to he collected in a special tank, while the coarser 
jiarts roll down tlie spiral path toward the next dnim to undergo 
further parting. The tank or pit for drum 1 receives the finest 
and lightest parts, that of dram 2 a heavier, that of dram 3 a 
still header portion, while only the very heaviest matter finds 
its way out of the exit end of No. 3 into a fourth receptacle. 

_ Of the large number of other ore-dressers, only two need be men- 
tioned liere. 

The “Claustlial Turn-Table” consists of a circular table, the sur- 
face of %vhich rises from the periphery towards tlie centre so as to 
form a very fiat cone of about 170°, which is fixed co-axially to a ver- 
tical rotary shaft. At the apex of the table, surrounding the shaft, 
hut independent of its motion, there i‘ia circular trough ot sheet zinc, 
didded into two compartments ; one receives a stream of water 
carrying the ore, the other a supply of pure water. A large annu- 
lar trough of sheet zinc is placed below the periphery of the table, 
.so as to receive whatever may fall over the edge. It also is didded 
into compartments, ns shall he explained further on. Supposing the 
table to be at rest, a sector of about 60° of it would bo constantly 
rim over by the ore-mud out of the first compartment of the upper 
trough. This mud current would suifer partial separation into 
heavier and lighter parts, — rich ore resting in the higher and 
poorer in tlie lower latitudes, and a still poorer ore falling over the 
periphery into the lower trough. The same happens with the 
moving table ; only each sector of such partially analysed ore under- 
goes further purification by passing through about 90° of water- 
shower. After passing this, it meets with a perforated fixed water- 
pipe going up radially to about half the radius of the table. This 
pipe also carries sweeping brashes, so that the belt of ore from the 
lower latitudes of the table is swept offinto the corresponding section, 
of the receiving trough. IVliat ol ore remains on the higher latitudes 
subsequently meets with a similar arrangement which sweeps it off 
into its compartment. If the table turns from the left to the right, 
and we follow the process, beginning at the left edge of the ore-mud 
compartment, it will be seen that a first sector of the receiving 
trough gatiiers the light dross, a succeeding one an intermediate 
product, a third the most highly purified ore. The “intermediate” 
IS' generally run into the ore-mnd trough of a second table to be 
further analysed. 

In the “ Continuous "Wash-Pumps ” (Continuirliche Setzpnmpe) 
of the Harz, three funnel-shaped vessels (one of which is shown in 
fig. 4) are set in a frame beside one another, but at different levels, 
so that any overflow’ from No. 1 runs into No. 2 and thence into 
No. 3. Each funnel communicates below with its own compart- 
ment of a common cistern. 

Into each funnel n riddle 
with narrow meshes is in- 
serted somewhere near the 
upper end, while, beside the 
riddle, there is a pump of 
short range, which, by 
means of an cxcentric, is 
woiked so that the piston 
alternately goes rapidlj’ 
dow'n and slowly up_. The 
mode of working is best 
explained by an examide. 

At Broinigerborg in Bheirish 
Prussia the apparatus servfcs 
to separate a comple.x ore 
into the following four 
parts, which we enumerate 
in the order of their specific 
gravities — (1) galena (the 
heaviest), (2) pyrites, _ (3) 
blende, (4) "dross. Sieve 
No. 1 is charged w’ith 
granules of galena, just 
large enough not to_slip 
through Iho meshes. No. 2 
similarly with granules of 



Fio. 4. — Continuous Wash-Pump. 

similarlv w-itn granules oi ' , 

p^tes, No. 3 with those of hlendo. Tho crude ore-mud goes into 
smve 1; the jerking action of the pump alteraately tosses the 
narticles up into the water and allows them to fall ; the heaviest 
naturally c^omo down first, but what is most striking is that 
nothing will pass through the bed. of galena but what is af 
as heavy as galena' itself. In a similar manner Eo. 2 and No. 3 
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funnels sift out tlio pyrites and the blende respectively, so that 
almost notbing but dross runs off ultimately. 1 he apparatus js 
said to do its work vrith a wonderful degree of preci.sion, and oi | 
course is susceptible of wider application, but it ceases to work 
when the raw material is a slime so fine that the particles fall too 

^^llodes of Producing High ympcrninrcs.— Most of what is to be 
said on this topic has already been anticipated in the articles 
PukL, Furnace, and Bellows ; but a few notes may be added 
on specially metallurgic points. 

Furnace Materials.— \n a metallurgic furnace the working parts 
at least must be made of special materials capable of witlistanding 
the very high temperatures to which they ore exposed and the 
action of the fluxes which may be used. No practically available 
material fully meets both reipiireineiits, but there is no lack of 
merely fire-proof substances. 

Of native stones, a pure quartzose sandstone, free from marl, 
n.ay be named as being well adapted for the generality of structuivs; 
but such sandstone, or indeed any kind of fire-proof stone, is not 
always at hand. AFhat is more readily procured, and consequently 
more widely used, is refractory brick, made from “ fire-clay." The 
characteristic chemical feature of fire-clays is that in thpni thc clay 
proper (always some kind of hydrated silicate of alumina) is associated 
with only small proportions of lime, magnesia, ferrous oxide, or 
other protoxides. If the percentage of those goes beyond certain 
limits, the bricks, when strongly heated, melt down into a slag. 
The presence of free silica, on the other hand, adds to their refrac- 
toriness. In fact the beat firo-hvicks in existence arc the so-called 
Dinas bricks, which consist substantially of silica, contaminated 
only with just enough of bases to cause it to frit together on being 
baked. Dinas bricks, however, on account of their high price, arc 
reserved for special cases involving exceptionally high tcmpcrature.s. 
Amongst ordinary fire-bricks those from Stourbridge enjoy the 
highest reputation. It follows from what has just been said that, 
in a metallurgic furnace, lime-mortar cannot be used ns a cement, 
but must be replaced by fire-clay paste. 

In the construction of cupels, reverberatory furnaces, &c., only 
the general groundwork is, as a rule, made of built bricks, and this 
groundwork is coated over with some kind of special fire-proof and 
flux-proof material, such as bone-ash, a mixture of baked fire-clay 
and cokes or graphite, or of quartz and very highly silicated slags, Ac. 
These beddings are put on in a loose powdery form, and then stamped 
fast. They offer the advantage that, when worn out, they are easily 
removed and renewed. The powerful draught which a metallurgic 
fire needs can be produced by a chimney, where the fuel forms a 
relatively shallow layer spread over a largo grating; but, wlion 
closely -packed deep masses of fuel or fuel and ore have to be kept 
ablaze, a blast becomes indispensable. 

CAtmneys,— The efficiency of a chimney is mca.surcd by the 
velocity T with which the air ascends through it, multiplied by its 
section ; and the former is in roughly approximate accordance 
with the formula 

where h stands for the height of the chimney, g for the acceleration 
of gravity (32-2 feet per second), and T and T„ for the absolute 
temperatures (meaning the temperatures counted from - 273° C.) of 
the air within and the air witliout the chimney respectively, while 
c IS a factor meant to account for the resistances which the air, in 
ite progress through the furnace, &c., has to overcome. In practice 
1 IS taken as the mean temperature of the chimney gases, which 
theoretically IS not unobjectionable ; but the weakest point in the 
formula is the smallness and utter inconstancy of the factor k 
which, according to Peclet, generally assumes some value of the 
power &c. Yet the formula is of some use as enabling 
one to see the way in which V depends on A and (T - T„)/T„ con- 
“Stance, how deficient chimney height may be 
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having air-holes at its upper e„f 

sucks in air thronrii these hnlpq vertical column of water 

kind of iuverte^tTstnndino .'t down with it into a 
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The “Cngniardellc” (figs. 5, C), so called from its inventor Cagniard ’ 
Datour, also utilizes water to carry air, but in quite another way. By 
means of a round shaft passing tiirough its axis, a cylindric.al drum 
of shcet-motal is suspended slantingly in a mass of water, so that the 
lower end is fully inimer.sed, while of the upper end the segment 
above the upper side of the shaft is uncovered. The space between 
shaft and drum is converted into a very wide screw-shaped c.anal by 
a band of shcct-melal hcrinetic.ally fixed edgeways to the two. Both 
the top and the bottom end of the di-uni arc partially closed by flat 




Fig. 0. 


-Cngniardellc. 

bottoms soldered or riveted to the rc.spcctis’c edges; the lower 
one leaves a ring-.sh.iju'd oiiening between its edge and the shaft, 
which serves for the introduction of a fixed air-pipe bent so as to 
leach up to near the top of the drum’s nir-.spaeo ; in the upjw 
bottom three qundr.int.s are closed, the fourth is ojicn. Snppo.ring 
the screw-canal, traced from below, to go from the left to the right, 
the drum is made to revolve in the same sense, and the effect istbab 
in each revolution, the fcrcw-canal at its top cml swallows a certain 
volume of air whicli, by thoMiccccding entrance of the water — which, 
of course, moves relatively to the screw 
— is pushed towards and ultimately into 
the nir-spaco at the bottom cud. * The 
Cagniardellc yields a perfectly continu- 
ous blast, and, ns it is not encumbered 
with any dead resistances except the 
friction of the shaft nguinsl its bc.nrings 
(which can be reduced to very’ little) 
and the very slight friction of the water 
against the screw-canal, it utilizes a 
very large percentage of the energy 
spent on it. This jiereciitagc, arcoril- 
ing to experiments by .Schwamkrug, 
amounts to from 7r> to 84 T>; in the 
case of the cyliiuler-hlnst it is GO to 05 per cent. ; with bellows, 
about 40 per cent. ; with the “ ‘Wa.sscrtroinmclgebliiso’’ 10 to 15 per 
cent. Hcnco the “ Wasscrtrommclgeblnse ’’ stands last in relative 
efficiency ; but we must not forget tliat it alone directly utilizes 
native energy, while, in the cylinder blast, for example, 100 units 
of work done by the steam-engine involve a vastly Renter energy 
spent on the engine as heat. 

To maintain a desired temperature in a given furnace charged in 
a certain manner, the introduction of a certain volume of nir pcr 
unit of time is neccssarv. But this quantity, in a given blowing- 
machine, is determined by the over-pressure of the wind, as 
mc.asurcd by a manometer, the velocity of the wind being approxi- 
mately proportional to VM/(B + il), where U stands for the height 
of the mercury-manometer, and B for that of the barometer. 
Hence the practical metallurgist, in adjusting bis blast, has nothing 
to do but to see that the manometer shows the reading which, hy 
previous trials, has been prot'cd to yield an adequate supply of wind. 

Fuel . — In some isolated cases the ore itself, by its combustion, 
supplies the necessary heat for the operation to bo performed upon 
Thus, for instance, the roasting of blackbnnd iron-stone is 
effected by simply piling up the ore and setting fire to it,tsy that 
Die ore is at the same time its own fumnee and fuel ; in the 
Bessemer process of steel-making, the burning carbon of the pig" 
iron supplies the heat necessary for its own combustion ; and a 
similar process has been tried experimentally, and not withou 
succcs^ for the working up of certain kinds of pj’rites. But, as a 
rule, the high temperatures required for the working of ores arc pro- 
Quoett by the combustion of extraneous fuel, such as wood, ivoou- 
charcoal, coal, coke. Of these four, wood-charcoal is of the mdest 
applicability, but not much used in Britain on account of its 
high price. High-class coke or pure anthracite, volume for volume. 
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gives the highest temperature. .TV ood or coal is indicated when a 
voluminous Hame m one of the requisites. Obviously fuel of the 
same kind and quality gives a higher calorific intensity when, before 
use, It IS deprived by drying of its moisture, or when it is used in 
conjunction irith a hot instead of a cold blast. This latter prin- 
ciple, as every one knows, is largely discounted in the manufacture 
of pig-iron, where nowadays coal, with the help of the hot blast, 
is made to do what formerly could only be effected with charcoal or 
coke. For further information see Fuel and Ir.oy. 

Chemical Operations. — In regard to processes of amalgamation 
and to wet-way processes, we have nothing to add to what was given 
in a previous paragraph ; > we therefore here confine ourselves, in 
the main, to pyro-chemical operations. 

The method to be adapted for the extraction of a metal from its 
ore is determined chiefly, though not entirely, by the nature of the 
non-metallic component with which the metal is combined. The 
simplest case is that of the reguline ores where there is no non- 
metallic element. The important cases are those of Gold, Bismuth, 
and MEncunv {q.v.). 

Oxides, Hydrates, Carlonatcs, and Silicates. — ^AIl iron and tin ores 
proper fall under this heading, which, besides, comprises certain ores 
of copper, of lead, and of zinc. In any case the first step consists 
in subjecting the crude ore to a roasting process, the object of which 
is to remove the water and carbonic acid, and bum away, to some 
extent at least, what there may be of sulphur, 'arsenic, or Organic 
matter. The residue consists of an impure (perhaps a very impure) 
oxide of the respective metal, which in all cases is reduced by treat- 
ment with fuel at a high temperature. Should the metal be present 
in the silicate form, lime must be added in the smelting to remove 
the silica and liberate the oxide. 

In the ease of zinc the temperature required for the reduction lies 
above the boiling point of the metal ; hence the mixture of ore and 
reducing agent (charcoal is generally used) must be heated in a 
retort combined with the nece.ssar3’ condensing apparatus. In all 
the other cases the reduction is effected in the fire itself, a tower- 
shaped blast furnace being preferabl}' used. The furnace is charged 
with alternate layers of fuel and ore (or rather ore and flux, see be- 
low), and the whole kindled -from below. The metallic oxide, 
partlj' by the direct action of the carbon with which it is in contact, 
but principally by that of the carbonic oxide produced in the lower 
strata from the oxygen of the blast and the hot carbon there, is re- 
duced to the metaluo state ; the metal fuses and runs down, with 
the slag, to the bottom of the furnace, whence both are withdrawn 
by the periodic opening of plug-holes prordded for the purpose. 

Sulphides. — Iron, copper, lead, zinc, mercury, silver, and anti- 
mony very frequently present themselves in this state of combin- 
ation, as components of a verj' numerous family of ores whieh may 
be divided into two sections: (1) such as substantially consist of 
simple sulphides, as iron pyrites (FeSj), galena (PbS), zinc blende 
(ZnS), .cinnabar (HgS) ; and (2) complex sulphides, such as the 
various kinds of sulphureous copper ores (all substantiallj’ com- 
pounds or mixtures of sulphides of copper and iron) ; bournonite, 
a complex sulphide of lead, antimonj', and copper ; rothgiltigerz, 
sulphide of silver, antimony, and arsenic ; fahlerz, sulphides of 
arsenic and antimony, combined with sulphides of copper, silver, 
iron, zinc, mercury', silver ; and mixtures of these and other sul- 
phides vrith one another. 

In the treatmetit of a sulphureous ore, the first step as a rule is 
to subject it to oxidation bj' roasting it iu a reverberatory or other 
furnace, which, in the first instance, leads to the burning awaj-of at 
least part of the arsenic and part of the sulphur. The elfect on the 
several individual metallic sulphides (supposing only one of these 
to be present) is as follows : — 

1. Those of silver (AgoS) and mercury (HgS)' yield sulphurous 
acid gas and metal ; in the case of silver, sulphate is formed as an 
intermediate product, at low temperatures. Metallic mercury, in- 
the circumstances, goes off as a vapour, which is collected and con- 
densed ; silver remains as a regulus, but pure sulphide of silver is 
hardlj- ever worked. 

2. Sulphides of iron and zinc yield the oxides Fe^O^ and ZnO as 
final products, some basic sulphate being formed at the earlier stages, 
more cspeciall}- in the case of zind The oxides can be reduced by 
carbon. 

S. The sulphides of lead and copper yield, the former a mixture 
of oxide and normal sulphate, the latter one of oxide and basic 
sulpiiate. Sulphate of lead is stable at a red heat ; sulphate of 
copper breaks up into oxide, sulphurous acid, and o.xygen. _ In 
jiractice, neither oxidation process is ever pushed to the end ; it is 
stopped as soon as the mixture of roasting-product and unchanged 
sulphide contains oxygen and sulphur in the ratio of Oj : S. _ The 
access of air is then stop])ed and the whole heated to a higher 
temperature, when the potential SO. actually goes off as sulphurous- 
acid gas and the whole of the metal is eliminated as such. This 
method is largelv utilized in the smelting of lead (from galena) and 
of copper from copper pyrites. In the latter case, however, the 
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' Examples are glTea in Hoi.T) nmi CoiTEr.. See also Silveil. 


has first to be produced from the ore, which is done 
sub^tantiallj m follows. The ore is roasted with silica until u 
certain proportion of the sulphur is burned awav as SO. S a 
correspondmg j^i^roportion of oxj-gen has gone to the metal part of 
QnfnW e?' happens that copper has a far greater affinity for 

i produced oxide of copper, 

as lon^, as sufhcient sulphide of iron js lelt, is sure to be reconverted 
into sulphide, and the final result is that, while a large quantitv of 
oxidized iron passes into the slag, all the copper and part of the iron 
separate out as a mixed regulus of Cu„S and FeS (“ mat ”) This 
re^ilus, by being fused up repeatedly with oxidized copper’orcs or 
rich copper slags (i-irtoally with CuO and silica), gradu.ally yields 
up the whole of its iron, so that ultimately a regulus of pure silbsul- 
phide of copper, Cu.S (“fine mat”), is obtained, which is worked 
up for metal as above explained. 

4. Sulphide of antimony, when roasted iu air, is converted into 
a kind of alloy of sulphide and oxide ; the same holds for iron, 
only its o-xj-sulphide is quite readily converted into the pure 
oxide Fe^Oj by further roasting. Oxj'sulphide of antimony, bj' 
smtable processes, can be reduced to metal, but these processes are 
rarelj- used, because the same end is far more easily obtained by 
“precipitatiou,” i.c., withdrawing the sulphur by fusion with 
metallic iron, forming metallic antimony and sulphide of iron. 
Both products fuse, but readily part, because fused antimony is 
far heavier than fused sulphide of iron is. A precisely similar 
method is used occasionally for the reduction of lead from galena. 
Sulphide of lead when fused together with metallic iron in the 
))roportion of 2Fo : iPbS yields a regulus (=lPb) and a “mat” 
Fe^S, which, however, on cooling, decomposes into FeS pai-ts of 
ordinarj- sulphide and Fe paiis of fmelj' divided iron. "What wo 
have just been explaining arc only two special cases of a more 
general metallurgic proposition. According to Fournet, anyone of 
the metals copper, iron, tin, zinc, lead, silver, antimoii}-, arsenic, 
in general, is capable of desulphurizing or precipitating (at least 
partiall}') any of the others that follows it in the series just given, 
and it does so the more readily anc completelj' the greater the 
number of intervening terms. Hence, supposing a complete nii.v- 
ture of these metals to be melted down under circumstances admit- 
ting of only a partial snljihuration of the whole, the copper has the 
best chance of passing into the “ mat,” while the arsenic is the 
first to he eliminated as such, or, in tlie presence of oxidants, a.s 
oxide. 

Arsenides . — Although arsenides are amongst the commonest 
impurities of ores generally, ores consisting essentially of arsenides 
are comparatively rare. Tlie most important of them are certain 
double arsenides of cobalt and nickel, which in practice, however, 
are alwaj-s contaminated with the arsenides or other compounds of 
foreign metals, such as iron, manganese, &c. The general mode of 
working these ores is as follows. The ore is first roasted by itself, 
when a part of the arsenic goes off as such and as oxide {both 
volatile), while a complex of lower arsenides remains. This residue 
is now subjected to careful oxidizing fusion in the ]iresenco of glass 
or some other fusible solvent for metallic bases. The effect is that 
tlie several metals are oxidized away and jiass into the slag (a.s 
silicates) in the following order, — first the manganese, secondl}- the 
iron, thirdlj' the cohalt, lastlj* (and veiy slowlj') the nickel ; and 
at anj' stage the as j'et nnoxiilized residue of arsenide assumes tin: 
form of a fused regulos, which sinks down through the slag as a 
“speis.’’ (This term, as will readilj' be understood, has the .same 
meaning in reference to aroenidesas “mat” has in regard to sulphides. ) 
By stopping the juocess at the right moment, we can produce a 
speis which contains onlj' cobalt and nickel, and if at this stage 
also tlie flux is renewed we can further produce a speis wliich con- 
tains only nickel and a slag which substantially is one of cobalt 
onlv. The composition of the speises generall}' varies from AsMcj,. 
to AE5Ie.;> where “ Jle” means one atomic weight of metal in toto, 
so that in general lMc=a:Fc-!-a/Co-f-zNi, where a:-L2/-fz=l._^ The 
siliceous cobalt is utilized as a blue pigment called “smalte"; the 
nickel-speis is worked up for metal, preferablj' bj' wet processes. 

Minor Heagents . — Besides the oxidizing and reducing agents natu- 
rally present in the fire, and the “ fluxes ” added for the production 
of slags, there are various minor reagents; of which the more im- 
portant maj' be noticed here. One — namelj', metallic iron as a 
dcsulphnrizer-— has alrcadj- been referred to. 

0.xide of lead, PbO (litharge), is largely used as an oxidizing agent. 
At a red heat, when it melts, it readily attacks all metals, except 
silver and gold, the general result being tlie formation of a mixed 
oxide and of a mixed regulus, a distribution, in other words, of 
both the lead and the metal acted on between slag and regntns. 
More important and more largely utilized is its action on metallic 
sulphides, which, in general, results in the formation of three 
things besides sulphurous acid gas, -viz., a mixed oxide slag includ- 
ing the excess of litharge, a regulns of lead (which may include 
bismuth and other more readilv reducible metals), and, if the 
litharge is not sufficient for a complete oxidation, a “mat” 
comprising the more readily sulphurizable metils. Oxide of lead, 
being a most powerful solvent for mctall:'’ oxides gcneralh", is also 
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largely used for the separation of silver or gold from base metallic 

‘’^MeLllio lead is to metals generally what oxide of lead is to 
metallic oxides. It accordingly is ayail^le as a solvent for so to 
sav licking up small particles of metal diffused throughout a mass 
of slag or other dross, and uniting them into one regulns. Ihis 
naturally leads us to consider the process of “ cupellation, which 
discounts the solvent powers of both metallic lead and Us oxide. 
This process serves for the extraction of gold and silver Irom their 
alloys with base metals such as copper, antimony, &c. The hrst 
step is to fuse up the alloy with a certain proportion of lead, wJiieh 
is determined by the weight of base metal to be eliminated, and 
is always sufficient to produce a lead-alloy of low fusing point. Tliis 
alloy is heated on a shallow dish-shaped bed of bone earth to red- 
ness, and at this temperature subjected to the action of air. 1 he 
base metals (copper, &c.) are oxidized away, the first portions as an | 
infusible scum containing little oxide of lead, the latter in the loriii i 
of a solution in molten litharge. Lead is, in general, loss oxidiz- 
nble than the other base metals; hence the last instalment of liquid 
litharge which runs off is pure, and the ultimately remaining icgu- 
lus consists of silver and gold only. These latter may ho separated 
by nitric acid or boiling oil of vitriol, which converts the silver into 
soluble salts and leaves the gold. 

Oxide of iron, and also binoxide of manganese, are used for the 
decarburation of pig-iron. The oxygen of the reagent burns the 
carbon of the pig into carbonic acid, while the metal of the 
reagent becomes iron and FeO or MnO respectively, the oxides 
uniting with the silica added as such, or formed by the oxidation 
of the silicon of the pig, into a fusible slag. 

Iron pyrites, FeSo, is employed for the preliminary concentration 
of traces of gold diffused throughout slags or base ores. The reagent, 
through the action of the heat, gives up one-half of its sulphur, 
which reduces part of the metallic oxides present. The gold and 
silver unite with what is left of protosulphide of iron (FeS) into a 
mat, which is then worked up for the noble metals. 

Fltixes . — Practically speaking, all ores are contaminated with 
more or less of gangue, which in general consists of infusible 
matter, and consequently, if left unheeded in the reduction of 
the metallic part of the ore, would retain more or less of the metal 
disseminated through it, or at best foul the furnace. To avoid this, 
the ore as it goes into the furnace is mixed with “fluxes” so 
selected as to convert the gangue into a fusible “slag,” which 
readily runs down through the fuel with the regulus and separates ! 
from the latter. The quality and proportion of flux should, if pos- ' 
Bible, be so chosen that the formation of the slag sets in only after 
the metal has been reduced and molten ; or else part of the basic 
oxide of the metal to be extracted maybe dissolved by the slag and 
its reduction thus be prevented or retarded. Slags are not, as one 
might be inclined to think, a necessary evil; if an ore were free from 
gangue we should add gangue and flux from without to producea slag, 
because one of its functions is to form a layer on the regulus which 
protects it against the further action of the blast or furnace gases. 
Fluxes may be arranged under the three heads of (1) fluor-spar 
(winch is siii generis), (2) basic fluxes, and (3) acid fluxes. 

Fluor-spar owes Us name to the facility with which it fuses up at 
a red lieat with silica, sulphates of lime and haviuin, aud a few 
other infusible substances into homogeneous masses. It shows 
little tendeuc)^to dissolve basic oxides, such as lime, kc. One part 
of linor-spar liquefies about half a part of silica, four parts of sulphate 
of lime, and one and a half parts of sulphate of baryta. Upon these 
tacts its wide application in metallurgy is founded. 

Carbonate of soda (or potash) may be said to be the most power- 

silicates into fusible 

glasses. On the other hand, borax may be taken as a type for the 

dissohes up all basic oxides into fusible complex borates. Now 
v.^ general consists either of some basic 

matenal such as carbonate of lime (or magnesia) ferric oxide 
alumina &c., or of silica (quartz) or some more w lek aeWsiHeat’ 
or else of a mixture of the two ksscs of bodies So anv £d of 

filag must possess the proner defrrpp nf cof qualities. The 
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FeO itself to metal, and FeO more readily to metal than manganous 
oxide is; O.xide of calcium (lime) is not reducible at all; - The 
order of basicity in the oxides (their readiness to go into the sla'g)is 
precisely the reverse. _ ■ ' 

IHost slags being, as we have seen, complex silicatbs, it is a most 
important problem ol scientific mctullurgy to deteiniine the iclatioiis 
in this class ol bodies between chemical composition on the one 
hand and fusibility and solvent jiower for certain oxides (CaO, FeO, 
SiO, &c.) on the other. Now the composition of a silicate can be 
stated in an infinite number of ways ; but there must be one mode 
of formulation which reduces the law to its simplest terms. The 
mode adapted by metallurgists is something like thc following. If 
we start with tlie quantity ILCU of muriatic acid or the quantity 
HjSO^ of sulphuric acid, it is’ clear that to convert either into a 
normal salt we require such a quantity^ of base as will convert the 
H„ of tile acid completely into water; hut the quantity of base that 
docs so is that containing one atomic weight of oxygen. Hence it 
is reasonable to define the quantities KoO of potash,* Na„0 of soda,* 
CaO qf lime, SlgO of magnesia, FeO of ferrous oxide, ^A’h, 03 (— alO) 
of alumina, iFe^Osi = foO) of ferric oxide, ns representing each “hue 
equivalent ” of base also in reference to silica, although .silica has a 
characteristically indefinite basicity.' Jlost slags arc alloys or com- 
pounds of silicates of ALOs.or FcoOj, .and of silicates of protoxides 
(CaO, &c.), hence their general coniposition is ' 

'■n{RO-i-xSiOo)-Hii[(rc or nl)0 -f aiSiOj] . 

Tin's introduction will enable the reader to understand the 
following mode of classifying and naming coniposition in silicates. 
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The names are the metalliirgic ones ; seioiitiCc ehemists designate 
Class I. as orthosilicates, Class 1 1 . as mctasilicates. Class 1 1 1. as sesqui- 
silicatcs. In the formulas M stands for Kj, Ca, Fe, &c., orforal” 
•jAl, fc-=|Fc, &c. ; or, shortly, ilO for on’o equivalent of base as 
above defined. It should ho possible to represent each quality of a 

silicate ns a function of ar, --,audofthonatureoftheindividualha«e.s 

m , 

that make up the RO and (fo or nl) 0 respectively. Our actual 
knowledge falls far short of this possibility. ' The problem, in fact, 
is a very tough one, tlio more so as it is complicated by tlie existence 
of ahiininates, compounds such as AljOj-SCaO, in wliich tlie nluniiiia 
plays the part of acid, and the occasional existence of coTii]iounds 
of fluorides and silicates in certain slags. Tlie folloiving notes on 
the fusibility of simple silicates arc taken from Plattner’s researches. 

Of the lime silicates, the tri-silicate molts at 2100°'C., th'e hi- 
silicatc at 2160°. 

_ Magnesia silicates are most refmctorj’. The hi-silicatc and tii- 
silicate melt in the oxyliydrogen ilnme at 2250°. 

Of manganous silicates, tlie easily fusible bi-silicate is yellow or 
red ; the tri-silicate is more refractory. 

Of cuprous (CuoO) silicates, the bi-silicate is violet, and melts 
pretty easily; the siiigulo-silicateis red, dense, and rather rdractorv. 

Cupric silicates, ns slags, hardly exist, — the CuO being alu ays 
reduced to at least CujO. 

Lead silicates all melt readily into yellowish transparent glasses. 
But they' liave no standing as slags. 

As regards the ferrous silicates, the singulo-silicate (orthosilicate) 
fuses at 1790° (this is about the composition of iron-puddling slag) ; 
the hi-silicate is less readily fusible. 

Ferric silicates (unmixed) do not exist as slags, — the FcoOj being 
reduced in the fire to IFeO, although Fe^Oa occasioually replaces 
part of the ALOj in complex silicates. ' 

Alumina silicates are all infusible in even the liottest furnace 
kegin to soften in the oxyliydrogen flame at about 
2400 But certain aluminates, for instance the salt SCaO.lALOj 
according to Sefstrbm, melt at furnace heats. ' , 

1 he fusing points of mixtures of two simple silicates cannot be 
calculated from those of the components. In many cases it is lou er 
than either of the latter two. Tims for instance most magnesia- 
lime silicates fuse, — ^tho bi-silicate combination (Mg, Ca)OSiOjmos 
readily. 

Alumina silicates become fusible by addition of a sufficient pro 
portion of silicate of lime at about 1918°. The singulo-silicate anci 
pi-siheate combinations molt into grey glasses. Magnesia acts U ' 
iirae, and so, in a more limited sense, do ferrous and maiigano 
oxides ; but their double cemponuds with ALOj and silica are nio 
viscid when fused. 

Plattner’s work is a bold attempt to deal synthetically nith t lo 
problem here presented, but it does not go tho length of even an 
approximate solution. No one seems to have done much to con 
inue it ; hence in the meantime the metallurgist has, f*’' ^ 

* Feu* slags contain moie man traces of alkalies. 
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guidance, to rely on the ver}' numerous analyses which have been 
made of slags actually produced (by the rule of thumb) in successful 
metallurgical operations. For some of such slags also Plattner has 
determined the fusing points. He found for (1) Freiberg lead slag, 
9KO, 3_alO, 8SiO» ; oxygen-ratio, 3:4; melting-point at 1317° C, ; 
(2) Freiberg crude slag, 16RO, SalO, ISSiOj ; oxygen-ratio, 1:1; 
melting-point at 1331° C. ; (3) Freiberg black-copper slag, 24FeO, 
AI2O3, ISSiOo ; oxygen-ratio, 9 : 10 ; melting-point at 1338° C. ; 
(4) High-furnace slag, 6CaO, 3alO, 9SiO„; o.xygen-ratio, 1:1; 
melting-point at 1431^ C.^ 

Mctallurgic Assaying.— To assay an ore originally meant to 
^ execute a set of tentative experiments on a small scale in order to 
find out the proper mode of working it practically. But nowadays 
the term is always used in the sense of an analysis carried out to 
determine the money-value of an ore. For this purpose, in many 
cases it is sufficient to determine the percentages of the metals for 
which the ore is meant to be worked. But sometimes nothing 
short of a complete analysts will do. This holds more especially of 
ores of iron. As this metal is cheap, the value of an ore containing 
it depends as much on the nature and relative quantities of the im- 
purities as on the percentage of metal. The proved absence of sulphur 
and phosphorus may be worth more than an additional 5 per cent, 
of iron, which latter again would perhaps not compensate for the 
proved presence of a large percentage of uncombined silica. 

An assay to be of any value must start with a fair sample of the 
object of sale. The fulfilment of this condition in all cases is 
difficult. The general method is, from say a given ship load of ore, 
to take out (say) half a ton of ore from a large number of different 
places and to crush this large sample into small fragments of uniform 
size, which are well shoveUed up together. From different parts of 
this ore-heap a sample of the second order — amounting to, say, 20 
lb — is then drawn, and rendered more homogeneous bj’ finer porvder- 
ing and mixing. From this sample of the second (or perhaps from 
one of the third) order quantities of 1 or 2 lb are bottled up for 
assaying. At the same time the moisture of the ore is determined, 
on a large scale, by some conventional method, such as the drying of 
1 or2 lb in an open basin at 100° C., and weighing of theresidueas 
dry ore. This is done at the sampling place by the firms concerned. 
The assayer further pounds up and mixes his sample, and then pro- 
ceeds to determine the percentages of moisture and metal in his own 
way. He has always the choice betivcen t^vo methods, the dry and 
the wet. For the majority of gold or silv'er ores, and for cobalt and 
nickel ores almost as a rule, certain dry-process tests are preferred 
as the most exact analj’tically. In almost all other cases it maybe 
said that the wet method is susceptible of the higher degree of pre- 
cision, yet even in some of these cases the old dry-process tests are 
preferred to the present day. For instance, all copper ores in the 
British Isles are sold bj* the result of the Swansea assay, a kind 
of imitation of the process of sulphureous copper-ore smelting; and 
this, singularlj', is adhered to even in the case of such cupnferous 
materials as are worked by the wet way, although the Swansea 
assay is well known to lose about 1 per cent, of the copper present. 
A copper-smelter therefore had better buy 5 per cent, than 10 per 
cent, copper-pyrites cinders, because in the first case he paj's only 
'for four-fifths, while in the latter he must paj’ for nine-tenths of 
the copper present To compensate for this anomaly, empirical 
methods have been contiived for calculating prices. (IV. D.) 

METALS. The earliest evidence of a knowledge and 
nse of metals is found in the prehistoric implements of 
the so-called Bronze and Iron ages. In the earliest periods 
of written history, however, we^ meet with a number of 
metals in addition to these two. The Old Testament 
mentions six metals — ^gold, silver, copper, iron, tin, and 
lead. The Greeks, in addition to these and to bronze, 
came also to know mercury ; and the same set of metals, 
•without additions, forms the list of the Arabian chemists 
of the 8th and of the 'Western chemists of the 13th cen- 
tury. During the loth century Basilius Talentinus dis- 
covered antimony) he also speaks of zinc and bismuth, 
but their individuality was established only at a later period. 
About 1730-40 the Swede Brand discovered arsenic and 
cobalt (the former is not reckoned a metal by modem 
chemists), while the Englishman Ward recognized the 
individuality of platinum. 17ickel was discovered in 1774 
by Cronstedt, manganese in 1774 by Bcheele. The 
brothers D’Elhujart, in 1783, prepared tungsten; Hjelm, 
in 1782, isolated molybdenum from molybdic oxide, where 

> For further information on slags, see Berthier, Traite des essais par 
la voie slche ; tVinkler, Brfalmmgssalze iiber die Bildung der 
Schlacken, Freiberg, 1827 ; Plattner, Vorlcsungen iiber allgemeine 
mttcnlMnde, i. 28 sj.; Percy, Metallurgy. 


its eristence had been conjecturally asserted by Bergmann 
in 1781. ^ Uranium, as a new element, -was discovered by 
Klaproth in 1 / 89 ; but his metallic “ uranium,” after having 
been accepted as a metal by all chemists until 1841, was 
then recognized as an oxide by P^ligot, who subsequently 
isolated the true metal. Tellurium was discovered by Muller 
von Keichenbach in 1782 (again by Klaproth in 1798); 
titanium, by Klaproth in 1795 ; chromium, by Vauquelin 
in 1797 ; tantalum, by Hatchett in 1801, and by Ekeberg 
in 1802. Palladium, rhodium, iridium, and osmium 
(which four metals always accompany platinum in its ores) 
were discovered, the first two by Wollaston in 1803, the 
other two by a number of chemists ; but their peculiarity 
was established chiefly by Smithson Tennant. 

After Davy, in 1807 and 1808, had recognized the 
alkalies and alkaline earths as metallic oxides, the existence 
of metals in all basic earths became a foregone conclusion, 
which was verified sooner or later in all cases. But the 
discovery of aluminium by Wohler in 1828, and that of 
magnesium by Bussy in 1829, claim special mention. 
Cadmium, a by no means rare hea-vy metal, was discovered 
only in 1818, by Stromeyer. 

Of the large number of discoveries of rare metals which 
have been made in more recent times only a few can be 
mentioned, as marking new departures in research or offer- 
ing other special points of interest. In 1861 Bunsen and 
Kirchhoff, by means of the method of spectrum analysis, 
which they had worked out shortly before, discovered two 
new alkali-metals which they called caesium and rubidium. 
By means of the same method Crookes, in 1861, discovered 
thallium ; Reich and Richter, in 1863, indium ; and Lecoq 
de Boisbaudran, in 1875, gallium. The existence of the 
last-named metal had been maintained, theoretically, by 
Mendelejeff, as early as 1871. The existence of vanadium 
was proved in 1830 bj' Sefstrom; but what he, and sub- 
sequently Berzelius, looked upon as the element was, in 
1867, proved to be really an oxide by Roscoe, who also 
succeeded in isolating the true metal 

The development of earlier notions on the constitution 
of metals and their genetic relation to one another forms 
the most interesting chapter in the history of chemistry 
(see Aichemy). MTiat modem science has to say on the 
matter is easily stated : all metals properly so called {i.e., 
all metals not alloys) are elementary substances; hence, 
chemically speaking, they are not “ constituted " at all, and 
no two can 'be related to each other genetically in any way 
■whatever. Our scientific instinct shrinks from embracing 
this proposition as final ; but in the meantime it must be 
accepted as correctly formulating our ignorance on the 
subject. All metallic elements agree in this that they form 
each at least one basic oxide, or, what comes to the same 
thing, one chloride, stable in opposition to liquid water. 
This at once suggests an ob-vious definition of metals^ as a 
class of substances, but the definition would be highly 
artificial and objectionable on principle, because when we 
speak of metals we think, not of their accidental chemical 
relations, but of a certain sum of _ mechanical and physical 
properties which unites them all into one natural family. 
TiTiat these properties are we shall now endeavour to 
explain. 

All metals, when exposed in an inert atmosphere to a 
sufficient temperature, assume the form of liquids, which 
all present the following characteristic properties. Iffiey 
are (at least practically) non-transparent ; they reflect light 
in a peculiar manner, producing what is called “metalhc 
lustre.” When kept in non-metallic vessels they take the 
shape’ of a convex meniscus. These liquids, when e.xposed 
to higher temperatures, some sooner others later, pass into 
vapours. 'What these vapours are like is not knoiro in 
many cases, since, as a rule, they can be produced only at 
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very high temperatures, preciudiiig the use of transparent 
vessels. Silver vapour is blue, potesinm vapour is green, 
many others (mercury vapour, lor instance) are colourless. 
The liquid metals, when cooled down sufficiently, some at 
lower others at higher temperatures, freeze into compact 
solids, endowed with the (relative) non-transparency ana 
the lustre of their liquids. These frozen metals in general 
form compact masses consisting of aggregates of crystals 
belonging to the regular or rhombic or (more rarely) the 
quadratic s 3 ^stem. But in many cases the crystals arc so 
closely packed as to produce an apparent absence of all 
structure. Compared ndth non-metallic solids, they in 
general are good conductors of heat and of electricity. 
But their most characteristic, though not perhaps their 
most general, property is that they combine in themselves 
the apparently incompatible properties of elasticity and 
rigidity on the one hand and jilnsticity on the other. To 
this remarkable combination of jiropertics more than to 
anj^thing else the ordinary metals owe their wide applica- 
tion in the mechanical arts. In former times a high 
specific gravity used to he quoted as one of the characters 
of the genus ; but this no longer holds, since we have come 
to know of a whole series of metals which float on water. 
Let us now proceed to see to what degree the mechanical 
and physical properties of the genus arc developed in the 
several individual metals. 

Non-Tmnsparency.-^'yhis, in the case of even the solid 
metals, is perhaps only a very low degree of transparency. 
In regard to gold this has been proved to be so ; gold leaf, 
or thin films of gold produced chcmicallj’ on glass plates, 
transmit light with a green colour. On the other hand, 
those infinitely thin films of silver which can be produced 
chemically on glass surfaces are absolutely opaque. Verj' 
thin films of liquid mercury, according to Moisens, transmit 
light with a violet-blue colour ; also thin films of copper 
are said to be translucent. Other metals, so far as wo 
know, have not been more exactly investigated in this 
direction. 


Colour . — Gold is yellow } copper is red •, silver, tin, and 
some others are pure ■white j the majority exhibit some 
modification or other of grey. 

Reflexion of Light . — ^Polished metallic surfaces, like 
those of other solids, divide any incident ray into two 
parts, of which one is refracted while the other is reflected, — 
with this difference, however, that the former is completely 
absorbed, and that the latter, in regard to polarization, is 
quite differently affected,^ The degree of absorption is 
different for different metals. According to Jamin, the 
remaining intensity, after one and ten successive perpen- 
dicular reflexions respectively from the metal-mirrors 
named, is as follows (original intensity = 1) : — 
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visibility of the crystalline arrangement i.s very different 
in different metals, and even in the same metal varies 
according to the slowness of solidification and other 
circumstances. 

■ Of the ordinary metals, antimonj’, bismuth, and zinc 
may be mentioned as e.\'hibiting a very distinct crj'stalline 
structure: a bar-shaped ingot readilj' breaks, and the 
crj'stal faces arc distinctly visible on the fracture. Tin 
also is crystalline : a thin bar, when bent, “ creaks ” 
audibly from the sliding of the crj'.stai face.s over one 
another ; but the bar is not casilj" broken, and exhibits an 
apparently non-crystallino fracture. — Class I. 

Gold, silver, copper, lead, alnininiuin, cadmium, iron 
(pure), nickel, and cobalt are pmctically amorphous, the 
crj’stals (ivhere tliej’ e.vist) being so clo.scly jiacked as to 
jiroducc a virtually honiogeneons mass. — Class II. 

The great contrast in apjiarent structuro between cooled 
ingots of Clas.s 1. and of cias.s II. appears, however, to be 
owing cliicfiy to the fact that, while the latter cry.stallizc in the 
regular system, metals of Clas.s I. form rhombic or quadratic 
crj'slals. 11 DgulaT crystals expand equally in ail direction.? ; 
rhombic and quadraiin ores expand differently in different 
directions, lienee, supjiosing the ciyslals immediately 
after their formation to be in absolute contact with one 
another nil round, then, in the ca.so of Class II,, such con- 
tact will bo maintained on cooling, while in the case of 
Class I. the continctiou along a given straight line will in 
general have different value.? in anj* two neighbouring 
ciystahs, and the crj-.stals consequentij’ become, liowever 
slight]}', detached from one another. The crystalline 
structure which exists on both sidc-s becomes visible only 
in the metals of the finst class, and onlj’ there manifests 
itself as brittlcne.ss. 

Closely related to the .structure of metals is tlioir degree 
of “ ])lasticity ” (.susceptibility of being constrained into 
new forms without breach of continuitj'). Tiiis term of 
course include.s' as sjiecinl cases the qualities of “ malle- 
ability" (capability of being flattened out under the 
hammer) and “ductility ” (capability of being dra’wninto 
wire); but it is well at once to point out that these two 
special qualities do not always go parallel to each other, 
for this reason amongst others that ductility in a higher 
degree than malleability is determined by the tenacity of^ 
a metal. Hence tin and lead, though very malleable, arc 
little ductile. The quality of jiiasticitj' is developed to 
verj' different degrees in different metals, and even in the 
same species it depends on temperature, and may he 
modified by mechanical or j>hy,«ical opemtions. A bar of 
zinc, for instance, as obtained bj' casting, is verj' brittle; 
but tyheii heated to 100“ or ];i0° C. it becomes sufficiently 
plastic to be rolled into the thinnast sheet or to he drawn 
into ivirc. Such sheet or n-ire then remains flexible after 
cooling, the originally onlj' loosel}’ cohering crystals having 
got intertwisted and forced into absolute contact with one 
I another, — an explanation supported by the fact that rolled 
zinc has a somewhat higher specific gravity (7‘3) than the 
original ingot (6-9). The same metal, when heated to 
205° C., becomes so brittle that it can be powdered in a 
mortar. Pure iron, copper, silver, and other metals are 
easily drawn into wire, or rolled into slieet, or flattened 
under the hammer. But all tliose ojierations render ths 
metals harder, and detract from their plasticity. Th6*( 
original softness can bo restored to them by “annealing> , 

I ».c., b}' heating them to redness and then quenching th®™ 

I in cold water. In the case of iron, however, this apph®® 

, only if the metal is perfectly pure. If it contains a few 
1 parts of carbon per thousand, tho annealing jiroceas, instea 
I of softening the metal, .gives it a “ temper," meaning a 
j higher degree of hardness and elasticitj' (see below). 

iVhat we have called plasticity must- not he mised «p 
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with the notion of softness, which means the degree of 
facility with which the plasticity of a metal can be dis- 
counted. Tims lead is far softer than silver, and yet the 
latter is by far the more jdastic of the two. The now 
famous experiments of Tresca {Gomptcs Jiendtcs, lix. 754) 
show that the plasticity of certain metals at least goes 
considerably farther than had before been supposed. He 
operated with lead, copper, silver, iron, and some other 
metals. Round disks made of these substances were 
placed in a closely fitting cylindrical cavity drilled in 
a block of steel, the cavity having a circular aperture 
of two or four centimetres below. By means of an 
hydraulic press, applied to a superimposed piston, a 
pressure of 100,000 kilos was made to act upon the disks, 
when the metal was seen to “ flow ” out of the hole like a 
viscid liquid. In s 2 )ito of the immense rearrangement of 
parts there was no breach of continuity. What came out 
ImjIow was a compact cylinder ndth a rounded bottom, 
consisting of so many layers superimposed upon one 
another. Parallel experiments ndth layers of dough or 
sand plus some connecting material proved that the 
particles in all cases moved along the same tracks as 
wotzld be followed by a flowing cylinder of liquid. Of the 
better known metals potassium and sodium arc the softest; 
they can be kneaded between the fingers like wax. After 
thc.se follow first thallium and then lead, the latter being 
the softest of the metals used in the arts. Among these 
the softness decreases in about the following order : — lead, 
jmre silver, pure gold, tin, copper, aluminium, platinum, 
])ure iron. As liquidity might be looked upon as the ne 
pl7is Jtlim of softness, this is the right j)Iace for stating 
that, while most metals, wiien heated up to their melting 
iwints, pass pretty abruptly from the solid to the liquid 
state, platinum and iron first assume, and throughout a 
long range of temperatures retain, a condition of viscous 
semi-solidity which enables two pieces of them to be 
“ w'cldcd ’’ together by pressure into one continuous mass. 
Potassium and sodium might probably be welded if their 
surfaces could be kept clear of oxide. 

According to Prechtl, the ordinary metals, in regard to 
the degree of facility or perfection with which they can be 
hammered flat on the anvil, rolled out into sheet, or 
drawn into wire, form the following descending scries: — 
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To give an idea of what can be done in this way, it may 
be stated that gold can be beaten out to leaf of the thick- 
ness of ttsLx platinum, by judicious work, 

can be drawn into avire mm. thick. 

By the hardness of a metal we mean the resistance 
which it offers to the file or to the engraver’s tool. Taking 
it in this sense, it does not necessarily measure, c.y., the 
resistance of a metal to abrasion by friction. Thus, for 
instance, 10 per cent, aluminium bronre is scratched by an 
edge-tool made of ordinary steel as used for knife-blades. 
And yet it has been found that the sets of needles used 
for perforating postage stamps last longer if made of 
aluminium bronze than they do if made of steel. 

Elaslicity.—k\\ met.als are elastic to this extent that a change of 
form, hrought about by stresses not exceeding certein. limit vaiue-s, 
will disapjicar on tlio stress being removed. Strains e.xceeding tlic 
“ limit of elasticity ” result in permanent deformation or (if sufli- 
cicntl}’ great) in rupture. Wliere this limit lies is in no case pre- 
cisely known. According to Wertbeind (who has done more for 
our knowledge of the subject tl inn any one else) and Hodgkinson, 

' Annates de Chimie et de Physique pil.], vol. xH. 



the real law seems to be pretty much as indicated by the two curves 
of “f diagram, where, in reference to a metallic 

wire, stretched by an appended weight, the abscissa always means 

the totaldragf.''® ® 
tion caused by P, 
theordinateofthe 
lower curve that 
part of the elong- 
ation which re- 
mains when P is 
removed, so that 
the piece of the 
ordinate between 
the two cun'es 
gives the tempor- 
ary (“clastic”) ex- 
pansion. From 
P >= 0 up to a 
somewhat indefi- 
nite point (a or A) 
both curves are pearly straight lines, the lower almost coinciding in 
its beginning with the axis of abscissa! ; from that point onwards 
these two curves approach each other, and at a short distance from 
the point of rupture they rapidly converge towards intersection. For 
any value of P which lies fairly on the safe side of A, we have ap- 
proximately 

X 

- 

where X me.ans the elastic (or substantially the total) expansion, I 
the length, and q the square section of the wire or cylindrical bar 
operated upon. The reciprocal of €(viz. E=l/e) is called the 
“modulus of elasticity.” 

Wertheim has determined this constant for a large number of 
metals and alloys. He used three methods : one was to measure the 
elongations produced, iu a wire of given dimensions, by a succession 
of charges ; the other two consisted in causing a measured bar to 
giveolfa musical note by (a) longitudinal and (A) transversal vibra- 
tion, and counting the vibrations per second. The following table 
gives some of his results. , Column 2 gives the constant E for 
inilliinotrc and kilogramme. Hence 1000/E is the elongation in 
millimetres per metro length per kilo. Column 3 shows the charge 
causing a permanent elongation of 0'05 mm, per metre,— whioli, 
for practical purjioses, ho takes as giving the limit of elasticity ; 
column 4 gives the breaking strain. Values^ of E in square 
brackets [ J are derived from vibration experiments ; _ the rest 
from direct measurements of elongations. Numbers in round 
brackets ( 1 do not necessarily refer to the same specimen as the 
other data. 


Name 

E. 

For Wire of 1 Square mm. 
Section, Weight (to 
Kilos) causing 

Permanent 

Elongation 

Breakage. 


3,803 

1,727 

[3,923] 

r4,0G01 

0-25 

2*1 


0*20 

1-8 


0*45 

(2-45) 


0-20 


f6',7571 

2-24 


C4.777] 

8,J32 

5,585 




13-6 

27 


3-0 

10 


7,358 

11-3 

29 


7,141 

2*G 

16 


9,021 

8,735 




0*75 

13 


[9,457] 

n,753 

9,789 

12,449 

10,519 

17,004 

15,618 

1-00 



18 



under 5 

27 


12 

40 


under 3 

30 

PlaUnum wire, medium thickness, ) 

(26) 

(14) 



16,987 

15,522 

20,869 

34 



23 


32 

61 


20,794 

under 5 

47 




? X61 




2x61 


7,040 




10,700 




8,543 




10,788 




Tlic aliove numuers may ue usauiueu lu jiuju jui -- — 

15° to 20° C. IVertheim executed determinations also at other tem- 
peratures; but, as his numbers do not appear to reveal the true 

! From Du Brery. 3 Approximate, by H. St Clair Devillc. 

* From deflcxlo^ of Immmcred bnr of 5 mm. thickness, charged in the middle ; 

‘'“rComposmoiu'ZnCuTtWerth 6 Composltion^^^HuNij (Wertheim). 
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relations between E and temperature, we ^uote tbe results of 
Kolilrausoli and Loomis, who found the following relations between 
the modulus Ej for 0° C. and the value Ei for +t° C. : 

Iron : Ei =E(,(X- • 000183 1 - -OOOOOOISI!). 

Copper ; E( =Eo(l 000572 (--OOOOOOSSt’). 

Brass; Ei =Eo(l-- 000185 7--OOOOOI3G/2). _ _ 

Thus, for these three metals at least, the value of E diminishes, 
when temperature increases, at prottj' much the same rate per 
degree of temperature. 

S-pecific CmpiV?/.— This varies in metals from -694 _ (lithium) to 
22 '48 (osmium), and in one and the same species is a function 
of temperature and of previous physical and mechanical treat- 
ment. It has in general one value for the powdery metal ns 
obtained by reduction of the oxide in hydroMn below the melting 
point of the metal, another for the metal_ in the state which 
it assumes spontaneously on freezing, ond_ this latter value again, 
in general, is modified by hammering, rolling, or wire-drawing, &c. 
Those mechanical operations do not necessarily ndd to the densi^ ; 
stamping, it is true, does so necessarily, but rolling or drawing 
occasionally causes a diminution of the density. Thus, for 
instance, chemically pure iron in the ingot has the specific gravity 
7'844 ; when it is rolled out into thin sheet, the value lalls to 
7‘6 ; when drawn into thin wire, to 7'75 (Berzelius). The follow- 
ing table gives the specific gravities of all metals (except a few 
very ram ones) aooording to the most trustworthy modern de- 
terminations. Wliere special statements arc not made, the numbers 
may bo assumed to hold for the ordinary temperature ( 15 ° to 17 ° or 
20° 0.), referred to water of the same temperature (specific gravity 
= 1) as a standard, and to hold for the natural frozen metal. 


The expansion by heat varies greatly. Tim following table gives 
the linear expansions from 0° to 100° C. according to Fizeau (Comptes 
Rendiis, Ixviii. 1125), the length at 0° being taken as unity. 


Name of Metal, 

Specific Gravity. 

Authority. 


■594 



•875 

Baumlmucr. 


•9735 



l'S2 

Bunsen. 




•Magnesium 

1*748 

1-88 

Bunsen. 

Setterberg. 


2*1 



2'5 



2*583 at 4* 

Jlallot, 1880. 

Aluminium, ordinary, hammered 
Barium 

2'G7 
over 4" 

4'15 

Clarke. 


5*5 

Hoscoo. 


5*9 


Lanthanum 

Didymium 

C'1G3 

G'S44 

Hilicbran^ and Norton. 


C'728 


Antimony 

5*716 at 16* 

6*81 

Jlarchand and Scheercr. 
IVGhler. 

Zinc, Ingot 

„ roiled out 

Manganese, 

Tin, cast 

„ crystallizedbygalvanlccur- ) 

rent from solutions ) 

Indium 

Iron, chemically puic, Ingot 

ti thin sheet 

,, wrought, high quality 

Nickel, ingot 

0-915 

7'2 

7-14 to 7'2 

7-29 to 7'299 

7-178 

7-42 

7 '844 

7-6 

7- 8 to 7'9 

8- 279 

8-C6G 

Kui-sten. 

Brunner. 

Various authorities. 

W. n. Miller. 

Richter. 

Berzelius. 

Richter. 


8*54G 


H hammered 

8 *607 

8*5 to 8*7 

11 

Molybdenum, containing 4 to 5 ) 

per cent, of carbon ) 

Copper, native,. 

8*G 

8*94 

8*92 

Bebray, 

„ wire or thin sheet 

„ electrotype, pure 

8-94 to 8-95 

8- 945 

9- 823 at 12" 

Hampo. " 


10*4 fn in*/; 


„ stamped 

Lead, very slowly frozen 

,, quicklyfrozen in cold water 

10-57 

11*254 

11'363 

G. Rose. 

Devllle. 

11 


11*86 



12*1 



I9:*9r. ni. ft* 


Mei-cuiT. liouid 

13-595 at 0* 

H. Kopp. 

Tungsten, compact, by from ) 

chloride vanour ! f 

„ ns reduced by hydro- ) 

gen, powder. f 

16-54 

19T3 

Wbhler, 1855. 

Roscoc. 

Gold, Incot 






„ powder, precipitated by I 

ferrous sulphate ( 

Plntlnura. tmro.... 

Iridium 

19-55 to 19-72 

21-40 

11 

Osmium 

22-477 

Deville and Debray ,1876. 


j j — ilia speeme aeaiBot most moCals gave been 

determined ve^ carefully by Hcgnault. The general result is that 
conformably with Dulongand Petit’s law, the “atomic heats" all 


come to verynearlv the“samo value (of 'about 6-4)rf.c.Tatomio 
n eight by speoifio hcat=6'4. Thus we have for silver by theorv 
6-4/108- -0593, and by experiment -0570 for 10° to 100° 0. ^ 


Name of Metal. 


Expnn.slon 
0* to 100". 


Platinum, cast ’OOO 007 

Gold, cast 'Otl t51 

Silver, cast '001 330 

Copper, native, from Lake Supciior. '001 70S 

Copper, artificial '001 8G0 

Iron, aoft, ns u'cd for electromagnets '001 228 

„ reduced by hydrogen and compressed '001 203 

Cast steel, English annealed '001 110 

Bismuth, In the direction of the axis '001 C42 

„ at right angles to axis '001 239 

„ mean expansion, ealculatcd '001 374 

Tin, of Malaccn, compressed powder. '002 2C9 

Lead, cast .*. *GG2 948 

Zinc, distilled, compiessed powder. '002 905 

Cadmium, distilled, compressed ponder '003 102 

Alaminium, east........ '002 .330 

Brass (71'5 per cent, copper, 28'5 per cent, zinc) '001 879 

Bronze (8G-3 per cent, copper, 9-7 per cent, tin, 4'0 per cent. zinc). '001 802 

The coclficicnt of expansion is constant for such metals only as 
crystallize in the regular system ; the others expand diiTercntly 
in the directions of the difl'erent axes. To eliminate this souroe 
of uncertainty these metals were employed as compressed powders. 
The cubical expansion of mercury from 0° to 100° C. is '018153 
“TTx.Wr (Eegnanlt). 

Ftisibilitij and Volatilily . — The fusibility in difieront metals 
is very diflerent, ns shown by the following table, which, 
besides including all the fusing pointe (in dogreps C.) of metals 
which have been determined numerically, indicates those of a 
selection of other metals by the positions assigned to them in the 
table. Of the temperatures given, those above (say) 500° C. must 
be looked upon ns rough approximations. 


Name of Metal. 

Fusing Point. 

Authority. 

Mercury. 

-S8-8 
-h20 to 27 

B. Stewart. 


30-1 

L. do Bolsbaudran. 


38-5 

Bunsen. 


02-5 



95-5 

** 


3S0-0 

V 


176 

nichfer (?) 

Tin 

228 

Rudberg*. 


204 



290 



320 

Rudberg. 


325 



425 



415 



412 



525 








Cherrg Red Meat 

700 

1,040 

Pouillet. 

Gold... 

1,100 


Yetloic Heat 

l',100 


Copper 

Iron, wrought 

,, chemically pure 

i;200 

1,300 to 1.400 
higiicr 
1,400 


Nickel 

licoo 


Uranium... 

' ? 



Pallndium is bnrely fusible nt the highest wlnd-fumaco heat. The following 
melt only In the oxyhydrogen flarao: — 

Platinum 2,000 

Iildlum 

niiodhim 

Ruthenium 

ifax. Temp, of Oxyhydrogen Flame.... 2,870 ' Bnnscn.l 

Osmium docs not 'melt at 2,870", i.e., Is as yet infuslblo. 


Of the volatility of metals we have little precise knowledge; 
only the following boiling points are known numerically : — 


Name of Metal. 



Bolling Point, 


357 '3 Itegnault. 

8G0 Devllle and Troost. 

1,040 

below 1,040 Dewar and Dittmar. 
above 1,040 „ „ 


For practical purposes the volatility of metals may be stated as 
follows: — 

1. Distillable below redness: mercury. 

2. DistDlnble at red heats; cadmium, aikaii metals, zinc, mag- 
nesium. 

3. 'Volatilized more or less readily when heated beyond their 

fusing points in open cmcibles : antimony (very readily), lead, 
bismuth, tin, silver! J i o' 


‘ Bunsen, Jahmb.f. Chem., I8G7, p. 41 ; Phil. Mag., xxxfv. 489. 
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4. Barely so : gold, (copper). 

5. Practically nou-volatile : (copper), iron, nickel, cobalt, aln- 
miniuin; also lithium, barium, strontium, and calcium. 

In tbe oxybydrogen flame silver boils, forming a blue vapour, 
■while platinum volatilizes slowly, and osmium, though infusible, 
very readily. 

Latent Heats of Liquefaction — Of these we know little. The fol- 
lowing numbers are due to Person — ice, it may bo stated, being 80. 


Metal. 

Latent 

Heat. 

Metal. 

Latent 

Heat. 

Mercury 

2*62 


13'S 

21-1 

28-1 


5*37 


Bismuth 

12-4 

Zinc 


Of the latent heats of vaporization only that of mercury has been 
•determined, — by Marignac, who found it to be 103 to 106 units. 

Conductivity. — Conductivity, whether thermic or electric, is very 
differently developed in different metals ; and, as an exact know- 
ledge of these conductivities is of great scientific and practical 
importance, much attention has been given to their numerical 
determination. The following arc the modes in which the two 
conductivities have been defined ns quantities. 

1. Thermic . — Imagine one side (1) of a metallic plate, D units 
thick, to be kept at the constant temperature t,, the other (II) at 
t„. After a sufficient time each point between I and II ■will be at 
a constant intermediate temperature, and in every unit of time a 
constant quantity Q of heat will pass from any circumscribed area 
.S on I to the opposite area S on II, according to the equation 

^ D • 


I is called the (internal) conductivity of the metal the plate is 
made of. It is, strictly speaking, a function of ti and to; but 
within a given small interval of temperatures it may bo taken as a 
constant. 

2. Electric . — ^When a given constant battery is closed successively 
"by different ■wires of the same sort, then, according to experience, 
■the strength I of the current (as measured for instance by the heat- 
equivalent of the electricity flowing through the circuit in unit of 
time) is in accordance •with the equation 


where I is the length and s the square section of the ■wire, while A 
■is a constant which, for our purpose, need not bo defined in regard 
to its jdiysical meaning; r measures the specific resistance of the 
particular metal. Supposing a certain silver ■vvire on the one hand 
and a certain copper wire on the other, when substituted for each 
other, to produce currents of the same strength, we have 


•whence 






•where k is the computed value of the ratio on the right-hand side. 
Hence, taking r„, the resistance of copper, as unity, we have 
rj=/:, i.e., k gives us the specific resistance of silver, tliat of copper 
being taken =1. In this relative manner resistances are usually- 
measured, silver generally being taken as the standard of compari- 
•son. Supposing the relative resistance of a metal to be It, the re- 
ciprocal l/R is called its “electric conductivity.” For the same 
metal R varies with the temperature, the higher temperature cor- 
responding to the higher resistance. The following table gives the 
• electric conductivities of a number of metals as determined by 
JIatthiesen, and the relative internal tliermic conductivities of 
® (nominally) the same metals as determined by 'Wiedemann and 
Franz, mth rods about 6 mm. thick, of which one end was kept 
at 100° C., the rest of the rod in a “vacuum” (of 6 mm. tension) 
at 12° C. Matthiesen’s results, except iu the two cases noted, arc 
from his memoir in Pogg. Ann., 1858, ciii. 428. 


Jtctals. 

Kclutivc Conductivities. 

Electric. 

Tlicnnlc. 


•774 at 18'S*’ 


' „ Ko, 2 

•721 „ 22'G 



•.esi 



•748 


•552 „ 21-8 

•548 


•73 1 ,, 19-0 



•26 


•115 ,, 21-0 

•164 


•144 „ 20-4 



•101 



•103 


•0777 „ 17*3 

•079 


•105 „ 20*7 

•094 


•0767 18*7 

•073 


•0119 „ 13-8 



•toe „ 19*6 



•0103 „ 22’8 



t-ooo „ 0 

1-000 




I Published in 18C0, and declared by Uatthlesen to be more exact than the old 
numlicra. 


Jlatthiesen’s old numbers, we find them to agree fairly 
with \\ ledemann and Franz’s thermic conductivities, which sunnorts 
. an obvious and pretty generally received proposition. Matthie- 
mony^*^" for gold and copper, however, destroy the har- 

Magnctic Propcrtics.—lTon, nickel, and cobalt are the only 
metals which are attracted by the magnet and can become matmets 
themselves. But in regard to their power of retaining their mac- 
netism none of them comes at all up to the compound metal steel 
See Magnetism. 


Chemical Changes. 

The chemical changes -which metals are liable to may be 
classified according to the loss of metallicity involved in 
them. We vviU adopt this principle and begin -with the 
action of metals on metals, -u’hich, as experience sho-ws, 
always leads to the formation of truly metallic compounds'. 

Any two or more metals when mixed together in the 
liquid State unite chemically, or at least molecularly, in this 
sense that, although the mixture, on standing (hot), may 
separate into layers, each layer is a homogeneous solution or 
“ alloy ” of, in general, all the components in. one another. 
With binary combinations the following two cases may 
present themselves : — (1) the two metals mix permanently 
in any proportion ; or (2) either of the two metals refuses 
to take up more than a certain limit-proportion of the 
other ; hence a random mixture of the two metals -will, in 
general, jiart into two layers, — one a solution of A in B, 
the other a solution of B in A. The first case presents 
itself very frequently; it holds, for instance, for gold and 
silver, gold and copper, copper, and silver, lead and tin, 
and any alloy of these two and bismuth. Many other 
cases might be quoted. A good example of the second 
case is lead and zinc, either of which dissolves only a very 
small percentage of the other. In the preparation of an 
alloy we need not start with the components in the liquid 
state; the several metals need only be heated together in 
the same crucible when, in general, the liquid' of the more 
readily fusible part dissolves the more refractory compo- 
nents at temperatures far below their fusing points.' Molten 
lead, for instance, as many a tyro in chemical, analysis has 
come to learn to his cost, readily runs thfougK’a platinum 
crucible at little more than its o-wn fusing point. 

A homogeneous liquid alloy, -when Boh&fied suddenly, 
say by jiouring it drop by drop into cold water, necessarily 
yields an equaUy homogeneous solid. But it may not be 
so when it is allowed to freeze gradually^ If, in this case, 
■we allow the process to go a certain way, arid then pour 'off 
the stni liquid portion, the frozen part generally presents 
itself in the shape of more or less distinct crystals; avhether 
this happens or not, the rule is that its composition differs 
from that of the mother liquor, and consequently from that 
of the original alloy. This phenomenon of “ liquation,” as 
it is called, is occasionally utilized in metallurgy for the 
approximate separation of metals from one another ; ^ but in 
the manipulation of alloys made to be used as such it may 
prove very inconvenient. It does so, for instance, in the 
■ case of the copper-silver alloy which our coins are made 
of ; in a large ingot of such sterling silver the core may 
contain as much as 0-3 per-cent, of silver more than the 
outer shell. 

The existence of crystallized alloys, as the phenomenon 
of liquation generally, strongly suggests the idea that 
alloys generally are mixtures, not of their elementary com- 
ponents, but of chemical compounds of these elements -with 
one another, associated possibly with uncombined remnants 
of these. This notion is strongly supported by the fact 
that the formation of many alloys involves an obvious 
evolution of heat and a decided modification in what one 
would presume to be the prop'erties of the corresponding 


- A good illustration is afforded by the process 
for concentrating the silver in argentiferous lead. 


of Pattinson as used 
See Lead. 
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mixture. The case of sodium amalgam may be quoted 
a.s a forcible illustration. 'What goes by this name in 
laboratories is an alloy of two to three parts of sodium with 
one hundred parts of mercury, which is easily produced by 
forcing the two components into contact with each other 
by means of a mortar and pestle, when they unite, with 
deflagration, into an alloy which after cooling assumes the 
form of a grey, hard, brittle solid, although mercury is a 
liquid, and sodium, though a solid, is softer than wax. 
Similar evidence of chemical action we have in the cases of 
brass (copper and zinc), bronze (copper and tin), aluminium 
bronze (copper and aluminium), and in many others that 
might be quoted. There are indeed a good many alloys 
the formation of which is not accompanied bj' any obvious 
evolution of heat or any very marked change in the mean 
properties of the components. But in the absence of all 
precise thermic researches on the subject we are not in a 
position to assert the absence of chemical action in any 
case. Indeed our knowledge of the proximate composition 
of alloys is in the highest degree indefinite — ^we do not 
even know of a single composite metal w'hich has been 
really proved to be an unitary compound, and hence the 
important problem of the relation in alloys between pro- 
perties and composition must be attacked on a purely 
empirical basis. IMiat has been done in this direction 
is shortly summarized in the following paragraphs. 

Colour . — Jlost metals arc white or grey ; so are the alloys of 
the,se metals with one another. Gold alloys generally exhibit some- 
thing like the shade of yellow which one would expect from their 
composition ; its amalgams, however, arc all wliitc, not yellow. 
Copper shows little tendenc)' to impart its characteristic red colour 
to Its alloys with wldte or grey metals. Thus, for instance, the silver 
alloy up to about 30 per cent, of copper exhibits an almost pure 
white colour. The alloys of copiier with zinc (brass) or tin (bronze) 
are reddish-yellow when the copper picdominates Largely. As 
the proportion of white metal increases, the colour passes succes- 
sively into dark yellow, pale yellow, and ultimately into white. 
Aluminium bronze, containing from 5 to 10 per cent, of aluminium, 
is golden-yellow. 

Plasticity . — ^This quality is most highly developed in certain pure 
metals, notably in gold, platinum, silver, and copper. Of platinum 
alloys little is known. The other three, on uniting with one 
another, substantially retain their plasticities, but the addition of 
any metal outside the group leads to deterioration. Thus, for 
instance, according to Karsten, copper, by being alloyed with as little 
asO'G percent, of zinc, lo.scs its capability of being forged at a 
red heat ; it cracks under the hammer. Antimony or arsenic to 
the extent of 0T5 per cent, renders it unfit for being rolled into thin 
sheet or drawn out into fine wire, and makes it brittle in the heat; 
OT per cent of lead prohibits its conversion into leaf. 

Hardness, Elasticity, Tensile Strength.— In reference to these 
qualities, we shall confine ourselves to some very striking changes for 
the better which the metals (1 ) gold, (2) silver, (3) copper suffer avhen 
alloyed with moderate proportions (10 per cent-or so) of (1) cop- 
ier, (2) copper, (3) tin, zinc, or aluminium respectively. Any of 
these five combinations leads to a considerable increase in the three 
qualities named, although these are by no means highly developed 
in the added metals; most strikingly it docs so in the case of alumi- 
nium bronze (copper and aluminium), which is so hard as to be 
very diflicult to file, and is said to be equal in tensile strength 
to wrought iron. To illustrate this we give in the following table, 
after JIatthicsen, the breaking strains of double wires. No. 23 
gauge, in Ib avoirdupois, for certain alloys on the one hand and their 
components on the other. 


karate iUtah. AUovs. 

rtp » * 


Copper. ^ 

Tin Jen’llian 7 f melul, 12 per cent, of tin.. .80-00 

.2G-50 ) r. 

Gold ., ’.[. 20-20 {22 carat) gold.. ...^.^....,.70-75 

Sllrcr > 

Hatlnarn J sOrcr, | of plalmnin ....75-80 


Sj^ri/[c GravUt /. — ^This subject has been extensively investigate 
by ■tlatlbie’s^n, Calvert and .Tohnson, Kuppfer, and others. I 
div-u^ing the results it is convenient to compare the values (f 
found with the values (is,,) calculated on the assumption that th 
volume of the alloy is equal to the sum of the volumes of the con 
IKirwnts. 1,^1 p., p,.. .stand for the relative weights of the con 
isjrwnfs, I for their joint weight, Sj.Sj,S,...for their specif 
pnivitii-s, and we have 


Sj s, ■ Sj 


+ .. . 


where the expression on the right hand ohvionsly means the con- 
joint volume Vo of the components ; but the actual volume of the 
alloy formed by their union is, in general, V=Vo(l+e), where e 
means the expansion (or, when negative, the contraction) of ujiit- 
Tolnmc of mixture. Hence the real value 


whence 


S=So/(l-}-e) , 


e=(Sj*—S)/S. 


ilatthiesen’s investigation {Pogg. AnnalenforlSSO, voL cx. p. 21) 
extends over a large number of binary' alloys derived from the metals 
named in the following table. He naturally began by procuring 
pure specimens of these metals and determining their specific; 
gravities. The results (each the mean of a number of determina- . 
tion.s) were as follows : — 


Name. 

Specific 
Grarity S 
at r c. 


Adopted 

Atomic 

SVeight. 


6-713 

14*3* 

122-3 

Tin ! 

7-294 

12-8 

118 


8-655 

10-5 

112 


9*823 

32-3 

208 


10-468 

13-2 

108 


11-376 

13*3 

207*4 


13-573 

14-5 

200 

f;n7r1. ' 

19-2U5 

12*8 

197 




In these, as in all the subsequent determinations for the alloys, 
the weighings were reduced to the vaennro, and the values for S 
referred to water at 4° C. as unity. From eight metals twenty-eight 
different kinds of binary alloys can be produced ; of these twenty- 
eight combinations eighteen were selected; in each case the two com- 
ponents were fused together in a variety of properly chosen atomic 
proportions, and the specific gravities of these alloys were determined. 
The net results are summarized in the following table, which, for 
each combination A, B, in the first two columns gives the com- 
position in multiplies of the “atomic-weights" given in the table 
just quoted, while column 3 gives the values of e as calculated by 
the writer from Slatthiesen’s numbers for .% and S. Hence, for 
e.xample, in the accompanying entries the first line shows that the 
union into an alloy of twice 118 parts 
of tin and once 197 parts of gold in- 
volves an expansion from 1 volume into 
1'004 ; the second that the union of once 
118 parts of tin with four times 197 parts 
of gold involves a contraction from 
1 volume into 1 - '028. 


Tin and Gold. 


Sn 1 

\ ^ 

€ 

2 

1 

-P'OOi 

• 1 

i 

-■028 


Antimony and Tin. 

Antimony, Bismuth. 

Antimony, Lead. 

Sb 

Sn 

€ 

Sb 

Bi 

e 

Sb 

Pb 

t 

12 to 8 

1 

+•002 

2 

1 10 12 

0 

0 

1 

+ •008 

4-2 

1 

+-OOG 




1 

1 

+-O0S 

, 1 

1 to 2 

q-'oos 




2 

1 

0 

1 

3 to 10 

-P'005 




3 

1 

+'00(!7 

» 

2OI0IOO 





5-25 

1 

0 

Tin 

Cadmium. 

Tin, Bismuth. 

Tin, Silver. 


Cd 

e 

Sn 

Bi 

e 

Sn 

Ag 

e 

G 

1 

-f'004 

22 

1 

0 

18 

1 

—•002 

4 

1 

4- -005 

4 

1 

-*002 

9 

1 

' --ooc 

2 

1 to 8 

0 

3-1 

1 

-■005 

6 

1 

—•00s 

2 

12 

--001 

1 

2 

— •005 

3 

1 

-•013 




1 

4 to CO 

0 

1 2 

1 

-•019 ’ 







1 

1 

—•024 







1 

2 

-*017 







1 

4 

—•038 

Tin, Gold. 

Tin, Lead. 

1 Cadmium^ Bismtith- 

Sn 

Au 

e 

Sn 

Pb 

t 

1 Cd 

Bi 

€ 

50 

1 

0 

C 

1 

4- -003 

1 ® 

1-3S 

0 

15-6 

1 

-■002 

4 

1 

4- *002 

1 



4-2*5 

1 

4- *002 

2 

1 





2 

1 

+■004 

1 

1 

4- -001 5 

Cadmium^ Lead. 

3 

2 

+ ■003 

1 

2-4 

4- '005 




1 

1 

+ •012 

1 

6 

4* '004 

\ Cd 

Pb 

e 










1 

4 

-■028 




1 « 

1-SC 

0 to -0025 

Bismuth, Silver. 

Bismuth, Gold. 

Lead, Gold. 

Bi 

Ax 

e 

BI 

An 

e 

Pb 

Au 


200-2 

1 i 

Oto 

90 

1 

0 

10 

1 

-•«M ; 


t 

4-'Oce 

40 

1 

0 


1 

--m 

J 

1 

-•003 

20 

1 

-•003 

4 

1 

—•00s 1 

1 

2 

-•006 

8 

1 

— •009 

3 

1 

-•009 i 

1 

4 

-•007 

4 

1 

— ‘017 

2 

1 

-•010 i 




2 

1 

— •035 

• 1 

1 

—•ms 




1 

1 

-•039 

1 

2 





1 

2 

—•026 


4 

—•ml I 
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Bismuth, Lead. 

Lead, Silver. 

Oold, Silver. 

Bi 

Pb 

e 

Pb 

Ar 

t 

Au 

ar 

e 

60—20 

■1 

0 

1 

4 

-•005 

1 

6 

-■004 

10 

1 

-•003 

1 

2 

-■003 

1 

4 

—•004 

12 

1 

-•005 

1 

1 

0 

1 

2 

-•001 

8 

1 

-•007 

2 

1 

-)--003 

1 

1 

-■002 

4 

1 

-•014 

4 

1 

-(-•000 

2 

1 

— •0025 

2 

1 

-•021 

10 

1 

-t--004 

4 

1 

-■0027 

1 

1 

-•040 

25 


-f002 

C 

1 

— ■0024 

1 

2 

— •OOI 







1 

D 

— •020 







1 

4 

-•015 

Mercury, Tin, I 

Mercury, Lead, 










1 

12 

-•004 

Hr 

Sn 

e 

Hr 

Pb 

€ 

1 

50 

0 









1 

2 

-•009 

1 

2 

-(-•002 




1 

1 

-•005 

1 

1 

—•010 




2 

1 

-•007 

2 

1 

— -oic 


To niake these numbers trustworthy it would be necessary to de- 
termine their probable errors ; and this llatthiesen has not done. 
It would appear that any value of e from 0 to (say)db ‘002 counts for 
nothing, and anything up to -004 certainly must be taken as not 
proving much either way. If this is correct, then 

(1) No contraction or expansion is ijroved in the cases Sb, Bi: 
Cd, Bi ; Cd, Pb ; Au, Ag ; 

(2) A contraction (from 0*5 to 4‘7 per cent.) is proved for 
Sn, Ag ; Bi, Ag ; Bi, Au ; Pb, Au ; Pb, Bi ; Hg, Sn ; Hg, Pb ; 
Sn, Bi (1); Au, Ag (?); 

(3) An expansion (from '5 to 0‘8 percent.) is proved for Sb, Sn; 
•Sb, Pb ; Sn, Cd (?); Sn, Pb (?); certain cases of Sn, Au and Pb, Ag ; 

(4) In the two series Sn, Au and Pb, Ag, there arc cases both of 
•expansion and of contraction. 

Thermic and Electric Properties. — Tlie specific heat of an alloy, so 
far as wo know, is always in approximate accordance with Dulong 
and Petit’s law. Thus the specific heat of CujAlj is 

(5+l)xG-4 
5XC3-i+lx27 ’ 

with about the same degree of correctness as the “constant” 6 '4 
•can claim for itself. 

Expansion. — llatthiesen, from numerous determinations made 
with alloys and their conyionont-s, concludes that the expansion of 
an alloy (from 0” to 100” 0.) is nearly equal to the sum of the ex- 
pansions of its components. Supposing, for instance, one volume of 
gold to expand (from 0° to 1) hy a, and one volume of silver by $; 
then an alloy of four volumes of gold and three volumes of silver 
expands by (4a-i-3p}l7 per unit. 

Fusihilily.—ln the case of an alloy the melting-point and the 
freezing-point are, in general, separated by a greater or Ic.ss interval 
•of temperature, and the latter in itself may have two value.s as shown 
bv Rudberg, who found that when a fused alloy of tin and lead is 
allowed to freeze the theimometer becomes stationary at two suc- 
cessive points, as shown in the following table, where x mcans the 
number of atomic -weights of tin united with y of lead in the given 
case, and the temperatures are in centigrade degrees. 


a- 0 1 1 3 4 12 » 

oo 3 11110 

First point (325*) 280’ 240’ 187’ 187* 210’ (228') 

Second point (325^ 187’ 187’ 187’ 187’ 187' (228*) 


IVo see that the first point varies with, while the second, within 
the range of the experiments, 'proved independent of, the proportion 
in whicli the two metals are united. 

The melting-point of many alloys lies below that of even the mo.st 
fusible component, as illustrated in the following tables, where the 
numbers mean parts by weight. 


Tin and Lead [Paidlerg). 


Per cent of Tin. 

Per cent, of lead. 

McltInR-pnint. 

' 100 

0 

228’ 

0 

100 

325 

74 

20 

194 

63 

37 

186 

53 

47 

196 

36 

64 

241 

IG 

84 

289 ' 


Name 
of Alloy. 

•nn. 

Lead. 

Bismuth. 

Cadmium. 

McUIng- 

pnlnt. 

Newton's 

3 

2 

G 

0 

100’ 

Rose’s 

3 

8 

8 

0 

95 

Erman's 

1 

1 

2 

0 

93-7 

Wood’s.......... 

2 

4 

7 

1 

70 

(Cailmlum) 

0 

0 

0 

1 

(320) 


All these alloys melt in boiling water. 

The electric conductivity of alloys qua alloys has been invrati- 
gated by Matthiesen. He confined himself to binary alloys derived 
from a certain set of elcmentarj' metals Tlic main rc.sults of his 
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AU voi. vm. p. 51. For tlio 

practical electncian it is important to observe bow very much the 
conductivity of copper is impaired by veiy minute admixtures even 
of metals that arc good conductors, and also by non-metalHc con- 
tamination, especially with oxygen (present as CujO). 

Metallic Substances Produced by the Union of Metals vrith 
Small Proportions of Non-Metallic Elements. 


Hydrogen, a.s was shown by Graham, is capable of 
uniting with (always very large proportions of) certain 
metals, notably with palladium, into metal-like compounds. 
But those hydrogen alloys, being devoid of metallurgic 
interest, fall better under the heading Pallauittm. 

Oxygen.— 'Ko.xc.vry and copper (perhaps also other 
metals) are capable of dissolving their own oxides with 
formation of alloys. Mercury, by doing so, becomes viscid 
and unfit for its ordinary apjfiications. Copper, when 
pure to start with, suffers considerable deterioration in 
plasticity. But the presence of moderate proportions of 
cuprous oxide has been found to correct the evil influence 
of small contaminations by arsenic, antimony, -lead, and 
other foreign metals. Most commercial coppers owe their 
good qualities to this compensating influence. 

Arsenic combines readily with all metals into true 
arsenides, which latter, in general, are soluble in the metal 
itself. The presence in a metal of even smaE proportions 
of arsenide generaEy leads to considerable deterioration 
in mechanical qualities. 

Phosphorus. — The remark just made might be said to 
hold for 2 )hosphorus were it not for the existence of what 
is called “phosphorus-bronze,” an alloy of copper -Nvith 
phosphorus {i.e., its 04vn phosphide), which possesses valu- 
able properties. According to Abel, the most favourable 
effect is produced by from 1 to 1 1 per cent, of phosphorus. 
Such an aEoy can he cast like ordinary bronze, but excels 
the latter in hardness, elasticity, toughness, and tensile 
strength. See PnospHORUS. 

Carbon. — Most metals when in a molten state are 
capable of dissolving at least small proportions of carbon, 
which, in general, leads to a deterioration in metallicity, 
except in the case of iron, which hy the addition of small 
percentages of carbon gains in elasticity and tensile strength 
with little loss of plasticity (see Iron). 

Silicon, so far as we know, behaves to metals pretty 
much like carbon, hut our knowledge of facts is limited. 
MTiat is kno)vn as “ cast iron ” is essentially an alloy of 
iron proper with 2 to 6 per cent, of carbon and more or 
less of silicon (see Iron). Alloys of copper and silicon 
were prepared by Deville in 1863. The alloy with' 12 per 
cent, of silicon is white, hard, and brittle. BEien diluted 
do-wn to 4'8 per cent., it as,sumes the colour and fusibEity 
of bronze, hut, unlike it, is tenacious and ductile like iron. 


Action of the More Ordinary Chemical Agents on 
Simple Metals. 

To avoid repetition, let us state beforehand that the 
metals to be referred to are always understood to be given 
in the compact (frozen) condition, and that, wherever a 
series of metals are enumerated as being similarly attacked, 
the degree of readiness in the action is (so far as our 
knowledge goes) indicated by the order in which the several 
members are named, — the more readily changed metal 
always standing first. 

Wafer, at ordinary or slightly elevated temperatures, 
is decomposed more or less readily, with evolution of 
hydrogen gas and formation of a basic hydrate, hy _(l) 
potassium (formation of KHO), sodium (NaHO), lithium 
(LiOH), barium, strontium, calcium (Ba02H2, <fec.); (2) 
magnesium, zinc, manganese (Mg 02 H 2 , <kc.). 

' In the case of group 1 the action is more or less violent, 
and. the hydroxides formed are soluble in water and very 
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strongly 'basylous ; metals of group 2 are only slowly 
attacked, with formation of relatively feebly basylous 
and practically insoluble hydrates. Disregarding the rarer 
elements (as we propose to do in this section), the metals 
not named so far may be said to be proof against the 
action of pure water in the absence of free oxygen (air). 

. By the conjoint action of water and air, thallium, lead, 
bismuth are oxidized, with formation of more or less 
sparingly soluble hydrates (ThHO, Pb02H2) 
which, in the presence of carbonic acid, pass into still less 
soluble basic carbonates. 

Iron, as everybody knows, when exposed to moisture and 
air, “ rusts,” that is, undergoes gradual conversion into a 
brown ferric hydrate, Fe203a:H20 ; but this process never 
takes place in the absence of air, and it is questionable 
whether it ever sets in in the absence of carbonic acid. 
lYhat is kno\vn is that iron never rusts in solutions of 
caustic alkalies or lime (which reagents preclude the pre- 
sence of free carbonic acid), while it does so readily in 
ordinary moist air containing CO2. When once started 
the process proceeds with increasing rapidity, the ferric 
hydrate produced acting as a carrier of oxygen ; it ^ves 
up part of its oxygen to the adjoining metal, being itself 
reduced to (perhaps) ^6304, which latter again absorbs 
oxygen from the air to become ferric hydrate and so on 
(Kidilmann). 

Copper, in the present connexion, is intermediate between 
iron and the follomng group of metals. 

Mercury, if- pure, and all the “ noble” metals (silver, gold, 
platinum, and platinum-metals), are absolutely proof against 
water even in the presence of oxygen and carbonic acid. 

The metals grouped together above under 1 and 2 act 
on steam pretty much .as they do on liquid water. Of 
the rest, the following are readily oxidized by steam at a 
red, heat, uith formatipn.vpf . hydrogen gas,-rzinc, iron, 
cadmium, cobalt, nickel, tin.' Bismuth is similarly attacked, 
but slowly, at a white heat. Aluminium is barely affected 
even at a white, heat, if it is pure; the ordinary impure 
metal is liable to be' very readily oxidized. 

Aqvemts Sulqjhurw . or Hydrochloric Acid, of course, 
readily dissolves groups l.and 2, udth evolution of hydro- 
gen and formation of. chlorides or sulphates. The same 
holds for the,. following group .(A): — [manganese, zinc, 
magnesimn] iron, aluminium, .cobalt, nickel, cadmium. 
Tin dissolves readily, in strong. hot hydrochloric acid as 
SnClg ; aqueous •vitriol does not act on it appreciably in 
the cold ; at 150 ° it attacks it more or less quickly, accord- 
ing to the strength of the acid, with evolution of sul- 
phuretted hydrogen or, when the acid is stronger, of 
sulphurous acid gas and deposition of sulphur (Calvert 
and Johnson). A group (B), comprising copper, are, 
substantially, attacked only in the presence of oxygen or 
air. Lead, in sufficiently dilute aci^ or in stronger acid if 
not too hot, remains unchanged. A group (C) may be 
formed of mercury, silver, gold, and platinum, which are 
not touched by either aqueous acid in any circumstances. 

Hot (concentrated) oil of vitriol does not attack gold, 
platinum, and platinum-metals generally ; all other metals 
(including even silver) are converted into sulphates, 'vvith 
evolution of .sulphurous acid. In the case of iron, ferric 
sulphate, Fe2(S04)3, is produced; tin yields a somewhat 
indefinite .sulphate of its binoxide Sn02. 

Aftiric Add {Aqueous). — Gold, platinum, iridium, and 
rhodium only are proof against the action of this jjowerful 
oxidizer. Tin and antimony (also arsenic) are converted by 
it (ultimately) into hydrates of their highest oxides Sn02, 
SbgOj (AsnOj), — the oxides of tin and antimony being 
insoluble in water and in the acid itself. All other metals, 
including palladium, are dissolved as nitrates, the oxidiz- 
ing part of the reagent being generally reduced to nitric 


oxide, NO, or sometimes to N2O3 or N204- Iron, zinc, 
cadmium, also tin under certain conditions, reduce the 
dilute acid, partially at least, to nitrous oxide, NjO, or 
nitrate of ammonia, NH4.N03==N20-1- 2H2O. 

Aqua Regia, a mixture of nitric and hydrochloric acids, 
converts all metals (even gold, the “ king of metals,” whence 
the name) into chlorides, except only rhodium, iridium, 
and ruthenium, which, when pure, are not attacked. 

Caiistic Alkalies . — Of metals not decomposing liq-uid 
pure water, only a few dissolve in aqueous caustic 
potash or soda, with evolution of hydrogen. The most 
important of these are aluminium and zinc, which are 
converted into alumiuate, Al2033(K2 or Na2)0, and 
zincate, ZnO.EHO, where R = lt or Na respectively. 
But of the rest the majority, when treated with boiling 
sufficiently strong alkali, are attacked at least superficially; 
of ordinary metals only gold, platinum, and silver are 
perfectly proof against the reagents under consideration, 
and these accordingly are used preferably for the construc- 
tion of vessels intended for analytical operations involving 
the use of aqueous caustic alkalies. For preparative 
purposes iron is universally employed and works well ; but 
it is not available analytically, because a superficial oxida- 
tion of the empty part of the vessel (by the water and air) 
cannot be prevented. According to the ■writer’s experience 
basins made of pure malleable nickel are free from this 
drawback ; they work as well as platinum, and rather better 
than silver ones do. There is hardly a single metal which 
holds out against the alkalies themselves when in the state 
of fiery fusion ; even platinum is most violently attacked. 
In chemical laboratories fusions •with caustic alkalies are 
always effected in vessels made of gold or silver, these 
metals holding out fairly well even in the presence of air. 
Gold is the better of the two. Iron, which stands so well 
against aqueous alkalies, is most violently attacked by the 
fused reagents. Yet tons of caustic soda are fused daily 
in chemical works in iron pots without thereby suffering 
contamination, ■which seems to show that (clean) iron, 
like gold and silver, is attacked only by the conjoint 
action of fused alkali and air, the influence of the latter 
being of course minimized in large-scale operations. " 

Oxygen or Air . — The noble metals (from silver upwards) 
do not combine directly with oxygen given as oxygen gas 
(Oj), although, like silver, they may absorb this gas largely 
when in the fused condition, and may not be proof against 
ozone, O3. Mercury, "within a certain range of tempera- 
tures situated close to its boiling point, combines slowly 
■with oxygen into the red oxide, which, however, breaks up 
again at higher temperatures. All other metals, when 
heated in oxj'gen or air, are converted, more or less readily, 
into stable oxides. Potassium, for example, yields peroxide, 
K2O2 or ; sodium ^ves NajOg ; the barium-group 
metals, as well as magnesium, cadmium, zinc, lead, copper, 
are converted into their monoxides MeO. Bismuth and 
antimony give (the latter very readily) sesquioxide (BigOj. 
and Sb203, the latter being capable of passing into 
Sb204). Aluminium, when pure and kept out of contact 
"with siliceous matter, is only oxidized at a ■white heat, 
and then very slowly, into alumina, AI2O3. Tin, at high 
temperatures, passes slowly into binoxide, Sn02. 

SulpMir . — Amongst the better kno"wn metals, gold and 
aluminium are the only ones which, ^when heated "with 
sulphur or in sulphur vapour, remain unchanged. All the 
rest, under these circumstances, are converted into sulphides. 
The metals of the alkalies and alkaline earths, also 
magnesium, burn in sulphur-vapomr as they do in oxygen. 
Of the heavy meals, copper is the one which exhibits by 
far the greatest a'vidity for sulphm-, its subsulphide Cu^S 
being^ the stablest of all hea'ry metallic sulphides in. 
opijosition to dry reactions. See Metallurgy. 
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CUorine . — ^AU metals, when treated with chlorine gas at 
the proper temperatures, pass inpo chlorides. In some 
cases the chlorine is taken up in two instalments, a lower 
chloride being produced first, to pass ultimately into a 
higher chloride. Iron, for instance, is converted first 
into FeClj, ultimately into I’eaClg, which practically means 
a mixture of the two chlorides, or pure TegClg as a final 
product. Of the several products, the chlorides of gold 
and platinum (AuClg and PtCl^) are the only ones which 
when heated beyond their temperature of formation 
dissociate into metal and chlorine. The ultimate chlorina- 
tion product of copper, CuClj, when heated to redness, 
decomposes into the lower chloride, CugClj, and chlorine. 
All the rest, when heated by themselves, volatilize, some 
at lower, others at higher temperatures. 

Of the several individual chlorides, the following are 
liquids or solids, volatile enough to be distilled from out 
of glass vessels : — AsClg, SbClg, SnCl^, BiClg, HgCl,^ the 
chlorides of arsenic, antimony, tin, bismuth, mercury re- 
spectively. The following are readily volatilized in a 
current of chlorine, at a red heat : — ^AlgClg, CrjClg, T’e 2 Clg, 
the chlorides of aluminium, chromium, iron. The follow- 
ing, though volatile at higher temperatures, are not vola- 
tilLed at dull redness : — KCl, NaCl, LiCl, HiClj, CoGl,, 
MnCla, ZnCl 2 , MgCU, PbClg, AgCl, the chlorides of 
potassium, sodium, lithium, nickel, cobalt, manganese, 
zinc, magnesium, lead, silver. Somewhat less volatile 
than the last-named group are the chlorides (MCI 2 ) of 
barium, strontium, and calcium. 

Metallic chlorides, as a class, are readily soluble in 
water. The following are the most important e.xceptions: 
— chloride of silver, AgCl, and subchloride of mercury, 
HgoClj) are absolutely insoluble ; chloride of lead, PbClj, 
and” subchloride of copper, CujClj, are very sparingly 
soluble in water. The chlorides AsClj, SbClg, BiClg, are at 
once decomposed by (liquid) water, with formation of 
oxide (AsjOg) or oxychlorides (SbClO, BiClO) and hydro- 
chloric acid. The chlorides MgClj, .^ 2 Glg, CrjGlg, FcgGlg 
suffer a similar decomposition when evaporated ndth water 
in the heat. The same holds in a limited sense for ZnClj, 
G 0 GI 2 , NiGlj, and even GaGlg. All chlorides, except those 
of silver and mercury (and, of course, those of gold and 
platinum), are oxidized by steam at high temperatures, 
with elimination of hydrochloric acid. 

The above statements concerning the volatilities and 
solubilities of metallic chlorides form the basis of a 
number of important' analytical methods for the separation 
of the respective metals. 

For the characters of metals as chemical elements the 
reader is referred to the article Ghemistry and to the 
special articles on the different metals. (w. D.) 

METAL-'WORK. Among the many stages in the de- 
velopment of primeval man, none can have been of greater 
moment in his struggle for existence than the discovery 
of the metals, and the means of working thera.^ The 
names generally given to the three prehistoric periods of 
man’s life on the earth — -the Stone, the Bronze, and the Iron 
age — imply the vast importance of the progressive steps 
from the flint knife to the bronze celt, and lastly to the 
keen-edged elastic iron weapon or tool. The length of 
time during which each of these ages lasted must of course 
have been different in every country and race in the world. 
The Bigger Indians of South Galifomia have even now 
not progressed beyond the Stone Age ; while some of the 
tribes of Gentral Africa are acquainted with the use of 
copper and bronze, though they are unable to smelt or 
work iron. 

The metals chiefly used have been gold, silver, copper 
and tin (the last two generally mixed, forming an alloy 
called bronze), iron, and lead. The peculiarities of these 


various metals have naturally marked out each of them for 
special uses and methods of treatment. The durability and 
the extraordinary ductility and pliancy of gold, its power of 
being subdivided, drawn out, or flattened into wire or leaf 
of almost infinite fineness, have led to its being used for 
works where great minuteness and delicacy of execution 
were required ; while its beauty and rarity have, for the 
most part, limited its use to objects of adornment and 
luxury, as distinct from those of utility. In a lesser 
degree most of the qualities of gold are shared by silver, 
and consequently the treatment of these two metals has 
always been very similar, though the greater abundance 
of the latter metal has allowed it to be used on a larger 
scale and for a greater variety of purposes. 

Bronze is an alloy of copper and tin in varying propor- 
tions, the proportion of tin being from 8 to 20 per cent. 
The great fluidity of bronze when melted, the slightness of 
its contraction on aolidifjdng, together with its density and 
hardness, make it especially suitable for casting, and allow 
of its taking the impress of the mould with extreme sharp- 
ness and delicacy. In the form of plate it can be tempered 
and annealed till its elasticity and toughness are much 
increased,- and it can then be formed into almost any shape 
under the hammer and punch. By other methods of 
treatment, known to the ancient Egyptians, Greeks, and 
others, but now forgotten, it could be hardened and formed 
into knife and razor edges of the utmost keenness. In 
many specimens of ancient bronze small quantities of 
silver, lead, and zinc have been found, but their presence 
is 2 )robably accidental. 

In modern times, after the discovery of zinc, an alloy of 
cojjper and zinc called brass has been much used, chiefly 
for the sake of its cheapness as compared with bronze. In 
beauty, durability, and delicacy of surface it is very inferior 
to bronze, and, though of some commercial importance, has 
been of but little use in the production of works of art. 

To some extent copper was used in an almost pure stale 
during mediaeval times, especially from the 12 th to the 
1^5th century, mainly for objects of ecclesiastical use, such 
as pyxes, monstrances, reliquaries, and croziers, partly on 
account of its softness under the tool, and also because it 
was slightly easier to apply enamel and gilding to pure 
copper than to bronze (see fig. 1). In the mediieval 
period it was used to some extent in the shape of thin 
sheeting for roofs, as at St Mark’s, Venice ; while during 
the 16th and 17 th centuries it was largely employed for 
ornamental, domestic vessels of various sorts. 

/ron .^ — The abundance in which iron is found in so 
many places, its great strength, its remarkable ductility 
and malleability in a red-hot state, and the ease with 
which two heated surfaces of iron can be welded together 
under the hammer combine to make it specially suitable 
for works on a large scale where strength with lightness 
are required — things such as screens, window-grills, orna- 
mental hinges, and the like. 

In its hot plastic state iron can be formed and modelled 
under the hammer to almost any degree of refinement, 
while its great strength allows it to be beaten out into 
leaves and ornaments of almost paper-like thinness and 
delicacy. 'With repeated hammering, drawing out, and 
annealing, it gains much in strength and toughness, and 
the addition of a very minute quantity of carbon converts 


1 Some recent analyses of the iron of preliistoric weaj.ons have 
rought to light the interesting fact that many of these earliest 
lecimens of iron manufacture contain a considerable percentage or 
ckel. This special alloy does not occur in any knorni iron ores, 
at is invariably found in meteoric iron. It thus appears that iron 
as manufactured from meteorolites which had fallen to the earth m 
1 almost pure metallic state, possibly long before prehistonc niM 
id learnt how to dig for and smelt iron in any of the forms of ore 
hich are found on this planet 
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it into steel, less tough, hut of the keenest hardness. The 
large employment of cast iron is comparatively modern, in 
England at least only dating from the 16th century ; it is 
not° however, incapable of artistic treatment if due regard 
be paid to the necessities of casting, and if no attempt is 
made to imitate the fine-drawn lightness to" which wrought 
iron so readily lends itself. At the best, however, it is not 
generally sruted for the finest Avork, as the great contrac- 
tion of iron in passing from the fluid to the solid state 
renders the cast someAvhat blunt and spiritless. 

Among the Assyrians, Egyptians, and Greeks the use of 
iron, either cast or wrought, was very limited, bronze being 


the favourite metal for 
almost all purposes. 

The difficulty of smelt- 
ing the ore was prob- 
ably one reason for 
this, as well as the 
now forgotten skill 
which enabled bronze 
to be tempered to a 
steel-likeedge. Ithad, 
however, its value, of 
Avhich a proof occurs 
in Homer {II. xxiii.), 
where a mass of iron 
is mentioned as being 
one of the prizes at 
the funeral games of 
Patroclus. 

Methods of Manipu- 
lation in Metal-Work, 

— Gold, silver, and 
bronze may be treated 
in various ways, the 
chief of which are (1) 
casting in a mould, 
and (2) treatment by 
hammeringand punch- 
ing (French, repousse). 

The first of these, 
casting, is chiefly 
adapted for bronze, 
or in the case of the 
more precious metals 
only if they are used 
on a very small scale. 

The reason of this is 
that a repoussd relief 
is of much thinner 
substance than if the 
same design were cast, 
even by the most 
skilhd metal-worker, 
and so a large surface 
may be produced rvith 
a very small expendi- 
ture of valuable metal. 

Casting is probably 

the most primitu'o Fic. l. — Monstrance of Copper Gilt; 
method of metal- work. Italian work of the 15th century. 

This has passed through three stages, the first being 
represented by solid castings, such as are most celts and 
other innilcments of the prehistoric time j the mould 
uas formed of clay, sand, or stone, and the fluid metal 
was poured in till the hollow rvas full. Tlie next stage 
w as, in the case of bronze, to introduce an iron core, prob- 
ably to save needless e.xjicnditure of the more valuable 
metal. Tlic British Jluseum possesses an interesting 
Etruscan or Archaic Italian c.xamplc of this primitive 



device. It is a bronze statuette from Sessa on the Voltumo, 
about 2 feet high, of a female standing, robed in a close- 
fitting chiton. The presence of the iron core has been 
made visible by the splitting of the figure, owing to the 
unequal contraction of the two metals. The forearms, 
which are extended, have been cast separately and soldered 
or brazed on to the elbows. 

The third and last stage in the progress of the art of 
casting was the employment of a core, generally of clay, 
round which the metal was cast in a mere skin, only thick 
enough for strength, without waste of metal. The Greeks 
and Eomans attained to the greatest possible skill in this 
process. Their exact method is not certainly knoum, 
but it appears probable that they were acquainted with 
the process now called d cire pes'due — the same as that 
employed by the great Italian artists in bronze, and 
still imimproved upon even at the present day. Cellini, 
the great Florentine artist of the 16 th century, has 
described it fully in his Trattato della Scxdiura. If a 
statue was to be cast, the figure was first roughly modelled 
in clay — only rather smaller in all its dimensions than the 
future bronze ; all over this a skin of wax was laid, and 
worked by the sculjjtor with modelling tools to the required 
form and finish. A mixture of pounded brick, clay, and 
ashes was then ground finely in water to the consistence of 
cream, and successive coats of this mixture were then 
applied with a brush, till a second skin was formed all 
over the wax, fitting closely into every line and depression 
I of the modelling. Soft clay was then carefully laid on to 
strengthen the mould, in considerable thickness, till the 
whole statue appeared like a shapeless mass of clay, round 
which iron hoops were bound to hold it all together. The 
whole was then thoroughly dried, and placed in a hot oven, 
which baked the clay, both of the core and the outside 
mould, and melted the wax, which was allowed to run out 
irom small holes made for the purpose. Thus a hollow 
w'as left, corresponding to the skin of wax between the core 
and the mould, the relative positions of which were pre- 
served by various small rods of bronze, which had pre- 
viously been driven through from the outer mould to the 
rough core. The mould was noAv ready, and melted bronze 
was poured in till the Avhole space between the core and 
the outer mould was full. After slowly cooling, the outer 
mould Avas broken away from outside the statue, and the 
inner core as much as possible broken up and raked out 
through a hole in the foot or some other part of the statue. 
The projecting rods of bronze Avere then cut away, and 
the w’hole finished by rubbing doAvn and polishing over any 
roughnesses or defective places. The most skilful sculptors, 
however, had but little of this after-touching to do, the 
final modelling and even polish Avhich they had put upon 
the AA’ax being faithfully reproduced in the bronze casting. 

The further enrichment of the object by enamels and 
inlay of other metals Avas practised at a very early period 
by Assyrian, Egyptian, and Greek metal-Avorkers, as Avell 
as by the artists of Persia and mediseval Europe. 

The second chief process, that of hammered Avork (Greek, 
sphyrelata', French, repo'usse), Avas probably adopted for 
bronze-work on a large scale, before the art of forming 
large castings Avas discovered. In the' most primitive 
method thin plates of bronze Avere hammered over a 
wooden core, rudely cut into the required shajAe, the core 
serving the double purpose of giA'ing shape to and 
strengthening the thin metal. 

further development in the art of hammered Avork 
consisted in laying the metal plate on a soft and elastic 
bed of cement made of pitch and pounded brick. The 
design Avas then beaten into relief from the back Avith 
hammers and punches, the pitch bed yielding to the 
protuberances Avhich Avere thus formed, and serving to pro- 
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•vent tbe punch from breaking the metal into holes. The 
pitch -was then melted away from the front of the embossed 
relief, and applied in a similar way to the back, so that the 
modelling could be completed on the face of the relief, 
the final touches being given by the graver. This process 
was chiefly ai)plied by medi.eval artists to the precious 
metals, but by the Assyrians, Greeks, and other early 
nations it was largely used for bronze. 

The great gates of Shalmaneser 11., 859-S24 b.c., from 
Balawat, now in the British iluseun}, are a remarkable 
•examjde of this sort of work on a large scale, though the 
treatment of the reliefs is minute and delicate. The “Siris 
bronzes,” in the .same museum, arc a most astonishing 
•example of the skill attained by Greek artists in this 
repoussd work (see Bronsted’s Bronzes of Siris, 1836). 
They are a pair of .shoulder-pieces from a suit of bronze 
armour, and each has in verj' high relief a combat between 
a Greek warrior and an Amazon. No work of art in 
metal has probably ever surpassed these little figures for 
beaut}', vigour, and c.vprcssion, while the skill with which 
the artist has beaten these high reliefs out of a flat plate 
of metal appears almost miraculous. The heads of the 
figures are nearl}’ detached from the ground, their sub- 
stance is little thicket than paper,' and yet in no place 
has the metal been broken through by the punch. The}' 
are probably of the school of Praxiteles, and date from the 
4th century b.c. (see fig. 2). 



Copper and tin have been but little used separately. 
Copper in its iiurc state may be worked by the same 
methods as bronze, but it is inferior to it in hardnes.s, 
strength, and beauty of surface. Tin is too weak and 
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brittle a metal to be employed alone for any but small 
objects. Some considerable number of tin drinking-cups 
and bowls of the Celtic period have been found in Corn- 
wall in the neighbourhood of the celebrated tin and copper 
mines, which appear to have been worked from a very early 
period. The existence of these mines was known to the 
Phoenicians, who carried on a considerable trade in metals 
with the south-w'est comer of England and the Scilly Isles 
—probably the Cassiterides of Pliny and other classical 
WTiters. 

The use of lead has been more extended. In sheets it 
forms the best of all coverings for roofs and even spires. 
In the Eoman and medimval periods it was largely used 
for coffins, which were often richly ornamented TOth cast 
work in relief. Though fusible at a very low temperature, 
and verj-^ soft, it has great power of resisting decay from 
damp or exposure. Its most important use in an artistic 
form has been in the shape of baptismal fonts, chiefly 
between the 11th and the 14th centuries. The superior 
beauty of colour and durability of old specimens of lead is 
owing to the natural presence of a small inoportion of 
silver. Modern smelters carefully extract this silver from 
the lead ore, thereby greatly impairing the durability and 
beauty of the metal 

As in almost all the aits, the ancient Egyjitians excelled 
in their metal-w'ork, especially in the use of bronze and 
the precious metals. These were worked by casting and 
hammering, and ornamented by inlay, gilding, and enamels 
with the greatest possible skill. 

From Egj’pt perhaps was derived the early skill of the 
Hebrews. Further instruction in the art of metal-working 
came probably to the Jew's from the neighbouring country 
of Tyre. The description of the great gold lions of 
Solomon’s throne, and the laver of cast bronze supported 
on figures of oxen, shows that the artificers of that time had 
overcome the difficulties of metal-working and founding 
on a large scale. The Assyrians were perhaps the most 
remarkable of all ancient nations for the colossal size and 
splendour of their w'orks in metal ; whole circuit walls of 
great cities, such as Ecbatana, are said to have been 
covered with metal plates, gilt or silvered. 

Herodotus, Athemeus, and other Greek and Roman 
writers have recorded the enormous number of colossal 
statues and other works of art for which Babylon and 
Nineveh were so famed. The numerous objects of bronze 
and other metals brought to light by the excavations of 
the last forty years in the Tigris and Euphrates valleys, 
though mostly on a small scale, bear witness to the great 
.skill and artistic i>ower of the people who produced them ; 
while the recent discovery of some bronze statuettes, 
shown by inscriptions on them to be not later than 2200 
B.C., proves how' early w'as the development of this branch 
of art among the people of Assjuia. 

The Mctal-Woi'k of Greece.— The poems of Homer are 
full of descriptions of elabomte works in bronze, iron, gold, 
and silver, which, even when full allowance is made for 
poetic fancy, show clearly enough a very advanced amount 
of skill in the w'orking and ornamenting of these metals 
among the Greeks of his time. His description of the 
shield of Achilles, made of bronze, enriched wdth bands of 
figure reliefs in gold, silver, and tin, could hardly have 
been written by a man who had not some personal 
acquaintance ivith works in metal of a very elaborate kind. 
Again, the accuracy of his descriptions of brazen houses— 
such as that of Alcinous, Od. vii. 81— is borne witness to by 
Pausanias’s mention of the bronze temple of Athena 
XaXKiotKo^ in Sparta, and the bronze chamber dedicated 
to Myron in 648 b.c., as well as by the discovery of the 
stains and bronze nails, which show that the w'hole interior 
of the so-called treasury of Atreus at Myceme was once 
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covered vdtli a lining of bronze plates. Of the tvro chief ficent articles of gold and sih er plate. The dne-it sjteci- 
methods of -worlong bronze, gold, and silver, it is probable mens of these that still enst are the ^eiy Tjea.utiM set of . 
that the hammer process Tvas practised, at least for silver plate found buried near Hildeshenn in 1869, non in 
statues, amon'T the Greeks, v,'ho themselves attributed the the Berlin iluseum. They consist of dnnking vessels, 
invention of the art of hoUow casting to Theodoras and bovrU, vases, ladles, and other objects of silver, parcel-gilt, 
Ehoecus, both Samian sculptors, about the middle of the and e.xquisitely decorated vith figures in relief, lx)th cast 
6 tli century B.c. Pausaiuus specially mentions that one and repouss^. Tliere are electrotjiM^s of these in the 
of the oldest statues he had ever seen ivas a large figure South Kensington Museum. 

of Zk-us in Sparta, made of hammered bronze plates riveted MTien the scat of the empire was changed from Rome 
toc^ther. Tfith increased skill in large castings, and the to Byzantium, the latter city became the chief centre for 
discoven- of the use of cores, by which the fluid bronze j the production of artistic mefal-work. From Byzantium 
was poured into a mere .skin-like cavity, hammered or < the siiecial skill in this art was transmitted in the 9th and 
repousse work (Greek, sphyrdata) was only used for small J 10th centuries to the Rhenish provinces of Germany and 
objects where lightness was desirable, or for the precious ’■ to Italy, and thence to the whole of Western Europe ; in 
metals in order to avoid large expenditure of metal The ' this way the 18th-ccntuty smith who wrought the Hamp- 
colossal statues of ivoiy and gold bj- Phidias were the ton Court iron gates was the heir to the mechanical skill 
most notable examples of this use of gold, especially his ; of the ancient metal-workers of Plicenicia and Greece, 
statue of Athena in the Parthenon, and the one of Zeus at In that |«riod of extreme degradation into which all the 
Olympia The nude parts, .such as face and hands, were ; higher arts fell after the destruction of the Roman c-miiire, 
of ivory, while the armour and drapery were of beaten ’ though true feeling for l>eauty and knowledge of the 
gold. The comparatively .small weight of gold a=ed by ! subtleties of tlie human form remained for centuric-s almo.‘-t 
Phidias is very remarkable when the great size of the '■ dormant, yet at Bj-zantium at least there still soiwived 
statues is considered. i great technical skill and power in the production of all 

A graphic representation of the workshop of a Greek ^ sorts of metal-worla In the age of Ju.stinian (first half 
sculptor in bronze is ^ven on a fictile va.se now in the , of the Cth centuty) the great church of St Sophia at 
Berlin Museum (.see Gerhard’s Trinhfdialm, plates xii., ’ Constantinople was adorned with an almost incredible 
xiii-). One man is raking out the fire in a high furnace, \ amount of wealth and .'Splendour in the form of screens, 
while another behind is blowing the bellows. Two others , altars, candlc-sticks, and other ecclesiastical furniture made 
are smoothing the surface of a .statue with scraping tools, I of massive gold and .silver. 

formed like a .strigil A fourth is beating the arm of an ' Mdnl-Vorh in Italy . — It svas therefore to Byzantium 
unfinished figure, the head of which lies at the workman’s ^ that Italy turned for mctal-worken-, and especially for gold- 
feet. Perhaps the most important of early Greek works in smiths, when, in the Gth to the 8 th centuries, the basilica 
cast bronze, both from lis size and great historical interest, j of St Peter’s in Rome was enriched with masses of gold 
is the bronze pillar (now in the Hippodrome at Constanti- ; and silver for decorations and fittings, the gifts of many 
nople) which was erected to commemorate the sactory of donors from Beli.sarius to Leo IIL, the mere catalogue of 
the allied Greek states over the Persians at Platea jn,4”9 ; which reads like a tale from the Arahinn Kights, The 
B.c. (see Newton’s Travdn xn-thc Ln'ant). It is in the form ' gorgeous Pala d’Oro, still in St Mark’s at Tenice, a gold 
of three serpents twisted together, and before the heads , retable covered with delicate reliefs and enriched with 
were broken off was at least 20 feet higli. It is cast • enamels and joweis, was the work of Byzantine artists 
hollow, all in one piece, and has the names of the allied ' during the llth centuty. Thi.s work was in progre-ss for 
states engraved on the lower j/art of the coils. Its size j more than a hundred years, and was set in its place in 
and the beauty of its surface show great technical .skill in 1106 a.d., thougli still unfinished (see Bellomo, Pala d’Oro 
the founder’s art. On it once stood the gold tripod dedi- di S. Marco, 1847). 

cated to Aixtllo as a tenth of the spoils. It is de.scrilied ; It was, however, especially for the production of bronze 
both by Herodotus and Paasanias. i doors for churche.s, ornamented with jianek of cast work 

Marble was comparatively but h'ttle used by the earlier ; in high relief, that Italy obtained the service.^ of Byzantine 
Greek sculptors, and even ilyron, a rather older man than • worl^en (.see Garracci, Art^ Cridiana, 1872-82). One 
Phidias, seems to have executed nearly all his mo-st ira- . artist named Staurachios produced many works of this 

class, .some of which still exist, such as the bronze doors 
of the cathedral at Amalfi, dated 1066 a.d. Probably 
by the same artist, though his name was sixeUed dif- 
ferently, were the bronze doors of San Paolo fuori le 
Mui^ ;^me, careful drawings of which exist, though the 
originals were destroyed in the fire of 1824. Other 
important examples exist at Bavello (1197), Salerno 
(1099), .\malfi (1062), Atrani (1087) ; and doors at Mon- 
reaie in Sicily and at Trani, signed by an artist named 
Barisanos (end of the 12th century') 5 the reliefs on these 
last are remarkable for exprcs.sion and dignity, in spite 
of their early rudeness of modelling and ignorance of the 
human figure. 

Most of these works in bronze were enriched with fine 
lines inlaid in silver, and in .some cases with a kind of 
niello or enamel The technical skOl of these Byzantine^ 
metal-workers was soon acquired by native Itah’an artists, 
who piodnced many important works in bronze sirrular in 
style and execution to those of the Byzantine Greeks. 
Such, for example, are the bronze doors of San Zenone at 
Verona (nnlike the others, of repoussd not cast work) ; those 
of the Dnomo of Pisa, cast in 1 1 80 by Bonannu.*, and of the 


jfortant statues m metal. 

-Additional richness was given to Greek bronze-work by 
gold or silver inlay on lips, eyes, and borders of the dress ; 
one remarlmble statuette in the British Museum ha-s eyes 
inlaid with diamonds, and fret-work inlay in silver on the 
border of the chiton. 

The mirrors of the Greeks are among the most important 
specimen-s of their artistic metal-work These are bronze 
disks, one side iwlished to sen-e as a reflector, and the back 
ornamented with engraved outline drawings, often of great 
beauty (see Gerharcl Etnitl-ische Spiegel, 184.3-67). 

The Greek workman, in fact, was incapable of making 
an ngly thing. "Whatever the metal or whatever the object 
formed, whether armour, personal ornaments, or domestic 
vessels, the form was always specially adapted to its vse, 
the ornament natural and graceful ^ that the commonest 
water-jar was a delict alike to him who made it and those 
who used it. 

metal-work, as in other arts, the Eomans were pupils 
an^imitators of the Greeks. Owing to the growth of that 
tyiiit of luxury vrhich in time caused the extinction of the 
Roman empire, a considerable demand arose for masmi- 
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Duomo of Troia, the last made in tlie beginning of the 12th 
century by Odorisius of Benevento. Another artist named 
Eoger of Amalfi -worked in the same way; and in the 
year 1219 the brothers Hubertus and Petrus of Piacenza 
cast the bronze door for one of the side chapels in San 
Giovanni in Laterano, One of the most important early 
specimens of metal-work is the gold and silver altar of 
Sant’ Ambrogio in Milan. In character of work and 
design it resembles the Venice Pala d’Oro, but is stiU 
earlier in date, being a gift to the church from Arch- 
bishop Angilbert IL in 835 a.d. (see Du Sommerard, 
and D’Agincourt, Moyen Age). It is signed wol-^tjtivs 
JIAGISTER rnABER ; notliing is known of the artist, but he 
probably belonged to the semi-Byzantine school of the 
Ehine provinces ; according to Dr Eock he -^ras an Anglo- 
Saxon goldsmith. It is a very sumptuous work, the front 
of the altar being entirely of gold, n*ith repoussd reliefs 
and cloisonnde enamels ; the back and ends are of silver, 
with gold ornaments. On the front are figures of Christ 
and the twelves apostles ; the ends and back have reliefs 
illustrating the life of St Ambrose. 

The most important e.xisting work of art in metal of the 
13tli century is the great candelabrum now in Milan 
cathedral. It is of gilt bronze, more than 14 feet high; 
it has seven branches for candles, and its upright stem 
is suijjjorted on four winged dragons. For delicate and 
spirited e.xecution, together rrith refined gracefulness of 
design, it is unsurpassed by any similar work of art. Every 
one of the numerous little figures with which it is adonied 
is worthy of study for the beauty and expression of the face, 
and the dignified arrangement of the drapery (sec fig. 3). 



Fig. 3, — Boss from the Milanese Candelabnim. 


The semi-conventional open scroll-work of branches and 
fruit which wind around and frame each figure or group is 
detnsed with the most perfect taste and richness of fancy, 
while each minute part of this great piece of metal-work 
is finished rvith all the care that could have been bestowed 
on the smallest article of gold jeweller}'. Though some- 
thing in the grotesque dragons of the base recalls the 
Byzantine school, yet the beauty of the figures and the 
keen feeling for graceful curves and folds in the drapery 
point to a native Italian as being the artist who produced 
this wonderful work of art. There is a cast in the South 
Kensington Museum. 

During the 13th and 14th centuries in Italy the %vidc- 
spread influence of Niccolo Pisano and his school encouraged 
the sculptor to use marble rather than bronze for his work. 
At this period wrought iron came into general use in the 
form of screens for chapels and tombs, and grills for 
windows. These are mostly of great beauty, and show 
remarkable skill in the use of the hammer, as well as power 
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in adapting the design to the requirements of the material 
Among the finest e.xamples of this sort of work are the 
screens round the tombs of the Scala family at Verona, 
1350-75, — a sort of net-Avork of light cusped quatrefoils' 
each filled up -nith a small ladder (scala) in allusion to 
the name of the family. The most elaborate specimen of 
this Avrought Avork is the screen to the Einuccini chapel in 
Santa Croce, Florence, of 1371, in Avhich moulded pillars 
and Avindow-like tracery haA'e been Avrought and modelled 
by the hammer Avith extraordinary skill (see Wyatt, Metal- 
Worh of Middle Ages). Of about the same date are the 
almost equally magnificent screens in Sta Trinita, Florence, 
and at Siena across the chapel in the Palazzo Pubblico. 
The main part of most of these screens is filled in Avith 
quatre-foils, and at the top is an open frieze formed of 
plate iron pierced, repouss6, and enriched A\ith engraving. 

In the 14th century great quantities of objects for 
ecclesiastical use Avere produced in Italy, some on a large 
scale, and mostly the AA'orks of the best artists of the time. 



fia. 4, Silver Bepousse Reliefs from tlie Pistoia Retafile. 


The silver altar of the Florence baptistery is one of the 
cliief of these ; it Avas begun in the first half of the 14th 
century, and not completed till after 1477 (see Gaz. des 
Beaux Aiis, Jan. 1883). A whole series of the greatest 
artists in metal laboured on it in succession, among whom 
Avere Orcagna, Ghiberti, Verrocchio, Ant. Pollajuolo, and 
many others. It has elaborate reliefs in repoussd AAurk, cast 
canopies, and minute statuettes, AV'ith the further enrich- 
ment of translucent coloured enamels. The silver altar 
and retable of Pistoia cathedral (see fig. 4), and the great 
shrine at OrA’ieto, are Avorks of the same class, and of equal 
importance. 

Whole volumes might be devoted to the rnagmhcent 
works in bronze produced by the Florentine artists of this 
century, AVorks such as the baptistery gates by Ghiberti, 
and the statues of Verrocchio, Donatello, and many 
others, but these come rather under the head of sculpture. 
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Some very magnificent bronze screens were produced at 
this time, especially that in Prato cathedral by Simone, 
brother of Donatello, in 1444-61, and the screen and bronze 
ornaments of the tomb of Piero and Giovanni dei liledici 
in San Lorenzo, Plorence, by Yerrocchio, in 1472. 

At the latter part of the 15th century and the be^nning 
of the 16th the PoUajuoli, Eicci, and other artists devoted 
much labour and artistic skill to the production of candle- 
sticks and smaller objects of bronze, such as door-knockers, 
many of which are works of the greatest beauty. The 
candlesticks in the Certosa near Pavia, and in the cathedrals 
of Venice and Padua, are the finest examples of these. 

Niccolb Grossi, who worked in wrought iron under the 
patronage of Lorenzo dei Medici, produced some wonderful 
specimens of metal-work, such as the candlesticks, lanterns, 
and rings fixed at intervals round the outside of the great 
palaces (see fig. 5). The Strozzi palace in Florence and'' 



Fig. Fi. — Wrought Iron Candle-Pricket ; late lijth-century. 
Florentine nork. 


the Palazzo del ilagmfico at Siena have fine specimens of 
the3e,--the former of wrought iron, the latter in cast bronze. 

At \ enice fine work in metal, such as salvers and vases, 
was being produced, of almost Oriental design, and in 
some cases the work of resident Arab artificers. In the 
IGtli century Benvenuto Cellini was supreme for skiU in 
the production of enamelled jewellery, plate, and even larger 
works of sculpture (see Plon’s £en. Cellini, 1882), and John 
of Bologna in the latter part of the same century inherited 
to some extent the skill and artistic power of the great 
Uth-ccnturj' artists. Since that time Italy, like other 
countries, has produced little metal-work of real value. 

-S/xiin. Prom a vcrj- early period the metal-workers of 
Spain have been distinguished for their skill, especially in 
the use of the precious metals. A verj- remarkable set of 
siKscnnens of gold.-iraith’s work of the 7th centur\' are the 
eleven votive crovni«, two crosses, and other objects found 
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in 1858 at Guarrazar, and now preserved at Madrid and in 
Paris in the Cluny Museum (see Du Sommerard, Musee de' 
Chiny, 1852). Magnificent works in silver, such as shrines, 
altar crosses, and church vessels of all kinds, were pro- 
duced in Spain from the 14th to the 16 th century, — 
especially a number of sumptuous tabernacles (ciistodia) 
for the host, magnificent examples of which still exist 
in the cathedrals of Toledo and Seville. The bronze 
and wrought iron screens — ryas, mostly of the 15th 
and 16th centuries — to be found in almost every im- 
portant church in Spain are very fine examples of metal- 
work. They generally have moulded rails or ballusters, 
and rich friezes of pierced and repoussd work, the whole 
being often thickly plated with silver. The common use 
of metal for pulpits is a peculiarity of Spain; they are 
sometimes of bronze, as the pairs in Burgos and Toledo 
cathedrals, or in wrought iron, like those at Zamora and 
in the church of San Gil, Burgos. The great candelabrum 
or tenehrarium in Seville cathedral is the finest speci- 
men of 16fh-century metal-work in Spain ; it was mainly 
the work of Bart. Morel in 1562. It is of cast bronze 
enriched with delicate scroll-work foliage, and with num- 
bers of well-modelled statuettes, the general effect being 
very rich and graceful. Especially in the art of metal- 
work Spain was much influenced in the 15th and 16th 
centuries by both Italy and Germany, so that numberle.'-s 
Spanish objects produced at that time owe little or nothing 
to native designers. At an earlier period Arab and Moor- 
ish influence is no less apparent. 

England. — In Saxon times the English metal-workers, 
especially of the precious metals, possessed great skill, and 
appear to have produced shrines, altar-frontals, retables, 
and other ecclesiastical furniture of considerable size and 
magnificence. 

Dunstan, archbishop of Canterbury (926-988), like 
Bernward, bishop of Hildesheim a few years later, and St 
Eloi of France three centmies earlier, was himself a skilful 
worker in all kinds of metaL The description of the gold 
and silver retable given to the high altar of Ely by Abbot 
Theodwin in the 11th century, shows it to have been a large 
and elaborate piece of work decorated with many reliefs 
and figures in the round. In 1241 Henry IIL gave the 
order for the great gold shrine to contain the bones of 
Edward the Confessor (see "W. Burges in Gleanings from 
'Westminster). It was the work of members of the Otho 
family, among whom the goldsmith’s and coiner’s crafts 
appear to have been long hereditary. Countless other 
important works in the precious metals adorned every 
abbey and cathedral church in the kingdom. 

In the 13th century the English workers in wrought 
iron were especially skilful The grill over the tomb of 
Queen Eleanor at Westminster, by Thomas de Leghton, 
made about 1294, is a remarkable example of skill in weld- 
ing and modelling with the hammer (see fig. 6). 

The rich and graceful iron hinges, made often for small 
and out-of-the-way country churches, are a large and 
important class in the list of English wrought iron-work. 
Those on the refectory door of Merton College, Oxford, are 
a beautiful and well-preserved example dating from the 
14th century. 

More mechanical in execution, though still very rich in 
effect, is that sort -of iron tracery work produced b}' cutting 
out patterns in plate, and superimposing one plate over 
the other, so as to give richness of effect by the shadows 
produced by these varying planes. The screen by Henry 
Y.’s tomb at Westminster is a good early specimen of this 
kind of work. 

The screen to Bishop West’s chapel at Ely, and that 
round Edward IV.’s tomb at Windsor, both made towards 
the end of the 15th century, are the most magnificent 



English exampres of ^rrought iron, in which even- art and 
of skill known to the -smith has been brom^ht into 
play to give variety and richness to the work. ° 

Much WTOught-iron work of great beauty was produced 
at the beginning of the 18th centuiy, especiaUy under the 
superintendence of Sir Cliristopher Wren (see Ebbetts 
Iron WorJc of llth and ISth Cenhiries, 1880). Larue 
flowing leaves of acanthu-s and other plants were beaten 
out wonderful spirit and beauty of curve The 

^tes from Hampton Court are the finest examples of 
this class of work (see fig. 7). 

From an early period bronze and latten (a variety of 
br.i^) were much used in England for the smaller objects 
both of ecclesiastical and domestic use, but except for 
tombs and lecterns were but little used on a large scale tiU 
riie 16th century. The full-length recumbent effigies of 
Henry HL and Queen Eleanor at Westminster, cast in 
bronze by the “cire perdue” process, and thickly gilt, are 
equal, if not superior, in artistic beauty to any sculptor’s 
work of the same period (end of the 13th centuiy) that was 
produced in Italy or elsewhere. These effigies are the work 
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England, Germany in the 10th and 

IrlT and elaborate wori in S 

bronze, especially doors for churches, much resemblinu 
he contem^rary doors made in Italy under Byzantine 
influence.' Bemward, bishop of Hildiheim 99^1022 
yas especially skiUed in this 4ork, and warmuch influS 

in design by a visit to Rome in the suite of Otho HL The 
bronze column irith winding reliefs now at Hildesheim 
as the result of his study of Trajan’s column, and the 
bronze door which he made for his own cathedral shows 
clas.sical influence, especially in the composition of the 
drapery of the figures in the panels. 
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Fro. 6. — Part of the “ Eleanor Grill.” 

of an Englishman named William Torel (see Wesimimter 
Gleanin/js). The gates to Henrj- VIL’s chapel, and the 
screen round his tomb at Westminster (see fig. 8), are verj- 
elaborate and beautiful examples of “ latten ” work, show- 
ing the greatest technical skill in the founder’s art. In 
fatten also were produced the numerous monumental 
brasses of which about two thousand still exist in England, 
riiough a few- were made in the 13th century, yet it was 
not till the 14th that they came into general use. They 
ire made of cast plates of brass, with the design worked 
upon them v.ith the chisel and graver. All those, how- 
ever, to be seen in English churches are not of native 
tvork — ^great quantities of them being Flemish imports (see 
Cotman, Waller, and Boutell on Jlonumental Brasses). 

In addition' to its chief use as a roof covering, lead was 
iometimes used in England for making fonts, generally 
;ub-.shaped, ^vith figures cast in relief, ilany examples 
jxist : e.g., at Tidenham, Gloucestershire ; Warborough and 
Dorchester, Oxon ; Chirton, Wilts ; and other places. 


The bronze doors of Augsburg (1047-72) are similar 
in style. The bronze tomb of Rudolph of Swabia in 
Mensburg cathedral (1080) is another fine work of the 
same school. The production of works in gold and silver 
was also carried on vigorously in Germany. -'The shrine of 
the three kings at Cologne is the finest surviving example. 

At a later time AugsWg and Nuremberg were the chief 
centres for the production of artistic works in the various 
metals. Herman Vischer, in the 15th centuiy, and his son 
and grandsons were very remarkable as bronze founders. The 
font at Wittenberg, decorated with reliefs of the apostles, 
was the work of the elder Tischer, while Peter and his son 
produced, among other important works, the shrine of St 
Sebald at Nuremberg, a work of great fim'sh and of 
astonishing richness of fancy in its design (see Doebner, 
Chrislliches Kunsthlatt, 1866, Nos. 10-12). 'The tomb 
of Maximilian L, and the statues round it, at Innsbruck, 
begun in 1521, are perhaps the most meritorious German 
work of this class in the 16th century, and show consider- 
able ItalianJnfiuence. 
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In OTOught iron the German smiths, especially during 
the 15th century, greatly excelled. Almost peculiar to 
Germany is the use of mought iron for grave-crosses and 
sepulchral monuments, of which the Nuremberg and other 
cemeteries contain fine examples. Many elaborate well- 
canopies were made in wrought iron, and gave full play to 
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most are now destroyed, but a fine specimen still exists 
at Westminster on the tomb of William de Valence (1296). 
In ornamental iron-work for doors the French smiths were 
pre-eminent for the richness of design and skilful treatment 
of their metal. No examples probably surpass those on 
the west doors of Notre Dame in Paris — ^now unhappily 
much falsified by restoration. The crockets and finials 
on the flfeches of Amiens and Rheims are beautiful speci- 
mens of a highly ornamental treatment of cast lead, for 
which France was especially celebrated. In most respects, 
however, the development of the various kinds of metal- 
working went through much the same stages as in England. 

Persia and Damascus . — The metal-workers of the East, 
especially in- brass and steel, were renowned for their skill 



Fig. 8. — Part ot* Henry VII. 's Bronze Screen. 

the fancy and invention of the smith. The celebrated 
15th-century example over the well at Antwerp, attributed 
to Quintin Massys, is the finest of these. 

France . — From the time of the Romans the city of 
Limoges has been celebrated for all sorts of metal-work, 
and especially for brass enriched with enamel. In the 
ISlh and 14th centuries many life-size sepulchral effigies 
were made of beaten copper or bronze, and ornamented by 
various-coloured “ cliamplevd ” enamels. The beauty of 
these effigies led to their being imported into England: 


Fig. 9. — Brass Vase, pierced and gilt ; 17th century Persian work. 

even in the time of Theophilus, the monkish writer on tlie 
subject in the 13th century. But it was during the reign 
of Shah Abbas I. (d. 1628) that the greatest, amount of 
skill both in design and execution was reached by the 
Persian workmen. Delicate pierced vessels of gilt brass, 
enriched by tooling and inlay of gold and silver, were 
among the chief specialties of the Persians (see fig. 9). 

A process called by Europeans “ damascening ” (from 
Damascus, the chief seat of the export) was used to produce 
very delicate and rich surface ornament. ■ A pattern was 
incised with a graver in iron or steel, and then gold wire 
was beaten into the sunk lines, the whole surface being 
then smoothed and polished. In the time of Cellini this 
process was copied in Italy, and largely used, especially 
for the decoration- of weapons and armour. The reponssd 
process both for brass and silver was much used by Oriental 
workers, and even now fine works of this class are pro- 
duced in the East, old designs still being adhered to. - 
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Recent Metal-WorTc . — ^In modem Europe generally the 
arts of metal-working both as regards design and tech- 
nical sMU are not in a flourishing condition. The great 
bronze lions of the Nelson monument in London are a sad 
example of the present low state of the founder’s art. 
Coarse sand-casting in England now takes the place of the 
delicate “cire perdue” process. 

Some attempts have lately been made in Germany to 
revive the art of good wrought-iron work. The Prussian 
gates, bought at a high price for the South Kensington 
Museum, are large and pretentious, but unfortunately are 
only of value as a warning to show what wrought iron 
ought not to be. Some English recent specimens of ham- 
mered work are more hopeful, and show that one or two 
smiths are working in the right direction. 

Literature. — ^Pkehistoiuc : ‘Worsaae, NordUJ:e Oldsageri Ejohen- 
Juivn, 1854 ; Perrin, £tude preliistoriquc — Age du bronze, 1870. 
Classic.xl ; Laj-ard, Nineveh and Babylon, 1853 ; Lane’s and 
Wilkinson’s works on Ancient Eg 3 ’pt; Pliny, Natural History, 
book xxiiv. ; Brondsted, Hen FikoronisJee Cista, 1847 ; Daremberg, 
Hictionnaire des Antiquitis, “Ccelatura,” in course of publication ; 
Gerhard, various monographs, 1843-67; Muller, Etrusker, &c.,and 
other works; Ciampi, Hell' Anticn Toreulica, 1815. ilEDi^EVAi.: 
Digby Wi'att, Melal-lFork of the Middle Ages, 1849; Shaw, Orna- 
mental Metal-Work, 1836 ; Drury Fortnnm, S.K.M. Handbook of 
Bronzes, 1877 ; King, Orfevrerie ct ouvrages en metal du moyen 
age, 1852-4 ; Hefner- Alteneck, Serrurerie du moyen dge, 1869 ; 
Viollet-le-duc, Hict. du mobilicr, “Serrurerie” and “Orfevrerie,” 
1858, &c. ; Lacroix, Tresor de S. Henis, and L’Art du moyen dge 
(various dates); Karch, Hie Edthsclbildcr an der Broncethure zu 
Augsburg, 1869; Krug, Enticurfe fur Gold-, Silber-, und Bronvze- 
Arbeiler (no date); Linas, Orfevrerie Mei-ovingienne, 1864, and 
Orfevrerie du XIIH'" Siecle, 1856; Bordeaux, Serrurerie du 
moyen Age, 1858 ; Didron, Manuel des oeuvres de bronze el d’or- 
fevrerie du moyen Age, 1859 ; Du Sommerard, Arts au moyen Age, 
1838-46, and Music de Cluny, 1852; Durand, Trisor de Viglisede 
Saint Marc a Venise, 1862 ; Albert Way, Gold Retable of Basle, 
1843 ; Eico y Sinobas, Trabajos de metales, 1871 ; Blanchard, Fortes 
du Baptistire de Florence, 1858 ; Bock, Hie Goldschmiedekunsl des 
Mitlelalters, 1855, and Kleinodien des Heil.-Rdmischen Reiches-, 
Jouy, Les gemmes et les joyaux, 1865; Liibke, Works of Peter 
Visscher, 1877 ; Adelung, Hie Thiiren zu S. Sophia in Novgorod, ' 
1824 ; Wanderer, Adam Kraffl and his School, 1868; Nesbitt, 
“Bronze door of Gnesen Cathedral,” Arch. Jour., vol. is.; Rossi, j 
TreportedibronzodiPisa-j'Dlgot, articles in Bulletin Monumental, 
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! ’ Catalogue of works of art in metal exhibited in 

j ^.61 at Ironmongers’ Hall ; ’^esiev, Hictionnaire dC Orfevrerie 1857 * 
i Virgil Solis, Hesignsfor Gold- and Silver-Smiths, 1512 (facsimile 
reproduction, 1862). Pb.actical Tkeatises; 'Theophilus 
sarim Artnm Scliedula; CelUni, Trattati dell' Orefeeria e della 

Hisegno, part ii., Milanesis ed., 
1882 ; Gamier, Manuel du ciseleur, 1859. (j. H. M ) 

METAilORPHOSIS. This term has been employed 
in several distinct senses in biology. During the early 
part of the century it was constantly used to Include the 
current morphological conceptions, as, for instance, of the 
parts of a flower as modified or “metamorphosed” leaves 
or of the segments of a skull as modified vertebra! 
It is still frequently employed to denote that progressive 
change from the general to the special undergone by all 
developing tissues and organs (see Biology, Embeyology), 
but in this sense is conveniently superseded by the term 
“differentiation.” In the process of animal development, 
two types are broadly distinguishable, — a foetal type, in 
which development takes place wholly or in greater part 
either within the egg or within the body of the parent, 
and a larval type, in which the young are bom in a 
condition more or less differing from that of the adult, 
while the adult.gtage again is reached in one of two ways, 
either by a process of gradual change, or by a succession 
of more or less rapid and striking transformations, to 
which the term metamorphosis is now usually restricted. 
Metamorphosis is generally regarded as having been 
brought about by the action of natural selection, partly in 
curtailing and reducing the phases of development (an 
obvious advantage in economy of both structural and 
functional change), and partly also in favouring the 
acquirement of such secondary characters as are advan- 
tageous in the struggle for existence. Freshwater and 
terrestrial animals develop without metamorphosis much 
more frequently than marine members of the same group, 
a circumstance which has been variously explained. For 
-details of metamorphoses see the articles on the various 
groups of animals ; see also Balfour’s Comparative Em- 
bryology, 1880 - 81 . 


METAPHYSIC 


T he term metaphysic, originally intended to mark the 
place of a particular treatise in the collection of 
Aristotle’s works, has, mainly owing to a misunderstanding, 
survived several other titles, — such as “ First Philosophy,” 
“ Ontology,” and “ Theology,” which Aristotle himself 
used or suggested. Neo-Platonic mystics interpreted it 
as signifj-ing that which is not merely “after” but 
“beyond” physics, and found in it a fit designation 
for a science which, as they held, could not be attained 
except by one who had turned his back upon the natural 
world. And writers of a different tendency in a later 
time gladly accepted it as a convenient nickname for 
theories which they regarded as having no basis in 
e.xperience, in the same spirit in which the great German 
minister Stein used the analogous title of “ metapolitics ” 
for airj' and unpractical schemes of social reform. A brief 
indication of the contents of Aristotle’s treatise may enable 
us to give a general definition of the science which was first 
distinctly constituted by it, and to determine in what sense 
■the subjects ■which that science has to consider are beyond 
nature and experience. 

For Aristotle, metaphysic is the science which has to do 
vith Being as such. Being in general, ^ distin^shed from 
the special sciences which deal with special forms of 
being. There are certain questions which, in Aristotle’s 
view, we have a right to ask in regard to everything that 


presents itself as real. We may ask what is its ideal 
nature or definition, and what are the conditions of its 
realization ; we may ask by what or whom it was produced, 
and for what end ; we may ask, in other words, for the 
formal and the material, for the efficient and the final 
causes of everything that is. These different questions 
point to different elements in our notion of Being, elements 
which may be considered in their general relations apart 
from any particular case of their union. These, therefore, 
the first philosophy must investigate. But, further, this 
science of being cannot be entirely separated from the 
science of knowing, but must determine at least its most 
general principles. For the science that deals ■with what 
is most universal in being is, for that very reason, dealing 
with 'the objects which are most nearly akin to the 
intelligence. These, indeed, are not the objects which are 
first presented to our minds ; we begin -with the particMar, 
not the universal, ■with a zrpurrov rjiuv which is not zrpurrov 
(frvcrcii but science reaches its true form only when the 
order of thought is made one -with the order of nature, and 
the particular is kno'wn through the universal. Let this 
conversion or revolution of the intellectual point of view 
is not to be regarded as an absolute change from error to 
truth ; for Aristotle holds that niliil est in, intellectu quod 
non prius in sensu, in the meaning that in sense perception 
there is already the working of that discriminative intelli- 
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gence^ wliicli, beginning in sense perception, with the dis- 
tinction of particular from particular, can rest only when it 
has apprehended things in their universal forms or defini- 
tions. Looking at knowledge formally, the highest law of 
thought, the law of contradiction (or, as we might call it, to 
indicate Aristotle’s meaning more exactly, the law of de- 
finition or distinction), is already implied in the first act of 
perception by which one thing is distinguished from another. 
Looking at it materially, the reason of man is to be con- 
ceived as potentially all that is knowable ; i.e., objects are 
so related to it that for it to know them in their essential 
definitions is only to know itself. The aim of science, in 
this view, is to break through the husk of matter, and to 
apprehend things in their forms, in which they are one with 
the mind that knows them. Hence also it follows that in 
rising to the most universal science, the science of Being in 
general, the mind is not leaving the region of immediate 
experience, in which it is at home, for a far-off region of 
abstractions. Rather it is returning to itself, apprehend- 
ing that which is most closely related to itself, and which 
therefore, though it is late in being made the direct object 
of investigation, is yet presupposed in all that is, and is 
known.^ 

Metaphysic, then, is the science which deals with the 
principles which are presupposed in all being and knowing, 
though they are brought to light only by philosophy. 
Another trait completes the Aristotelian account of it. 

It is theology, or the science of God. Now God is voya-is 
vo^£r£(us, pure self-consciousness, the absolute thought which 
is one with its object, and He is therefore the first cause 
of all existence. For, while the world of nature is a world 
of motion and change, in which form is realized in matter, 
this process of the finite can be explained only by referring 
it back to an unmoved mover, in whom there is no distinc- 
tion of matter and form, and who is, therefore, in Aristotle’s 
view, to be conceived as pure form, the purely ideal or 
theoretic activity of a consciousness whose object is itself. 
Such a conception, however, while it secures the independ- 
ence and absoluteness of the unmoved mover, by removing 
him from all relation to what is other than himself, seems 
to make his connexion with the world inexplicable. We 
can on this theory refer the world to God, but not God to 
the world. Hence Aristotle seems sometimes to say that 
God is the first mover only as He is the last end after which 
all creation strives, and this leads him to attribute to 
nature a desire or ■wall which is directed towards the good 
as its object or end. 

Aristotle then brings together in his metaphysic three 
elements which are often separated from each other, and 
the connexion of which is far from being at once obvious. 
It is to him the science of the first principles of being. 
It is also the science of the first principles of knowing. { 
Lastly, it is the science of God, as the beginning and end 
of all things, the absolute unity of being and thought, in ' 
which all the differences of finite thought and existence ' 
are either excluded or overcome. 

To some this description of the contents of Aristotle’s 
treatise, and especially the last part of it, may seem to be 
a confirmation of all the worst charges brought against 
metaphysic. For at both extremes this supposed science 
seems to deal ■with that which is beyond experience, and 
which therefore cannot be verified by it. It takes us 
back to a beginning which is prior to the existence as well 
as to the consciousness of finite objects in time and space, 
and on to an end to which no scientific prophecy based 
upon our consciousness of such objects can reach. In the 


* KpiriKt], Aral. Post., ii. 996 . 

- Wltai is smd licre as to tlio intelligence is partly taken from the 
'n>V«™essary_qu.ilincations of the .ahove general state- 
ment of Anstotlcs viens mil oegrven subsequently. 


former aspect of it, it has to do with notions so abstract 
and general that it seems as if they could not be fixed or 
tested by reference to any experience, bnt must necessarily 
be the playthings of dialectical sophistry. In the latter 
aspect of it, it entangles us in questions as to the final 
cause and ultimate meaning of things, questions involving 
so comprehensive a view of the infinite universe in which 
we are insignificant parts that it seems as if any attempt 
to answer them must be for us vain and presumptuous. 
On both sides, therefore, metaphysic appears to be an 
attempt to occupy regions which are beyond the habitable 
space of the intelligible world — to deal ^^dth ideas which 
are either so vague and abstract that they cannot be 
fastened to any definite meaning, or so complex and far- 
reaching that they can never by any possibility be verified. 
For beings like men, fixed within these narrow limits of 
space and time, the true course, it w'ould seem, is to 
“cultivate their gardens,” asking neither whence they 
come nor whither they go, or asking it only ■within the 
possible limits of history and scientific prophecy. To go. 
back to the beginning or on to the end is beyond them, 
even in a temporal, still more in a metaphysical, sense. 
That which is wpeurov ^vcrct escapes us even more absolutely 
than the prehistorical and pregeological records of man 
and his world. That which is vararov ojyva-ei. escapes us 
even more absolutely than the far-off future type of 
civilization, which social science vainly endeavours to 
anticipate. Our state is best pictured by that early 
Anglican philosopher who compared it to a bird flying 
through a lighted room “between the night and the 
night.” ^e true aim of philosophy is, therefore, it 
would seem, to direct our thoughts to the careful exam- 
ination and utilization of the narroiv space allotted to us 
by an inscrutable power, and with scientific self-restraint 
to refrain from all speculation either on first or on final 
causes. 

The main questions as to the possibility and the nature of 
metaphysic, according to Aristotle’s conception of it, may 
be summed up under two heads. We may ask ivhether 
we can in any sense reach that which is beyond experience,, 
and, if so, whether this “beyond” is a first or a last 
principle, a pre-condition or a final cause of nature and 
experience, or both. The former question branches out 
into two, according as we look at metaphysic from the 
objective or the subjective side, or, to express the matter 
more accurately, according as we consider it in relation to 
those natural objects which are merely objects of knowledge, 
or in relation to those spiritual objects which are also 
subjects of knowledge. We shall therefore consider meta- 
physic, first, in relation to science in general, and, secondly, 
in relation to the special science of psychology. The 
latter question also has two aspects ; for, while the idea of 
a first cause or principle points to the connexion between 
metaphysic and logic, the idea of a last principle or final 
cause connects metaphysic with theology. We shall there- 
fore consider in the third place the relation of metaphysic 
to logic, and in the fourth place its relation to religion and 
the philosophy of religion. 

1. The Itelatioii of Metayhydc to Science. — The beginnings 
of science and metaphysic are identical, though there is a 
sense in which it may be admitted that the metaphysical 
comes before the scientific or positive era. The first efforts 
of philosophy grasp at once at the prize of absolute 
knowledge. No sooner did the Greeks become dissatisfied 
with the pictorial synthesis of mythology by which their 
thoughts were first lifted above the confusion of particular 
things, than they asked for one universal principle which 
should explain all things. The Ionic school sought to find 
some one phenomenon of nature which might be used as 
the key to all other iflienomena. The Eleatics, seeing tha 
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futility of making one finite thing the explanation of all 
other finite things, tried to find that explanation in the very 
notion of unity or being itself. We need not underestimate 
the speculative value of such bold attempts to sum up all 
the variety of the world in one idea, but it is obvious that 
they rather give a name to the problem than solve it, or 
that they put the very consciousness of the problem in place 
of the solution of it. Science is possible only if we can ^ 
rise from the particular to the universal, from a subjective 
view of things as they immediately present themselves to 
us in perception to an objective determination of them 
through laws and principles which have no special relation 
to any particular set of events or to any one individual 
subject. But this is only one aspect of the matter. To 
advance from a conception of the world in ordine ad 
individuum to one in ordine ad ■universum, and so to 
discount and eliminate what is merely subjective and 
"accidental in our first consciousness of the world, is the 
beginning of knowledge. But little is gained unless the 
universal, which we reach through the negation of the 
particulars, is more than their mere negation; unless it 
is a law or principle by means of which we can explain 
the particulars. Now the defect of early philosophy 
was that its universal was “ the one beyond the many,” 
not the “ one in the many,” — in other words, that it was 
not a law or principle by which the particulars subsumed 
under it could be explained, but simply the abstraction 
of an element common to them. But the process of 
knowledge is a process that involves both analysis and 
synthesis, negation and reaffirmation of the particulars 
rvith which we start. If we exaggerate the former aspect 
of it, we enter upon the via negativa of the mystics, the 
way of pure abstraction and negation, which would open 
the mind to the ideal reality of things simply by shutting 
it to all the perceptions of sensible phenomena. And, if we 
follow out this method to its legitimate result, we must 
treat the highest abstraction, the abstraction of Being, as if 
it were the sum of all reality, and the Neo-Platonic ecstasy 
in which all distinction, even the distinction of subject and 
object, is lost as the only attitude of mind in which truth 
can be apprehended. 

In the philosophy of the Socratic school we find the first 
attempt at a systematic as opposed to an abstract theory — 
the first attempt to bring together the one and the many, 
and so to determine the former that it should throw light 
upon the latter. Yet even in Plato the tendency to oppose 
the universal to the particular is stronger than the 
tendency to relate them to each other, and in some of his 
dialogues, as, e.g., in the Phxdo, we find a near approach 
.to that identification of the process of knowledge with 
abstraction which is the characteristic of mysticism. 
Aristotle, therefore, had some ground for taking the Platonic 
principle that “ the real is the universal ” in a sense which 
excludes the reality of the individual. Yet, though he 
detected Plato’s error in opposing the universal to the 
particular, and though, at the same time, he did not 
entirely lose sight of the truth which Plato had exagger- 
ated, that the particular is intelligible only through the 
■universal, Aristotle was not able to escape the influence 
of that dualism which had marred the philosophy of his 
predecessor. Hence the effect of his protest against a 
philosophy of abstraction was partly neutralized by his 
separation between the divine Being as pure form and, 
nature as the unity of form and matter, and again by his 
separation of the pure reason which apprehends the 
forms of things from the perceptions of sense which deal 
with forms realized in matter. And after Aristotle’s time 
the tendency of philosophy was more and more to -syithdiaw 
from contact ■with experience. The Neo-Platonic philo-- 
sophy, and the Christian theology which was so strongly 
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influenced by it, contained, indeed, an idea of the recon- 
cihation of God and nature, and hence of form and matter 
which must ultimately be fatal to dualism, and therefore to 
the method of mere abstraction. But the explicit meaning 
of the philosophy of the Middle Ages was still dualistic 
and the mode in which the Aristotelian formula! were 
wrought into the substance of Christian doctrine by the 
scholastics tended more and more to conceal that idea of 
the unity of opposites which was involved in Christianity. 
Hence medimval realism presented, in its most one-sided 
form, the doctrine that “ the real is the universal,” meaning 
by the universal nothing more than the abstract. And, as 
a natural consequence, the modern insurrection of the 
scientific spirit against scholasticism took its start from 
an equally bald and one-sided assertion of the opposite 
principle, that “ the real is the individual,” meaning by 
that the individual of immediate perception. If Platonism 
had dwelt too exclusively on one aspect of the process of 
knowledge, viz., that it seeks to rise above the particular, the 
sensible, the subjective, to the universal, the intelligible, the 
objective, as if in the latter alone were reality to be found, 
modern men of science learnt from their first nominalistic 
teachers to regard the universal as nothing more than an 
abbreviated expression for the particulars, and science itself 
as a mere generalization of the facts of sensible perception. 
But this view of scientific knowledge, as a mere reaffirma- 
tion of what is immediately given in sense, is as imperfect 
as the opposite theory, which reduces it to the mere 
negation of what is so given. An ideal world ntterly 
and entirely divorced from the phenomenal, and an ideal 
world which is simply a repetition of the phenomenal, 
are equally meaningless. The processes of science have 
both a negative and a positive side ; they involve a nega- 
tion of the particular as it is immediately presented in 
sense, but only with a view to its being reaffirmed with a 
new determination through the universal. The fact as it 
is first presented to us is not the fact as it is ; for, though 
it is from the fact as given that we rise to the knowledge 
of the law, it is the law that first enables us to understand 
what the fact really means. Our first consciousness of 
things is thus, not an immovable foundation upon which 
science may build, but rather a hypothetical and self-con- 
tradictory starting-point of investigation, which becomes 
changed and transformed as we advance. 

The nominalism of scientific men in modern times is due 
to two special causes, one of which has already been 
mentioned. It is partly due to the traditions of a time 
when mediseval realism was the gi-eat enemy of science. 
The Baconian protest against the “ anticipation of nature ” 
was a relative truth when it was urged against a class of 
writers who supposed that true theories could be attained 
■without regard to facts; the Baconian assertion of the 
necessity of attending to axiomata media was the necessarj’ 
correction of the tendencies of mystics, who supposed that 
philosophy could attain its end by grasping at once at 
absolute unity, and contented themselves, therefore, with 
a unity which did nothing to explain the differences. 
But, when the former was turned into the dogmatic 
assertion that the mind is, or ought to be, passive in the 
process of knowledge, as having in itself no principle for the 
explanation of things, and when the latter was turned into 
the dogmatic assertion that science can only proceed from 
part to part and never from the whole to the parts, these 
relative truths became a source of error. And this error 
was confirmed and increased by the mistaken views of those 
who first tried to correct it. For these, admitting^ that 
scientific truth is entirely derived from external experience, 
only ventured to assert the existence of a priori knowledge 
alongside of, and in addition to, that which is a postenon. 
In other words, they sought in inner ex-perience a basis for 
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those beliefs which outward experience seemed unable to 
support. But this basis was soon found to be treacherous. 
Introspection, observation of the inner life as opposed to 
and distinguished from the outer life, could be only an 
observation of the facts of the individual consciousness as 
such; and to base religion and morality on such a founda- 
tion was to treat God and right as subjective phenomena, 
which do not necessarily correspond to any objective 
reality. Nor was this conclusion really evaded by the 
assertion of the self-evidencing necessity of such ideas and 
beliefs, or of the principles upon which they are founded. 
For this necessity, as a subjective phenomenon, might be 
accounted for otherwise than by the supposition of their 
objective validity. Such scepticism, further, was favoured 
by the progress of science, which, as it advanced from 
physics to biology and sociology, became more and more in- 
consistent with the idea of an absolute breach between inner 
and outer experience, and narrowed the sphere which had 
been hitherto reserved for the former. Man, it was urged, is 
but a part in a greater whole, not exempted from the law 
of action and reaction which connects all parts of that 
whole with each other. His individual life contains only 
a few linVa in a chain of causation that goes back to a 
beginning and onward to an end of which he knows 
nothing. And, as Spinoza says, vis qua unaquxque res in 
existendo perseverat a causis externis infinite superatur. 
Hence to treat ideas which are only states of the individual 
consciousness as the explanation of the world, instead of 
treating them as phenomena to be explained by its relation 
to that world, seemed to be an absurdity. The particular 
beliefs and tendencies of the mind were to be regarded, 
not as ultimate facts in reference to which everything 
is to be interpreted, but rather as facts which are 
themselves to be referred to more general causes and 
laws. It thus appeared that the attempt to divide truth 
into an a posteriori and an a 2niori part, the latter of 
which should find its evidence in an inner experience 
as the former in an outer experience, is an illusive pro- 
cess. If the a priori is reduced to the level of the a 
posteriori, it becomes impossible to base on the a priwi 
any beliefs that go beyond the range of subjective 
experience. If the self and the not-self are taken simply 
as different finite things, which we can observe in turn, 
their relations must be brought under the general laws of 
the connexion of finite things -with each other ; and the 
phenomena of mind must be treated, like the phenomena 
of matter, as facts to be accounted for according to these 
laws. 

But this of itself indicates a way of escape both from 
the introspective theory and from the empiricism to which 
it is opposed. For it suggests the question — ^What is the 
source of those very laws which guide the procedure of 
science in accounting for facts, psychological facts among 
others'! \Yhen a scientific psychologist of the modern 
school attempts to show how by habituation of the 
individual and the race the necessity of thought expressed 
in the law of causation wus produced in the minds of the 
present generation of men, it is obvious that his whole 
investigatiop and ar^ment presuppose the law whose 
genesis he is accounting for. A glaring instance of such 
circular reasoning is found in the writings of the most 
prominent representative of the school in the present day. 
Mr Spencer begins by laying down as a first postulate of 
science that necessity of thought must be taken as a 
cnterion of truth. It is by the continual aid of this 
postulate that he constructs his system of nature, and 
finally his psychological theory of the development of 
consciousness in man. Yet the main object of this 
psychological theory seems to be to account for the very 
necessities vdth which the author starts. Obviously such a 
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philosophy contains elements of which the author is 
imperfectly conscious ; for it involves that mind is not 
only the last product but the first presupposition of 
nature, or, in other words, that in mind nature returns 
upon its first principle. But to admit this is at once to 
lift the conscious being as such above the position which 
he would hold as merely a finite part of a finite world. It 
is to assert that nature has an essential relation to a con- 
sciousness which is developed in man, and that in the 
growth of this consciousness we have, not an evolution 
which is the result of the action of nature as a system of 
external causes upon him, but an evolution in which nature 
is really “ coming to itself,” i.e., coming to self-conscious- 
ness, in him. 

Now it was Kant who first — ^though with a certain 
limitation of aim — brought this idea of the relativity 
of thought and being to the consciousness of the modem 
world. In the Critique of Pure Iteason, thought, indeed, 
is not set up as an absolute prius, in relation to which all 
existence must be conceived, but it is set up as the prbts 
of experience, and so of all existences which are objects of 
our knowledge. Experience is for Kant essentially relative 
to the conscious self ; it exists through the necessary 
subsumption of the forms and matter of sense under the 
categories, as, on the other hand, the consciousness of self 
is recognized as essentially dependent on this process. On 
this view, the a priori and a posteriori factors of exiiericnco 
do not really exist apart as two separate portions of 
knowledge. If they are severed, each loses all its mean- 
ing. Perceptions in themselves are void; categories in 
themselves are empty. We do not look outwards for one 
kind of truth and inwards for another, nor do we even, 
by an external process, bring facts given as contingent 
under principles recognized as necessary ; but the a priori 
is the condition under which alone the a posteriori exists 
for us. Even if it is allowed that the facts of inner and 
outer experience contain a contingent clement or matter, 
given under the conditions of time and space, 3’et neither 
time nor space nor the facts of experience conditioned by 
them exist for us except as elements of an experience 
which is organized according to the categories. 

This is the essential truth w’hich Kant had to express. 
It is marred in his statement of it by the persistent 
influence of the abstract division between contingent 
matter given from without and necessary principles 
supplied from within, a division essentially inconsistent 
with the attempt to show that the contingent matter is 
necessarily subsumed under these principles, and indeed 
exists for us only as it is so subsumed. But Kant himself 
puts into our hands the means of correcting his own. 
inadequacy, when he reduces the inaccessible thing in itself, 
which he at first speaks of as affecting our sensibility and 
so giving rise to the contingent matter of experience, to a 
noumenon (yoovpevov) W'hich is projected by reason itself. 
The Dialectic exhibits the idea of thought as not only 
constituting finite experience but also reaching beyond it, 
though as yet only in a negative way. The mind is, on 
this view, so far unlimited that it knows its own limits ; it 
is conscious of the defects of its experience, of the con- 
tingency of its sensible matter, and the emptiness and 
finitude of its categories ; and by reason of this conscious- 
ness it is always seeking in experience an ideal which it is 
impossible to realize there. Tliought measures experience 
by its own nature, and finds it wanting. It demands 
a kind of unity or identity in its objects which it is unable 
to find in the actual objects of experience. It is this 
demand of reason which lifts man above a mere animal 
existence, and forces him by aid of the categories to 
determine the matter of sense as a world of objects ; j'et, as 
, this finite world of experience can never satisfy the demand 
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of reason, tlio consciousness of it is immediately com- 
bined u*itb the consciousness of its limited and phenomenal 
character. The student of the Critique of Pure Reason 
cannot but recognize the strange balance between the real 
and the phenomenal in which it ends, allowing to man the 
consciousness of each so far as to enable him to see the 
defects of the other, — so that by aid of the pure identity of 
reason he can criticize and condemn the “ blindness ” or 
unresolved difference of experience, and by means of the 
concreteness and comple.xity of experience he can condemn 
the “ empty ” identity of reason. 

In- order, however, to understand the full bearing of 
Kant’s criticism of knowledge, and at the same time to find 
the meeting-point of the opposite currents of thought which 
alternately prevail in it, it will be necessar}* to consider 
the subject a little more closely. The Ie.sson of the Critique 
may be gathered up into two points. In the first place, 
it is a refutation of the ordinary view of experience as 
something immediately given for thouglit and not con- 
stituted by it. In the second place, it is a demonstration 
of the merely phenomenal character of the objects of 
experience, i,c., the demonstration that the objects of 
e.xpericncc, even as determined by science, arc not things 
in tliomselvcs. Both these results require to be kept 
clearly’ in view if we would understand the movement of 
thought excited by Kant. On the one hand Kant had to 
teach that what is ordinarily regarded as real, the world 
of experience, is transcendently ideal, i.e.. is determined as 
real by a priori forms of thought. On tlie otlicr hand he 
had to teach that the world so determined is emi)irically 
and not transcendentally real, i.e., its reality is merely 
phenomenal. With the former Ic-sson he met the man of 
.science, and compelled him to renounce his materialistic 
explanation of the world ns a tiling which exists in 
independence of the mind that knows it. The world wc 
know is a world which exists only as it exists /or us, for 
the thinking subject; hence the thinking .subject, the ego, 
cannot be taken as an object like other objects, an object 
the phenomena of which are to bo explained like other 
jihenomcna bj’ their place in the connexion of experience. 
Having, however, thus repelled scientific materialism by 
the proof that the realitj’ of experience is ideal, Kant 
refuses to proceed to the complete identification of reality 
rvith ideality, and meets the claims of the’ metaphysician 
with the assertion that the reality of experience is merely 
phenomenal. -Hence he rejects any idealism that would 
involve the negation of things in themselves bc3'ond 
phenomena, or the identification of the objects of c.xpcrience 
■with these things. The reality we know is a rcalitj' which 
exists only for us as conscious subjects, but this, though 
it is the onty reality we can know, is not the absolute 
reality. 

It is, however, to be observed that the nature of this 
opposition between phenomena and things in themselves 
seems to change as we advance from the Anahftic, where 
the existence of such things is presupposed, to the Dialectic, 
where the grounds of that presupposition are examined. 
At first the opposition seems to be between what is present 
in consciousness and what is absolutely beyond conscious- 
ness. The matter of experience is regarded as given exter- 
nallj' in the afi’ections of the sensible subject, — affections 
caused bj’ an unknown thing in itself, of which, however, 
they can tell us nothing. On the other hand the form_ of 
experience, the categories and principles of judgment which 
turn these affections into objects of knowledge, are not pure 
expressions of the real nature, the pure identity, of the 
subject in itself, but only products of the identity of the 
self in relation to the sensibility and its forms of time 
and space. Hence, on both sides wc must regard expe- 
rience as merely phenomenal, alike in relation to the 
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noumenal object and in relation to the noumenal subiect 
which lurk behind the veil and send forth into expe- 
rience on the one side affections which become objects 
through their determination by the unity of thought, and 
on the other side an identity of thought, which becomes 
self-conscious in relation to the objects so determined bv 
itself. ^ 

Kant,_ however, having thus answered the question of 
the possibility of experience by reference to two things in 
themselves which are out of experience, is obliged to ask 
himself how the consciousness of these two things in 
themselves, and the criticism of experience in relation to 
them, is possible. And here, obviously, the opposition 
can no longer be conceived as an opposition between that 
which is and that which is not in consciousness. For the 
things in themselves must bo present to consciousness in 
some fashion in order that they may be contrasted with the 
phenomena. If, therefore, phenomena are now regarded 
as unreal, it must be because we have an idea of reality to 
which the reality of experience does not fully correspond. 
In the Analytic Kant had beenispeaking as if the real con- 
sisted in something which is not present to the conscious 
.subject at all, though we, by analysis of his experience, 
can refer to it as the cause of that which is so present. 
Now in the Dialectic he has to account for the fact that 
the conscious subject himself is able to transcend his 
experience, and to contrast the objects of it as phenomenal 
with things in themselves. 

Now it is obnous that such an opposition is possible only 
so far as the thought, which constitutes experience, is at 
the same time conscious of itself in opposition to the 
experience it constitutes. The reason why experience is 
condemned as phenomenal is, therefore, not because it is 
that which exists for thought as opposed to that which 
does not exist for thought, but because it imperfectly 
corresponds to the determination of thought in itself. In 
other words, it is condemned as unreal, not because it is 
ideal, but because it is imperfectly ideal. And the absolute 
reality is represented, not as that which exists ■without 
relation to thought, but as that which is identical with the 
thought for which it is. In the Dialectic, therefore, 
the noumenon is substituted for the thing in itself, and 
the noumenon is, as Kant tells us, the object as it exists 
for an intuitive or perceptive understanding, i.e., an under- 
standing which does not sj-ntheticallj" combine the given 
matter of sense into objects by means of categories, but 
whose thought is one with the existence of the objects it 
knows. It is the idea of such a pure identity of kno^wing 
and being, as suggested' by thought itself, which leads us 
to regard our actual empirical knowledge as imperfect, and 
its objects as not, in an absolute sense, real objects. The 
noumcna are not, therefore, the unkno^wn causes by whose 
action and reaction conscious experience is produced ; they 
represent a unity of thought ■with itself to which it finds 
experience inadequate. This higher unity of thought ■with 
itself is what Kant calls reason, and he identifies it with 
the facultj' of syllogizing. Further, he finds in the three 
forms of syllogism a guiding thread which brings him to 
the recognition of three forms in which the pure unity of 
reason presents itself to us in opposition to the merely 
synthetic unity of e.vperience, a psj'chological, a cosmo- 
logical, and a theological form. In each of these cases 
the empirical process of knowledge is accompanied, guided, 
and stimulated b}’ an idea which nevertheless it is unable 
to realize or verify. In psychology we have ever present 
to us an idea of the identity of the self, which is never 
realized in our actual self-consciousness, because the self 
of which we are conscious is manifold in its states and 
because it stands in relation to an external world. The 
idea of simple identity is, therefore, something we may set 



84 


METAPHYSIC 


before us as tbe goal of an ideal psychologj-, to which we 
may approximate in so far as we can trace unity of faculty 
through all the differences of mental phenomena, but to 
which” we can never attain owing to the nature of the matter 
with which we deal. Again, in our scientific attempts to 
explain our external experience, the unity of reason takes 
the form of an idea of the world as a completed infinite 
whole, which contains all the objects known to us and all 
other possible objects ; but this cannot be realized in 
an experience which is conditioned by space and time, 
and is, therefore, ever incomplete. The idea of totality 
is, therefore, an ideal, which guides and stimulates our 
scientific progress, without which such a thing as science 
could not exist, but which at the same time can never be 
realized by science. Lastly, the unity of reason takes a 
third form in which identity and totality are combined, — 
as the idea of a unity in which all differences, even^the 
difference of subject and object, are transcended, — the idea 
of a unity of all things with each other and ivith the mind 
that knows them. This idea also is one which science can 
neither surrender nor realize. It cannot surrender it 
without giving up that striving after unity without which 
science would not exist ; and it cannot realize it, for the 
difference between the world, as it is presented to us in 
actual experience, and the subjective determination of 
our thinking consciousness cannot be overcome. We can, 
indeed, use the idea that the world is an organic whole, 
determined in relation to an end which consciousness sets 
for itself, as an heuristic principle to guide us in folloiving 
the connexion of things with each other j but, as we cannot 
by means of any such idea anticipate what the facts of 
external experience will be, so we cannot prove that for a 
mind other than ours the unity of things which we repre- 
sent in this way might not take a quite different aspect. 
Indeed we have reason to think it would ; for, while we 
always think of a designing mind as using materials which 
have an existence and nature independent of the purposes, 
to which they are put, the absolute mind must be conceived 
as creating the materials themselves by the same act 
whereby they are determined to an end. We must con- 
ceive it, in short, as an intuitive understanding for which 
end and means, objective and subjective, are one, or, in 
other words, as an intelligence whose consciousness of 
itself is or contains the existence of all that is object 
for it. 


This new view of the things in themselves as rmimeno 
or ideals of reason involves a new attitude of thought 
towards them different from that dogmatic attitude which 
is provisionally adopted in the Analytic. Accordingly, wt 
now find Kant speaking of them, not as things which exist 
independently of their being conceived, but as “prob 
lematical conceptions ” of which we cannot even determine 
whether they correspond to any objects at all They an 
“limitative” notions which have a negative value, in so fai 
as they keep open a vacant space beyond experience, bul 
do not enable us to fill that space with any positive realities 
They arc like dark lanterns which cast light upon th( 
empirical world, and show what are its boundaries bu' 
Ic^ve their own nature in obscurity. All that we can sa] 
of the noumcnal self or subject is that it corresponds to thi 
unity implied in all knowledge, but whether there is sucl 
a self independent of the process of empirical synthesi 
and the self-consciousness which accompanies that process 
we rannot tell. All that we can say of the noumenal realiti 
of the objective world is that it corresponds to the id® 
of the objects of e^erience as a completed whole in them 

whereby we know them, bu 
^ independent of th^ 

proces', of e.xperience it is impossible to say. Lastly al 
that wc can say of God is that He corre.sponds to th?id« 


of the unity of all things ivith the mind that knows them, — 
an ideal which is involved in all knowledge, — but whether 
the realization of this idea in an intuitive understanding 
is even possible we have no means of determining, how- 
ever we may suspect that understanding and sensibility are 
“branches springing from the same unknown root.” The 
Criticism of Pure Reason ends, therefore, in a kind of 
seesaw between two forms of consciousness — a thinking 
conseiousiless, which transcends experience and sets before 
us an idea of absolute reality, but which cannot attain 
to any knowledge or even certitude of any object 
corresponding to this idea, and an empirical conscious- 
ness, which gives us true knowledge of its objects, but 
whose objects are determined as merely phenomenal and 
not absolutely real. 

The equipoise thus maintained between the empirical 
and the intelligible world is, however, in the Critique of 
Practical Reason, overbalanced in favour of the latter. 
What the theoretical reason could not do “ in that it was 
weak through the flesh,” through its dependence on the 
very empirical consciousness which it sought to transcend, 
is possible to the practical reason, because it is primarily 
determined by itself. In our moral consciousness we find 
ourselves under a law which calls upon us to act as beings 
■who are absolutely self-determined or free, and which, 
therefore, assures us that our intelligible self is our real self, 
and conclusively determines our empirical self in contrast 
with it as phenomenal. Thus the moral law gives reality 
to the intelligible world ; or, as Kant expresses it, “ the 
idea of an intelligible world is a point of view beyond the 
phenomenal which the reason sees itself compelled to take 
up, in order to think of itself as practical.” In other 
words, the moral law presupposes freedom or determination 
in the rational being as such, and makes him regard him- 
self, not merely as a link in the chain of conditioned 
existences in time and space, but as the original source 
of his own life. The blank space beyond the phenomenal 
thus begins to be filled up by the idea of a free causality 
, which again postulates a world adequate and conform- 
I able to itself. And the man who, as an empiric individu- 
ality, is obliged to regard himself merely as an individual 
being determined by other individual beings and things 
is authorized as a moral being to treat this apparent 
necessity as having its reality in freedom, and to look upon 
himself as the denizen of a spiritual w'Orld where nothing 
is determined for him from "without which is not simply 
the expression of his own self-determination from within. 
“Thus we have found, what Aristotle could not find, a 
fixed point on which reason can set its lever, not in any 
present or future world, but in its own inner idea of 
freedom, — a point fixed for it by the immovable moral 
law, as a secure basis from which it can move the human 
■will, even against the opposition of all the po"wers of 
nature.” ^ Starting from this idea of freedom, therefore, 
Kant proceeds to reconstruct for faith the unseen ■»vor’^ 
which in the Critique of Pure Reason he had denied as 
object of hrunvledye. Kor is he content to leave 1 
two worlds in sharp antithesis to each other, but even 
the^ Critique of Practical Reason, and .still more in t 
Critique of Judgment, he brings them into relation to ea 
other, and so gives to theoretical reason a kind 
authority to use for the explanation of the phenomei 
world those ideas which of itself it might be inclined 
regard as illusive. 

In all this, however, it is difficult to avoid seeing 
partialretractationof Kant’s first viewas to the irreconcila 
opposition of the phenomenal and the noumenal. For, 
the first place, the moral imperative is addressed to a s 
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whicli is at one and tlie same time regarded in both 
characters, and which is called upon to subsume under the 
moral law acts which otherwise derive their character and 
meaning from the relations of the phenomenal world. That 
the particular nature of men as phenomenal individuals 
can be the means of realizing the universal law of reason is 
implied in all Kant’s statements of the latter, and particu- 
larly in his conception of men as constituting together a 
“kingdom of ends”; for it is difiBcult to conceive this 
kingdom otherwise than as an organic unity of society, in 
which each individual, by reason of his special tendencies 
and capacities, has a definite office to fulfil in realizing 
the universal principle that binds all the members of the 
kingdom to each other. The mmmum honum, again, is 
said to consist in the union of happiness rvith goodness, 
i.e.^ of the empirical conditions of man’s individual life as 
■a sensible subject with the pure self-determination of the 
intelligible self; and God is postulated as a Deus ex 
machina to bind together these two unrelated elements, — 
a conception which shows the difficulty into which Kant 
has brought himself by defining them as unrelated. Still 
more obvious is the effort of Kant to get beyond the 
•dualism of his first view of things in the Gritiqiie of 
Jiidffimnt. For in that work he maintains that the con- 
sciousness of the beautiful and the sublime is or involves 
^ harmony of the understanding or the reason -nith sense ; 
and, what is still more important, he points out that the 
idea of organic unity, without which we cannot explain the 
phenomena of life, contains in it a possibility of the recon- 
ciliation of freedom and necessity, of the intelligible and the 
phenomenal. This idea, he argues, we are authorized by 
our moral consciousness to apply to the whole course of the 
•things in the phenomenal world, and so to regard it as a 
process to realize the moral ideal. No doubt he again 
partially retracts this view when he declares that we must 
treat the idea of final causality as merely a mibjective 
principle of judgment, which, even in the case of living 
beings, is to be regarded only as necessary for us as finite 
intelligences. But such saving clauses, in which Kant 
recurs to the dualism rvith which he started, cannot hide 
from us how near he has come to the renunciation of it. 

When we regard Kant in this wa}' as asserting from one 
point of view an absolute limit which from another point 
of view he permits us to transcend, it becomes obvious 
that his philosophy is in an unstable equilibrium, which 
•cannot but be disturbed by any one who attempts to 
develop or even to restate his ideas. Hence we need not 
wonder that those who take in earnest his denunciations 
•of any attempt to transcend experience generally, — like 
Professor HuHey, — reject as worthless all Kant’s laterwork; 
and that, on the other side, those who take in earnest his 
ideas of freedom, of organic unity, of an intuitive under- 
standing, and of a simmum bonuni in which freedom and 
necessity meet together, are compelled to break through 
the arbitrary line which he drew between knowledge 
-and belief. In favour of the former course it is easy in 
many places to appeal to the letter of Kant. In favour of 
the latter it need only be pointed out that, in Kant’s view, 
•all experience rests upon, or is in its development guided 
by, those ideas which yet he will not permit us to treat as 
•sources of knowledge. Hence the principles of the Critique 
•cannot legitimately be used against metaphysic, except 
by those who are prepared to admit the ideas of reason, up 
to the point to which he admits them, as ideas that limit 
-and direct our experience, — while rejecting all use of them 
to cast light upon that which is beyond experience. In 
•other words, they must maintain the possibility of a purely 
negative knowledge, of the knowledge of a limit by one 
who yet cannot go beyond it. They must show how we 
•can have an ideal of knowledge which enables us to criticize 


experience without enabling us to transform it; they must 
show how ideas of the supersensible can so far be present 
to our thought as to make visible the boundaries of the 
prison of sense in which we are confined, without in any 
way enabling us to escape from it. ^ 

Js this possible! We may gather up the Kantian 
antithesis in the assertion that experience is the imperfect 
realization of an ideal of knowledge, derived from reason, 
rvith materials, derived from sense and understanding, the 
nature of which is such that they can never be brought 
into correspondence with the ideal. But this ideal, in all its 
three forms, as we have seen, is simply the idea of a pure 
unity or identity in which all differences are lost or 
dissolved — whether they be the differences of the inner or 
of the outer life, or finally the difference of inner and 
outer, subjective and objective, from each other. Kant’s 
view therefore is, in effect, this, that thought carries 
with it the consciousness of an identity or unity, to which 
our actual exiierience in none of its forms fully corresponds. 
On the other hand, Kant does not hesitate equally to con- 
demn the identity of thought as “empty” and subjective, 
because it does not contain in itself nor can evolve from 
itself the complex matter of experience. But this 
alternate condemnation of experience as unreal from the 
point of view of the ideas, and of the ideas as unreal from 
the point of view of experience, seems to show that both are 
unreal, as being abstract elements, which have no value save 
in their relation to each other, *and which lose all their mean- 
ing when separated from the unity to which they belong. 
According to this view, ideas and experience, noumena 
and phenomena, if they are opposed, are also necessarily 
related to each other. If our em2)irical consciousness of 
the world of objects in space and time, as determined by 
the categories, does not correspond to the unity or identity 
of thought which is our ideal of knowledge, yet that idea 
of unity or identity is set up by thought in relation to 
experience, and cannot, therefore, be essentially irrecon- 
cilable with it. The two terms may be opposed, but their 
ojrposition cannot be absolute, seeing that they are in 
essential relation to each other. It is a great logical error 
not to discern that a negative relation is still a relation, 
i.e., that it has a positive unity beyond it. This positive 
unity may not, indeed, be consciously present to us in 
our immediate apprehension of the relation in question, 
but it is necessarily implied in it. Now it is just because, 
in his separation of noumena and phenomena, Kant omits 
to note their essential relativity that he is forced to regard 
the former as a set of abstract identities of which nothing 
can be known, and the latter as the imperfect products of 
a synthesis which can never be completed or brought to a 
true unity. Yet the value of his whole treatment of the 
ideas of reason in relation to our intellectual and moral 
experience arises from the fact that in practice he does 
not hold to this abstract separation of the two elements. 
Ideas absolutely incommensurable with experience could 
neither stimulate nor guide our empirical synthesis ; they 
could not even be brought into any connexion with it. 
When, therefore, Kant brings them into this connexion, he 
necessarily alters their meaning. Hence the pure abstract 
identity which excludes all 'difference is changed, in its 
application, into the idea of an organic unity, of which the 
highest type is found in self-consciousness, with its trans- 
parent difference of the subjective and objective self. It 
would be absurd and meaningless to say that science seeks to 
reduce experience to an abstract identity, in which there is 
no difference, unless for this were tacitly substituted what 
is really an entirely different proposition, that science seeks 
to find in the infinitely diversified world of space and time 
that unity in difference of which self-consciousness has in 
itself the pattern. It is in reference to the former kind 
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of identity — the abstract oneness of formal logic — that 
Kant proves that it is impossible for experience to be 
made adequate to ideas. But it is only of the latter kind 
of identity — the oneness of self-consciousness — that it can 
be said that it furnishes a guiding principle to scientific 
investigation or an ideal of knowledge. The same con- 
fusion is still more evident in Kant’s account of our moral 
exjierience, in dealing with which he directly attempts to 
get synthetic propositions out of the pure identity of 
reason, in other words, to draw definite moral laws out 
of the logical principle of non-contradiction. Whatever 
success he attains is gained by substituting for the formal 
principle of self-consistency the positive idea of consistency 
with the self, and again by conceiving this self as a concrete 
individual, the member of a society, and so standing in 
essential relation to other selves. The pure abstraction 
from all the external results of action and from all motives 
of desire, which at the beginning of the Metaphysic of 
Ethics Kant declares to be essential to morality, is modified 
and indeed transformed, as we go on, by the admissions 
that other rational beings are not external to us in any 
sense that excludes their good from being an end of our 
endeavour, and that the desires are not irrational and 
immoral except in so far as they are directed to the 
pleasures of the sensuous individual (which in a conscious 
being they never entirely are). Both in the speculative 
and in the practical sphere, therefore, the absolute opposi- 
tion of the ideal or noumenal to the empirical disappears, 
as soon as Kant attempts to apply it. For in both the 
abstract identity of formal logic, which is really the 
meaning of the noumenon as absolutely opposed to and 
incommensurable with experience, gives way to the unity 
of self-consciousness, — a unity which is so far from being 
absolutely opposed to the difference of the empirical 
consciousness that it necessarily implies it. For self- 
consciousness presupposes the consciousness of objects; 
though it is opposed to that consciousness, it is essentially 
correlated with it, and therefore its opposition cannot be 
regarded as absolute, or incapable of being transcended. 

These considerations may throw some light on the 
relation of the Analytic and Dialectic of Kant, and on the 
nature of the opposition of noumenon and phenomenon 
as it is_ presented in the latter. In the deduction of the 
categories, Kant pointed out the essential relation of the 
objective world of experience to what he called the 
“ transcendental unity of apperception”; i.e., he pointed 
out that the unity of consciousness is implied in all its 
objects. This unity, he further showed, must be conceived 
as ‘ capable of self-consciousness ”; but it actually becomes 
conscious of self only in relation, though also in opposi- 
tion, to the other objects determined by it. Now it is this 
consciousness of itself in opposition to other objects which 
i^s the source of Kant’s “ideas of reason,” of the dissatisfac- 
tion of the mind with its empirical knowledge, even in its 
scientific form, and of the demand for a higher kind of know- 
ledge to u^ich experience is not adequate. That a standard 
lb set up for experience by which it is condemned is simply 
further development of that unity which is 
S of result of the progress of thought 

from consciousness to self-consciousness, and of the contrast 

■“« probers 
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umerences, a self-differentiating, self-integratinn unitv such 
n this problem be regarded as insoluble; for the 


unity of self-consciousness is identical with the unity bf 
consciousness ; it is only that unity become self-conscious. 
Hence t]ie point of view at which consciousness and self- 

consciousness seem to be absolutely opposed to each other, 

the highest point of view which Kant distinctly reaches, 

can be regarded only as a stage of transition from the point 
at which their relative difference and oi>position is not yet 
developed to the point at which they are seen to be the 
factors or elements of a still higher unity. 

The later philosophy of Germany, from Kant to Hegel, 
is little more than the development of the idea just stated 
in its twofold aspect. In the first place, it is an attempt 
to show what is involved in the idea of thought or self- 
consciousness as in itself an organic whole, a many-in-one, 
a unity which expresses itself in difference, yet so that the 
difference remains transparent, and therefore is immediately 
recognized as expression of the unity. In the second 
place, it is an attempt to bridge over the difference between 
thought or self-consciousness and the external world of 
experience, and to show that this opposition also is 
subordinated to a high er unity. Or, to put it more directly, 
the idealistic philosophy of Germany seeks, on the one 
hand, to develop a logic or metaphysic which bases itself, 
not, like formal logic, on the idea of bare identity, but on 
the idea of self-consciousness; and, on the other hand, to 
show, in a philosophy of nature and spirit, how, by means 
of this logic, the opposition of thought to its object, or 
of the a priori to the a posteriori in knowledge, may be 
transcended. In the third and fourth sections of this 
article something more will be said of the manner in 
which this task was fulfilled. Here only a few words are 
necessary to sum up the results reached, and to give more 
distinctness to the new ideal of knowledge which those 
results suggest. We have seen that Kant’s critical attitude 
involved two things, — on the one hand, the assertion that 
the existence we know is necessarily existence for thought, 
and, on the other hand, the denial that that which exists 
for our thought is absolute reality, a denial which again 
involves the presence to our thought of an ideal of know- 
ledge, by which our actual knowledge is condemned. 
This ideal, however, was falsely conceived by Kant as an 
identity without any difference, and, in this sense, he does 
not hesitate to apply it even to self-consciousness itself. 
For, in a remarkable passage,^ he attempts to prove that 
the consciousness of self is not a knowledge of the self, by 
a simple reference to the duality of the self knowing and 
the self known, arguing that the ego “ stands in its own 
way,” just because it exists only for itself, i.e., because in 
knowing itself it presupposes itself. Kant evidently thinks 
that to know the real self it ivould be necessary to apprehend 
it in simple identity as purely an object without reference 
to a subject, -or purely a subject without reference to an 
object. Yet to this it seems sufficient to answer that such 
an object or subject wouldTose its character as object or 
subject and become equivalent to mere being in general, 
and that, as such being is a mere abstraction, to know it 
cannot be the ideal of knowledge. If therefore there be a 
unity or identity of thought ivhich is not realized in ex- 
perience, and in reference to which we can regard experience 
as an imperfect form of knoivledge, it cannot be found m 
this abstract identity of being. In truth, as ive have seen, it 
is found in that very idea of self-consciousness which Kant 
is criticizing. Just because we are self-conscious, and th^r^ 
fore oppose the unity of the conscious self to the manifold" 
ness of the world in space and time, do we seek the 
world of space and time for a transjiarent unity w'hich wj 
cannot at first find there. But, when this is seen,_we find- 
in Kant himself the partial solution of the difficulty. 

* Krilik, p. 279 (Rosenkranz’s edition), cf. Hegel, v. p. 268. 
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Self-consciousness jjresupposes consciousness ; for, wliile the 
apprehension of objects in consciousness is possible only 
in relation to the unity of the self, yet it is only in 
relation to and distinction from these objects that we are 
conscious of that unity. Hence the two opposites, self 
and not-self, are bound together, and presuppose a unity 
which reveals itself in their opposition, and which, when 
made 'explicit, must reconcile them. If, therefore, self- 
consciousness, in its first opposition to consciousness, gives 
rise to an ideal of knowledge to which our empirical 
knowledge of objects is inadequate, this arises from the 
fact that not only empirical knowledge but also the ideal 
to which it is opposed is imperfect, or that they both 
point to a unity which is manifested in their difference, 
and which is capable of containing and resolving it. In 
other words, the opposition of science to its ideal, which 
Kant has stated in his Antinomies, is not an absolute 
opposition, but one the origin and end of which can be 
seen. 

This opposition reaches its highest point in the con- 
trast between the transparent unity of self-consciousness, 
in which the difference of knower and known is evanescent, 
and the essential manifoldness and self-externality of the 
world in space, in which the differences seem to be insoluble. 
We must, indeed, think of self-consciousness as having life 
in itself and therefore as differentiating itself from itself ; 
but this differentiation is held udthin the limit of its unity, 
it is a separation of movements which are separated only as 
they are united. On the other hand, the world in space 
presents itself as the sphere of external determination, in 
which things are primarily disunited and act only as they 
are acted on from without, and in which this external 
influence never goes so far as to destroy their reciprocal 
externality. In this sense it is that the opposition of mind 
and matter was taken by Descartes, and it is a survival of 
the same mode of thought that leads many even now to 
draw absolute lines of division between a priori and a 
posteriori, between ideas and facts, between spiritual and 
natural. Kant and Fichte give a new aspect to the 
difficulty by showing that the difiiculty is one of recon- 
ciling consciousness and self-consciousness, and that in 
consciousness there is already present the unity which is 
manifested in self-consciousness, as, on the other hand, it 
is only through consciousness and in opposition to it that 
self-consciousness is possible. And Fichte made a further 
step when he attempted to show that the categories and the 
forms of perception, time and space, which Kant had taken 
as inexplicable facts, are implied in this contrast of con- 
sciousness and self-consciousness. The error that clings to 
Fichte’s speculations is, however, that he treats conscious- 
ness merely as a necessary illusion which exists simply 
with a view to self-consciousness, and hence is led to regard 
self-consciousness itself — ^because it is essentially related 
to this necessary illusion — as a schema or image of an 
unknowable absolute. In fact, in the end Fichte falls 
back upon the abstract identity in which Kant had found 
his noumenon, and so ends his philosophy with mj'sticism. 
Even Schelling, though he saw that the absolute unity 
must be one that transcends the difference of seE and not- 
self, did not finally escape the tendency to merge all 
diff'erence in absolute oneness. On the other hand, it was 
the endeavour of Hegel to proceed in the opposite way, — 
not to lose self-consciousness or subjectivity in a mere 
unity ,of substance, but rather to show that the absolute 
-substance can be truly defined only as a self-conscious 
subject. And just because he did this he was prepared 
to take a further step, and to regard the external rvorld, 
not as Fichte regarded it, as merely the opposite of spirit, 
nor as Schelling regarded it, as merely the repetition and 
co-equal of spirit, but rather as its necessary manifesUtion 


OT as that in and through which alone it can realize itself 
His doctrine therefore might be summed up in two proposi- 
tions, first, that the absolute substance is spiritual or self- 
conscious, and, secondly, that the absolute subject or spirit 
can be conceived as realizing itself only through that Wrj’ 
world of externality which at first appears as its opposite 
In both respects Hegel’s philosophy reverses the via neqa- 
tiva of mysticism, and teaches that it is only through the 
exhaustion of difierence that the unity of science, of which 
the mind contains in itseE the certitude, is to be realized. 
For mind or spirit, viewed in itself, is conceived as a self- 
differentiating unity, a unity which exists only through 
opposition of itseE to itseE. And it is but a necessary 
result of such a concejition that spirit can fully realize its 
unity only through a world which in the first instance 
must present itself as the extreme opposite of spirit. 
Hence the process of thought in itseE, which is exhibited 
in the logic, ends in the opposition to thought of a world 
which is its negative counterpart. And the “absolute 
spirit ” of Hegel is thus, not pure seE-consciousness, but 
that more concrete unity of seE-consciousness with itself 
which it attains through and by means of this world. 

The effect of this view upon the relation of metaphysic to 
science, which we are at present considering, is noticeable. 
It does not, as is often supposed, supersede science by an 
a pnoH construction of the universe, nor does it leave the 
results of science unchanged and simply provide for it a 
deeper foundation. The latter was the point at which 
Kant and Fichte stopped; for, while they showed the 
relativity of experience to the principle of seE-consciousness, 
they conceived that the function of metaphysic is completed 
in showing the phenomenal character of the objects of 
science, and in reserving a free space beyond the phe- 
nomenal world for “ God, freedom, and immortality.” 
Schelling, on the other hand, as he did not adopt this 
merely negative view of the relation of spirit to nature or 
of a priori to empirical truth, was obliged to reinterpret 
the latter by the former. As, however, he did not recog- 
nize any distinctions which were not merely quantitative, 
he was led to apply the same easy key to every lock, and 
to think that he had explained all the different forms of 
existence, organic and inorganic, when he had merely 
pointed out a certain analogy between them. The meta- 
physic of Hegel, whatever may be said of the actual 
philosophy of nature produced by its author, contains no 
necessity for any such arbitrary procedure. In his Logic, 
indeed, he attempts to give us in abstracto the movement 
of thought in itself, from its simplest determination of 
being as qualitative or quantitative, tluough the reflective 
categories of substance and cause, up to its full conscious- 
ness of itself in its organic unity.^ And in so doing he^ of 
course gives us an account of the various categories which 
science uses in the interpretation of nature. He further - 
attempts to show that the highest categories of science are 
in themselves imperfect and self-contradictory, ^in other 
words, that they mark a stage of thought which falls 
short of that unity of being and knowing after which 
science is striving, and which is the presupposition as 
well as the goal of all intelligence. But, while he does 
this, he clearly acknowledges two things, — on the one 
hand that nature is essentially different from pure seE- 
consciousness, and that therefore logic can never ^ by 
direct evolution of its categories anticipate the investiga- 
tions of science, and, in the second place, that the final 
interpretation of nature through the highest categories 
presupposes its interpretation by the lower categories, and 
cannot be directly achieved without it. In other words. 


J This subject— the progress of thought 

ones aud methods— will he more fully discussed m the third section. 



88 


METAPHYSIC 


ccience must first determine tlie laws of nature according 
to tlie principles of causality and reciprocity, ere philosophy 
j:au he in a position to discover the ultimate meaning of 
nature by the aid of higher principles. “ The philosophy 
nf nature,” says Hegel, “takes up the material which 
physical science by direct dealing udth experience has 
prepared for it at the point to which science has brought 
it, and again transforms this formed material without 
going back to experience to verify it. Science must, 
therefore, work into the hands of philosophy, in order that 
philosophy in its turn may translate the lower universality 
of the understanding realized by science into the higher 
universality of reason, and may show how in the light of 
this higher universality the intelligible world takes the 
aspect of a whole which has its necessity in itself. The 
philosophic way of looking at things is not a capricious 
attempt, once in a way for a change, to walk upon one’s 
head after one has got tired of walking upon one’s feet, or 
to transform one’s work-a-day face by painting it over; 
but, just because the scientific manner of knowing does not 
satisfy the whole demand of intelligence, philosophy must 
supplement it by another manner of kno\ving.” ^ 

The result then may be briefly expressed thus. Kant 
and his successors showed the relativity of the object of 
knowledge to the knowing mind. He thus pointed out 
4hat the ordinary consciousness, and even science, are 
abstract and imperfect modes of knowing, in .so far as in 
their determination of objects they take no account of a 
factor which is always present, to wit, the knowing subject. 
For their purposes, indeed, this abstraction is justifiable 
and necessary, for by it they are enabled within their pre- 
scribed limits to give a more complete view of these objects 
in their relation to each other than if the attempt had 
been made to regard them also in relation to the knowing 
subject. At the same time the scientific result so arrived 
at is imperfect and incomplete, and it has to be recon- 
sidered in the light of a philosophy which retracts this 
provisional abstraction. For it must be remembered that 
the fact that science looks at things only in their relation 
to each other, and not to the knowing mind, narrows the 
points of viewr or categories under which it is able to 
regard them, or, in other words, limits the questions which 
ihe mind is able to put to nature. Just because science 
Aop not treat its objects as essentially related to the mind, 
it is unable to rise to w'hat Hegel calls the point of view 
of reason, or of the “notion”; i.e., it is obliged to treat 
objects and their relations merely under a set of categories, 
the highest of which are those of causality and reciprocity, 
and it is incapable of attaining to the conception of their 
-Organic unity. In other words, it is able to reach only a 
-S3mthetic unitj’’ of given differences, and it cannot discover a 
principle of unitj' out of which the differences spring and 
to w’hich they return. Now' philosophy' goes beyond science 
just because, along with the idea of the relativity of things 
to the mind, it brings in the conception of such a unity. 
Its highest aim is, therefore, not merely, as Kant still 
held, to secure a place for the supersensible beyond the 
aegion of experience, but to reinterpret experience, in the 
light of a unity which is presupposed in it, but which 
cannot be made conscious or explicit until the relation of 
experience to the thinking self is seen,-— the unity of all 
things wth each other and w'ith the mind that knows them. 

_. ■K««^miio/il/efa/%sfctoPsycAo%y.— It has already 
been shown that the doctrine that the thinking subject is 
presupposed m all objects of knowledge-or, in other 
words, that existence means existence for a conscious self 

oiT ^ psychological sense. The idea 

vhat al l science is based on psychology, and that, therefore, 

* Hegel, Tii. p, 18 . 


metaphysic and psychology are identical, cannot be retained 
by any one who has entered into the full meaning of the 
Kantian criticism. It is, however, so natural a misinter- 
pretation of it, and it is so much favoured by the letter of 
the very book in w'hich it was first decisively refuted, 
that it wdU be useful to point out more directly the fallacy 
involved in it, especially as this w’ill place us in a better 
position to determine the true relation of the two parts of 
philosophy thus confounded. 

The misunderstanding first took a definite formjn the 
introduction to Locke’s Essay, in w'hich he proposes to 
provide against any undue application of the intellectual 
powers of man to problems which are too high for them, 
by first examining and measuring the powers themselves. 
Stated in this way, it is obvious that the proposal 
involves an absurdity; for w'e have nothing to measure 
with, except the very powers that are to be measured. To 
see round our know'ledge and find its boundary, we must 
stand outside of it, and where is such a standing ground to 
be found? TVe cannot by knowing prescribe limits to 
knowiedge, or, if we seem to be able to do so, it can only 
be because we compare our actual knowledge with some 
idea of knowiedge which we presuppose. In this way the 
ancient sceptics — and modern WTiters like Sir W. Hamilton 
and Mr Spencer who have followed them — turned the 
duality involved in the idea of knowiedge against its unity, 
and argued that, because we cannot know the object 
except as different from and related to the subject, we 
cannot know it as it is in itself. Obviously in this 
argument it is involved that in true or absolute knowiedge 
the object must not be distinguished at all from the subject, 
— to which the easy answer is that mihout such distinc- 
tion knowledge would be impossibla The sceptic argu- 
ment, therefore, lands us in the unhappy case pictured 
in the German proverb : “ If water chokes us, what shall 
we drink?” The object cannot be knowm if it is 
distinguished from the subject, and it cannot be known if 
it is not distinguished from the subject. Obviously the 
one objection is as good as the other, and both combined 
only show that the idea of knowledge involves distinction 
as w'ell as unity, and unit}' as well as distinction. The 
sceptic insists on one of these characteristics to the exclusion 
of the other, and condemns our actual know'ledge because 
it contains both. In Kant there is undoubtedly some trace 
of the same fallacy, in so far as the idea by contrast with 
which he condemns the objects of experience as pheno- 
menal is the idea of an abstract identity without any 
difference ; but we have seen that with him this abstract 
identity is on the .point of passing into an altogether 
different idea — the idea of self-consciousness as the type of 
knowledge. 

It appears, then, that the idea of measuring our powers 
before we employ them rests on a paralogism ; for what is 
really meant is that we abstract one of the elements of the 
idea of know'ledge, and then condemn knowledge for having 
other elements in it. It is possible to criticize and con- 
demn special conceptions as not conforming to our idea 
of knowledge ; but it is not possible to criticize the idea 
of knowledge itself ; all we can do is to explain it. It is 
possible to see the limited and hypothetical character of 
certain of our ideas or explanations of things, because we 
are conscious that in developing them w'e have left out of 
account certain elements necessary to the w’hole truth ; 
but this criticism itself implies, as the standard to which we 
appeal, a consciousness of truth and reality, a consciousness 
which we cannot further criticize. Here, therefore, we 
come upon what must seem to all who think it admissible 
to question the very possibility of knowledge an inevitable 
reasoning in a circle. We can answer objections only by 
] means of the very idea which they dispute. But the 



answer is nevertlieless a good one ; for the objector also 
stands within the very circle which he seeks to break, and 
has no means of breaking it except itself. As soon as he 
speaks, he can be refuted by his own words ,• for his doubts 
also presuppose that unity of the intelligence and the 
intelligible world which he pretends to deny. 

The error, however, cannot be fully corrected until we 
consider what gives it plausibility. The confusion of the 
metaphysical with the psychological problem is due to the 
fact that the being who is the subject of knowledge, for 
whom all exists that does exist, appears to be one, and only 
one, of the manj' objects of knowledge. "When we say 
that existence means only an existence for a thinking self, 
we seem to be identifying the whole world with the feelings 
and ideas of men, i.e., "with certain phenomena that belong 
to the life of a class of beings which only forms a part of 
that world, — ^phenomena, moreover, that are not exactly 
the same in any two of that class of beings. If we are to 
escape this difficulty it is obvious that we must be able to 
separate the conscious self or subject, as it is implied in 
all knowledge, from the nature of man as a being who 
“ though formally self-conscious ” is yet “ part of this par- 
tial world,” i.e., one of the objects which we know along with 
and in distinction from other objects, and in whom “ the 
self-consciousness which 'is in itself complete, and which 
in its completeness includes the world as its object,” is only 
progressively realized.^ Metaphysic has to deal with con- 
ditions of the knowable, and hence with self-eonsciousness 
as that unity which is implied in all that is and is known. 
Psychology has to inquire how this self-consciousness is 
realized or developed in man, in whom the consciousness 
of self grows with the consciousness of a world in space 
and time, of which he individually is only a part, and to parts 
of which only he stands in immediate relation. In con- 
sidering the former question we are considering the sphere 
within which all knowledge and all objects of knowledge are 
contained. In considering the latter we are selecting one 
particular object or class of objects within this sphere, — 
although no doubt it must make a great difference in our 
treatment of this object that we have to consider it as 
existing not ordy for us but for itself. If nature " becomes 
self-conscious in man,” it is impossible to treat man 
merely as one among the other objects of nature. But it 
is not less true that he is one of those objects, and, in this 
point of view, the department .of science and philosophy 
that deals with his life is as distinct from metaphysic — 
which deals with the conditions of aU knowing and being 
- — ^as is astronomy or physics. In both cases we have 
before us objects which we may consider in themselves 
apart from their relations to the conscious subject, and 
in both cases we must take cognizance of these relations if 
we would have a complete and final view of those objects. 
It is possible to have a purely objective anthropology or 
psychology — which abstracts from the relation of man to 
the mind that knows him — just as it is possible to have a 
purely objective science of nature. Such a natural science 
of man, however, will necessarily abstract at the same time 
from the fact that in man is manifested that universal 
principle in relation to which all things are and are known. 
In other words, it will omit that distinctive characteristic of 
man’s being in virtue of which he is a subject of knowledge 
and a moral agent. Hence the abstraction in this case is 
more likely to lead to positive error, more likely to produce 
not only an imperfect but a distorted view of the object. 
Inorganic nature, if we take it in itself, is not rmtruly 
viewed, under the categories of causality and reciprocity, 
as a collection of objects externally determined by each 
other j the error lies only in taking it as if it could exist 

i 
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Even organic beings do not suffer much injustice 
in bemg brought under such categories; for, though, as 
hving and still more as sensitive beings, they involve in 
themselves and in their relation to the world a kind of 
unity of differences to which the categories of external 
relation imperfectly correspond, yet they are not such 
unities for themsehes, but only for m. In other words, the 
principle through which they are and are known is’ still 
external to them. Hence also they are determined by 
out\vard influences, though these influences act rather as 
stimuli to what we may call the self-determined movement 
of their own life than as mechanical or chemical forces 
wffich change it. But in man, in so far as he is self-con- 
scious, — and it is self-consciousness that makes him 
— the unity through which all things are and are known 
is manifested; and therefore he is emancipated, or at 
least is continually emancipating himself, from the law 
of external influence. Nature and necessity exist for 
him as that from which his life starts, in relation to which 
he becomes conscious of himself, against which he has 
to assert himself, and in the complete overcoming of 
which lies the end of aU his endeavour. Nature is the 
negative rather than the positive starting-point of his 
existence, the presupposition against which he reacts rather 
than that on which he proceeds ; and, therefore, to treat him 
simply as a natural being is even more inaccurate and 
misleading than to forget or deny his relation to nature 
altogether. A true psychology must, however, avoid both 
errors : it must conceive man as at once spiritual and natural; 
it must find a reconciliation of freedom and necessity. It 
must face aU the difficulties involved in the conception 
of the absolute principle of self-consciousness, — through 
which aU things are and are known, — as manifesting itself 
in the life of a being like man, who “ comes to himself ” 
only by a long process of development out of the uncon- 
sciousness of a merely animal existence. 

This 2)roblem first presented itself in a distinct form in 
the discussions of the Socratic school as to 'the nature of 
knowledge, discussions which turn mainly upon the relation 
of the conscious to the unconscious element in thought. 
Socrates, by his method more than by any direct state- 
ment, drew attention to the fact that all particular judg- 
ments in morals involve or presuppose a universal principle. 
At the same time he pointed out that, so far from this 
universal principle being known to those who are con- 
tinually making such judgments, they are not even 
conscious of its existence. They constantly use general 
terms whose meaning they have never even thought of 
defining. The beginning of a rational life for them must 
therefore lie in their becoming conscious of their ignorance, 
i.e., conscious that they have been all along judging, and 
therefore acting, on untested and even unknown assump- 
tions. They must bring the unconscious universal to the 
light of day and define it, for until that is done it is 
impossible to live a moral, that is, a rational life. “ Virtue 
is knowledge,” i.e., it is acting, not accorffing to opinions, 
or particular judgments, — whose universal is unknown, and 
which therefore may be regarded as expressing merely the 
impulses or habits of the individual, but in view of a 
universal princqile determined by reason. 

The onesidedness of this view — which absolutely con- 
demns as vice all ^i^tue that is not based on conscious 
principle — was partly corrected by another part of the 
doctrine of, Socrates, who taught that knowledge is some- 
thing^ that must be evolved from within the mind, and not 
merely communicated to it from without. ^ For this implies 
that the moral principle may be present in men s minds, 
and may rule their thoughts and actions, long before 
they become directly conscious of it. They are rational 
although they have never thought ab out r eason, and they 
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ilo not wait for scientific ethics to judge and act morally, 
any more than they wait for logic to reason correctly. It 
is this line of thought which is universalized and mythically 
expressed by Plato in his doctrine of “reminiscence.” 
According to this myth, we were conscious of ideas or 
universals in our pre-natal state ; we forgot them in the 
shock of birth into this mortal life; but in feeling or 
sharing the rapture of the poet or the lover we recall them 
as identified or confused nith individual objects which 
“ arc like them, or partake in them.” The same explana- 
tion. is given of the practical skill of the general and the 
statesman, and even of the “ right opinion ” which guides 
the ordinary good man. Such opinion is neither knowledge 
nor ignorance ; not knowledge, for general principles or 
ideas are not in it present to the mind as ideas, and there- 
fore the particular cannot be distinctly subsumed under 
them ; yet not ignorance, for the ideas are after all present, 
though ^vrapped up in the particulars or confused with 
them. Nay, in the Theaitetm, Plato endeavours to show 
that the pure particular withoxrt the "universal, sensations 
without ideas, cannot enter into our consciousness at all, 
and that therefore the lowest point to which a conscious 
being can descend is “ opinion,” in which particular and 
universal, sensible and intelligible, are mingled together. 
In other words, no conscious being can apprehend the 
particular except through the universal, though that uni- 
versal may be present only m consciousness and not to 
it. The task of philosophy is therefore only to make men 
“recollect themselves,” i.e., to make self-consciotis that 
universality of thought in which all rational beings 
“partake,” or which, in the language of later philosophy, 
constitutes reason. The imperfection of Plato’s view lay, 
however, in this, that, while he clearly recognized that the 
condition of all consciousness of the particular is the 
universal, he did not see with equal clearness that the 
universal has a meaning only in relation to the particular. 
And this tendency to separate universal from particular is 
naturally accompanied by a tendency to set the subjective 
against the objective, and to regard the world, not as the 
manifestation of reason, but as a dualistic world, in which 
reason is chained to a lower principle — a world which 
can at best only give a hint or suggestion to the mind to 
enable it to recollect itself and recover for itself its own 
treasures. ^ Thus the false method of introspection, the 
high priori road” of mysticism, was at least opened up 
by Plato, if he did not altogether forsake the narrower 
and harder way to the spiritual world through nature and 
experience. 


_ The great step in advance taken by Aristotle was due t 
his seeing the danger of this tendency, Tho.se, howeve: 
who have maintained that Aristotle is the great a posteiiot 
philosopher, as Plato is the great a priori philosopher, - 
have cntirely^ mistaken the bearing of Aristotle’s criticisi 
of the Platonic theory. As strongly as Plato does Aristotl 
maintain that reason is Surd^ct iravra ra vorjrd, and thai 
therefore, the apprehension of truth by the mind is not 
mere external communication of it to the mind, but rathe 
TU coming to a consciousness of itself. As firml 
splf its highest form i 

Tr principles of science, the law 

effeeT w. Y T" ''8'“' etatemente to thi 
effect have been neglected or explained away becau' 
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two or to explain away one of them, — could not comprehend 
that Aristotle might be in earnest both in asserting that 
knowledge is derived from experience and in asserting that 
it is an apprehension by reason of that which is identical 
with itself and needs no extraneous evidence. But 
Aristotle started ivith no such fixed opposition. On 'the 
contrary, any one who reads the last chapter of the 
Posterior Analytics will see that he had no difficulty in 
maintaining that knowledge begins in the apprehension of 
TO Koff tKaa-Tov in sense perception, and that it proceeds 
from many perceptions to experience, and from many 
experiences to science ; while at the same time he declared 
that the principles of science have their evidence in them- 
selves. And the meaning of this declaration is shoivn in 
the De Aniina, where we find him speaking of knowledge as 
the realization in the “ passive reason ” of man of an “ active 
reason ” which is eternal and unchangeable, and which in 
the consciousness of itself includes the knowledge of all 
things. Of this realization, indeed, there is in man only 
the potentiality or capacity, but just because this is a pure 
or universal capacity, because, as Aristotle puts it, it has no 
quality or determination of its own to stand between it and 
its objects, it is a capacity in which the absolute reason can 
realize itself, a capacity of knowing all things. Here we 
have Plato’s myth of reminiscence freed from the metaphor 
of memory, and reduced to scientific terms ; for that myth 
simply meant that the evolution of knowledge is the 
development of the mind to the consciousness of itself, and 
of all that is potentially in it. Only, by the combination 
of this doctrine with the idea of the necessity of induction, 
Aristotle at the same time guards against the purely 
subjective interpretation to which in Plato it was liable. 
For the process by which the mind “ comes to itself ” is 
conceived as a process by which at the same time it rises 
from the particular to the universal, from the yvaipi/ia 
rjpZv to the yvwpijxa dTrXtus, from the^ bare apprehension of 
the facts of e.xperience to the knowledge of them through 
their principles or laws. 

Yet Aristotle was as little able as Plato to work out fully 
a theory of ,the relation between the universal and the 
individual reason; and the cause of this failure was in 
both cases substantially the same. In Plato’s philosophy, 
the ideal tended to divorce itself from the phenomenal 
world in such wise that the latter was regarded only as 
suggesting or partaking in the former, but not as entirely 
explicable by it. It was not merely that, to the mind of the 
individual in its jirogress, the veil was only gradually lifted 
from the rationality of the vvorld, but that in the world 
there was an irrational element from ■which the mind 
could save itself only by flight into the region of abstrac- 
tion. And, though Aristotle by his doctrine of the essential 
relation of ideas to experience, or of the develojiment of 
the mind to the acquisition of knowledge of the world, 
seemed to be on the way to correct this error, yet he too 
shrinks from regarding the phenomenal world as in itself 
intelligible. To him also an irrational matter mingles with 
things, and is in them a source of contingency and imiior- 
fection. Chance is pot merely the reflexion upon the world 
of our imperfect knowledge, but a fact of experience, and 
there is therefore a region in W’hich our best science cannot 
rise above generality to universality. In this way there 
remains for Aristotle an absolute a posteriori, a reality which 
cannot be understood, and which w'e can scarcely conceive 
as existing at all for the divine intelligence. At this point 
the Aristotelian philosojihy appears to stand between t'wo 
alternatives, either that, in the sense of pantheism, the finite 
■world and its contingency is an illusion, or that it is con- 
tingent only for the growing intelligence of man, ivhich/ 
fuUy understands neither itself nor the world w’hich is its 
object. Aristotle, however, does not choose either horn of 
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tlie dilemma, and leaves us tlierefore with an unresolved 
dualism betveen tliouglit and its object ; and this again 
necessarily involves a dualism between the active reason, 
which, as he asserts, realizes itself in man, and the passive 
reason which constitutes his nature as a finite being. 

In the ^Middle Ages the Platonic and Aristotelian idea 
that the apprehension of objective truth is one with the 
evolution of the mind to self-consciousness seemed to be 
entirelj’ lost. Knowledge of the finite world was regarded 
as indifferent, and knowledge of the infinite was conceived 
to be something given on authority, and in reference to 
which the mind was confined to an attitude of passive 
reception or implicit faith. Ko greater slaverj’ of the 
spirit can be conceived tlian that in which even the 
truths of religion and morality — the truths that regard the 
inmost life of the spirit itself — ^^vere taken as a lesson 
to be learned by. rote from the lips of a teacher. Yet 
the consciousness that such truth, if it was to be received 
\>y the mind, stiW moTC if it was to transform the mind, 
could not be entirely foreign to it, found a voice in the 
scholastic philosophy. And the comjiromise or truce 
between faith and reason e.vprcssed in the saying of Anselm 
credo tit intdligam , — according to which reason was to 
confine itself to the analj'sis and demonstration of the data 
received in im])licit faith from the church, — ^prepared the 
way for the recognition that the two arc not essentially 
at variance. The mind that proceeds from veneratio to 
dehdatio, from awe and submission to the doctrine to 
enjoyment and appreciation of it, must already in its awe 
and submission have the beginning.? of an intelligent 
appreciation. Anselm's saying might be understood .simply 
as meaning that we must have spiritual experience ere 
wc can understand the thing.? of the sj)irit. And in this 
sense it was adopted by the Reformers to expre.?s an idea 
almost the opposite of that with which the scholastics 
had associated it, — the idea that the direct aiiprehension of 
spiritual truth as entering into the inner life of the subject, 
as identified with his verj* con.sciousne.s3 of self, is the basis 
of all knowledge of it. In the Protestant church of the 
period after the Reformation, we find a growing tendency 
to insist on the .subjcctivitj' of religion, in the same exclusive 
and one-sided way in which the medimval church had 
in.sisted on its objcctivit}'. In .some extreme representa- 
tives of Prote,stanti.sm this went so far as to lead to a 
disregard, almost to a rejection, of all objective doctrine, 
and a reduction of theology to an account of the religious 
consciousness. On the other hand, while religion was thus 
made subjective, .science claimed to be jmrely objective, 
and the followers of Bacon .seemed to adopt towards nature 
the same attitude of jjassive recepti?dt}' which the mcdiicval 
Oliristian was taught to hold towards the church. Yliile 
man was to learn everything from him.=elf in religion, he 
was to learn nothing from himself in .science. His aim 
mu,st be to exclude subjective tdoh, in other word.s, to 
accept the facts as they ■were given, and keep himself out of 
the way, Tlie inevitable result of this difference of view 
as to the nature of knowledge in these two different 
regions was, however, on the one hand a withdrawal of 
religion from all connexion with finite interests, and, 
especially from the attempt to connect religious principles 
with the knowledge of the finite world, and, on the other 
hand, an increasing tendency in those who represented 
finite science to regard religion as something merely ! 
subjective and even individual, as a feeling which could 
not be translated into thought or made the basis of any 
knowledge of the objective world. 

The opposite principles of certitude which were thus 
set up for religious truth and truth of science need only 
to be brought together and contrasted to betray that they 
rest upon opposite abstractions, neither of which expresses 
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the complete nature of truth or knowledge. On the one 
hand the truths of religion were maintained just because 
they were not, or were not merely, objective, but were 
capable of being tested by inner experience, and identified 
with the self-consciousness of the individual. On the other 
hand the truths of science were maintained because they 
were not, or_were_not merely, subjective, but were capable 
of being verified in objective experience. It was rightly 
sccn_ on the one side that mere subjective feelings or 
opinions have no validity for any one but the subject of 
them, and on the other side that what is merely objective 
or externally given can have permanent value and interest 
for the intelligence only as it ceases to be mere isolated 
and unrelated fact — nay, that, even when science hae 
discovered law and order in nature, it stiU wants the 
highest value and interest so long as that law and order are 
not seen as standing in essential relation to the intelligence 
itself. The idea of truth or knowledge as that which is at 
once objective and subjective, as the unity of things with the 
mind that knows them, enables us to understand the con- 
demnation which the religious mind passed upon a merely 
external dogma, and even its lack of interest in a science 
which presented itself as an account of merely objective or 
external facts. And it enables us also to understand the 
way in which scientific men insisted upon objective fact 
as the basis of aU knowledge, and the disrespect which 
thej* felt for a religion wliich seemed to admit that it had 
no such support. Yliat is wanted to clear up the confusion 
on both sides is the growth of the perception among 
scientific men that the objectivitj- which they are seeking 
cannot be mere objectivity (which would be unmeaning), 
but an objectirity that stands in essential relation to the 
intelligence, and, on the other hand, the growth of the 
perception among religious men that the subjectivity of 
religion only means that God, who is the objective principle 
by whom things are, and are known, is spiritual, and can 
therefore be revealed to the spirit. TiTaen these two cor- 
rections have been made, it must become obvious that the 
religious consciousness is not the consciousness of another 
object than that which is jjresent in finite experience and 
science, but simply a higher way of knowing the same 
object. And in this it is also involved that /the frivo ideas 
of a priori and a posteriori, of that which is evolved from 
within and that which is given from without, are not 
essentially opposed to each other, but that the a 2)osteriori 
is simply the first form of a consciousness which in its 
ultimate develo])ment must become a priori. 

In that philosophy of comjjromise which was initiated 
by Descartes, one part of knowledge was regarded as innate, 
or developed from within, and another part as empirical, 
or imparted from without. In the second period of the 
historj- of modern philosophy this compromise was broken, 
and the names of Locke and Leibnitz — though with some 
hesitation on both sides— represent respectively the theories 
that all knowledge is a posteriori and that all knowledge 
is a priori. The compromise seemed to be renewed 'with 
Kant, but the form in wliich it was renewed pointed, as 
has been already slioum, to something more than a com- 
promise, for his doctrine was that the a posteriori^ element, 
the facts, exist for us only under a priori conditions, or, 
in other words, that what is usually called a posteriori 
is in part a 2>riori. The criticism of this view need not 
be repeated. It is sufficient here to say that if, as Kant 
shows, the elements are inseparable or organically wwvted, 
it is impossible to allege that so much belongs to the one 
and so much to the other. Furthennore, the consciousness 
of an essential difference in the elements of 
possible only so far as that difference is transcended by the 
unity of knowledge. We can distinguish the a ;>non from 
the a posteriori only on condition that we can transcend 
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tlie distinction, and this means that the distinction itself 
is not absolute, but that there is a point of view from 
which the a posteriori may be regarded as a priors, and 
that which is given from without to the spirit may be 
referred to its own self-determined development. 

Now it is just here that we come upon the turning-point 
of the philosophical controversy, in the form which it has 
taken in modern times. The problem may be expressed 
tlms— In what sense can we apply the idea of development 
to the human spirit 1 Are we to treat that development 
as merely a determination from without, or as an evolution 
from within, or as partly the one and partly the other? 
In a sense all writers of the present day would admit that 
this last is the case. For, on the one hand, even the 
Darwinian theory accounts for development by aid of 
what we may call the a jiriori tendency of the individual 
to maintain itself in the struggle for existence, though it 
supposes that the condition or medium in which the indi- 
vidual is placed determines the direction in which that 
development proceeds. And, on the other hand, no one 
now would adopt the Leibnitzian theory that the indi- 
vidual is a monad, whose self-development is entirely con- 
ditioned by itself in such a sense that all the relations 
which it has to other existences are merely apparent, and 
that the coincidence of its life with the life of the world is 
the result of a pre-established harmony. On both sides, 
therefore, the idea of self-determination would be admitted, 
though the tendency of the Darwinians would be to regard 
this self-determination as something merely formal ; and 
both sides it would also be admitted that the self- 
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determination does not exclude a determination from with- 
out, though extreme opponents of Darwin might be inclined 
to reduce this determination to a mere stimulus or external 
condition of the development of the nature of the subject 
to which the stimulus is applied. The question, however, 
remains whether, after all, this opposition of without and 
within is an absolute one, or whether there is any point of 
view from which it may be transcended. To Aristotle it 
seemed possible to answer this question in the affirmative, 
because he conceived that the reason of man is a pure or 
universal Zivapis, the evolution of which to complete self- 
consciousness is one with the process whereby the objective 
world conres to be known. Yet, as Aristotle admitted the 
existence in the world of a material principle which was 
essentially different from the ideal principle of reason, he 
was obliged to limit his statement as to the possible unity 
of the subjective and the objective consciousness, and to 
say merely that “ in things xvithout matter the knower is 
identical with the known.” But this would immediately 
lead to the conclusion that the pure development of reason 
must be secured by abstraction from all finite and material 
objects, rather than by a thorough comprehension of them. 
The freedom of the spirit, on this theory, must be a negative 
and not a positive freedom, a freedom won, not by over- 
coming the world, but by wthdrawing ourselves from its 
influence. It remained, therefore, for modern philosophy 
to work out the Aristotelian idea that the rational being 
as such, in spite of its necessary relation to and depend- 
ence on an external world, is never in an absolute sense 
^ternally determined. And, as we have already seen, the 
Kantian philosophy brought this problem within the reach 
solution, in so far as it showed, first, that objective 
Imvp tin meaning except existence for a 
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tuinking self, and, secondly, that existence for a thinking 
sell means existence the consciousness of which is “capable 
ot being combined nnth the consciousness of self.” Add 
propositions what was shown by Kant’s 
only can be combined with the con- 

nrrivTaTl°^?^— essentially related to it, and we 
arrive at an idealistic theory of the world, which enables 


us at once to understand the relative value of the distinc- 
tion between self-determination and determination from 
without, and at the same time to see that its value is only 
relative. If it be true that nothing exists which is not a 
possible object of consciousness, and again that there is no 
possible object of consciousness which is not essentially 
related. to self-consciousness,. then the phenomena of the 
external world, which at first present themselves under the 
aspect of contingent facts, must be capable of being ulti- 
mately recognized as the manifestation of reason ; and the 
history of the conscious being in his relations with that 
world is not a struggle between two independent and 
unrelated forces, but the evolution by antagonism of one 
spiritual principle. It is, on this view, the same life which 
within us is striving for development, and which without 
us conditions that development. And the reason why the 
two terms, the self and the not-self, thus appear to be 
independent of each other, or to be brought together only 
as they externally act or react upon each other, lies in this, 
that the object is imperfectly known, and the subject is 
imperfectly self-conscious. This, however, does not make it 
less true that in self-consciousness is to be found the prin- 
ciple in reference to which the whole process may be 
explained, and therefore that the self-conscious subject, as 
such, lives a life which belongs to him, not merely as one 
object among others, but ns having in himself the princi])le 
from which the life and being of all proceeds. 

From tliis point of view, as has been already indicated, 
the relative value of a theory of human development, such 
as that which might be based on the ideas of Darwin, 
would not be denied. The conscious being may be regarded 
simply as an externally determined object, and the incorrect- 
ness of this assumption will not entirely destroy the value 
of the results attained, especially if, ns is often the case 
with those who seek to construct a natural science of man, 
tho assumption itself is not very’ strictly adhered to, but 
corrected by the tacit admission of other conceptions some- 
what inconsistent with it. But, at the same time, it would 
require to bo pointed out that such a science is necessarily 
abstract and imi)erfcct, as it omits from its view the 
central fact in tho life of the object of which it treats. It 
can do nothing to account for man’s consciousness, or' his 
capacity of becoming conscious, of the influences by which 
ho is supposed to be determined ; or, to put it from the 
other side, it takes for granted that the objects that 
influence man are intelligible objects, “ capable of being 
combined with the consciousness of self,” without seeing 
how much is involved in this assumption. Now it is 
evident that the consciousness of an influence cannot be 
explained by tho influence itself, nor even by that taken 
together with the nature of the sensitive beings subjected 
to it. It is evident also that an influence mediated by 
consciousness is not, strictly speaking, an external influence, 
but that it is already transformed, and in process of being 
further transformed, by the development of the self to 
which it is present. For the dawn of consciousness, in 
which the external object first comes into existence for us 
as ojiposed to the self, is at the same time the beginning 
of the process by which its externality is negated or over- 
come. Self-consciousness is that which makes us indi- 
viduals in a sense in which individuality can be predicated 
of none but a self-conscious being. For, in determining 
himself as a self, the individual at the same time excludes 
from himself every other thing and being, and determines 
them as external objects. He emancipates himself from 
the world at the same time that he repels the world from 
hinaself. Yet this movement of thought, by which his 
individuality is constituted, is also that by which he is lifted 
above mere individuality, for, in becoming conscious of self 
and not-self in their opposition and relation, he ceases to 
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be simply identified 'witU tbe one to tlie exclusion of the 
other. His finite individuality is regarded by him from a 
universal point of view, in which it has no less and no more 
importance than any other individuality, or in which its 
greater or less importance is determined only by its place 
in the whole. On this universality of consciousness rests 
the possibility of science and of morality. For all science 
is just a contemplation of the world in ordine ad universuin 
and not m ordine ad individjium ; and all morality is just 
action with a view to an interest which belongs to the 
agent, not ns this individual, but as a member of a greater 
whole, and ultimately of the absolute whole in which all 
men and all things are included. 

In this nature of the conscious subject lies also the 
possibility of metaphysic in the sense of Aristotle, as that 
science which goes back to a irpurrov a beginning 

which is prior to the c.xistenco in consciousness of the 
individual self, and onward to an end in which the divisions 
of the finite consciousness are transcended, — as including, 
in short, ontology, or metaphysic in the narrower sense, on 
tlie one side, and theologj', or the philosophy of religion, 
on the other. In truth, these two extremes of science are 
necessarily bound together : wo can only go back to the 
beginning if we can go on to the end ; we can only recover 
the first unit}’ if we can anticipate the last. Or, to free 
the subject more definitely from the associations of time, 
we cannot apprehend the unity which is involved or pre- 
supposed in all the differences of our conscious life except 
in so far as we can look at our individual existence from 
the point of view of the whole to which it belongs. This 
wll become evident if we consider the nature of the limits 
which have to be transcended by such a science. The 
individual conscious subject, as he finds himself at first, 
is but one being in a world that stretches out, apparently’ 
without limits, on every’ side of him. Of the things by 
which he is immediately surrounded he sees but a small 
part, and the influences which he receives from them are, 
as he know.s, like the wave that breaks upon a shore from 
an unknown ocean, only’ the last partial expression of 
impulses that come from regions beyond his ken. Again, 
he finds himself as one in a changing series of beings, of 
which he knows only the last preceding terms, and he is 
aware that in a few years he, as one of this series, will 
cease to be. He is thus to himself a definitely limited 
being, and though his knowledge of himself and his world 
may be gradually widened so as to reach some little way 
back into the past, and anticipate a little of the future, or 
may’ go outwards in space to embrace a widening circle of 
existences around him, yet he always stops at a limit, of 
which he is conscious that it is no absolute limit, but 
simply an arbitrary halting-place where vision ^ows 
indistinct and imperfect. "Wlien he reflects upon himself 
from this point of view, he is forced to regard himself as 
but a fragment, and a fragment of an unknown whole, by 
which his whole being is determined to bo what it is. 
His highest knowledge seems to be but a consciousness 
of his ignorance, his highest freedom a determination by 
motives the ultimate meaning of which is hid from him. 

So far there seems to be no room for any metaphysical 
knowledge; any knowledge of ourselves and our world 
which is other than relative and in ordine ad individttum. 
But further reflexion shows that in this very consciousness 
of limit there is implied a consciousness of that which is 
beyond limit. 'Wliilc we proceed from part to part, beginning 
with ourselves and our immediate surroundings, and follow- 
ing out lines of connexion that lose themselves in the dis- 
tance, we are guided by a consciousness of the whole as a 
unity’ through which the parts are determined. Nay, it is 
just the presence of this consciousness that makes us capable 
of what seems the piecework of our knowledge, in which. 
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by the aid of the principle of causality, we connect parti- 
cmar with particular, and so gradually extend the sphere 
of. light into the encompassing darkness. For that 
principle simply means that the limited external object 
does not sufficiently explain to us its own existence, and 
that therefore we are forced to explain it by a reference to- 
something bey'ond it. It means, in other words, that we 
cannot _ rest in that which is not a self-bounded, self- 
determined whole. The application of the category of 
external determination has therefore an essential reference 
to the higher category of self-determination. The mere 
endlessness of space and time has no meaning except in 
opposition, yet in relation, to the true infinity of which 
we find the type in self-conscious thought. Or, to put it 
in the Kantian form in which it is already familiar to us, 
the consciousness of the objective world in space and time 
stands in essential relation to the unity of self-conscious- 
ness. And if when we regard the former exclusively we 
are forced to view ourselves as insignificant and short- 
sighted finite beings in an infinite universe, when we 
regard the latter we are enabled to see that in all this 
universe there is revealed only that spiritual principle 
which we find also in ourselves. In this way a new light 
is thrown on our first consciousness of ignorance. The 
strivings of our reason after knowledge can no longer be 
regarded as strivings after an unknown goal, but rather- 
after a goal which it has prescribed for itself. The narrow 
limits of our individual life are not removed, but they 
cease to be for us the limits of a narrow circle of definition 
within a formless infinite. They become the limits of a 
sphere within a sphere, a sphere which is defined by the 
idea of knowledge or self-consciousness itself, and in which 
therefore, however we may wander, we are everywhere at 
home. In religious language, tbe sphere is not a mere 
universe, but God, who is without us only as He is within 
us, so that “ by the God within we can understand the 
God without.” 

Again, as this consciousness takes man beyond his 
immediate existence, and enables him to determine it in 
relation to an absolute unity of all things in God, so it 
enables him to go back to a unity which is behind or 
prior to that existence. For, if the individual can. look at 
himself as he looks at others, and at others as he looks at 
himself, i.e., from a point of view which is unaffected by 
his individuality, and in which that individuality is for him 
only what it is for impartial reason, he can have nothing in 
him which binds his consciousness to his individuality as. 
mere individuality ; as therefore he can go beyond himself 
to apprehend the whole in which his individuality has a 
place, there is nothing to prevent him from going back 
upon himself, and upon the conditions which are prior to- 
his own individual being. He is not tied to his immediate 
life, and can go below it just as he can rise above it. 

“ O God, I think Thy thoughts after Thee,” said Kepler. 
In reading the “thoughts" written in the planetary 
system, Kepler was discovering the meaning of that, 
which is simpler and more elementary than the existence 
of man, as a cycle of mechanical relations are simpler and 
more elementary than self-consciousness. Yet it was a 
true feeling that led him to connect this descent into the 
mechanical world with God. For it is only in virtue of 
the same faculty which enables us to rise to the absolute 
life which includes and subordinates our own that we can 
so free us from the image of our own conscious life as to 
apprehend and fix in thought the simpler relations of 
purely physical existence. But the same faculty of going 
back upon ourselves has a still deeper manifestation. 
Not only can we abstract from ourselves so as to under- 
stand the inorganic world, we can also abstract from om- 
selves so as to understand the conditions which are prior ■ 
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Tiew, the intelligence, in apprehending the indivisible unity 
■of elements in the object, is at the same time apprehending 
the unity of the object vdth itself. The mind cannot be 
•deceived in regard to that which forms a part of its con- 
sciousness of itself. In freeing the essential conception of 
the object from the contingency of matter, science has 
freed the object from that which made it foreign to 
intelligence, and the relation of thought to things ceases 
to be one of correspondence, and becomes one of identity. 

The legitimate inference from this view of the relation 
of the intelligence to the intelligible world would seem 
to bo that the partial separation of thought from its object 
and its imperfect correspondence \vith it is characteristic 
•of our first emiurical consciousness of things, and of the 
progress from that consciousness to science, but that in 
■completed science the division ceases. The esse of things 
is liot their 2^erci2n, but their inielligi. But, if this be 
taken as the truth, then it can no longer be supposed that 
the process by which scientific knowledge is attained con- 
sists simply in an analysis of the object as it is given in 
immediate perception. On the contrar}’’, it must be held 
that, if our thought has to submit itself to the object, and 
to be brought into conformity vith it, by a jwocess of 
induction, it is equally true that in this process the object 
also must be changed, that it may be brought into con- 
fonnity vith the principle of thought. The genesis of 
science, according to this view, is not merely an analysis 
of given facts, but a process of vital transformation by 
which consciousness on the one side and the object on 
the other are brought into unity with each other. The 
idea, indeed, of an empty process, a process in which the 
activity of the mind is merely formal, is one which will 
not stand the slightest examination, A -mind without 
categories, if such a thing were conceivable, would have 
no questions to ask in relation to the object presented to 
it, and could therefore get no answers. Those who make 
a pretence of approaching a subject in an absolutely 
receptive attitude, and without any presuppositions, only 
show that they are unconscious of the categories by 
which their thought is ruled •, and they will be most 
slavishly guided by these categories just because they 
are unconscious of them. The schoolmen, when 
they applied their logical principles to the matter of 
Christian dogma, did not recognize that they were doing 
more than analysing and bringing out clearly the meaning 
of that dogma. But the effect of their work was to turn 
the system of divinity into a collection of insoluble puzzles; 
for the doctrine was a doctrine of reconciliation between 
divine and human, infinite and finite, universal and 
particular, and the principle of their method was to treat 
all these oppositions as absolute. In like manner it might 
be shown that the analysis of social phenomena which was 
made in the last century was inadequate and superficial, 
just because of the latent assumption of individualism on 
which it proceeded, and that the greater success of writers 
like Comte and Spencer does not arise merely or mainly 
from their being more careful observers of the phenomena 
of social life, but in great part from the fact that, rather by 
the unconscious movement of opinion than by any distinct 
metaphysic, their minds have become possessed by more 
adequate categories. 

Tlie idea that the process of thought is merely formal, 
or analytic of given matter, is, however, an error that has 
a truth underlying it. This is the truth expressed by 
Aristotle in his much misunderstood comparison of the 
intelligence of man to a tabula rasa, upon which nothing 
at first is written, and again in his assertion— already 
quoted — that the mind is a pure Swa/xts, without any 
distinguishing quality of its own which could prevent it 
from apprehending the real nature of other things. In 
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other words, self-conscious reason is not a special thing in 
the world, but the principle through which all things are 
and are understood ; and hence, as regards the distinction of 
things froin each other, it is in the first instance undeter- 
mined and indifferent, and therefore open to be determined 
in one way or another, according to the object to which it 
is directed. But this simply means that the conscious 
subject, as such, is not bound to his own individuality, but 
can regard things, nay, in a sense, must regard them, from 
a point of view which is independent of it. This is what 
makes possible the self-restraint and self-abnegation pre- 
scribed to the scientific man, whose whole duty, as it is often 
said, is to keep himself out of the way and let the objects 
speak, to lay aside all subjective idola and prejudices 
that stand between him and the reality of things. This at 
first sight may seem to be equivalent to the assertion that 
the mind ought to be in a state of simple passivity or 
receptivity towards objects. What is reaUy meant, how- 
ever, is not that the intelligence should go out of itself, or 
cease to be itself, that it may know its object, but simply 
that it should show itself in its universality, or freedom 
from the limits of the individual nature. The self-abnega- 
•tion of science is an endeavour, so to speak, to see the 
object with its o^vn eyes, but this it can do only in so far 
as the consciousness for which the object is is that con- 
sciousness in relation to which alone all objects are, and 
are understood. Or, to put it in another form, the con- 
scious self in its scientific self-abnegation does not give 
itself up to another, and become purely passive ; it only 
gives up all activity which is not the activity of that 
universal thought for which and through which all things 
are. Hence, when it has so abnegated itself, its most intense 
constructive activity is just beginning, though, just so far 
as the self-abnegation has been real, that constructive 
activity has become one ^vith the self-revelation of the 
object. As, however, it is only through the constructive 
activity of thought that there exists for us any object at 
nil, so it is only through its continued activity that the 
conception of the object is changed, till it is completely 
revealed and known. And this activity involves a con- 
tinuous synthesis, by which an ever wider range of facts 
is brought together in an ever more definite unity, until 
the mind has, if we may use the expression, exhausted its 
store of categories upon the world, and until the world has 
completely revealed itself in its unity with itself and Arith 
the mind. ' 

To combine these two ideas — on the one hand that science 
begins in a self-abnegation by which the mind renounces 
all subjective prejudices, and thereby attains a purely 
objective attitude, and on the other hand that this jrarely 
objective attitude is not a mere attitude of reception, but 
one in Avhich the mind is continually transforming the 
object by its own categories, — to see that the universality 
of the mind in knowing is not mere emptiness, and that its 
activity is synthetic just Avhen it is most free from all pre- 
suppositions extraneous to the nature of its object, is one 
of the greatest difficulties of the student of metaphysic. 
Universality at first looks so like emptiness, and a universal 
activity so like a merely formal activity, that it is no 
Avonder that the one should be mistaken for the_ other. 
But if Ave make such a confusion, Ave may soon be forced 
to choose betAA'een a sensationalism that makes knoAvledge 
impossible and a mysticism Avhich makes it empty. The 
pure identity of thought Avith itself which is involved in 
the process of analysis is put on the one side, and the 
manifold matter of experience Avhich is the object of 
thought on the other, and betAveen these opposites no 
mediation is possible. If Ave take our stand upon the 
latter, Ave are forced to reject all mental sjmthesis as 
invalid, because it involves a subjective addition to the 



facts ; if we take our stand on the former, we are com- 
pelled -to regard all objective experience as irrational, 
because it does not correspond to the pure identity of 
thought. 

_ In Aristotle’s view of logic it cannot be said that this 
difficulty is clearly solved, though he seems to have seen 
the error of both extremes. On the one hand he often 
recognizes the synthetic character of the process of induc- 
tion, as when he speaks of the universal idea or law as a 
eentral principle, in which we must find the key to all the 
Mculties suggested by different aspects of a given subject, 
let in other places we trace the influence of a merely ana- 
lytic conception of that process as a process in which the 
universaHs to be reached by abstracting from the peculi- 
arities of inffividuals And this conception of it is favoured 
j Anstotle s metephysical theory, according to which the 
forms of things in the finite world are manifested in a 
resisting matter, a matter which prevents them from being 
perfectly or universaUy realized. For, in so far as this is 
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ibought is undoubtedly distinction ; and, if aU distln f 
be confounded, no meaning can be annrphpL i^ 
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the things distinguished, and this aspect of it"reOuallv 
important with the other. Aristotle shows his one s?d5 
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the truth may lead in many ways to a distorted view both 
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I Jhf? -"dnch excludes aU the movement of finite things 
I wherein they show their finitude and pass beyond them- 
selves into other things, then knowledge will be equally 
impossible. Our consciousness, on such a theorj- would 
be disintegrated into parts which would own no conne.xion 
with each other ; _ nor would it be possible for us to think 
o hings as, in .spite of their difference.s, bound together into 
le .um y of one world. The law of contradiction or 
IS inc ion, therefore, is likely to lead to serious miscon- 
ceptions, unless it be complemented by a law of relation— 
a aw expressing the truth that there is a unity which 
ran.scends all distinction. For all intelligible distinction 
an distinction of things in the intelligible world— must 
be subordinate to their unity as belonging to that world, 

V7® . essentially connected with each other and 
^tb the intelligence. In such a world, in other words, 
ere can be no absolute distinctions or differences (not 
even, etween being and not-being) ■ for distinction w-itliout 
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a solute contradiction. All opposition is within a pre- 
supfiosed unity, and therefore points to a higher reconcilia- 
lon, a reconciliation w-hich is reached w-hen we show that 
e opposition is one of correlative elements. 

• j I?® step in logical theory which was taken by the 

1 e^stic philosophy of the post-Kantian period was simply 
to dissipate the confusion which had prevailed so long 

e ween that bare or formal identity, which is but the 
eginning ^ of thought and knowledge, and that concrete 
unity of difference, which is its highest idea and end. It 
^as, in other words, to correct and complete the concep- 
lons of thought as analytical, and as externally syntheti- 
.y. ^ke conception of it as self-determining, to show 
at it is a unity -which manifests itself in difference and 
opposition, yet in all this, even when it seems to be 
ealing -with an object -n-hich is altogether external to 
1 j IS really developing and revealing itself. This new 
movement of thought might, in one point of view, be 
escribed^ as the addition of another logic to the logic 
o analysis and the logic of inductive synthesis ivhich 
^ere already in existence. But it -was really more than 
ns j for the new logic was not merely an external addition 
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to the old logics, it also put a new meaning into these 
logics by bringing to light the principles that were involved 
in them. At the same time it broke down the division 
that had been supposed to exist between logic and meta- 
physic, between the form or method of thought and its 
matter. It showed that thought itself contains a matter 
from which it cannot be separated, and that it is only by 
reason of this matter that it is able to ask intelligent 
questions of nature, and to get from nature intelligible 
answers. A short space must be devoted to explain this 
relation of the three logics to each other. 

The analytic logic fairly represents our first scientific 
attitude to the world, in which we concentrate our attention 
upon the facts as they are given in experience, with no 
thought of any inental synthesis tlmough which they are 
given. To ourselves we seem to have to do with an object 
which is altogether independent of our thought, and what 
we need in order to know it is to keep ourselves iu a purely 
receptive attitude. All we can do is to analyse what is 
given, without adding anything of our oto to it. It has, 
however, already been pointed out that this apparent self- 
abnegation is possible only because, in abnegating our indi- 
vidual point of view, we do not abnegate the point of view 
that belongs to us as universal or thinking subjects. In 
other words, the objecti%’ity of knowledge thus attained is 
not the ceasing of the activity of our thought, but rather of 
all that interferes with that activity. We seem to abstract 
from ourselves, but what we do abstract from is only the 
individuality that stands between us and the world. The 
scientific observer who has thus denied himself, however, 
is not necessarily conscious of the meaning of what he has 
done. The immediate e.xpression of his consciousness is 
not “I think the object,” but “it, the object, is”; and the 
more intensely active he is the more his activity is lost for 
him in the object of it. His whole work is, for himself, 
only the analysis of given facts, and for the rest ho seems 
to have nothing to do but to take the world as ho finds 
it. The voice of nature to which he listens is for him 
not his own voice but the voice of a stranger, and it docs 
not occur to him to reflect that nature could not speak to 
any one but a conscious self. His business is to determine 
things as they present themselves, to enumerate their 
qualities, to measure their quantities ; and his logic accord- 
ingly is a logic governed by the idea of the relative com- 
' prehension and extension of the things which he thus 
names and classifies. Such an analytic logic seems to bo 
all that is necessary, because the only predicates by which 
things are as yet determined are those which are involved 
in their presence to us in perception, and as jjerceived they 
seem to be at once given in all their reality to the mind 
that apprehends them. 

A step is taken beyond this first naive consciousness of 
thing-s, whenever a distinction is made between appearance 
and reality, or whenever it is seen that the things perceived 
are essentially related to each other, and that therefore they 
cannot be known by their immediate presence to sense, but 
only by a mind which relates that which is, to that which 
is not, immediately perceived. If “ the shows of things are 
least themselves,” we must go beyond the shows in order to 
know them ; we must • seek out the , permanent for that 
which is given as transient, the law for the phenomenon, 
the cause for the effect. The process of thought in know- 
ledge therefore is no longer lost in its immediate object, 
but is, partly at least, distinguished from it. For just in 
proportion as the reality is separated from the appearance 
does the knower become conscious of an activity of his own 
thought in determining things. From this point of view 
nature is no longer an object which spontaneously reveals 
itself to us, but rathei one which hides its meaning from 
as, and out of which we must wring its secret by persistent 
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questioning. And, as this questioning process obviously 
has not its direction determined purely by the object itself 
It becomes manifest that the mind must bring with it the 
categories by ivhich it seeks to make nature intelligible 
To ask for the causes of things, or the lan^s of things, pre^ 
supposes that the immediate appearance of them does not 
correspond to an idea of reality which the mind brings 
with it, and by which it judges the appearance. FTature 
is supposed to be given to or perceived by us as a multi- 
tude of objects in space passing through successive changes 
in time ; and what science seeks is to discover a necessity 
of connexion running through all this apparently contingent 
coexistence and succession and binding it into a system. 
Science, therefore, seems to question nature by means of 
an idea 6f the necessary interdependence and connexion of 
aU things, as parts of one systematic whole governed by 
general laws — an idea which it does not get from nature, 
but which it brings to nature. Hence the logic in which 
this process of investigation expresses its consciousness of 
itself will be a synthetic logic, a logic built on certain prin- 
ciples which are conceived to be independent of experience, 
and by the aid of which we may so transform that experi- 
ence, so penetrate into it or get beyond it, as to find for it 
a better explanation than that which it immediately gives of 
itself. The Posterior Analytic, in which Aristotle brings in 
the idea of cause to vivify the syllogistic process, or supply a 
real meaning to it, may already be regarded as a first essay 
in this direction. And the theory of inductive logic, as 
explained by Bacon and his successors down to Mill, is a 
continuous attempt to determine what are the principles and 
methods on which e.xperience must be questioned, in order 
to extract from it a knowledge which is not given in im- 
mediate perception. 

It was, however, Hume who first brought into a clear 
light the subjectivity of the principles postulated in this 
logic, and especially of the principle of causality, which is 
the most important of them. In thus contrasting the sub- 
jectivity of the principles of science TOth the objectivity 
of the facts to which they are applied, it was his intention 
to cast doubt on the science which is based on the applica- 
tion of the former to the latter. The principles, he main- 
tains, are not legitimately derived from the facts, therefore 
they cannot legitimately be used to interpret them. They 
are due to the influence of habit, which by an illegitimate 
process raises frequency of occurrence into the universality 
and necessity of la-w, and so changes a mere subjective 
association of ideas into an assured belief and expectation 
of objective facts. The answer given by Kant to this 
sceptical criticism of science involved a rejection of that 
very opposition of subjective and objective upon which it 
was based. Without necessary and universal principles, 
the experience of things as qualitatively and quantitatively 
determined objects, coexisting in space and passing 
through changes in time (or even the determination of the 
successive states of the subject as successive), would itself 
have been impossible. Hence necessity of thought cannot 
be derived from a frequent experience of such objects. It 
is true that the determination of things as permanent sul> 
stances reciprocally acting on each other, according to uni- 
versal laws, goes beyond the determination of them as 
qualified and quantified phenomena in space and time. 
But both determinations are possible only through the 
same a, prion principle, and we cannot admit the former 
determination ■without implicitly admitting the latter.^ As, 
therefore, it is through the necessity and universality^ of 
thought that objects exist for us, even before the application 
to them of the principles of scientific induction, and as the 
application of those principles is only a further step in 
that a priori synthesis wluch is already involved in the 
perception of these objects, we have Ho^ason for treating 



the former kind of synthesis as objectively valid which 
does not equally apply to the latter. 

This vindication of the principles of induction has, how- 
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relation to each other. For such a logic and such a meta- 
physic must rest on the assumption of an absolute division 
between being and thoughtj the very two terms the unity 
of which it must be the utmost object of both logic and 
metaphysic to prove and to produce. 

4. The Relation of Melaphysic to Philosophy of Religion. 
— ^The possibility of a “first philosophy,” as we have 
already seen, is essentially bound up with the possibility 
of what we may caU a last philosophy. It is only in so 
far as we can rise above the point of view of the individual 
and the dualism of the ordinaiy consciousness — in so far, 
in other words, as we can have at least an anticipative 
consciousness of that last unity in which all the differences 
of things from each other and from the mind that knows 
them are explained and transcended — that we are able to 
go back to that first unity which all these differences pre- 
suppose. The life of man begins with a diwded conscious- 
ness, TOth a consciousness of self which is opposed to the 
consciousness of what is not-self, 'Vi'ith a consciousness of a 
multiplicity of particulars which do not seem to be bound 
together by any one universal principle. Such division 
and apparent independence of what are really parts of one 
whole is characteristic of nature, and in spirit it is at first 
only so far transcended that it has become conscious of 
itself. A conscious difference, however, as it is a difference 
in consciousness, is no longer an unmediated difference. 
It is a difference through which the unity has begun to 
show itself, and which therefore the unity is on the way to 
subordinate. And all the development of consciousness 
and .self-consciousness is just the process through which 
this subordination is carried out, up to the point at which 
the difference is seen to be nothing but the manifestation 
of the unity. Just so far, therefore, as this end is present 
to us, — so far as we are able to look forward to the solution 
or reconciliation of all the divisions and oppositions of 
v/hich we are conscious and to see that there is an all- 
embracing unity which they cannot destroy, — is it possible 
that we should look back to the beginning or first unity, 
and recognixe that the.?e divisions and oppositions are but 
the manifestations of it._ Thus the extremes of abstractness 
and of concreteness of thought are bound up together. The 
freedom of intelligence by which we get rid of the complexity 
of our actual life, and direct our thoughts to the simplest 
and most elementary conditions of being and knowing, is 
possible only to those who are not limited to that life, but 
can regard it and all its finite concerns from the point of 
view of the infinite and the univensal. In this sense it is 
true that reli^on and metaphysic spring from the same 
source, and that it is possible to vindicate the rationality of 
reh'gion only on metaphysical principles. The philosophy 
of religion is, in fact, only the last application or final 
expresrsion of metaphysic; and, conversely, a metaphysic 
v.-hich is not capable of furnishing an explanation of religion 
contradicts itself. 

Tliis last remark affords us a kind of criterion of a true 
metar(h 3 -.~ic. Can it or can it not explain religion? If it 
cannot, it must be equally unable to explain its own po.ssi- 
bility, and therefore implicitly it condemns itself. Thus a 
pantheistic sj'stern, which loses the .subject in the absolute 
substance, cannot explain how that subject should appre- 
hend the substance of which it is but a transitory mode, nor, 
on the other hand, can it explain why the substance should 
manifest itself in and to a subject. And the same criticism 
maybe madeonall theoriesin which thefirst or metaphysical 
unity Ls abstractly opposed to the manifoldness and con- 
tingency of things. Xot only of )Spinoza, but also of Kant, 
of Fichte, and even of »Schelling, it might with some truth 
be said that their absolute is like the lion’s den, towards 
which all the tracks are directed, while none come from it. 
It is essential that the fir.st unity should be such as to 
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e.xplain the possibility of difference and division, for if it 
is not, then the return to unity out of difference is made as 
accidental as the difference itself. When Aristotle repre- 
sented the Divine Being as pure self-consciousness, pure 
form without matter, he found himself unable to account 
for the existence of any world in which form was realized 
in matter. "WTien therefore he .speaks of the process of 
the finite wwld by which it returns to God, and attributes 
to nature a will, w'hich is directed to the good as its final 
^use, his theory seems to be little more than a metajjhor 
in which the analogy of consciousness is applied to the 
unconscious. For, if the Divine Being is not manifested 
in the world, any tendency of the world to realize the good 
becomes an inexplicable fact. A similar difficulty is, as 
we saw, involved in Kant’s confusion of the bare identity 
of understanding with the absolute unity of knowledge. 
Reducing the unity of self-consciomsness to such a bare 
identity, Kant could not be expected to see, what Aristotle 
had not seen, that pure seK-consciousness is essentially 
related to anything but itself. Hence the various attempts 
which he made in his ethical works and in his Criticism of 
Judgment to find a link of connexion between the noumenal 
and the empirical were necessarily condemned even by him- 
self as the expressions of a merely regulative and subjective 
principle of knowledge. Even Fichte, who found in the 
thought, which is for him the jirvus of all existence, a 
principle of differentiation and integaation which explained 
how self-consciousness in us should be necessarily correlative 
with the consciousness of a world, was unable to free him- 
self from the Kantian opposition of a noumenal identity 
in which there is no difference to a phenomenal unity 
which is realized in difference. Hence by him also the 
retm-n out of difference is regarded as an impossibility, or 
as a processns in infinitum, and the absolute unity as that 
which is beyond all knowledge and only apprehended by 
faith. 

If we look to completely elaborated theories, and dis- 
regard all tentative and imperfect sketches, it may fairly 
be said that all that has as yet been done in the region of 
pure metaphysic is contained in two works, in the Meto/- 
physic of Aristotle and the Logic of Hegel. And up to a 
certain point the lesson wffiich they teach is one and the 
same, viz., that the ultimate unity which is presupposed 
in all differences is the unity of thought with itself, the 
unity of self-consciousness, and that in this unity is con- 
tained the type of all science, and the form of all existence ; 
in other words, I = I is the formula of the universe. The 
difference between these two works has, however, already 
been indicated. With Aristotle, because he neglects the 
cs.sential relation of self-consciousness to consciousness, or 
of the conscious self to the world of objects in space and 
time, the unity of self-consciousness tends to pass, as it did 
pass with the Heo-Platonists, into a pure identity without 
difference. In the Hegelian logic, on the other hand, self- 
consciousness is interpreted as a unity which realizes itself 
through difference and the reconciliation of difference — as, 
in fact, an organic unity of elements, which exist only as 
they pass into each other. In other v'ords, it is shown 
that the differentiating movement by which the subjective 
and the objective self are opposed and the integrating 
movement by which they are reunited are both essential 
Hence we cannot think of the conscious self as a simple 
resting identity, but only as an active self-determining 
principle ; nor can we think of its seK-determination as a 
pure affirmation of itself, without any negation, but only 
as an affirmation which involves a double negation-— an 
opposition of two elements which yet are essentially united. 
Each factor in this unity, in fact, is necessarily conceiv^ 
as p^assing beyond itself into the other ; the subject is 
subject only as it relates itself to the qbiect, the object is 
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object only as it relates itself to tlie subject. It is this 
tension against each other of elements ■which yet are corre- 
lated and indissolubly united, this self-surrender to each 
other of elements -n’hich yet are maintained in their distinc- 
tion, ■which constitutes the organic unity of thought in 
itself, and separates it from the mere abstract unity of 
mj'sticism. IlTien, however, the concrete or self-differen- 
tiating character of the unity of self-consciousness is airpre- 
hended in this -way, — so that it is impossible to confuse its 
indivisible unity ■with the simplicity of that ■which is one 
merely because it has no differences in it, — ^the problem of 
the relation of pure self-consciousness to the world in space 
and time ceases to be insoluble. Thought, as it is seen to 
have difference in itself, is no longer irreconcilable ■with 
the world of difference ; nor is it necessary to introduce a 
foreign vKt] to make their connexion intelligible. For, as 
thought is a principle of difference as well as of unity, of 
analysis as well as of synthesis, and as it cannot realize 
itself in its unity except through the utmost development 
of difference, abstract self-consciousness, with its transparent 
or merely ideal difference, cannot be its ultimate form. 
On the contrary, the consciousness of self is possible only 
in distinction from, and in relation to, a world of objects. 
In other words, the unity of the thinking subject pre- 
supposes, not merely the opposition of the subjective and 
the objective self, but also the opposition of the self in its 
pure self-identity to a world of externality and difference. 
The pure intelligence, which is the prius of all things, must 
not, therefore, be regarded — as Aristotle regarded it — as 
merely theoretical, but also as practical. It must be con- 
ceived as a living principle, a principle which only in self- 
manifestation can be conscious of itself, and to the very 
nature of which, therefore, self-manifestation is essential. 
In this way Hegel — just because he grasped the concrete 
character of the unity of thought in itself — was enabled to 
understand the necessary unity of thought or self-conscious- 
ness with the world, and to heal the division of physics 
from metaphysic, which Aristotle had admitted. 


Schelling and others who have raised objections to the 
Hegelian method have specially directed their criticisms 
against this transition from logic to the philosophy of 
nature, from pure self-consciousness to the external world 
in space and time. In doing so, they have practically 
fallen back upon the Aristotelian theory, "with its opposition 
of God, as pure form, to the finite world. But this in effect 
is to deny that “ the real is the rational ” or intelligible 
and^ to introduce into the world, as the ground of its 
distinction from reason, a purely irrational or contingent 
element, A modern follower of Schelling’s later positive 
philosophy only draws the necessary consequence from this 
view when he teaches the pessimist creed that the highest 
good IS the negation or extinction of the finite. Hor can 
wo wonder that the same writer who denies that the 
absolute self-consciousness is essentially related to or 
manifested in the world should proceed to reduce this 
self-consciousness to a mystic identity which comes out of 
Itself and becomes self-conscious only by an inscrutable 

deny the 
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itself and knows itseK as it is, which has no discretion of 
parts or capacity of division or determination from without 
Matter is essentially discrete or infinitely divided ; it is a 
pure passivity; and all its determination comes to it from 
without. The world is therefore, as it were, “ cut in two 
with a hatchet,” di'vided into two unrelated existences, 
which are held together only by the will of God. Spinoa 
cuts the knot, and avoids the arbitrariness of this solution, 
by treating extension and thought as two attributes 
separated only in respect of our intelligence, but each 
expressing fully the absolute substance. And something 
like the same view has been revived in recent times, by 
uwiters like Lewes and Mr Spencer, who speak of feelings 
and motions as two opposite “ aspects ” of the same fact. 
WTien we ask, however, /or whom these attributes or 
aspects are a unity, it becomes clear that the intelligence 
winch is regarded as standing on one side of the dualism 
must also he taken as transcending it, and relating the two 
sides to each other. Moreover, the correspondence of the 
two attributes upon which Spinoza insists and tbeir contra- 
riety upon whicb Descartes insists, when taken together, 
give us the idea of a correlative opposition, i.e., of an opposi- 
tion of elements w'hich yet are necessary to each other. 
If, therefore, they cannot be simply identified as Spinoza 
identifies them, yet they, need no external bond such as 
Descartes introduces to combine them ; for they cannot 
exist apart from each other. Their opposition is held 
■within the limits of their unity, and is no absolute con- 
tradiction, but rather an opposition which exists only as it 
is transcended. In other words, it is an abstract opposi- 
tion, i.e., it is an opposition of elements which seem to be 
irrecorrcilahle till it is observed that they are correlative, 
that each exists or has a meaning only as it relates itself 
to, or passes out of itself into, the other, and that each, 
held in its abstraction and separation from the other, loses 
all the meaning that it seemed to have. For, as in an 
organic body each member or organ lives only in tension 
against the others, yet only as continually relating itself to 
the others, so the utmost opposition of mind to matter, of 
the intelligence to the intelligible world, presupposes their 
unity, and is only the realization of it. 

There is here, however, something more than an ordiuaiy 
case of correlation, for in this unity of opposites mind 
appears t'wice, once as one of the opposites, and again 
as the unity which transcends the opposition. Tms 
ambiguity becomes most obvious in theories like that of Jh 
Spencer, who speaks of “ tw'o consciousnesses,” which cannot 
be resolved into each other, but yet which strangely form 
inseparable parts of one and the same consciousness. ’R 
however, is really involved in such a statement is that the 
external world, which in the first instance presents itsel 
as absolutely opposed in nature to the subject whose ohjec 
it is, is yet one imth that subject, and that therefore t o 
antagonism of mind to its object is only the last ififferentw- 
tion through which it realizes its unity ■with itself, 
Hegel’s language, that which presents itself as other than 
mind is other — “an other which is not another, whose 

difference and opposition to itself it overreaches and 
comes. We must, therefore, regard the independence an^ 
externality of nature, its indifference, and even, as it seem-, 
opposition, to the development of the moral and inteuec ua 
life of man, as merely apparent. For man, in this 
of luew, is not merely one natural being among othera, 
tbe being in whom nature is at once conqilete a 
transcended. If, therefore, at first he appears to sta lu 
in merely accidental and external relations to the o 
existences among which he finds himself, yet the w 
process of his life — the process by which he comes to ^ 
the external world, and by which, reacting rrppj^ i > . 

makes it the means to the realization of an iudi\i ua 
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fortune at ttat period. Metastasio was now twenty. 
During tbe last four years he had worn the costume of 
abW, having taken the minor orders without which it WM 
then useless to expect advancement in Rome. His romantic 
history, personal beauty, charming manners, and distin- 
guished talents made him fashionable. That before two 
years were out he had spent his money and increased his 
reputation for wit will surprise no one. He now very 
sensibly determined to quit a mode of life for -vyhich he 
was not born, and to apply himself seriously to the work 
of his profession. Accordingly he went to Naples, and 
entered the ofiBce of an eminent laivyer named Castagnola. 
It would appear that he articled himself as clerk, for 
Castagnola, who was a stern master, averse to literary 
trifling, exercised severe control over his time and energies. 
While slaving at the law, Metastasio did not wholly neglect 
the Muses. In 1721 he composed an epithalamium, and 
probably also his first musical serenade, Endimione, on the 
occasion of the marriage of his patroness the Princess 
Pinelli di Sangro to the Marchese Belmonte Pignatelli. 
But the event which fixed his destiny was the foUorving. 
In 1722 the birthday of the empress had to be celebrated 
with more than ordinary honours, and the viceroy applied 
to kletastasio to compose a serenata for the occasion. He 
accepted this invitation Avith mingled delight and trepida- 
tion ; for Castagnola looked ■with no favour on his clerk’s 
poetical distractions. It was arranged that his authorship 
should be kept a profound secret. Under these conditions 
Metastasio produced Gli Orti Esperidi. Set to music by 
Porpora, it won the most extraordinary applause. The 
great Roman prima donna, Marianna Bulgarelli, called La 
Romanina from her birthplace, who had played the part 
of Venus in this drama, was so enraptured ■with the beauties 
of the libretto that she spared no pains until she had dis- 
covered its author. Asked point-blank whether he had 
not ■written the words of the successful play, Metastasio 
was obliged to answer, Yes ! La Romanina forth^with took 
possession of him, induced him to quit his larvyer’s office, 
and promised to secure for him fame and independence, if 
ho would devote his talents to the musical drama. It was 
thus that the opera, already partially developed by the 
Ctesarean poet, Apostolo Zeno, attained perfection. The 
right man had been found for maturing this form of art 
which the genius of the age demanded, but which was stiU 
but incomplete. In La Romanina’s house Metastasio 
became acquainted ■with thegreatest composers of the day, — 
■with Porpora, from whom he took lessons in music ; ■with 
Hasse, Pergolese, Scarlatti, Vinci, Leo, Durante, Marcello, 
all of whom were destined in the future to set his plays to 
melody. Here too he studied the art of singing, and 
learned to appreciate the style of such men as Farinelli. 
His singularly pliant genius discerned the conditions which 
the drama^ must obey in order to adapt itself to music in 
the stage it then had reached. Gifted himself with extra- 
ordinary facility in composition, and with a true poetic 
feeling, ho found no difficulty in producing plays which, 
while beautiful in themselves, judged merely as works of 
literary art, became masterpieces as soon as their words 
wore set to music, and rendered by the singers of the 
^eatet school of vocal art the world has ever seen. Read- 
ing Meta^asio in the study, it is impossible to do him 
jipticc. ^ Our only chance of rendering him a portion of 
us duo IS to approach these lyrical scenes — so passionate 
m tlieir emotion, so cunningly devised for musical effect— 
wi h the phrases of Pergolese or Paesiello ringing in our 
and to imagine how a Parinelli or a CaffarioHo voiced 

their artistic realization 
the linked .sweetness long drawn out” of melodies as the 
Italian .soliool developed them. In short, hletastasio is a 
poe V lose poetry leapt to its real life in the environment 


of music. The conventionality of all his plots, the 
absurdities of many of his situations, the ■violence he does 
to history in the persons of some leading characters, his 
“damnable iteration” of the theme of love in all its 
phases, are explained and justified by music. He can still 
be studied with pleasure and profit. But our only chance 
of understanding the cosmopolitan popularity he enjoyed 
is by remembering that at least one half of the effect he 
aimed at has been irrecoverably lost. 

Metastasio resided 'with La Romanina and her husband 
in Rome. The generous woman, moved by an affection half 
maternal half romantic, and by a true artist’s admiration 
for so rare a talent, adopted him more passionately even 
than Gravina had done. She took the whole Trapassi 
family — ^father, mother, brother, sisters — intoher own house. 
She fostered the poet’s genius and pampered his caprices. 
Under her influence he ■wrote in rapid succession the 
Didone Ahbandonata, Gatone in Utica, Ezio, Alessandro 
nelV Indie, Semiramide Riconosciuta, Siroe, and Artaserse. 
These dramas were set to music by the chiei composers oi 
the day, and performed in the chief towns of Italy. Eveiy 
month added to Metastasio’s renown. But meamyliile La 
Romanina was growing older ; she had ceased to sing in 
public ; and the poet felt himself more and more dependent 
in an irksome sense upon her kindness. He gained 300 
scudi (about £60) for each opera ; this pay, though good, 
was precarious, and he longed for some fixed engagement. 
Abandoning himself gradually to despondent whims and 
fancies, it became clear that some change in his condition 
was desirable. And the opportunity for a great change 
soon presented itself.- In September 1729 he received 
the offer of the post of court poet to the theatre at Vienna, 
with a stipend of 3000 florins. This he at once accepted. 
La Romanina unselfishly sped him on his way to glory. 
She took the charge of his family in Rome, and he set off 
for Austria. 

In the early summer of 1730 Metastasio settled at 
Vienna in the house of a Spanish Neapolitan, Niccolo 
Martinez, where he resided until his death. This date 
marks a new period in his artistic activity. Between the 
years 1730 and 1740 his finest dramas, Adriano, Dmetrio, 
Isdpile, Demofoonte, Olimpiade, Clemenza di Tito, AcMlle 
in Seiro, Temistocle, and Attilio Regolo, were produced for 
the imperial theatre. Some of them had to be composed 
for special occasions, ■with almost incredible rapidity — the 
Achille in eighteen days, the Ipermnestra in nine. Poet, 
composer, musical copyist, and singer did their work 
together in frantic haste. The impress of the peculiar’ 
circumstances under which they were created is still left 
upon them, not only in negligence of style, but also in an 
undefinable quality which marks them out as products of 
collaboration. But what must always surprise us is that 
they should be as good as they are. Metastasio understood 
the technique of his peculiar art in its minutest 'details. 
The experience gained at Naples and Rome, quickened by 
the excitement of his new career at Vienna, enabled him 
almost instinctively, and as it were by inspiration, to hit the 
exact mark aimed at in the opera. 

At Vienna Metastasio met ■with no marked social 
success. His plebeian birth excluded him from aristocratic 
circles. But, to make up in some measure for this com- 
parative failure, he enjoyed the intimacy of a great lady, 
the Countess Althann, sister-in-law of his old patroness the 
Princess Belmonte Pignatelli. She had lost her husband, 

^ and had some while eeeupied ’the post of ohiet favourite to 
I the emperor. Metastasio’s liaison with her became so close 
that it was even believed they had been privately married. 
From his letters to his friend La Romanina, and to the 
great singer Parinelli, who reigned supreme at the court 
of Madrid, we learn the little details of the poet’s life in 
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its ■R'earisome monotony, and come to compreliend his 
character, at once generous and timid, selfish and amiable, 
prudent almost to excess of caution, and personally cold in 
contradiction ^th the fervour of Iiis sentimental muse. 
The even tenor of this dull existence was broken in the 
ymv 1734 by the one dark and tra^c incident of his 
biography. It appears that La Eomanina had at last got i 
tired of his absence. Little satisfied with his friendly but i 
somewhat reticent communications, impatient to see him ‘ 
once again, inquisitive perhaps about the terms on which ' 
he lived ndth his new mistress, she resolved to journey to 
Vienna. Could not ifetastasio get her an engagement at 
the court theatre? The poet at this juncture revealed his , 
own essential feebleness of character. To La Eomanina he ' 
owed almost everything as a man and as an artist. But ' 
he was ashamed of her and tired of her. He vowed she * 
.should not come to Vienna, and uTote dissuading her from j 
the projected nsit. The tone of his letters alarmed and ! 
irritated her. It is probable that .she set out from Eome, i 
but died suddenly upon the road. Nothing can be said for ! 
certain about her end, or about the part which Hetastasio ! 
maj" have played in hastening the catastrophe. All v,-e ! 
know is that she left him her fortune after her husband’s 
life interest in it had expired, and that Metastasio, over- 
whelmed with grief and remorse, immediately renounced 
the legacj". This disinterested act plunged the Bulgarclli- 
iletastasio household at Eome into confusion. La 
Eomanina’s widower married again. Leopoldo Trapa.ssi, • 
and his father and .sister, were tliromi upon their orvn 1 
resources. Tlie poet in Vienna had to bear their angrj' ' 
expostulations upon his ill-timed generosity, and to augment i 
the allowances he made them. i 

As time advanced the life which iletastasio led at 
Vienna, together vith the climate, told upon his health 
and spirits. From about the year 174.0 onward he writes 
complainingl}' of a mysterious nervous illne.ss, which j 
jfiunged him into the abyss of melancholy, interfered with j 
his creative energy, and constantly distressed him with the j 
apprehension of a general breakdo%vn. He -uTote but , 
little now, though the cantatas which belong to this ' 
period, and the canzonet Ecco quel Jiero isiante, which he 
sent to his friend Farinelli, rank among the most popular 
of liis productions. It was clear, as his latest and most 
genial biograijher, Vernon Lee, has phrased it, that “what ' 
ailed him was mental and moral ennui.” In 17.55 the ; 
Countess Altliann died, and 3Ietastasio was more than ever • 
reduced to the society which' gathered round him in the 
bourgeois hoase of the Martinez. He sank rapidly into 
the habits of old age ; and, though his life was prolonged 
till the year 1782, verj' little can be said about it.' On 
the 12th of April he died, bequeathing his whole fortune ' 
of some 130,000 florins to the five children of his friend 
ilartinez. He had survived all his Italian relatives. j 
During the long period of forty years in irhich lIcta.st.asio maj' be ' 
almost said to have overlived his originality and crciitivc pov.'crs 
his fame %vent on increa-sing. In his library lie counted as inan5'as ; 
forty editioti-s of his own works. They had been translated into - 
French, Foglish, Gennan, .Spanish, even into llodcm Greek. The}' 
had been .set to music over and over again by every composer of ' 
distinction, each opera receiving thi.s honour in turn from .several 
of 'the most illn.strions men of Europe. They had been snng by the 
be.st virtuosi in every capital, from lladrid to St Petersburg, from 
I^mdon to Constantinople. The critics of all nations vied in 
raiding llctastasio’s credit to the skies. There w.as not a literarv . 
academy of note which had not conferred on him the honour of 
membership. Strangers of distinction passing through 1 ienna ' 
math a point of pa}ing their re.spects to the old poet at his lodgings , 
in the Kohirnarkt Gasse. Letters of congratulation, adulation, 
Bvmpathv, resjiect, condolence, poured in upon him. And yet, 
d'uring the whole of this long period, he was gradmally outliving the 
artistic conditions upon which that fame was really founded. It . 
ha.s Vicn already pointed out that ireta.stasio cannot rank .as a poet • 
in the mirinalified .sen<-e of that word, but as a poet collaborating , 
with the musical composer and performer. His poetry, further- | 
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moK, was intended lor a certain style of masic— for the miisiV f>r 
omnipotent vmcahsts, of thaumalnrgical soprani. With the charn'es 

f Gluck and Mozart, witl^the 
development of orchestration and the rapid growth of the German 
manner a new ^'pe of libretto came into request. Metas?So" 

together irith the music to which 
he had linked them. Fannelh, whom he styled “twin-brother ” 
was the true exponent of his poetry ; and, with the abolition of the 
"'P” to v-hjeh Fannelli belonged, Metast.a.sio’s music 
Miffered eclipse. _ It was indeed a ynst symbolic instinct which made 
the poet duo this unique soprano his twin-brother, 

_ Tlic musical drama for which Metastasio composed, and in work- 
ing for which his genius found its proper .sphere, has so wholly 
passed away that it is now difficult to assign his true place to the 
poet in Italian literary histo^*. Compared with .Shakespeare, or even 
ipth Lacinc, he hardly merits the title of a dramatist. His inspira- 
tion was essentially emotional and lyrical. Instead of creating 
characters, he created situations for the display of very varied fcel- 
mgs, for all the feelings in fact to which melody allies itself. But 
in doing this ho .showed a capable playwright’s' faculty. His per- 
sonages act and react upon each other. Tlieir characters, though not 
m harmony iritli histoiy' or fact, are clearly traced and cleverly sus- 
tained. Each of the dramatis persome is an emotion inc.amate and 
con.sistcnt, admirably fitted for mn.sical effect and contrast. ITie 
clash and combat of passions arc riridly presented, with the smallest 
possible expenditure of rhetoric, in the dialogues intended for 
recitative. _ Tlie climax of emotion is cadenced in appropriate 
.stanzas, with simple but eflbctive imagery, at the close of each 
important scene, "nic chief dramatic situations are expres.sed by 
lyriiM for two or three voices, embodying the several contending 
passions of the .agents brought into conflict by the circninstances of 
the plot. The total result is not pure Uterature, but literature 
supreincly' fit formusical effect. Language in Metastasio’s bauds is 
exquisitely pure and limpid. Of the Italian poets, he professed a 
special admiration for 'Tasso and for Marini. Buthe avoided the con- 
ceits of the latter, and was no master over the refined richness of the 
former’.s diction. His own style reveals the iroprovisatore’s facDity'. 
Oi the Latin poets he studied Ovid with the greatest pleasure, and 
from this predilection some of his own literary qualities may he de- 
rived. The pedantic nilcs of Aristotelian poetic.s never touched an 
artist who felt Iii.s real v'oeation to be the interpretation of music. 
For historical propriety, for the psychology of character, for unity of 
plot, for probability of incident, he had a supreme disregard. It was 
indeed his merit to have discarded all these considerations. His 
poetry w.as the twin-sister of Italian melody, and he was right in 
tnisting entirely to music and action on the stage to render his con- 
ceptions vital. What, therefore, he gained during his avra lifetime, 
while the musical system to which he subordinated his genius was 
yet living, he has since lost when, as now, he must be studied by 
readers who have only a faint and dim conception of that perished 
art. For su-eetness of versification, for limpidity’ of diction, for 
delicacy of sentiment, for romantic situations e.vqiii.sitely rendered 
in the .simple.st style, and for a certain delicate beauty of imageiy 
sometimes soaring to ideal sublimity', be deserves to be appreciated 
so long as the Italian language lasts. 

TliCTC are nameroM c-aitions of Ifetastasio’s worka. Tfiat by Calsabigi, Paris, 
I7i5, 9 TOls. Svo, imbli'Iied umler Ms ovm sTiperintendeace, was the fioct's 
favourite. Anotlier of Turin, 1757, anfl a tlilrfl of Paris, 1780, deserve mention. 
Tile postliumons works were printed at ATenna, 1795. 'The collected editions of 
Genoa, 1802. and Padna, 1811, will probably be found most useful by the general 
student. Jletastasie's life was written by Aluigi, Assisi, 1783; by Ch.rrlc3 Barney, 
london, 1790 ; and by others ; bnt by ! dr the most vivid sketch of his biography 
will be found in Vernon Lee's Htudiet of the IStA Ctnlury in Italy, London, 1880, 
a work tvliicli tlirons a flood of llgbt upon the development of Italian dramatic 
inusic.and upon the place occupied by llctastasio in the artistic movement of the- 
last ccntiir)'- 

JIETCALFE, CH.VKLES Theophilto Metcalfe, Baeoit 
(1785-1846), a distinguisked administrator, was bora 
at Calcutta on .January 30, 1785 ; he was the second son 
of Thomas Theophilus Metcalfe, then a major in the 
Bengal army, wlio afterwards became a director of the 
East India Company, and was created a baronet in 1802. 
Having been educated at Eton, where he read extensively, 
he in 1800 sailed for India as a writer in the service of the 
Company. After studying Oriental languages with success 
at Lord Wellesley’s college of Fort William,^ he, at the age 
of sixteen, received an appointment as assistant to Lord 
Cowley, then resident at the court of Sindhia; in 1802- 
he became assistant in the ofiice of the chief secretary ; in 
1803 he was transferred to that of the governor-general, 
and in 1 806 to that of the commander-in-chief. On A^gJ^A 
15, 1806, he became first assistant to the resident at Delhi, 
and in 1808 he was selected by Lord Jlinto for me dimcult 
post of envoy to the court of EanjitSinh at Lahore; here.. 
^ yVT. — 14 
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on April 25, 1809, lie successfully concluded tlie important 
treaty securing tlie independence of tlie Sikh states between 
the Sutlej and the Jumna. Four years afterwards be was 
made principal resident at Delhi, and in 1819 he receiTCd 
the appointments of secretary in the secret and political de- 
partment, and of private secretary to the governor-general 
(Lord Hastings). From 1820 to 1823 Sir Charles (who 
succeeded his brother in the baronetcy in 1822) was resident 
at the court of the nizam, but in the latter year he was com- 
pelled by the state of his health to retire from active service 5 
in 1825, however, he was so far restored as to imdertake 
the residency of the Delhi territories. Two yrars after- 
wards he obtained a seat in the supreme council, and in 
February 1835, after he had for some time been governor 
of Agra, he, as senior member of council, provisionally 
succeeded Lord William Bentinck in the governor-general- 
ship. During his brief tenure of office (it lasted only till 
March 28, 1836) he originated or carried out several 
important measures, incluffing that for the liberation of the 
press, which, while almost universally popular, complicated 
his relation with the directors at home to .such an extent 
that he withdrew from the service of the Company in 1838. 
In the following year he was appointed by the Melbourne 
administration to the governorship of Jamaica, where the 
difficulties created by the recent passing of the Negro 
Emancipation Act had called for a Idgh degree of tact and 
ability. Sir Charles Metcalfe’s success in this delicate 
position was very marked (see vob xiii. p. 551). but tmfor- 
tunately his health compelled his resignation and return to 
England in 184:2. Six months afterwards he was appointed 
by the Peel ministry to the governor-generalship of Canada, 
and his success in carrying out the policy of the home 
Govermnent was rewarded with a peerage shortly after his 
return in 1845. He died at Malshanger, near Basingstoke, 
September 5, 1846. See J. W. Kaye’s Life and Corre- 
^pondewx of Charles Lord Metcalfe, London, 1854. 

ilETELLUS, the name of the most important family of 
the Roman plebeian gens Csecilia. They rose to distinction 
during the Second Punic War, and Naevius satirized them. 

QcrrxTUS C.«cixitts ilETELLUs MACEDO^^ctrs, praetor 
148 B.c. in ilacedonia, defeated Andriscus in two battles, 
and forced him to surrender. He then superintended the 
conversion of hlacedonia into a Roman province. He tried 
unsuccessfully to mediate between the Achaean league and 
Sparta, but, when the Achaeans advanced, he defeated 
them easily near Scarpheia ; ilummius soon after super- 
seded hm, and returning to Italy he triumphed in 146. 
Consul in 143, he reduced northern Spain to obedience. 
In 131 censor TOth Q. Pompeias (the first two plebeian 
censors), he proposed that all citizens should be compelled 
to marry. He was a moderate reformer, and was con- 
sidered the model of a fortunate man ; before his death 
in 115 three of his sons had been consuls, one censor, and 
the fourth was a candidate for the consulship. 

Qunn'cs Ca;ciijTOs ktETEiii.iJ.s Nxjjiidicus, whose repu- 
tation for integrity was such that when he was accused of ex- 
tortion the jury refused to examine his accounts, was selected 
to command against Jugurtha in 109 b.c. He subjected 
the army to rigid discipline, and aimed solely at seizing 
Ju^rtha himself; he defeated the king by the river 
- luth^ and next year, after a difficult march through the 

'o'"? Thala. Marius, however, 

accused Metellus of protracting the war, and received the 
consulate for 10 1 . _ Metellus returned to Rome and 
triumphed. Satuminus, whom as censor he tried to 
remove from the_ senate, pa^^sed in 100 an agrarian law, 

senators should swear to it 
m but Metellus, who retired 

dk-d'Xrilf.f/ ?vas killed, he returned, but 

^i«l .shortly after under suspicion of poison. 


Quevtits C.ffiCiLrcrs Meteelits Pius, so called from his 
efforts to restore his father Numidicus, commanded in the 
Social War, defeating Q. Pompmdius (88 b.c.). Sulla on 
departing gave him proconsular command over South 
Italy. “When Marius returned, the soldiers, who had no 
confidence in Octavius, wished Metellus to command, but 
he refused. Metellus retired to Africa and afterwards to 
Liguria, resuming his former command on Sulla’s return. 
In 86 he gained a decisive victory over Norbanus at 
Faventia. Ln Sulla’s proscriptions he pleaded in favour of 
moderation. Consul in 80 with Sulla, he went to Spain 
next year against Sertorius, who pressed him hard till the 
arrival of Pompeius in 7 6 . Next year Metellus defeated 
Sertorius’s lieutenant Hirtuleius at Italica and Segovia, 
and joining Pompeius rescued him from the consequences 
of a check at Sucro. From this time Sertorius grew 
weaker till his murder in 72. Metellus had previously 
set a price on his head. In 71 he returned to Rome and 
triumphed. He was an upright man, of moderate ability. 

QursTUs C.ECI 11 US MiTELLtrs Pius Scmo, son ,of 
Scipio Nasica, was adopted by the preceding. He was 
accused of bribery in 60 B.c., and defended by Cicero. In 
August 52 Pompeius procured him the consulate. Scipio 
in return supported Pompeius, now' his son-in-law. On 
war being resolved on, Scipio was sent to Syria. His extor- 
tions were excessive, and he was about to plunder the 
temple 'of Artemis at Ephesus when he was recalled by 
Pompeius. He commanded the centre at Pharsalus, and 
afterwards went to Africa, where by Cato’s influence he 
received the command. In 46 he was defeated at 
Thapsus ; in his flight to Spain he was stopped by a cor- 
sair, and stabbed himelf. His connexion with two great 
families gave him importance; but he was selfish and 
licentious, and his violence drove many from his party. 

Qursrus C£cn,ra& Metellus Celeb, praetor 63 b.c,, was 
sent to cut off Catiline’s retreat northward. Consul in 61, 
his personal influence prevented the holding of the Com- 
pitalia, w'hich the senate had forbidden and the tribunes 
permitted. He opposed the agrarian law of the tribune 
L. Flavius, and stood firm even though imprisoned ; the 
law had to be given up. He also tried, though fruitlessly, 
to obstruct CEesaris agrarian law in 59. He died that 
year under suspicion of poison given by his wife Clodia. 

hIETEMP)SYCHOSLS, the transmigration of the soul, 
as an immortal essence, into successive bodily forms, either 
human or animal. This doctrine, famous in antiquity, and 
one of the characteristic doctrines of Pythagoras, appeals 
to have originated in Egypt. This indeed is affirmed by 
Herodotus (ii 123) : — “Ihe Egyptians are, moreover, the 
first who propounded the theorj' that the human soul is im- 
mortal, and that when the body of any one perishes it 
enters into some other creature that may be bom read)' to 
receive it, and that, when it has gone the round of aU 
created forms on land, in water, and in air, then it once 
more enters a human body bom for it ; and this cycle of 
existence for the soul takes place in three thousand years.'’ 

Plato, in a well-known passage of the PJuednis, adapts, 
as was his wont, the Pythagorean doctrine to his myth or 
allegory about the soul of the philosopher. That soul, he 
says, though it may have suffered a fall in its attempt to 
contemplate celestial things, still is not condemned, in its 
first entrance into another form, to any bestial existence 
but, according to its attainments, i.e., to the progress which 
it has made in its aspiration for celestial verities, it pa^es, 
in nine distinct grades, into the body of some one destined 
to become a philosopher, a poet, a king, a general, a seer, 
<kc. ; or, if very inferior, it will animate a sophist or an 
autocrat (rvpaio'os). Plato extends the cycle of existence 
to ten thousand years, which is subdivided into periods of 
a thousand years, after the lapse of which the souls imdergo 
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judgment, and arc admitted to everlasting Iiappiness or 
condemned to punishment.^ It is after the period of a 
thousand 3 'ears, he adds, that tlie human soul comes into 
a beast, and from a beast again into a man, if the soul 
originallj' was human. 

rj’thagoras, who was said to have travelled in Egypt,^ 
brought this fantastic doctrine into Magna Gnccia, and 
made it a prominent part of his teaching. Ue declared 
that he had himself been Euphorbus, the son of PanthuSj 
in the time of the Trojan AVar, and had successive!}' 
inhabited other human bodies, the actions of all Avhich he 
remembered.^ Closely connected with his theory of metem- 
psychosis was his strict precept to abstain from anitnal 
food, even from eggs, from some kinds of fish, and (for 
some unknown, jirobably symbolical, reason) from beans.-* 
There can bo no doubt that the Eg}'ptian custom of pre- 
serving the mummies of cats, crocodile.s, and some other 
creatures had its origin in the notion that they had been 
inhabited by souls which might some day claim these 
bodies for their own. AA'c cannot .suppose that Plato or 
the later Greeks really believed in the transmigration of 
.‘joul.s, though there arc many allusions to it, generally of a 
somewhat playful character. Thus Menander, in the play 
called The luspxrcd Woman ^ (0co<-/iopoi;/iooj), supposes 
some go<l to say to an old man, Crato, “ When you die, 
you will have a second existence ; choose what creature 
you would like to be, dog, .sheep, goat, horse, or man.” 
To which he replies, “Make me anything ratlier than a 
man, for he is the only creature that prospers by injustice.” 

Absurd and fantastic ns such a doctrine ns metem- 
p-sycho-sis appears at first sight to be, it was in reality a 
logical deduction from primitive ideas about the nature of 
the soul. It is necessary to explain these ideas (which 
have im))ortant bearings on other questions) in order to 
show that metcmpsycho.sis was almost a necessary corollary 
to the belief that the soul was the vital or animating iwin- 
ciple, — that the one distinction between organic and inor- 
ganic was the existence in the former of a 

The difference between a dead body nTid a living body 
— or rather, one princiiml difference — was that the living j 
animal breathed ,• and it was observed that, as soon as the 
breath left the body, not only did warmth and motion 
cea.se, but the body began to decay. Life, therefore, was 
breath, an oj)inion tacitly cxijressed by the Greek and 
Koman vocabulary, an-imvx, onima (drr/ios), t/aiyt;, -arevpa, 
apiriUm. But breath is air, and air is eternal and imperish- 
able in its very nature. Therefore the “ soul,” or portion 
of air which gave animation to the body, did not perish at : 
the dissolution of the body, but it was returned to the 
clement of which it was composed, and out of which it 
came. It followed that, from the countlc.ss millions of 
“souls” emanci[)ated from bodies in all time, and still 
flitting about invisibly in space, the air must literally 
swarm with souls, — a doctrine taught by Pythagoras.® 
Hence, any creature, human or bestial, that first drew the 
breath of life, might, so to say, .swallow a soul, i.c., take in 
with the act of rc.si)iration the very same particles of air 
which had animated some former body. For, although the 
soul was air, and returned to its kindred element, it was 
sujjposed to retain a peculiar character in intelligence 


* P. 219 A. Comp. Rev. rx. 2,13; Virg., jEn. vi. 74t>, “Ronce 
loiig.s (lies, perfcclo tcinporia orbe, enneretnm cxeniit Inbeni,” &c, 

' Riogen. Lacrt., viii. 1, 3 ; Ltician, Gallu.i, § 18 sq,, '\ybcro the 
doctrine of mctcnjpwclio'^is and the btories about tlio pre-cxistence of 
Pytliagoras are wittily satirized. 

* Lucian, OalUu, §§ 5 ; Diodor. Sic., x. g§ 9, 10 ; Hor., Od. i. 

28, 10, “ babcnlquc Tartara Paiitboidcn iteruni Oreo dotnissmn.’ 

•* Gallvs, 19, 33. For fanciful reasons for the prohibition of be.an8, 
SCO Lucian, Vilamm Anctin, § 6. ® Frag. 222, Mcinekc.^ 

® Riogen. Laert., viii. 1, § 32, chat redvra tlv ae'pa 
l/iTTKcay. 


(cfypoinqai^), remembrance of the past, and knowledge and 
c.\pericnce gained in some former existence. Any creature 
whicli first breathed might or might not inhale this or that 
soul, just as a net thrown into the water may catch this or 
that fish, or no fish at all. But if no “soul ” was inhaled 
the creature was believed for that reason to die ; and the 
different degrees of intelligence observed in different men 
and animals led to the notion that there must have been 
a difference in the souls that first animated them. Even 
the belief that the soul, e.specially near the time of dissolu- 
tion from the body, could foretell future events was based 
on the notion of intelligence and consciousness resulting 
from experiences of the jiast.’’ 

As aU the science of modern times cannot say precisely 
what life is, nor how it first came upon this earth, it is not 
wonderful that so obvious, though wholly erroneous, an 
exqilanation should have presented itself to primitive man 
when first he began to inquire into the causes of things. 
The extension of life, by the same term ijwxq, to plants and 
apparently non-breathing things, which, however, had birth, 
growth, and death, was a development of a philosophic age, 
and -we arc not surprised to find Aristotle recognizing one 
form of life as vegetable, (jiurtKov.® The irrational confusion 
of “ soul ” with sentient bodily functions, the attribution to 
spirits (ffStoXa) of motion, speech, or other muscular and 
material action, though still common, -^rhile metempsychosis 
is derided or forgotten, is in reality, perhaps, a less excus- 
able superstition. 

The Eomans inherited the doctrine of metempsychosis 
from Ennius, the jioet of Calabria, who must have been 
familiar with the Greek teachings which had descended to 
his limes from the citias of Magna Grmcia. In his Annals, 
or Roman history in verse, Ennius told ho-w he had seen 
Homer in a dream, who had assured him that the same 
soul which had animated both the i)OCts had once belonged 
to a peacock, a story that might seem to indicate Indian 
traditions. The Pavo Px/thagorens and the Somnia Pgtha- 
gorca are referred to by Persius and Horace, as well as by 
Lucretius.® 

Theories suggesting element-worship naturally led to the 
notion that air and ether (uj)per air) were divine.*® Hence 
every .soul, ns being but a portion of it, was in itself divine, 
and therefore immortal. AVe thus see that the doctrine of 
the immortality of the soul, whether attained by a sound 
or a vicious course of reasoning, was an inevitable conclu- 
•sion for early thinkers. Pantlieism taught that all the 
universe was ])ervaded by a divine mind, and ATrgil cites 
the ojnnion of .some, that the intelligence of bees was due 
to a ])ortion of this universal mind residing in them, a view 
closely allied to the doctrine of metempsychosis.** A divine 
thing might be i)olluted, but not destroyed; hence the 
notion of i)urifying souls by airing them or burning away 
a material defilement is enlarged upon by Virgil in the 
sixth book of the yEneld (724 sq.). (f. a. p.) 

METEOR, JIETEORITE. The term meteor, in ac- 
cordance with its etymology (gcTcoipos:), meant originally 
something high in the air. It has been applied to a large 
variety of phenomena, most of them of brief duration, 
which have place in the atmosphere. Disturbances in the 
air are aerial meteors, viz., winds, tornadoes, whirlwinds, 
typhoons, hurricanes, &c. The vapour of water in the 
atmosphere creates by its forms and precipitations the 
aqueous meteors, viz., clouds, fogs, mists, snow, rain, hail. 


Dioilor. Sic., xviii., § 1. ® Elhtcs, lib. i. 13. 

Pers., Sat. vi. 9; Hor., Ejnsl. ii. 1. 52; Lucret., i. 121. 
& Sios aifl^PjProraetlieus exclaims, A3soh., Prom., 88. 
Georg, iv. 219 — 

Ills quidnm signis, ntque lirec nxenipl.a seenti, 

Esso njiibiis ji.'irtem (liviiiio mentis et l]nu.stus 
/Etlicrios (li.xere ; ileum jmmqno ire per omnCs 
Terr.isque trnctusquo maris cffilumquo profundum. 
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ikc. The effect of light upon the atmosphere and its con- 
tents causes certain luminous meteors, viz., rainbows, halos, 
parhelia, tudlight, mirage, &c. Discussion of all these, and 
of like iihenomena, belongs to Meteorology {q.v.) _ 

Another class of luminous meteors, known as shooting 
or falling stars, fireballs, bolides, <kc., have their place in 
the upjier parts of the atmosphere. But by reason of 
their origin from without they, and the aerolites or meteor- 
ites which sometimes come from them, belong properly to 
astronomy. The term meteor is often used in a restricted 
sense as meaning one of these latter phenomena. The 
present article will treat of them alone. 

The most remarkable of the meteors (and the most 
instructive) are those which are followed by the falling of 
stones to the earth. These have since the beginning of 
the present century attracted so much attention, and the 
phenomena have been so frequently examined and described 
by scientific men, that they are very well understood. The 
circumstances accompanying the fall of stones are tolerably 
uniform. A ball of fire crosses tire sky so bright as to be 
visible, if it appears in the daytime, sometimes even at 
hundreds of miles from the meteor ; and if it appears in the 
night it is bright enough to light up the rvhole landseape. 
It traverses the sky, generally finishing its course in a few 
seconds. It suddenly goes out, cither with or without an 
apparent bursting in pieces, and after a short period a loud 
detonation is heard in all the region near the place where 
the meteor has disappeared. Sometimes only a single stone, 
sometimes several are found. For some falls they arc 
numbered by thoitsands. About three thousand were 
obtained from the fall of L’Aigle in 1803, scattered over a 
region about 7 miles long and of less breadth. A like 
number was obtained from the fall of Knyahinya on June 
9, 1866. At Pultusk a still larger number were collected, 
scattered over a larger space, by a fall in January 1868. 
From the Emmet county (Iowa) fall. May 10, 1879, a 
similarly large number have been secured. 

These meteors leave behind them in the air a cloud or 
train that may disappear in a few seconds, or may remain 
an hour. They come at all times of day, at aU seasons of 
the year, and in all regions of the earth. They come 
irrespective of the phases of the weather, except as clouds 
conceal them from view. 

Let us describe one or two of these meteors more in 
detail. On the evening of the 2d of December 187G, 
persons in or near the vState of Kansas saw, about eight 
o’clock in the evening, a bright fireball rising from near 
where the moon then was in the western sky. It increased 
in brilliancy as it proceeded, becoming so bright as to 
compel the attention of every one who was out of doors 
To persons in the northern part of the State the meteor 
crossed the southern sky going to the east, to those in the 
southern part it crossed the northern heavens. To all it 
went down near to the horizon a little to the north of east 
the whole flight as they saw it occupying not over a 


Ihc same meteor was seen to pass in nearly the ! 
way across the heavens from west-south-west to east-n^ 
cast by inhabitants of the States of Nebraska. I 

OlT'?!; Kentucky, M 

SS Srf 'T' Kut ifiidca 

theie were heard near the meteor’s path, four or 

minutes after its passage, loud explosions like dr 

cannonading, or thunder, or like the rattling of ci 

u aggon.s over stony roads. So loud were thesc^hat n 

and aiumals were frightened. East of the Missfs 

liver he.se explosions were heard everywhere within a 

GO miles of the meteor’s path ; and in Bloomington Ind 

sounds were heard suppo.sed to come from the metwr 

at a distance of nearly 150 miles from it. Over ce 


Illinois it was seen to break into fragments like a rocket 
and over Indiana and Ohio it formed a flock or cluster of 
meteors computed to be 40 miles long and 6 miles broad 
The sky in New York State was wholly overcast. Persons- 
in Ohio and Pennsylvania, who from their situation 
could look over the cloud last, saw the meteor passing on 
eastward over Nerv York. From many places in the 
State itself came accounts of rattling of houses, thundering 
noises, and other like pihenomena, which at the time were 
attributed to an earthquake. 

At one place in northern Indiana a farmer heard a 
heavy thud as of an object striking the ground near his 
house. The next morning he found on the snow a stone of 
very peculiar appearance weighing three-quarters of a pound, 
which from its character there is every reason to believe 
came-from the meteor. By putting together the various 
accounts of observers, the meteor is shown to have become 
first visible when it was near the north-west corner of the 
Indian Territory, at an elevation of between 60 and 100 
miles above the earth. From here it went nearly parallel 
to the earth’s surface, and nearly in a right line, to a point 
over central New York. During the latter part of its 
course its height was 30 or ,40 miles. It thus traversed 
the upper regions of the air through 25° of longitude and 
5° of latitude in a period of time not easily determined, 
but probably about two minutes. A part of the body may 
have jrassed on out of the atmosjrhere, but probably the 
remnants came somewhere to the ground in New York, 
or farther east. 

A somewhat similar meteor was seen in the evening of 
July 20, 1860, by persons in New York, Pennsylvania, 
New England, &c., which fii’st appeared over Michigan, at 
a height of about 90 miles. The light was so brilliant as 
to call thousands from their houses. It passed east-south- 
east, and over New Y'ork State, at a height of about 50 
miles, broke into three parts which chased each other across 
the sky. At Nerv Y’ork city it was seen in the north, 
while at New Haven it was in the south. At both places 
the apparent altitude was rvell observed, and its true height 
proved to be about 42 miles above the earth’s surface 
between the two cities. It finally disappeared far out over 
the Atlantic Ocean. It is doubtful whether any one heard 
any sound of explosion that came from this meteor, and 
no part of it is known to have reached the ground. The 
velocity was at least 10 or 12 miles per second, or fifty 
times the velocity of sound. These two meteors were 
evidently of the same nature as those wdiich have furnished 
so many stones for our museums, except that the one vas 
so friable that it has given us but one known fragment, 
while the other was only seen to break in two, not even a 
sound of explosion being known to have come from t le 
meteor. 

Next to the stone-piroducing meteor is the fireball, or 
bolide, which gives generally a less brilliant light than e 
former, but in essential ap 2 iearances is like it. The meteor o. 
July 20, 1860, above described, though unusually brilheo , 
w'as one of this class, and represents thousands of boh o 
which have been 'seen to break in pieces. The boh 
leave trains of light behind them just as the stone meteors 
do ; they travel with similar velocities both apparen an 
actual, and in all respects exhibit only such differences 
phenomena as would be fully exiilained by differences 
size, cohesion, and chemical constitution of stones causi g 
them. 

Next to the bolide is a smaller meteor 
as if one of the stars were to leave its place in the . ’ 
shoot across the sky, and disairpear — all wdthin the trac 
of a second. Some meteors of this class arc as bng 
j Venus or Jupiter. Some are so small that though 
1 directly at the meteor, you doubt whether you see o 
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not. In the telescope still smaller ones are seen that are 
invisible to the naked eye. Meteors comparable in bright- 
ness to the jdanets and the fixed stars are usually called 
shooting stars. 

These various kinds of meteors differ from all other 
luminous phenomena so as to stand in a group entirely 
alone. Though they have been sometimes regarded as 
separable among themselves into three or foui- different 
species, and for purposes of description may still be so 
divided, yet they all seem to have a like astronomical 
character, and the differences are only those of bigness, 
chemical constitution, velocity, &c. There appears to be 
no clear line of distinction between the stone-producing and 
the detonating meteors, nor between those heard to explode 
and those seen to break in pieces, nor betAveen these and 
the simple fireballs, nor between the fireball and the 
faintest shooting star. 

Altitudes of Meteors. — The first important fact about 
the meteors is the region in which they become visible to 
us. In hundreds of instances observations have been 
made upon the luminous path of a meteor at tAvo or more 
stations many miles apart. IVhen such stations and the 
path are properly situated relatively to each other, observa- 
tions carefully made will show a parallax by which the 
height of the meteor above the earth, the, length and di- 
rection of the jAath, and other like quantities may be com- 
puted. The general result from several hundred instances 
is that the region of meteor paths may be in general 
regarded as between 40 and 80 miles above the earth’s 
surface. Some first appear above 80 miles, and some 
descend beloAV 40 miles. But an altitude greater than 
100 miles, or one below 25, except in the case of a stone- 
furnishing meteor, must be regarded as very doubtful. 
Thus the meteor paths are far above the usual meteoro- 
logical phenomena, Avhich (except auroras and tAvilight) 
have not one-tenth of the height of the meteors. But 
Avith reference to all other astronomical phenomena they 
are very close to us. The comets, for example, are well- 
nigh a millionfold, and even the moon is a thousandfold, 
more distant from us. 

Velocities of Meteors. — When the length of a luminous 
path is knoAvn, and the time of describing it has been 
observed, it is easy ^ to compute the velocity in miles. 
Unfortunately the large meteors, describing long paths, 
come at rare intervals, and unexpectedly, and it is a happy 
accident Avhen one is observed by a person accustomed to 
estimate correctly short intervals of time. On the other 
hand, the total time of visibility of the shooting stars, 
which come so frequently that they may be Avatched for, 
is usually less than a second. It is not easy to estimate 
correctly such an interval, where the beginning and ending 
are not marked by something like a sharp cUck. Hence 
all estimates and computations of velocities of meteors are to 
be received Avith due regard to their uncertainty. We may 
only say in general that the velocities computed from good 
observations are rarely if ever under 8 or 10 miles a second, 
or over 40 or 50 miles, and that some have far greater 
velocities than others. The average velocity seems to be 
nearly 30 miles. 

What makes the lAiminous Meteor. — The cause of a 
meteor is noAv universally admitted to be something that 
enters the earth’s atmosphere from without, A\dth a 
velocity relative to the earth that is comparable Avith the 
earth’s velocity in its orbit, which is 19 miles per second. 
By the resistance it meets in penetrating the air the light 
and other phenomena of the luminous train are produced. 
Under favourable circmnstances, portions of these bodies 
reach the earth’s surface as meteorites. 

Meteoroids. — k. body Avliich' is travelling in space, and 
which on coming into the air Avould under favourable 
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circumstances become a meteor, may be called a meteor- 
oid. 

The meteoroids are all solid bodies. It would hardly 
be possible for a small quantity of gas out in space to 
retain such a density as would enable it on coming into 
the air to go 10 or 100 miles through even the rare upper 
atmosphere, and give us the clear line Avhich a shooting 
star describes. Even if a liquid or gaseous mass can travel 
as such in space, it would be instantly scattered on striking 
the air, and would appear very unhke a shooting star or 
bolide. 

Numbers of Meteors. — Of the larger meteors there are in 
the mean six or eight per annum Avhich in the last fifty years 
have furnished stones for our eollections. A much larger 
number have doubtless sent doAAm stones Avhich have never 
been found. Thus Daubree estimates for the AA'hole earth 
an annual number of six or seven hundred stone-falls. 

But of the small meteors or shooting stars the number 
is very much larger. Any person Avho should in a clear 
moonless night Avatch carefully a portion of the heavens 
would, in the mean, see at least as many as eight or ten 
shooting stars per hour. A clear-sighted and practised 
observer Avill detect someAvhat more than this number. 
Dr Schmidt of Athens, from observations made during 
seventeen years, obtained fourteen as the mean hourly num- 
ber on a clear moonless night for one observer during the 
hour from midnight to 1 a.m. A large group of observers, 
as has been shoAvn by trial, AA'ould see at least six times as 
many as a single person. By a proper consideration of the 
distribution of meteor paths over the sky, and in actual 
altitude in miles, so as to alloAV for mists near the horizon, 
it appears that the number over the AA^hole globe is a little 
more than ten thousand times as many as can be seen in 
one place. This implies that there come into the air not less 
than tAventy millions of bodies daily, each of Avhich, under 
very favourable conditions of absence of sunlight, moon- 
light, clouds, and mists, Avoxild furnish a shooting star 
visible to the naked eye. Shooting stars invisible to the 
naked eye are often seen in the telescope. The numbers 
of meteors, if these are included, Avould be increased at 
least tAventyfold. 

Hoiu densely Bimce is filled loith Meteoroids. — ^By assuming 
that the absolute velocity of the meteors in space is equal 
to that of comets moAung in parabolic orbits (avc have good 
reason to believe that this is nearly their true velocity), A\'e 
may prove from the above numbers that the average number 
of meteoroids in the space that the earth traverses is, in each 
volume equal to that of the earth, about thirty thousand. 
In other Avords, there is in the average to every portion of 
space equal to a cube Avhose edge is about 210 miles one 
meteoroid large enough to make a shooting star bright 
enough to be visible to the naked eye. Such meteoroids 
Avould, upon an equable distribution, be each in round 
numbers 250 miles from its near neighbours. All these num- 
bers rest upon Dr Schmidt’s horary number fourteen, and 
for a less practised observer and a less clear sky they Avould 
be correspondingly changed. Hoav much they AA'ould need 
to be altered to represent other parts of space than those 
near the earth’s orbit is a subject of inference rather than 
of observation. 

Motion in Space. — The meteoroids, Avhatever be their 
size, must by the law of gravitation have motions about 
the sun in the same AA'ay as the j^lanets and comets, that 
is, in conic sections of which the sun is always at one focus. 
The apparent motions of the meteors across the sky imply 
that these motions of the meteoroids relative to the sun 
cannot as a rule be in or near the plane of the ecliptic. 
Eor if they AA’cre there, since the motion of the earth is also 
in the ecliptic, the motion of the meteoroids relative to the 
earth would be in the .same plane. This Av-ould involve 
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tliat all tlie meteor paths as seen on the sky ■would if pro- 
duced backward cross the ecliptic above the horizon. In 
fact there is no tendency of this kind. Hence the meteor- 
oids do not move in orbits that are near the ecliptic as the 
planets do, but like the comets they may and usually do 
have orbits of considerable inclinations. 

mmhers through the There are more meteors 

seen in the morning hours than in the evening. If the 
meteors had no motion of their ovm in space, the earth 
would by its motion receive the meteors only on the hemi- 
sphere that was in front. There would be no meteors seen 
in the other hemisphere. On the other hand, if the meteors 
had such large velocities of their own as that the earth’s 
velocity might be neglected in comparison, and if the 
directions of the meteors’ motions were towards all points 
indiscriminately, then as many would be seen in one part 
of the night as another. In fact there are about three 
times as many seen in the morning hours as in the evening. 
The law of change from evening to morning gives a means 
of proving that the mean velocity of meteors is so great 
that they must in general be moving in long orbits about 
the sun. In this respect also the meteoroids resemble 
comets, and are unlike planets, in their motions. Of the 
stone-furnishing meteors more are seen in the day than in 
the night, and more in the earlier hours of the night than 
in the later. This is probably due to the fact that more 
persons are in a position to see the stone-falls at the periods 
of greater abundance. 

Star Shmvers. — ^WTiile the average number of shooting 
stars for a single observer at midnight may be regarded as 
tolerably constant, there have been special epochs when 
many more have been seen. In certain instances the sky 
has been filled with the luminous trains, just as it is filled 
by descending sno-\vflakes in a snowstorm, making a 
veritable shower of fire. One of the best-observed, though 
by no means the most brilliant, of these showers occurred 
0)1 the evening of the 27th of November 1872, Some of 
the observers of that shower, counting singly, saw at the 
rate of eight or ten thousand shooting stars in the course 
of two hours. The distances of the meteoroids in the 
middle of the swarai which the earth then passed through, 
each from its nearer neighbours, would be 30 or 40 miles. 

The foUoudng quotations show the impression made by 
star showers in times past ; — 


“ In the year 280 [of the Hegira] there happened in Eoypt an 
earthquake on "Wednesday the 7th of Dhu-l-Ka'dah, lasting from the 
middle of the night until morning ; and 'so-called flaming stars 
struck one against anotlier violently while being borne eastward 
and westward, northward and southward, and no one could bear to 
look toward the heavens on account of this phenomenon.” 

“ In the year 599 [of the Hegira], on the night of Saturday, on 
the last daj’ of Muharrani, stars shot hither and thither in the 
heavens,_ eastward and westward, and flew against one another like 
a scattering swarm of locusts, to the right and left j people were 
thrown into consternation, and cried to God the Most High with 
confused clamour.” ° 


“ These meteors [November 12, 1799] might be compared to the 
blaaing sheaves shot out from a firework.” 

“ The phenomenon was grand and awful; the whole heavens 
appealed as if illuminated with sky rockets.” 

November 13, 1833. “Thick with streams of rollin" fire 
instant'"”^ firmament that was not filled at’ ever] 


“Almost infinite number of meteors; they feU like flakes ' 

ovemher Meteors or Leonids. — These quo'tations all ref( 
(except possibly the first) to a shower which has appeare 
m October and November of mnny different j'-ears since ii 
first known occurrence on the 13th of October 902 a i 
Dates of these showers are given in the following table 
Oct. 13, 902. Oct. Ir, 1101. Oct. 28, 1602. Nov 13 isss 

foV 0«‘-’9.1202. Nov. 9’, 1698. bC. It’, 1866 

Oct. 14, 934. Oct. 23, 1366. Nov. 12, 1799. Nov 14 1867 

Oct. ir., 1002. ‘ Oct. 2.0, 1533. Nov. 13, 1832. Nov. 14, 1868 


On several years after 1833, and before and after 
1866-68, there were unusual numbers of those meteors seen 
on the mornings of November 13, 14, and 15, though per- 
haps they would have been unnoticed had there not been 
special watching for them. It will be seen that all these 
showers are at intervals of a third of a century, that they 
are at a fixed day of the year, and that the day has moved 
steadily and uniformly along the calendar at the rate of 
about a month in a thousand years. The change of twelve 
days in the 17 th century is due to the change from old to 
new style. 

The only explanation of this periodical display that is 
now seriously urged, and the one "svhich is universally 
accepted by astronomers, is that there is a long thin stream 
of meteoroids, each of which is travelling about the sun in 
a conic section. These conic sections are all nearly 
parallel, and have nearly the same major axis, extending 
out about as far as to the orbit of Uranus, and each requir- 
ing the common period of thirty-three and a quarter 
years. The length of the stream is such that -the most 
advanced members are six or eight 3 ''ears ahead of the 
hindermost, and they all cross the earth’s orbit with a 
velocity of about 26 miles a second. Since the earth 
plunges through the group nearly in the opposite direction, 
the velocity with which they enter the air is 44 miles a 
second. One of the facts w'hich have greatly aided us in 
arriving at this explanation is that these meteors in all 
the years and through all houns of the night cross the sky 
as we look at them in lines wiiich diverge from a point 
near the centre of the sickle in the constellation Leo ,• hence 
the paths in the air are parallel. This implies that their 
velocities relative to the sun are all parallel and equal to 
each other. The radiation from Leo has given to them the 
name Leonids. 

Orhit of the Leonids. — This orbit, common to all the 
Leonid meteors, is inclined to the ecliptic at an angle of 17 
(or rather 163°, since the motion is retrograde), has a major 
axis^of 10'34, a periodic time of 33'27 years, and a peri- 
helion distance a little less than unity. 

The above orbit, and that alone, explains the several 
appearances of the November meteors, tbe annual and the 
thirty-three year periods, the radiation from Leo, and the 
change of day of the month in the course of the centuries. 
This it does so completely that the result has never been 
questioned by astronomers. Shortly after the publication 
by Professor Adams in 1867 of the last link in the chain 
of the proof of this orbit, there "was also published the 
definitive orbit of tbe comet 1866 I. That tlie comet was 
running almost exactly in tbe orbit of the meteors was at 
once recognized. In fact tbe comet is itself, in a sense, a 
meteoroid, and tbe principal member, so far as we know', 
of tbe group. Leonids bad been seen in 1863, two years 
and two months in advance of the comet, while those of 
1866 w'ere ten months behind it. Those of later years (a 
few' Leonids were seen even in 1870) -w'ere extended along 
the line of the comet’s path behind it. The leaders of this 
long file of meteoroids had passed up beyond the orbit of 
Jupiter long before those which brought up the rear had 
crossed that planet’s orbit going down tow'ard the suin 
The thickness of the stream is less than the ten-thousandth 
part of its length. In the densest part that W'C have 
recently passed through — namely, that traversed in_1833 
the density of the stream may be expressed by saying that 
each meteoroid must in the mean have been 10 or 20 
miles from its nearest neighbours. 

What makes this Comet and these Meteors describe tJis 
same Orbit about the Sun? — ^Its path might have bwn 
inclined to the ecliptic at any angle instead of 163 . Or, 
with this inclination, its plane might have cut the earth s 
orbit at any other place than where the earth is on the 14th 
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of November. Or, happening to have these tn-o elements 
in common, it miglit have passed the earth’s orbit nearer 
the sun or farther away from it than the earth is. Or, 
having these three things in common, it might, by a slight 
difference in velocity, have had a periodic time much more 
or much less than thirty-three years. Or, ^\ith all these 
in common, it might have crossed the earth’s orbit at a far 
different angle than the meteors. These several independ- 
ent elements for the comet and the meteors are substan- 
tiallj' identical, and this identity proves almost bej’ond 
doubt that between the two either there is now an actual 
or else there has been in the past a causal connexion. 
That there is now any physical connexion is thoroughly 
disproved by the immense magnitude of the stream, and 
by the isolation and distances from each other of the 
individual components. It seems difficult to find any cause 
that should bring into such a strangely shaped group 
bodies that had originally orbits distributed at random. 
Hence we are apparently forced to conclude that these 
meteoroids have something common in their past history. 
In fact thej' seem to have been once parts of a single bod}', 
and these common elements are essentially those of the 
parent mass. By some process not yet entirely explained 
they have become separated from the comet, thromi out of 
the control of its attractive power, and so left to travel 
each one in its omi orbit. If the cause of separation was 
not too violent, each new orbit woiild necessarily be but 
slightly different from that of the comet. Very small 
variations in velocit}’, and hence in periodic time, would 
in the course of ages scatter the several individuals along 
the orbit even to the length of many hundreds of millions 
of miles. 

The Meteor Orotep is not the Comet's Tail . — ^Tlicse 
meteoroids must be carefully distinguished from the 
comet’s tails. The former follow or precede the comet 
exactly in the comet’s pathj the particles that compose 
the latter are driven off by the sun’s reimlsion directly 
away from the comet’s path. Tlio meteoroids and the 
comet have orbits wth nearly common elements ; the 
orbits of the particles of the tail have elements that are 
unlike each other, and unlike those of the comet. The 
meteoroids are undoubtedly solid masses ; the tails are 
pulverulent or gaseous, j 

Timn Comets of 13G6. — ^Tlie comet 18GG I. is probably 
not the only one that has been connected with the November 
meteors. In 1 3GG, a few days after the earth went through 
the meteor stream, a comet appeared in the northern 
heavens, and, passing directly in the line of the stream so 
close to the earth as to describe an arc of 90° in a single 
day, disappeared in the constellation Aquarius. Immedi- 
ately upon its disappearance a second comet was seen in 
the north, which followed nearly in the same path. The 
Chinese accounts are not sufficiently exact to furnish 
independent orbits for them, but both comets were 
undoubtedly members of the Leonid stream. The comet j 
I8G6 I. may be identical -with one of them. 

The Andromeds and JB Ida's Cornel . — Slention has been made of the 
star shower of November 27, 1872. Tlio periodical comet known 
as Bicla’s, which makes three revolutions in twenty years, passes 
very near the c.arth’s orbit at a longitude corresponding to 
November 27, but by reason of its direct motion the node lias 
had considerable motion in longitude as the result of perturbations. 
Meteors having the same orbits a.s Biela’s comet would have a 
radiant in the constellation Andromeda, that is, would cross the 
sky in lines diverging from a point in that constellation. They 
might, however, be at dates after or even before November 27. 

Unusual numbers of meteors were seen December 7, 1798, by 
Brandes. A like abundance was seen December 7, 1838 ; and, as 
they had been expected, and radiation was now looked for, they 
were found to diverge from a point in Andromeda. Hence they 
have been called Andromeds. Since 1852 Bicla’s comet itself has 
been entirely lost. Tlie star shower of November 27, 1872, 
previously referred to, had a radiant in Andromeda, and in eveiy 


way appeared as though its meteors had once been parts of Biela’s 
^ three days earlier, on the night of November 

-4, had the same radiant, and came from a less dense outlyinir 
parallel stream. A small comet was seen in the southern skv bv 
1 ogson m the direction opposite to the radiant shortly after the 
shower. Biela s comet had been found in 1845-46 to be in two 
parts, which at its next return to perihelion in 1852 had separated 
to eight times their former distance. But the meteor streams of 
18/2 could hardly have been separated from the comet so recently 
and the Pogson comet if of the same origin must also have left the 
parent mass at an earlier date than 1845. No ordinary perturba- 
tions would in a short period have so changed the orbits. The 
parts of the small stream traversed by the earth, December 1838 and 
December 1798, were far from the comet, and these fragments must 
have been thrown off much earlier. 

The Pn-scids and the Cornel 1862 III. — There is a third epoch 
when meteors appear in unusual numbers, viz., the 9th to 11th of 
August. This “sprinkle,” as it may bo called, has been seen con- 
stantly at the time named for nearly fifty years, and there are 
on record accounts of similar appearances in the earlier years before 
its annual character had been discovered. Some observers have 
thought that there were evidences of a variation having a long 
period, but the proof seems as yet unsatisfactory, and the display 
may be regarded as tolerably constant from year to year. On every 
10th of Aimust we may confidently expect a display of meteors that 
shall be at least four or five times as numerous as those of ordinary 
nights. The radiant is in the constellation Perseus, and hence the 
name Perseids. 


’riic comet 1862 III., which has a period of more than a hundred 
years, passes close to the earth’s orbit, nearly cutting it at the place 
of this shower, and has a velocity and direction corresponding to 
this radiant. Hence a connexion of the Perseid meteors with this 
comet is presumed, like that whicli the Leonids and Andromeds 
have with the comet 1866 I. and Biela. The meteors are distri- 
buted along this orbit more regularly than along either of the other 
two, and at the s,iine time the breadth of this group is a hundred 
times greater than that of the Leonids. We must for the ^wesent 
regard it rather as a meteor ring, the meteoroids being scattered 
along the entire conic section which the comet describes. This ring 
has an inclination of 113° with the ecliptic. 

itfeieors of April 20-21 — Lyraids . — About the 20th of April there 
have been several quite brilliant star showers, the earliest on 
record having been in the year 687 B.c. On that day meteors have 
1>ecn observed which radiated from Lyra, and to these the name 
Lyraids lias been given. Tlie comet 1861 I. passes near the earth’s 
oAit in that longitude, and any meteors having such a connexion 
witli it as is proved for the Leonids with comet 1866 I. would also 
radiate from Lyra. 

Again, at several other periods of the year, meteors have been 
seen in unusual nnmbei-s which seem to be connected with certain 
comets. 

Meteor Badiants . — Lave thus definite proof that the 
earth at certain epochs plunges through meteor streams, 
and that these streams travel along the same track as cer- 
tain comets. The question is at once asked — Do not the 
sporadic meteors, those which are seen on any and all 
nights of the year, belong to similar streams ? An immense 
amount of lahoiu- has been spent in observing the paths of 
meteors, and classifying them, so as to detect and prove the 
existence of radiant points. As many as a thousand such 
radiants have been suggested by the different investigators. 
Some of these are dupheates, some will prove to be acci- 
dental coincidences ; but a goodly number may reasonably 
be expected to endure the test of future observations. 
Such will show the existence of meteor streams, and per- 
hajis null he connected with comets that are now known, 
or that may hereafter he discovered. 

The radiants have been spoken of as if they were points 
in the heavens. This is so nearly true as to justify all the 
conclusions that have been deduced above. _ But iii fact a 
radiant, even in the star showers in which it is most 
sharply defined, must be regarded as a small area. The 
apparent meteor paths when produced backward do not 
exactly meet in a point. If they be treated as proceedmg 
from a small area, it does not appear that this is a long 
narrow one. Hence it may be shown that the paths of 
the meteors in the air are not exactly parallel either to a 
line or to a plane. This can hardly be due to a want of 
parallelism of the paths before the meteoroids meet the 
earth, but is rather due to their glancing as they strike the 
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air. These facts add not a little to the difficulties to be 
mer^e by the energetic observers and investigators -who 
are ^ng to d^ce order out of an apparent c^os. 

immediately after 

Slli fceen carefully 
W mineralogical museums, and have 

been studied vath special interest. The largest collections 
in Europe are in Vienna, Paris, London, and EerHn, some 
^ these representing over three hundred localities. Li the 
United Stat^ there are large collections at New Haven 
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terrestrial mineraLs *and its nre indeed among 

therefore chaiacteAstffi meteorites 
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mass of that metal. Som'eHml^f “ ^PPearance of a 
frameivorl: whieh is filled to lyitfi nnfj" a connected 
time, particle,, „f “ SI 
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give It this appearance the k funded grains that 
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tunes the irregular fraornonf- meteonte. Some- 
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rm . “ 

>1-7^ »« fm,. 
appearance which would indi’cato^thatThe'^ structural 
1 C a fragment of a still larger one ™^b'bt not 

fragments picked unif n • ^i some of the fa11« 
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than the track of the meteor. They begin at once to 
broaden in the middle and to fade away at one or both 
ends. Presently they become curved, sometimes with two 
or three convolutions. The white cloud floats slowly away 
among the stars, coiling up more and more, and finally 
fades out of sight. The cause of all this seems to be as 
, follows. The heated air charged with the debris of the 
meteor is by the meteor’s impact driven off horizontally, 
causifig the narrow train to spread into a cloud. The 
currents of air differing in direction at different altitudes 
-twist the' cloud into its varied fantastic forms. Attempts 
to obtain the spectrum of the trains have been made, and 
sodium and magnesium lines have been thought to be 
detected in them. The observation, however, is one that 
is not easy to make or confirm. The trains have often 
colours other than white, and in- the case of the brighter 
meteors different colours are seen in the different parts of 
the train. 

Magnitude . — Some computations have been made of the 
size of the shooting star meteoroids from the mechanical 
equivalent of the light developed by their disintegration. 
If all the energy of the meteor is changed into light, then 
these computations would be conclusive. But a part is 
spent in disintegrating and burning the stone, a part 
in heating the air, and a part in giving direct motion to 
portions of air. A computation based on the light developed 
gives only a lower limit to the size. 

It seems probable that the larger meteors might be safely 
regarded as weighing on entering the air only a few 
hundreds or at most a few thousands of pounds. The 
smallest visible shooting stars may be equal in size to 
coarse grains of sand, and still be large enough to furnish 
all the light exhibited by them. The largest shooting 
stars furnish matter enough to fill with thin trains 
cubic miles of space, but this need not require a very 
large mass. 

JjfcJcoWcJrojM.— .There have been found at various times on the 
surface of the earth masses of metallic iron combined with nickel. 
These have been so like the irons which have been known to fall, 
both in their structure and in composition, that they have been 
without hesitation classed among tlie meteoric irons. A mass of 
this character weighing 1635 lb, found in Texas, is in the Yale 
College Museum. The Charcas (Mexico) iron in the Paris museum 
is about the same size. A ring-shaped mass- somewhat smaller, 
from Tuczon, is in the United States National Museum in 
Washington. A still larger mass is in the British Museum, and 
many other large masses are in public collections or private 
possession. 

Widmannstatten Figures. — If in any of the meteoric irons, whether 
seen to fall or found on the earth, a section is cut and polished and 
then etched with acids, a series of peculiar lines are developed 
which are known as Widmannstatten figures. . The lines of iron 
unattacked by the acid consist of an irregular grouping of parallel 
rulings often lying along the faces of a regular octahedron. The 
exhibition of these figures and the combination of iron with nickel 
have been usually considered conclusive evidence of the meteoric 
origin of any iron mass. 

Nichel Iron of Ovifah. — In 1870 Baron N ordenskiiild, in his voyage 
to Greenland, found on the shore of the island of Disco fifteen iron 
masses, the largest of which weighed 20 tons, all in an area of half 
an acre. In the basaltic rocks, not far distant other iron masses 
were found embedded in the basalt. The presence of nickel with 
the iron, and the development of lines like the Widmannstatten 
figures, were at once accepted as proof of their meteoric origin, in 
spite of the combination until basalt. A more complete examina- 
tion has, however, established the terrestrial origin of these irons, 
and given reasons to hope for new discoveries of relations existing 
between the earth and the meteors. The additional discovery 
of small particles of metallic iron in certain other igneous rocks 
proves that the union of the Ovifak irons with basalt is not excep- 
tional. 

Chemical Constitulion of the Meteorites. — No new element has 
been found in the meteorites. Three elements most widely distri- 
buted and most important among the meteorites — iron, silicon, and 
oxygen — are also most abundant in our earth. Daubree gives the 
following lists of elements, arranged somewhat in the degree of 
their importance, in meteorites (Maskelyne adds lithium and 
antimony): — 


Arsenic. 

Phosphorus. 

Nitrogen. 

Sulphur. 

Chlorine. 

Carbon. 

Hydrogen. 


Hon. Titanium. 

JIagnesiura. Tin. 

Silicon. Copper. 

O.xygeii, Aluminium. 

Hickel. Potassium. 

Cobalt. Sodium. 

Chromium. Calcium. 

Manganese. 

Minerals in Meteorites. — Among the minerals in the meteorites 
there are several which occur in the rocks on the earth. Amon" 
these are cited by Daubrde peridote, pyroxene, enstatite, triclinic 
felspar, chromite, magnetic pyrites, iron oxide, graphite, and 
probably water. Several minerals, however, are found which, so 
far as now known, are peculiar to the meteorites metallic nickel- 
iron, phosphide of iron and nickel (sohreibersite), sesquisulphide of 
chromium and iron (daubreelite), sulphide of calcium (oldhamite), 
and chloride of iron (lawrencitc). 

Meteorites of diff'erent falls are in general unlike ; but there are 
many instances in which the stones of two falls are so similarly 
constituted that it is not easy to distinguisli them. 

In four falls (Alais, Cold Bokkeweld, Kaba, and Orgeuil) the 
stones contain little or no iron. In these carbon appears not as 
graphite but in union with hydrogen and ox}'gen, and also with 
soluble and even deliquescent saline matters. The combinations 
are such as to suggest the existence of humus and organic remains. . 
But after careful search nothing of this kind has been detected in 
them. In general the meteorites show no resemblance in their 
mechanical or mineralogical structure to the granitic and surface 
rocks on the earth. One condition was certainly necessary in their 
formation, viz., the absence of free oxygen and of enough water to 
oxidize the iron and other elements. Perhaps it is to this fact that 
are due the resemblances between these minerals and those of the 
deep-seated rocks of the earth in the formation of which free 
oxygen and water were also not present. 

Gases in Meteorites. — The meteoric stones and irons when 
reduced to fine particles and placed in the vacuum of a Sprengel air- 
pump give olf small quantities of gases which may be reasonably pre- 
sumed to have been occluded by the irons at some time in their earlier 
history. Professor Graham found hydrogen in meteoric irons. 
Professor Wright has shown that a moderate heat drives off from 
the stony meteorites carbonic acid and carbonic oxide with a 
small amount of hydrogen. As the heat increases the proportion of 
hydrogen (and even some nitrogen) increases till at a full red heat the 
Iq’drogen given off is by far the largest portion. From the irons similar 
gases are given off, but the carbon compounds arc not so largo a 
component as hydrogen. The spectra seen in the tails of comets are 
not strikingly like those of any of those gases. But it is impossible 
to reproduce in the laboratoiy the conditions under which the 
matter of comet’s tails is giving off its light. We cannot therefore 
sa}"^ that these gases m.ay not be the important parts of the cometio 
coma and tails. 

Meteoroid as Fart of a Comet. — Assuming that the meteorite and 
meteoroid once formed an integral qiart of a comet, not a little 
information is given us of the 'nature of this mysterious body. 
There is room also for speculation. 

First, the comet may be a single hard body which comes from 
the cold of space into the heat of the sun, and there has frag- 
ments broken off, just ns a stone is shattered in a hot fire. The 
nucleus of some of the comets must be very small because invisible 
in the telescope, and an impulse that would raise a stone on the 
earth only a few inches would send it permanently away from such 
a comet. The exposure of new surfaces to the heat of the sun might 
give occasion for the development of gas to form the comet’s tail. 

Or, secondly, the comet may be a tolerably compact aggregation of 
small bodies not in contact, each one bein" of the size of a 
meteoroid, and kept near to the rest, not by cohesion, but by their 
combined attraction. The total mass being small, some membem 
of the group near the comet’s perihelion passage can be by the .sun s 
perturbing action thrown out into orbits c[Uitc indepciulciit of the 
comet itself, and yet such as relative to the sun shall resemble that 
of the main group. Perturbations resembling tidal waves might bo 
preparing other memhers to he cast off at the next perihelion 

passage of the comet. , , , ..i . , i v 

In either case, if we suppose, as seems prohahle, that tlie comet 
came from outside the solar .system, and that a_ disturhance hy a 
large planet changed tbe original hyperbolic orbit into an ellipse, 
the comet must have passed that planet as a very compact ^oup, il 
not in a single mass, else the disturbance that changed the orbit 
would have scattered the group beyond the power of a future recog- 
nition of the common origin of the fragments. , t ■ 

Meteoroids as Fuel of the Sun.—lho idea has been held by 
distinguished physicists tliat the meteoroids in foiling into the 
sun furnish hy their concussion a supply for the heat winch vlio 
sun is constantly sending off into space,— that they are iii fact tlm 
fuel of the sum - Such a view, however, receives hut little support 
from facts whieli we know about meteors. The meteoroids of the 
August and two November periods are evidently permanent 

X Y 1. ^ 5 
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members of the solar system moving in closed orbits. The same is 
by inference highly probable for most of the other meteoroids, and 
may be true of all of them. Permanent members of tbo enlnr 
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in erence nigniy probable for most of the other meteoroids, and 
may be true of all of them. Permanent members of the solar 
system, however, if they ever fall into the sun, do so only after a lone 
ponod of perturbation. If any meteoroids come from stellar spaces 
and have any iinilorin or random distribution of velocities or direc- 
^ons only a very small portion of these would hit the sun’s surface. 
Ihe far peater portion would go on in hyperbolic orbits. But 
the earth receives the impact of its portion of these foreien 
meteoroids, both in their inward and outward course, and 

sokr s°\^tem°nf“?-“i members of the 

solar sj stem, of which the sun receives very few or none It is 

of meteoroids to the sun sufficient 
to mahe good its daily loss of heat would require that the twentv 
fVnl rc!? which the earth daily encounters, even if all were 

tnn? an average weight of hundreds of 

tnde warrant the admission of any such mafmi- 

tnde even for the large meteors, much less for the ordinai-v and 
smal shoo mg stars Whatever be the source ofthe sun"7hS 

quate to sS^tlvr^^^^^^ "" are totally inadc! 

Tt turc of meteors and meteoroids is very much scattered 

tfon^ S"S„rd"sSies'." ThVS'V'’T‘l 

Luminous Meteor Committee of the /Icports of the 

not only the record of an irnmnneo ®'atish Association contains 
but also^ycar Cyear a observations, 

builders. In this article nn atone by stone by nianj- 

each builder the credit for his contribution a'n 1^" 

METEORA, a remarkable group of rock built m 
tcr.es m Thessaly, in the northern sUe ot fe ™I iTtf 

Peneus, not quite 20 miles northeast of Tricik Ml ■ 
the immediate vicinity of the vilfon-o ^ ®tid m 

thepiain, sntmennteO hya „;th?oS;e^SS„Lt 


from 85 to 300 feet bigb, “some like /rioonti. . i 
like supr-Ioaves, and some like vast ^SagLte?” bnuil 
insisting of iron-grey or reddi.sh-broivn cLlSeSe of 
^eiss, mica-slate, syenite, and greenstone. On the summit 
of these rocky pinnacles— accessible only by aid of^^^ 
and basket let down from the top or in^soL “ “ [ 
series of almost perpendicular ladirs climbing thHliff fo 
he month of a tnnnel-stand the monasterief oflSem 
(ra Mereoipa). At one time they were twentv fnnt. • 
number; but Holland .(1812) and Hughes (1814) found 
them reduced to ten; at Cnrzon’s visit (1834) there were 
only seven ; and in 1853 not more than four of these were 
inhabited by more than two or three monks. Meteora par 
excellence is the largest and perhaps the most ancient The 

Jf thT5n^^' •'"I- according to Leake’s reading 

of the local inscription, in 1388 (Bjornstaiil, the Swedish 
travel er, had given 1371), and the church is onroSe 
largest and handsomest in Greece. St Barlaam’s and 
Matter founded by the emperor John 
t?e chiSS f importance. The deJorations of 
bktnJv f w amount of material for the 

history of Byzantine art, not much inferior in value to the 
similar treasures at Athos. 

onfllfemt' r*’’? bonier be a sound 

due to the foef^fP^r iT this may simply be 

markable form '/V taken on their present re- 

stronvnL, I however, is described by Livy as a 

If frequently mentioned during the Roman wars: 
and Stagus appears from time to time in ByzantTne writers. 

Hughes, TraveU in Greece 

them Greece Profkssor KHaU* f« Leake. 
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phenomena of the atmosphere whfob ^ explanation of the 
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relate to the action of the forces oVwhiS, tb P^'®°°™ena 
of pressure, temperature humiditv o i ^ variations 
"Atmosphere depend, but ’in an etSiaT^ electricity of the 
movements which necessarPy rSSlt fro^tf 
In the more exact rlo,T„i ^ " *^ese vanations 

scientific investigation of climatTT meteorology, the 
weather. Humboldt’s work oTAo// ^^" Preceded that of 
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causes of these, movements were for the first 
stated, and some knowledge was 
nl?. of the more difficult problems of 

tbo * 1 ®’’ shoivn that the prevailing winds are 

of tb™^ iiff relative distribution of the mass 
flfotv-b ®- atmostihere, in other words, of the relative 
nrev^-r pressure, the direction and force of the 

rerri being simply the flow of the air from a 

+b towards a region of lower pressure, or from 

• m. ^ surplus to where there is a deficiency, of 

rcc'fo broad and vital principle that meteorology 

tbrn/ ? i V found to be of universal application 
• ? fbe science, in explanation, not only of prevail- 

cbo ^'"""AbSj but of all winds, and of weather and weather 

- generally. One of the more important uses of the 
jj-rr c IS in its furnishing the key to the climates of the 
re^ons of the earth; for climate is practically 
temperature and moisture of the air, 
win 1 turn are dependent on the prevailing 

• which are charged with the temperature and 

nW 1 r ^<^Sions they have traversed. The isobaric 
thn further that the distribution of the mass of 
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the r •*^f'^Ti ‘separate countries show conclusively that 
A" . region is determined by the prevailing 

liflvp "Considered in relation to regions from w'hich they 
"""A^ physical configuration and temperature 
rnj^ part of the earth’s .surface over which they blow, 
maximum rainfall is precipitated by winds which, 
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having traversed a large breadth of ocean, come up against 
and blo-vv over a mountainous ridge Ijdng aeross their path, 
and the amount deposited is still further increased if the 
ivinds pass at the same time through regions the temper- 
ature of which constantly becomes colder. On the other 
hand, the rainfall is unusually small, or nil, when the pre- 
vailing winds have riot previously traversed some extent 
of ocean, but have crossed a mountain ridge and advance 
at the same time into lower latitudes, or regions the 
temperature of which is markedly higher. 

■\’^ile the observational data for the determination of 
the geographical distribution of the prime elements of 
climate, viz., the pressure, temperature, moisture, and 
movements of the atmosphere and the rainfall were being 
slowly but surely collected, the great importance of the 
study of Aveather came gradually to be recognized. 
Additional impetus Avas given to this branch of study from 
its intimate bearings on the eminently practical question 
of storm AA’arnings. Sjmchronous AA'eather maps, shoAAung 
the AA'eather over a considerable portion of the earth’s 
surface, AA’ere constructed, and some advance Avas made in 
tracing the 2Jrogress of storms from day to day. Unques- 
tionably one of the first problems of meteorology is to 
ascertain the course storms usually folloAv and the causes 
by Avhich that course is determined, so as to deduce from 
the meteorological phenomena observed, not only the 
certain ajAproach of a storm, but also the particular course 
that storm AAnll take. The. method of practically conduct- 
ing this large inquiry in the most cffectiA^e manner was 
devised bj*^ the genius of Leverrier, and begun to be carried 
out in 1858 by the daily jAublication of the Bulletin Inter- 
national, to AA’hich a AA'cather map was added in Sejitember 
1863. This map shoAved grairiiically for the morning 
of the day of publication the atmosiriieric pressure, and 
the direction and force of the Avind, together AAith tables 
of temperature, rainfall, cloud, and sea disturbance from a 
large number of iriaces in all parts of Europe. From such 
AA'cather maps forecasts of storms are framed and suitable 
AA'arnings issued ; but aboA'e all a body of information in a 
very handy form is being collected, the careful study and 
discussion of Avhich is sloAvly but gradually leading to the 
issue of more exact and satisfactory forecasts of weather, 
and to a jusfer knoAA'ledge of these great atmospheric move- 
ments AA’hich form the groundAA'ork of the science. 

The most cursory glance is sufficient to show that the 
ever-changing physical phenomena Avith AA'hich it is the 
business of meteorology to deal are all referable to the 
action of the sun, it being evident that if the sun were 
blotted out from the sky a cold lifeless tmiformity would 
rapidly take possession of the Avhole surface of the globe. 
Meteorological phenomena naturally group themselves into 
tAvo great classes, — those dependent on the revolution of 
the earth on its axis, and those dependent on its reA'oIution 
round the sun taken in connexion Avith the inclination of 
its axis to the plane of its orbit. The science thus divides 
itself into tAvo great divisions, the first comprising diurnal 
phenomena and the second annual phenome 

DruRNAL March OF Phenomena. 

Temperature . — Of the daily changes Avhich take place 
in the atmosphere, the first place must be assigned to those 
Avhich relate to temperature, seeing that on these all other 
changes are either directly or indirectly dependent. Obser- 
vations of the temperature of the air are therefore of the 
first imjAortance in meteorology. A perfectly accurate 
observation of the temperature of the air is unquestionably 
among the most difficult to make of all physical observations, 
the difficulty being to eliminate the effects of radiation of 
surrounding objects. The nearest approach yet made to 
the solution of this important jwoblem of physical inquiry 
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was made by Dr Joule in a communication to the 
Philosophical Society of Manchester (November 26, 1867 
Proc., vol. vii. p. 35). But the manipulative skill and 
time demanded by the method there detailed render it quite 
unsuitable for general adoption anyAvhere in collecting the 
observational data required in the determination of this 
important element of climate. It is therefore necessary to 
fall on some method which, while it gives results that can 
only be regarded as approximate, secures the essential 
element of uniformity among the observations. 

Fig. 1 represents Stevenson's louA're-boarded box for tbe tber- 
mometers, Avliich js now very widely used for temperature observa- 
tions, The box is made of Avood, and louvred all round so as to 
protect the thermometers inside from radiation, and at the same time 
secure as free a circulation of air as is consistent Avith a satisfactory 
protection from ladiation. The box is painted AA-hite, both inside 
and outside, and screAved to four stout Avooden posts, also painted 
Avhito, firmly fixed in the ground. The posts arc of such a length 
that when the thermometers are hung in position the hulbs of the 
minimum thermometer and hygiometer are exactly at the same 
height of 4 feet above the ground, the maximum theimometer being 



hung immediately above the minimum thermometer. This ther- 
mometer box is placed over a plot of grass, and in a free open space 
to which the sun’s rays hare free access dining as much of the day 
as surrounding conditions admit of. It Avill be observed that the 
thermometers are suspended on cioss-laths in the centre of the box 
and face the door, Avhich should alivays open to the north. It is 
not possible to overestimate the importance of seeing that uniformity 
of height above ground and method of protecting the thermometers 
is secured, since in no other Avay 's it possible to obtain results from 
different places Avliioh shall be c jmparable ivith each other and thus 
supply satisfactory materials for the investigation and development 
of corapanative climatology. 

A desired uniformity is yet far from being attained 
among tbe meteorological systems of different countries. 
Thus in Russia the box for the protection of the thermo- 
meters is made of zinc, on the supposition that such a box 
folloAvs more closely the changes of temperature of the air 
than a box of Avood. Ori'ing to these international diversi- 
ties of observation, it is extremely desirable that steps 
AA'ere taken to ascertain, by Joule’s method of observing, 
the approximate errors peculiar to each sort of thermometer 
box, in order that the temperatimes of different countries 
may be compared together in a more satisfactory manner 
than has yet been possible. 

Interchanges of temperature among bodies take jAlace by 
conduction, convection, and radiation, meteorology 
the most important illustrations of conduction are the pro- 
pagation doAvnAvards through the earth’s strata of the 
changes of the temperature of the surface as it is heated 
during the day and cooled during the night, and the pro- 
pagation of the same changes of temperature through the 
loAA'est stratum of the air which rests on the surface. Since 
sand and light loose soils are much worse conductors of 
heat than clay and dense soils, it foUoAVS that loose soils 
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and tracts of sand are subject dming tbe day to higher 
temperature and during the night to lower temperature near 
the surface than dense soils, and that frosts and extreme 
temperatures do not penetrate so far into loose as into 
dense soils. It is on these difierences that some of the 
more striking features of climates depend. As snow is one 
of the worst conductors of heat, orving to the quantity of air 
filli ng the interstices among the ice crystals, it protects the 
soil it covers by setting a limit to the depth to which the 
severe frosts of the surface penetrate, and by arresting the 
escape of the heat of the soil upwards to the air. 

The communication of heat from one part of the earth 
to another by convection is seen on a grand scale in the 
winds and in the currents of the ocean. It is seen also in 
the ascending and descending currents of the atmosphere 
everyv'here, which have their origin in the daily and 
unequal changes of temperature to which the surface of the 
earth is subject. The direct and. beneficial effect which 
results from atmospheric and oceanic circulation is a more 
equable distribution of temperature over the globe, tlms 
moderating the rigours of the polar regions and the heat 
of the tropics. 

An interchange of heat is constantly going on among 
bodies exposed to each other, whatever be their tempera- 
ture. This mode by which heat is communicated from 
body to another is called radiation. Eadiant heat 


one 


proceeds in straight lines, diverging in all directions from 
the source, is only in a limited degree influenced by the 
air through which it passes, and is not diverted from the 
straight course by the wind. The intensity is proportional 
to the temperature of the soiuce, and is greater according 
to the degree of inclination of the surface on which the 
rays fall. 

If then a body be placed in the presence of other bodies, 
some colder and some warmer than itself, it wll from this 
mutual interchange of temperature receive more heat from 
the warmer bodies than it radiates to them, and conse- 
quently becomes warmer ; but it will receive less heat from 
the colder bodies than it radiates to them, and its 
temperature consequently falls. This is precisely the 
condition in which the earth is placed in space. ‘VlTien a 
part of the surface is turned towards the sun, that part of 
the surface receives more heat than is radiated from itj 
and the temperature consequently rises most in that region 
which for the time is perpendicular to the sun’s rays, and 
least roimd the annulus where the inclination of the surface 
is greatest. On the other hand, since the hemisphere 
turned from the sun radiates more heat than it receives 
from the cold regions of space, the temperature there falls. 
Owing to the essentially distinct conditions under which 
the earth is placed with respect to radiation, the subject 
falls naturally to be divided into two heads, solar radiation 
and terrestrial radiation. 

Solar liaihaiion . — Of the sun’s rays which arrive at the 
earths surface, those which fall on the laud and solid 
bodies generally are wholly absorbed by the thin surface 
layer e.xposed to the heating rays, the temperature of 
which consequently rises, milst the temperature of the 
surface increases, a wave of heat is propagated downwards 
through the soil The intensity of the daily wave of 
temperature rapidly lessens with the depth at a rate 
depending on the conductivity of the soil, until at about 4 
feet belon the surface it ceases to be measurable. Part of 
the heat of the surface layer is conveyed upwards through 
the air by the convection currents which have their oririn 

rnnH ni"?! ^^1 |°"’e™ost Stratum of air in direct 

contact with the heated surface of the land 

JUtogether different is the influence of the sun’s rays on 

riffrorn^ll r indeed very 

far from all, arrested at the surface, but penetrates to a. 


considerable depth. The depth to which the infliienee of 
the sun is felt has been shorni by the observations made 
during the cruise of the “Challenger” to be, roughly 
speaking, about 500 feet below the surface of the sea. 
The rate at which, in perfectly clear water, this heat is 
distributed at different depths is a problem that has not 
yet been worked out. Since water is a bad conductor, the 
heat thus distributed does not, as takes jilace with respect 
to land, penetrate to still lower depths by conduction, but 
only by different densities prevailing at the same depths, 
whether these different densities be due to different 
temperatures or different degrees of salinity, Thus one 
of the more imjiortant distinctions between land and 
water surfapes in their bearings on climate is that nearly 
all the sun’s heat falling on land is arrested on the surface, 
whereas on water it is at once diffused downwards to a 
great depth. . In examining temperatures of the sea taken 
at different depths, it is surprising to note the rapidity 
wdth which changes of temperature are felt at considerable 
depths, especially in cases when the temperature of the air 
rises rapidly, accompanied with strong sunshine. 

In shallow water the sun’s heat raises the temperature 
much higher than that of deep water, this being obvious 
from the consideration that nearly the whole of the sun’s 
heat which falls on the surface is utilized in raising the 
temperature of the shallow layer of water; in other 
words, it is,' so to speak, concentrated through a small 
depth of water instead of being diffused through a great 
depth. 

Surface Temperature of the Sea . — The importance of a 
knowledge of this datum of meteorology will be at once 
recognized when it is kept in view that three-foiuths of 
the earth’s surface is water, that the temperature of the 
air resting on this surface is in close relation to the 
temperature of the surface, and that the latter has, through 
the intervention of the winds, direct and important 
bearings on the temperature of the air over large portions 
of the -land surfaces of the globe. During the years 
I 1859-63 Captain Thomas, u'hile engaged on the survey of 
the islands on the north-west of Scotland, made observa- 
tions of the temperature of the surface of the sea every 
hour of the day at all seasons, and with sufficient 
frequency for the determination of the diurnal range of 
the temperature of the surface. The daily minimum, 
0°T7 below the meanj occurred near 6 a.m.j the mean was 
reached about 11 a.m., the maximum, O'TS above the 
mean, between 3 and 4 p.m., and the mean again shortly 
before 2 a.m. Thus the daily oscillation of the temjieraturo 
of the surface of the sea amounted on the north-west of 
Scotland only to 0°'3. In lower latitudes the amount of 
the daily fluctuation is somewhat larger, but everjnvhere it 
is comparatively small, if care be taken to make the 
observations properly, or at a distance from land, where 
the influence of the heated or cooled land is not allowed 
to vitiate the results. 

During the voyage of the “Challenger” a complete 
system of meteorological observations, including the tem- 
perature of the surface of the sea, was made every two 
hours as part of the scientific work of the cruise. These 
are now being discussed, and the UTiter of this article is, 
by permission of the Lords Commissioners of H.M. 
Treasury, allowed to use such of the results as liave been 
already arrived at. 

The diurnal march of the temperature of the surface of 
the North Atlantic has been determined from observations 
made on one hundred and twenty-six da 3 "s from hlarch to 
August 1873 and in April and May 1876, the mean 
latitude of all the points of observation being nearl}' 30 h>., 
and the longitude 42° W. The following variations from 
the mean show the phases of this diurnal oscillation ; — 
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2 a.m. -0-24 10 a.m. 0-06 6 p.m. o’26 

4 „ -0-33 Noon 0-24 8 „ 0-02 

6 „ -0-29 2 p.m. 0-47 10 „ -0-19 

8 ,, -0'12 4 „ 0‘47 Midnight-0'35 

Thus in mid Atlantic, about 30° bT. lat., M-here the sun’s 
heat is strong, and at the time of the year when the sun is 
north of the equator, the diurnal fluctuation of the tempera- 
ture of the surface is only 0°'80. It is highly probable 
that no-n'here over the ocean does the mean daily fluctuation 
of the temperature of the surface quite amount to a degree. 
This small daily fluctuation is a prime factor in meteorologjq 
particularly in discussions relating to atmospheric pressure 
-and winds. 

Temperature of Air over the Open Sea . — The follorving 
shows the daily march of the temperature of the air over 
the north Atlantic on a mean of the same one hundred 
and twenly-six days for which the temperature of the sea 


has been given 

2 A.M. - l"l3 
4 „ -1-40 

6 „ -1-41 

8 „ - 0-21 


10 A.M. 0'7S 
Noon 1 '45 
2 p.M. 1'80 
4 ,, 1'56 


6 p.M. 0-73 
8 „ -0-30 

10 „ -0-80 
Midiii<;lit-1'02 


The amplitude of the daily fluctuation of the air is thus 
3°'21, or nearly four times greater than that of the 
sea over which it lies. During the same months the 
“Challenger” was lying near land on seventy-six days. 
The observations made on these days show a greater daily 
range of temperature of the air than occurred out in the 
open sea. The minimum, - 2°'05, occurred at 4 a.m., and 
the maximum, 2° '3 3, at noon, thus giving a daily range of 
4°'38. The occurrence of the maximum so early as noon is 
doubtless occasioned by the greater strength of the sea 
breeze after this hour, this maintaining a lower tempera- 
ture. Part of the increased range of the temperature of 
the air as compared with that of the sea was no doubt 
due to the higher temperature during the day and the 
lower during the night on the deck of the “ Challenger ” as 
compared Math that of the air. But, after making allow- 
ance for this disturbing influence, it is certain that the 
temperature of the air has a considerably larger daily range 
than that of the sea on which it rests. The point is one 
of no small interest in atmospheric physics from the im- 
portant bearings of the subject on the relations of the air 
and its aqueous vapour to solar and terrestrial radiation. 

The hourly de^dations from the mean daily temperature 
of the air at two places, one near the equator and the other 
in the north temperate zone, and both near the sea, auz., 
Batavia (6° 8' S. lat., 106° 48' E. long., mean temperatm-e 
78°-7) and Kothesay (55° 50' 17. lat., 5° 4' W. long., mean 
temperature 47°'3), are these ; — 


Batavia. 

Rothesay. 

Batavia. 

Rotlicsay, 

1 A.M. 

-3-2 

» 

1 

-1-7 ( 

1 P.M. +5'7 

+ 2*4 

2 „ 

-3-6 

-2-0 i 

2 „ +6'6 

+ 2-7 

3 „ 

-4-0 

-2-1 i 

3 ,, +5 '2 

+ 2-8 

4 „ 

-'4 -3 

-2*2 1 

4 „ +4-3 

+ 2-6 

5 „ 

-4-7 

-2-2 

6 „ +3-3 

+ 2-1 

6 „ 

-4-9 

-2-0 I 

6 „ +1-9 

+ 1'5 

^ JJ 

-4-3 

-1-5 j 

7 „ -fO'6 

+ 0-9 • 

8 „ 

-2*2 

-0-9 1 

8 „ -0-4 

+ 0-2 

9 » 

-0-5 

-0-2 

9 „ -1-2 

-0-4 

10 „ 

-r2'8 

+ 0'5 

10 „ -1-8 

-0-8 

11 

4-4 -4 

-i-1-2 

11 „ -2-3 

-1-2 

Noon 

-f5'4 

-i-1'9 

Midnight -2 -8 

'-1'5 


The times of the four phases of the daily temperature at 
Batavia are — ^minimum about 5.50 A.M., mean 8.45 A.M., 
maximum 1.20 p.m., and mean 7.40 p.m. ; while for 
Eothesay the same times are 4.30 a.m., 9.15 A.M., 3 p.m., 
and 8.20 p.m. At Batavia, where the days and nights are 
nearly equal during the, year, there is little variation in 


these times through the months ; but at Eothesay, where 
the days are much longer in summer than in -svinter, there 
is Considerable variation in the times of occurrence of these 
phases. The following table shows the times of the 
phases for a number of selected places in the northern 
hemisphere for the two extreme months, January and 
July:— 




January. 



July. 



Min. 

3Iean. 

Max. 

Mean. 

Min. 

Mean. 

iiax. 

Jlean. 

Sitka 

A.3t. 

A.M. 

P.M. 

p.3r. 

A 3-r. 

A.M. 

p.sr. 


6.0 

9.40 

1.30 

6.35 

3.40 

7.40 

0.50 

7.30 

Toronto 

6.20 

10.0 

1.50 

9.40 

3.60 

S.15 

3.45 

S.IO 

Philadelphia.. 

6.50 

10.0 

2.40 

8.45 

5.0 

8.40 

8.10 

8.0 

Havana 

Archangel 

6.0 

10.40 

1.30 

9.0 

2.40 

8.36 

2.50 

8.50 

Kothesay 

5.30 

10.10 

2.30 

8.0 

3.30 

9.0 

3.15 

8.50 

Oxford 

7.20 

10.10 

2.0 

7.0 

8.40 

8.45 

8.10 

8.25 

Madrid 

6.50 

10.5 

2,40 

8.35 

4.40 

8.50 

2.50 

8.35 

Geneva 

6.0 

10.0 

2.0 

8.0 

3.15 

8.15 

2.50 

8.10 

St Bernard. ... 

4.30 

8.25 

0.55 

6.45 

3.0 

8.10 

1.20 

7.50 

Bogoslovsk.... 

5.30 

9.25 

1.30 

8.15 

3.40 

7.S5 

2.5 

8.4 

Petroalcxan- ) 
drovsk..... ) 

6.50 

9.50 

2.35 

7.45 

4.30 

8.20 

2.40 

8.25 

Tillis 

7.10 

9.50 

2.25 

7.50 

5.0 

9.5 

3.10 

8.15 

Calcutta 

6.30 

9.35 

2.30 

8.20 

5.30 

8.45 

0.40 

7.30 

Bombay 

6.0 

9.10 

2.10 

8.5 

5.30 

9.0 

1.30 

6.30 

Madras 

5.40 

8.0 

0.40 

6.45 

.5.0 

8.45 

1.25 

6.50 


During the night in summer the temperature falls con- 
tinuously from the effects of terrestrial radiation till the 
earliest da^vn, when the daily rise in the temperature sets 
in owing to the heat reflected from the upper strata of the 
atmosphere, which have begun to be heated and lighted 
up by the rays of the morning sun. It will be observed 
that the time of the daily minimum temperature occurs 
earliest in high latitudes and latest in low latitudes. 
During •uinter, on the other hand, the minimum tempera- 
ture takes place in several regions some time before dawn. 
At this season the two chief causes on which changes of 
temperatiue depend are the sun and the passage of cyclones 
and anticyclones ; and it is probable that those cases where ■ 
the minimum occurs markedly before the dawn are, where 
not occasioned by purely local disturbing causes, due to 
the mean diurnal times of occurrence of the changes of 
temperatiue which accompany the great atmospheric dis- 
turbances of cyclones and anticyclones. 

In July the daily maximum temperature occurs generally 
from 2 to 4 p.m. At places, however, near the sea, which 
are within the immediate influence of the sea breeze, and 
in places at some distance from the sea, such as Calcutta, 
where the wind, being essentially a sea wind, attains its 
greatest daily velocity and the sky at the same time is 
much clouded, the maximum occurs nearly two hours 
earlier. In high situations, such as the St Bernard hospice, 
the highest daily temperature also occurs nearly two hours 
sooner than on the plains below. In the winter months 
the maximum is about an hour earlier than in the 
summer. 

In investigating the daily curves of temperature, )Sir 
Damd Brewster drew several interesting conclusions from 
them. By dividing the daily curve of temperature, deduced 
from the mean of the year, into four portions, at the points 
representing the two daOy means and the two extremes, 
he showed that the four portions approximate to parabolas, 
in which the temperatures are the absciss® and the hours 
the ordinates. The correspondence between the observed 
and calculated results is so close that the difference did 
not in any case exceed a quarter of a degree Fahrenheit. 
This interesting result is true for places at which the 
horizon is open all round, so that no shadows of hills, 
trees, or buildings fall on the places where the thermo- 
meters are kept during the day. If a hill rises to the 
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north of the place, by which the sun’s rays are never 
obstructed, it exercises little, if any, influence on the 
observations j but if one or more hills obstruct the raj s 
of the sun after it has risen above the horizon, such obstnic- 
tion afiects the temperature while, and for some time 
after, the position in which the thermometer is placed is 
shaded from the sun. 

Brewster further made the important remark that the 
mean of observations made at any jiair of hours of the 
same name, such as 8 A.jr. and 8 P.Ji., 9 a.m. and 9 r.7i., 
<fcc,, does not difier much from the mean temperature of 
the day. The pairs of hours which appro.xirnate clo.=,c.'t to 
the true daily mean are 9 A.>f. and 9 P.Jt., 10 a.m. and 10 
p.iL, 3 A. 1 I. and 3 p.it., and 4 A..^r. and 4 r.sr. The mean 
of four hours at equal intervals from each other gives a 
result still closer to the true mean temperature. 

In organizing any system of meteorological observation, by vliicli 
it is intended to develop the climatology of tbe country, the «b'- 
termination of the hours of ob'Crvation is a qnettion of the first 
importance. If only two observations Itc made daily the Im’-sI hours 
are 9 A-st. and 9 I'.si., or 10 A.Jf. and 10 I'.M.; and if there be four 
observations the best hours an- 3 and 9 A.M. and 3 and 9 r.M., 
or i and 10 a.m. and i and 10 I'.M If there he three oh>..Tva- 
tions the host hours are 9 and .3 arid 9 I'.M., or 10 a..M. 
and i and 10 r.M.; hut in these ca^es it is es'-ential that the 
observations of a minimum thennometer he added to the tempera- 
ture observations. Tliese hours are further strongly reconntnndetl 
by the consideration that they are aj)proximat*dy coincidint with 
the diurnal phases of atmospheric pressure, an exact knowledge 
of which lies at the root of nearly all climatological inquiries 
The three equidistant hours which have been ndojited in sevrral 
countries, viz., G .A.if. and 2 and 10 p.m., arc only good as reganls 
the temperatnr^ not as regards atmo<[i!ierio iirtssure. With re- 
spect to two daily ob-ervations the hours S a.m. and 1 I'.M., v.liich 
have been adopted in .'ome countries ure fiugnhrly unsuit.ahle 
for the furnishing of the observational data riquircd in tbe de. 
velopmeat of the climatologies of these countries; aiul, what is 
still more serious in a science where intemational co-operation is .so 
imperatively detnanded, the'e observations cawiot be used with 
any satisfaction in sucli deeply imjiortant intpiiries as the com- 
parative climatologies of Europe. 

The times of occurrence of tbe highest, lowest, ami 
mean daily temperatures, and the amount of the daily 
range of temperature, are in a great degree influenced by 
the covering or want of covering of the earth’.s .surface on 
which the air rests. \Mien the ground is covered with 
vegetation, the whole of the solar heat falls on the 
vegetable covering ; and, as none falls immediately on the 
soil, its temperature docs not rise so high a.s lia[ipens wlicrc 
there is no vegetable covering to shade tlie surface from 
the sun. The temperature of plants e.xposed to the sun is 
not so high as that of exposed soil in the vicinity. As 
regards forests, the four diurnal plia.«es of temperature 
occur later than in the open countiy, and the maximum 
and minimum are less decided : and, since the maximum 
temperature of the air in forests falls short of tlic maximum 
in the open to a considerably greater extent than the 
minimum under trees is above the minimum in the open, 
it follows that the mean temperature of the air in fore.sts 
is less than that of the open country adjoining, Tlie 
reason of the difference is that the chilling effects of 
nocturnal radiation penetrate lower down among the trees 
than do the heating effects of solar radiation : and a.s the 
OTil IS not heated directly by the sun its temperature is 
ower, and consequently that of the air over it is also 
lower. A cleared space in a forest, sheltered by the sur- 
rounding trees hut open to the sun, has a wamer and 
mopter atmosphere in spring and summer and verj- much 
moister in autumn than prevails in the open country 
adjoimng, and has also the diurnal differences of ranZ 
peculiar to a warmer and moister atmo.sphere, ° 

clo?ed\^ Jh! important elements of climate is dis- 
closedbythe (hlierence between the hour of lowest and 
he hour of highest mean temperature respectively, or, as 


it is usually expre-s^ed, by tbe daily range of temperature. 
Wc liave .«een that as regards tlie .sea in the north-west of 
Scotland the difTerence is only 0°'3 and in the Atlantic 
about 30° N. lat. 0°'8, and that proliably the diurnal range 
of temperature of the s.urfacc of the sea nowhere amounts to 
a degree. In tlie same part of the Atlantic the dailj' range 
of the temjicraturc of the air resting on the ocean Is 3°-2, 
and on the sea iicnr land 4 '‘I. On advancing on the land, 
the dailj' range of tem{)eraluro rajiklly increa^'cs, and the 
rate of increase is greatly augmented when an inland 
jvo'ition i.s arrived at to wliich anj* sea breezes that may 
prevail do not extend. 

The true ilailj- range of temperature i.s stated by obser- 
vations made with innxiinuTn and minimum thermometers. 
Generallj’ sjicaking, the amount of the range increa.''e.s as 
tlie latitude i.s dimini.‘'hod, and ns the distance from tlie sea 
is increased, but above all it inerca'cs in jirojiortion to the 
drj'ntao- of the i-liiiiate. 

The (liihn-insu of this vital cb na tit of rlim.nte tsrf <itrikii!;,'Iy shown 
in the riK‘t<‘orolopry of Jii'lii. In thf Itrjvjrt [fir ISSOth" ioHotsing 
arc tlio iiu-.'i!) li-iily ran;.'' '! of March of tint year .at a few places: 
at fio.i Itaiiihay n‘‘2, Klirr-v In e 23'’r-, J.wob.ahs<i 37''i, ami 
l’.ichbu>ir,i (hat. 23' X., lone. 72' 1S‘ E.) In the list 

c.a>--, miilouhtt illy one (A tin. great's* jn''3n daily ranges of lein- 
jvnitiiro iisf tt'orology has yet rteorxh'l, the iiii-an of th'' (iay.'s was 
103*’-! .ainl of tli" nights G2'-l. .\h .March h nltog. th^r within 

the s-iioii of the in.rth-i , 1 ‘t iiion'-.ooi), the git, era! drift of the 
wind over western Ituii.i, v.h'ti' l!i‘--e are siUtsod, !■. from the 
interior tov.nnl« *h" f'.i, stibj'ct as rfganls Itainh-iy anil Ooa to 
til'- infiU'-nre- t.f the land and Ihc .sea ho 'ze. On the oth' r hand, 
in .tune, wh- n the to'itli-wc kt moii'-ooti has fairly .‘■'-t in, tho 
following an' th" ni"iii d.iily ranget of tetnpr.ttttre at th'j rime 
jdaces: at (>oa Itambiy b''2, Kurrarhee 10’, J.acohahad 27''C, 
and I’achbiidni 2t‘'l. The ' show in .a flrikiiig tiiatiiM-r tho 
[I'VWcrfnl innii'-nre of the tnoiMi-r ritmo-phcr>' sprt.ad ovit Imita by 
the smith-wi-si jnon''''>on, mrl-r whieh the dailj- rang-i of Uisijr ra- 
tlin- falls at Kttrr.ichi'i- ffi.!tti 2'!''3 to 10’, and its tho exrf'-irely 
arid I'limate of IV.'hb'idr.i from ll‘'ri to 24'’'1. Iri^lh'-''^ dty 
clinnt'-i of thi- bv-iu of the Indn^, whilst th'" r.dnf.all b 'Ih in March 
and in .tune is jirattii-ally nil, yit Ih-- rd.ative hutniditv of the 
.atmosph* ri- is widf ly dith n-nt, 'i'hns the hniniditiea for Jlarch and 
.tune rv jtcctivdy n't 4 r.l!,, when tin- tt’.njv-raturo is nearly the 
iiiaainnim fur the day, .an; .(S .and 77 for Ktirncl.fe, IS and 30 for 
.facobabad, and 11 .and 30 fur I’.athbndra. It is not lo much the 
.amount of cloU'l that d' ti niiiti’s tiiedigrie of fierrcnc-'i of the sun's 
heat in the-'' cliiintrs .as the rvl.atiiv hiunidity. or the dryne-'i of 
the air, as jvointed ont by Stneiiey in 16'jG, Tiit'.s at .l.acoMbad 
less than half the ninouut of cloud npjie.ars in the ^ky in June 
.as compared with M.arch, hut tho rilafivo humidities are 30 
and 18, and the daily range of tcmje-ratnrv 27’''» and 37’'-(. If 
we except th'- dry arid w.astrs of Persia and .Arahia, th'.rc rs 
jerhaps no other region of the gdole: where the daih- range of 
t< mp rattire npj'roaches tliat of the valley of the Indus. Tims 
in the dry climat'.i of such places .as .kicramcnto {California 
in Mumm-r it amomite only to ahout 30’, at M.adrid to 27’, and 
.lemsalern 24°. In central distrii.t.s in the south of Krieland 
it is alx/iit 20’; farther north it falK to 19’; .and in the islands 
in the north, v.hns>a climate is strictly insular in its diaractcr, 
tlie .summer daily range i.s onlv 10’.” In Arctic regions, such 
as Spitzhergen and Itoothia Eeii.x, the range in winter vane-s 
from O’-O to 1’‘0 ; in May, when the sun has rcapjKarcd and 
contimiis to ri.so and set, it ri.se.s to 14’; hut in Jnlj-, whin the 
sun does not set, the i-ange .sinks to 10', 

But maximum and minimum thermometers not only 
rliow the mean dailj’ range of temperature, fhej" are also 
of great utilitj’ in giving observations for the determination 
of mean temjierature. The mean temperature maj* be 
accepted os the mean of the tsventj’-four hourlj' ob.'eiva- 
tions of the daj'. If xvith such a ^-stera of observation 
dailj’ readings of the maximtnn and minimum thermometer 
be compared, the value of the latter obsers-ations in 
questions of mean temperature raaj* be arrived at. Double 
series of observations of this description have been made 
at many places. The following shows a comparison of the 
mean of maximum and minimum dailj' temperatures srith 
means from observations made twentj’-four times daily, 
the former exceeding the latter means in nearly all 
cases : — 
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Spring. 

Summer. 

Autumn. 

Winter. 

Year, 

Batavia 

-0*3 

-0*2 

-0*2 

-0*2 

-0*2 

Calcutta 

1*0 

0*7 

0*7 

0*9 

0-8 

Peking 

0-6 

0*6 

0*6 

0*7 

0-6 

Nertchinsk 

0-1 

0*3 

0*6 

1*0 

0*5 

Barnaul 

0*5 

0*5 

0*7 

0*8 

0*6 

Ekaterinburg 

0*5 

0=7 

0-7 

0*6 

0*6 

Tifiis 

0*5 

0*5 

0*5 

0*4 

0*5 

St Petersburg 

0*6 

0*6 

0*3 

0*1 

0*4 

Valentia 

0*4 

0*5 

0*1 

-0*1 

0-2 

Greenwich 

0*7 

0*8 

0*6 

0*0 

0*4 

Kothesay. 

0*4 

0*3 

0*3 

0*3 

0-3 


These results show remarkable uniformity, and it may 
be inferred from therd that mean temperatures deduced 
from maximum and minimum observations are about half 
a degree above the true mean temperature. In general 
climatological inquiries, observations with these thermo- 
meters have the strong recommendation of supplying from 
observations taken once a day the data for the determina- 
tion of the mean temperature and mean daily range of 
localities ; to which falls to be added the further advantage 
of giving results more uniformly comparable for diSerent j 
places than could be afforded by observations made with a 
common thermometer at any single hour or pair of hours 
daily. 

Daily Variation of the Humidity of the Air . — ^The 
gaseous envelope surrounding the 'earth is composed of 
two atmospheres, quite distinct from each other, — an 
atmosphere of dry air and an atmosphere of aqueous 
vapour. The dry air, which consists of oxygen and 
nitrogen, is always a gas, and its quantity remains constant ; 
but the aqueous vapour does not continue permanently in 
the gaseous state, and the quantity present in the air is, 
by the ceaseless processes of evaporation and condensation, 
constantly changing. If the aqueous vapour remained 
permanently and unchanged in the atmosphere, or were 
not liable to be condensed into cloud or rain, the mixture 
would become . as complete as tlf^t of the oxygen and 
nitrogen of the air. The equilibrium of the vapour atmo- 
sphere, however, is being constantly disturbed by every 
change of temperature, by every instance of condensation, 
and by the unceasing process of evaporation. Since dry 
air further materially obstructs the free diffusion of the 
aqueous vapour, it follows that the law of the independent 
pressure of the vapour and of the dry air of the atmosphere 
holds good only approximately. The aqueous vapour, 
however, constantly tends to approach this state. Since, 
then, the independent and equal diffusion of the dry air 
and the aqueous vapour is, owing to these disturbing causes, 
never reached, .the important conclusion follows that the 
hygrometer can never indicate more than the local humidity 
of the place where it is observed. Hygrometric observa- 
tions can therefore be regarded only as approximations to 
a true indication of the quantity of aqueous va-pour in the 
atmosphere over the place of observation. It is, however, 
to be added that, while in certain cases the amount of vapour 
indicated is far from the truth, yet in averages, particularly 
long averages, a close approximation to the real amount is 
readied if the hygrometer be at all tolerably well exposed 

and carefully observed. _ 3 ru • 

Aqueous vapour is constantly being added to the air 
from the surfaces of water, snow, and ice, from moist 
surfaces, and from plants. The rate of evaporation 
increases with an increase of temperature, because fte 
capacity of the air for vapour is thereby increased, ihe 
atmosphere can contain only a certain defimte aniount of 
vapour, according to the temperature ; when therefore t e 
air has its full complement of vapour, or when, in other 
words, it is saturated, evaporation ceases. Thus the rate 
of evaporation is greatest when the air is driest or freest 
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from vapour, and least when the air is nearest the point of 
saturation. Since currents of air remove the moister and 
substitute drier air over the evaporating surfaces, evapora- 
tion is much more rapid during wind than in calm weather. 
As air expands under a diminished pressure, its temperature 
consequently falls, and it continues to approach nearer to 
the point of saturation, or become moister; and, as it 
contracts under an increased pressure, its temperature rises 
and- it recedes from the point of saturation or becomes 
drier. Hence ascending currents of air become moister 
with every addition to the ascent, and descending cm-rents 
drier as they continue to descend. Thus as ivinds ascend 
the slopes of hills they become moister, but when they 
have crossed the summit and flow domi the other side 
they become drier in proportion to the descent, and all the 
changes may be experienced from extreme dryness to 
saturation in the same mass of air, which all the time has 
practically had its amount of aqueous vapour neither added 
to nor diminished. 

In an atmosphere of air and aqueous vapour perfectly 
mixed, the elastic force of each at the surface of the earth 
is the pressure of each. In this case the elastic force of 
aqueous vapour would be the pressure of the whole vapour 
in the atmosphere over the place of observation. This 
pressure is expressed in inches of mercury of the barometer. 
If we suppose the total barometric pressure to be 30‘000 
inches, and the elastic force of vapour to be 0'745 inch, 
the pressure or weight of the dry air, or air proper, would 
be 29'255 inches, and of the aqueous vapour O'TIb inch. 
From this it follows that the elastic force of vapour may 
be regarded as indicating the quantity of aqueous vapour 
in the air at the place of observation, or it may be desig- 
nated the absolute humidity of the air. 

The diurnal variation in the elastic force of vapour in 
the air is seen in its simplest form on the open sea. 
Grouping together all the hygrometric observations made 
on board the “Challenger” on the North Atlantic at a 
distance from land, from March to July 1873 (eighty-four 
days), we have for that time a mean elastic force of 0‘659 
inch, and the following diurnal variation ; — 


Inch. 
2 A.JI. - '015 
4 „ -'020 
6 „ -'016 
8 „ -'007 


Jncli. 

10 A. JI. + "004 
Noon -)-’017 
2 r.Ji. + ’020 
4 „ -f017 


Incli. 
6 P.JI. H--007 
8 ,, + *002 
10 „ - *005 
Midnight-! *003 


Hence the minimum ( - *020 inch) occurs at the hour 
when the temperature of the surface of the sea and air 
resting over it falls to the dai»y minimum ; it then rises 
to the mean a little after 9 a.m., and to the daily maximum 
(-f* 020 inch) at 2 p.m., when the sea and air are also near 
the daily maximum, and falls to the mean shortly before 


9 P.M. 

Treating the observations made near land by the 
“Challenger” during the same months, the foliovlng is 
the diurnal variation disclosed : — 


Inch. 
2 A.M. - *003 
4 „ -*009 
6 „ -*010 
o _ -nns 


Inch. 

10 A.M. -f- *014 
Noon -f- *011 
2 P.M.-f- *007 
4 .. -!-*015 


iDCll . 
6 P.M. *000 

8 „ -'004 
10 „ -*005 
Midni£rhf-'007 


e disturbance induced by proximity to land m the 
fcribntion of the aqueous vapour in the lower strata of 
, atmosphere is very striking. The mammum and 
limum no longer follow the corresponding phasp of the 
inerature of the surface of the sea and of the air. 1 le 
tm-bing agents are the sea and land breezes and their 
>cts Under the influence of the land breeze the time 
the'minimum humidity is delayed till about 6 a.m.; and 
ler the influence of the sea breeze and its effects the 
oiint of the aqueous vapour shows a secondaiy 
m noon to 2 p.m. It is to be here noted that tins midday 
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mininram occurs at the hours of the day when the surface 
of the land is most highly heated, the ascending current 
of heated air rising from it therefore strongest, and the 
resulting breeze from the sea towards the land also strongest. 
Xow it does not admit of a doubt that the diminution in 
the amount of the aqueous vapour noted on board the 
'' Challen^^er ” near the shore points to an intermixture 
with the°air forming the sea breeze of descending thin 
air-filaments or currents to supply the place of the masses 
of air removed by the ascending currents which rise from 
the heated surface of the land. At Batavia, on the north 
coast of Java, and at Bombay, the aqueous vapour is also 
subject to a'secondaiy minimum during the warmest hours 
of the day. 

During the summer months this secondary minimum is 
best marked at inland places such as Peking, Xertchinsk, 
Barnaul, Tiflis, and Ekaterinburg, but the time of its 
occurrence is about two hours later than it is over the 
Xorth Atlantic. Over all these places at this season the 
ascending current from the heated land in the interior of 
Asia is very strong. On the other hand the lowering of 
the amount of aqueous vapour scarcely if at all appears as 
a feature in the summer climate of St Petersburg, and 
not at aU in that of Sitka, where the sea breeze is equally 
not a constant feature of the climate of the district. 

In the excessively <ln', rainless, and hot climate of Allahabad, in 
April the dinmal 'minimum of the aqueous vapour occurs from 
11 x.'iU to 6 p.ii., the time of absolute minimum being 2 and 
3 p.ji. During all other hours of the day the amount of the 
vaponr is above the mean, a secondary minimum occurring from 
1 to 4^ A.n. At Allahabad, at this time, the absolute maxi- 
mum vapour pressure occurs at 8 a.ji. Quite similar to this is 
the diurnal distribution of the aqueous rapjour in July at Lisbon 
and Coimbra, the minimum occurring from 10 a.JI. to’S p.ji. At 
this time of the year the climate of this part of the peninsula is 
hot and drv- and the rainfall insignificant in amount As this 
region lies betTveen the high atmospheric pressure so characteristic 
a feature of the meteorology of the Atlantic in summer and the 
comparatively low pressure over the continents southward and 
eastward, the rrinds are almost wholly north-westerly. In this 
connexion it is instructive to note that the time of maximum 
vapour pressure is from 4 to 7 -t-it., when the velocitj- of the uind 
is near the minimum, and the chief minimum vapour pressure 
from noon to 4 p.M., when the velocity of the wina and ascend- 
ing currents reach the daily masimuin. These results show that 
the diminution in the vapour pre.=snre during the hours when 
temperature is highest, which characterizes the climates of large 
tracts of the globe, due to descending air-filaments or currents 
wHch necessarily accompany the ascending currents that rise from 
the heated land. 

At Grae-.-a during the summer months the vapiour curve exhibits 
two daily minima very strongly marked, the one shortly before 
sunrise and the other from 2 to 4 p.m., and two maxima, one 
from 8 to 11 a.5i. and the other from 6 to 10 p.m.; and with 
these the dinmal variations of cloud are in accordance. Die 
peculiarly marked fearores of the vapiour curve at Genera are 
probably due to the size of the lake, which is large enough to 
give nse to a decided breeze during the dav from the lake all 
round its shores and during the night to a breeze from the land 
all round npam the lake. On the setting in of the breeze the 
^“5 of air composing it, having been for some time restin’"- on 
the lake, ts rataer moist, and thus one of the dailv ma.-rima is 
brought about .rom 8 to 11 A.jr. As the breeze continues the air 
s^plying It IS necessarily drawn from the higher strata of the 

in different situations; and,-havin" 

^ distance to materiallv influence its 

c^=tantly , drier, tm'the m^rnum 
T • ' T, • ^ TRs lake breeze tn 

roister rill the 

pnter months, when these breezes do'not pS^the enn-e^^f 
dinmal vapour pressure shows only one maxiLm and mtaini. 

T^e relative livraxditij of the atmosphere must not be 

rXr'^ T* pres^^e or absolute humidi^. 

1 V • bumidity, or, as it is more freouentlv called. 
Tbe humidity, of the air is the de^^ee of S 7 

Eaturation. Complete saturation Is represented by 100 


[dew; 


-r 2 

. -1 

1 6p,jl-1 

4-2 

Noon - 2 

i 8 „ 0 


2 P.M. -3 

1 10 „ -f-i 

0 

4 -o 

1 Midnight -f 2 


and air absolutely free of vapour by 0, the latter state of 
things never occurring in the atmosphere, a humidity of 
10 being of rare occurrence even in snch arid regions as 
those of Arabia. The great significance of this element of 
climate is in its relations to the diathermancy of the air, 
and consequently to solar and terrestrial radiation. It is 
supposed that perfectly dry air would allow rays of heat 
to piass through it with at most only a very slight 
increase to_ its temperature therefrom. Let, however, a 
little aqueous vapour be added to it, a partial obstruction 
to the passage of radiant heat is ofiered, and the tempera- 
ture of the mixture, or common air, is sensibly raised. 
Hence, other things being equal, the less the amount of ' 
vapour the more arc the efiects of radiation felt, or the 
greater the heat of the days and the cold of the nights. 
The mere amount of vapour in the air does not determine 
the degree of radiation, but it is the amount of vaponr 
together with a certain temperature — ^in other words, the 
absolute and relative humidity of the air taken together — 
tliat determines the heating power of the sun and the 
degree of cold produced by terre.strial radiation. 

The diurnal variation of the relative humidity is very 
different from that of the vapour pressure, and presents 
features of the simpdest character. The following are the 
diurnal variations from the mean humidity SO over the 
North Atlantic, from the “Challenger” observations in 
1873 

2 

4 ' 

C 

_ S __ 

Thus the maximum humidity occurs from midnight to 
4 ..USL, or when the daily temperature is at the minimum, 
and the minimum humiditj' at 2 P.Jr., when the tempera- 
ture is at the maximum, the curve of humidity being thus 
inverse to that of the temperature. JlTith two slight 
modifications this is the diurnal humidity curve for all 
climates and seasons. In the calm which intervenes in 
the morning between the land and the sea breeze the 
humidity continues high, or even increases, though at the 
time the diunial increase of temperature has already set 
in. The other modification is seen in the humidity curves 
for Nertchinsk and Barnaul during winter, these curves 
being not inverse but coincident with the daily curves of 
temperature. In the climates of Central Asia in printer, 
the amount of vapour is very small, and the increase to 
the relative humidity during the day is probably occ^oned 
by the more active evaporation from the snoxv during the 
day and the stillne.S3 of the air favouring the accumulation 
of aqueous vapour near the surface of the earth. 

Next to the winds, the aqueous vapour of the atao- 
sphere. in tbe diverse ways in which in different localities 
it is distributed through the hours of the day, plays the 
most important part in giving to the different parts of tbe 
globe its infinitely diversified climates. 

Dew. — Dew is deposited over tbe earth’s surface on 
comparatively clear and calm nights. As the cooling by 
terrestrial radiation continues, the temperature of objects 
on tbe surface is gradually lowered to the dew-point, and 
when this point is reached the aqueous vapour begins to 
be condensed into dew on their surfaces. The quantity 
deposited is in proportion to the degree of cold pr<^uced 
and the quantity of vapour in the air. Dew is not 
deposited in cloudy weather, because clouds obstruct the 
escape of heat by radiation, nor in windy weather, 
because wind continually renews tbe air in contact with 
tbe surface, thus prevenring the temperature from falling 
sufiiciently low. JVhen the temperature is below 32 , 
freezes as it is deposited, and hoar-frost is produced. Ths 
dew-point practically determines the minimum temperature 
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of the nightj — because if the temperature falls a little 
below the dew-point the liberation of beat as the vapour 
is condensed into dew speedil}' raises it, and if it rises 
higher the loss of heat by radiation speedily lowers it. 
This consideration suggests an important practical use of 
the hygrometer, it being evident that by ascertaining the 
dew-point the approach of frost or low temperature likely 
to injure vegetation may be foreseen and provided against. 

Diurnal Oscillations of the Barometer . — The general 
character of the daily oscillations of atmospheric pressure 
is shoum by the two curves of fig. 2. The solid 
line gives the mean oscillation for Bombay and the 



Fio. 2. — ^Daily Oscillations of Atmospheric Pressure. 

dotted line that for Vienna, these two ciures being to 
a large extent tyjncal of diurnal barometric oscillations in 
tropical and temperate regions as regards the two maxima 
and minima and the time of their occurrence. 

A series of twelve maps of the globe were prepared for 
Jime, shelving, for all stations whence observations have 
been obtained, the deviations at noon, 2 p.m., 4 p.m., 
<!«;., Greenwich mean time, from the mean daily pres-sure ; 
and four Hues were drawn indicating the positions of the 
two daily maxima and minima at these hours. For fully 
30° north and south of the equator the lines of maxima 
and minima run north and south, but in higher latitudes 
these directions are changed, and the changes are chiefly 
conspicuous as regards the a.m. maximum and the p.m. 
minimum. Thus, for example, at 6 p.m. (G. if. T.) the 
line of P.M. minimum is for the latitude of London near 
16° W. long. ; in 30° hi. lat. it is in 35° W. long., in which 
the line runs south as far as 30° S. lat. ; its course thence 
turns south-westwards to near the Falkland Islands, 60° 
W. long. Hence in Jime the p.m. minimum occurs about 
three hours earlier in the Falkland Islands than to the 
south-west of Ireland, thus showing in a striking manner 
the influence of season on this phenomenon. In the middle 
and higher latitudes in summer, proximity to the sea 
delays the time of occurrence of the A.M. maximum and 
the P.M. minimum; whilst in continental situations the 
A.3t. maximum occurs much earlier than in lower latitudes, 
and the p.m. minimum nearly as late as at places near the 
sea. In cases where the fines of maxima and minima 
cross a region such as southern and western Europe, whose 
surface is diversified by large tracts of land and sheets of 
water, the deflexions are of a remarkable character. 

The retardation of the time of occurrence of the a.m. 
maximum is greatest in situations which, while eminently 
insular in character, are at the same time not far from an 
extensive tract of land. Of this Holland presents the best 
example in Europe ; and there the a.m. maximum, which 
at Paris occurs at 8 A.M., does not occur at Utrecht till 
9.30 A.M., at Amsterdam till 12.30 p.m., and at Helder till 
2 P.M. There is thus as regards the same diurnal pheno- 
menon in June a difference of six hours between Paris and 
Helder. Sicily and the south of Italy on the one hand 
and Madrid on the other present also the most striking 
contrasts. Again at Sitka (56° 50' H. lat., 135° W. long.), 
which has one of the most truly msular climates in the 
world, the a.m. maximum is delayed to 2.30 p.m. ; whereas 


at Astoria, ten degrees to southward, it occurs at 9.30 
A.M., and at Fort Churchill, in Nevada, as early as 
7 A.5r. There is thus as regards the same phenomenon 
a difference of 7^ 30“ between Sitka and Fort Churchill 

From hourly observations made in this month at the 
base, the top, and two intermediate points on Mount 
■Washington (N. H.) it was foimd that the time of occur- 
rence of the A.M. maximum at the base of the mountain, 
which is 2898 feet above the sea, was 8 a.m. ; at 4059 
feet,^ 10 A.M. ; at 5533 feet, 11 a.m. ; and at the top, 
6285 feet, noon. Hence, as regards the time of occur-^ 
pence, the influence of an isolated mountain fike Mount 
■Washington brings about a result similar to what is 
observed in insular situations. But the analogy is even 
closer. In insular climates the minimum in the early 
morning is very greatly in excess of that in the afternoon; 
and the same relation is observed on the top of Mount 
■Washington, where the former is -0-020 inch and the 
latter —0-004 inch. Again in continental climates the 
minimum in the early morning is much the smaller of the 
two, and the same relation was observed at the base of the 
mountain, where the observed minima were respectively 
0-006 inch and 0-020 inch. The differences presented by 
the daily curve of pressure at the top as compared with 
that at the base of the mountain have their explanation in 
the effects which follow the diurnal range of temperature. 
As the temperature is at the minimum at the time of least 
pressure in the morning, the atmosphere is more condensed 
in the stratum between the base and the top, and conse- 
quently the barometer at the top reads relatively lower. 
As 'the temperature continues to rise during the day, the 
stratum of air above the base of the mountain expands, 
thus placing more air above the barometer at the top, so 
that, while at the base pressiue begins to fall at 8 a.m., 
at the top it continues to rise till noon, simply from the 
mechsfnical upheaval of the air oning to the higher tempera- 
ture. In the afternoon, when the mmimmn at the base 
falls to - 0-020 inch, it is only - 0-004 inch at the top, this 
relatively higher pressure at the top being due to expansion 
from temperature. The peculiar feature of the pressure 
curve at the top is essentially a temperature effect. 

The diurnal oscillations of the barometer occur alike 
over the open sea and over the land siufaces of the 
globe. The atmosphere over the open sea, as already 
sho-wn, rests on a floor or surface subject to a diurnal 
range of temperature so small as to render that temperature 
practically a constant both day and night. This considera- 
tion leads to the -vital and all-important conclusion that the 
diurnal oscillations of the barometer are not caused by the 
heating and cooling of the earth’s surface by solar and 
terrestrial radiation and by the effects which foUow these 
diurnal changes in the temperature of the' surface, but that 
they are primarily caused by the direct and immediate 
heating by solar radiation, and cooling by nocturnal radia- 
tion to the cold regions of space, of the molectdes of the 
air, and of its aqueous vapour. These changes of tem- 
perature are instantly communicated through the whole 
atmosphere from its lowermost stratum resting on the 
earth’s surface to the extreme limit of the atmosphere, 
which the flight of meteors proves to be not less than 500 
miles. There are important modifications affecting^ the 
amplitude and times of occurrence of the four prominent 
phases of the phenomena observed over land surfaces, the 
temperature of which is being superheated during the day 
and cooled during the night ; but it is particularly to be 
noted that the barometric oscillations themselves are inde- 
pendent of any changes of temperature of the floor on 
which the atmosphere rests. 

Let us first look at the phenomena in the simplest form 
as found in the Pacific, or in the midst of the largest -n ater 
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Inch. 
2 A.M. - 0'012 
4 „ -0-022 
6 „ 0-003 

8 „ 0-028 


Inch. 

6 P.JI, -0-028 

8 „ 0-004 

10 „ 0-013 

Midnight 0-012 
oscillations is 


surface of tlie globe. The following are the mean varia- 
tions of pressure from observations made on board the 
“Challenger,” September 1 to 12, 1875, in mean latitude 
1“" 8' S. and long. 150° 40' "W, the mean being 29-928 
inches : — 

Inch. 

10 A.jr 0-032 
Noon 0-006 
2 P.M. -0-043 
4 ,, -0-055 

The most striking feature in these oscillations is the 
amplitude of the range from the A.M. maximum to the 
P.3I. minimum, amounting to 0-087 inch, and the rapidity 
of the fall from 10 A.ai. to 2 p.sr. The same feature 
appears in all means deduced from observations made at 
least 12° on each side of the equator. 

From October 12 to 22, 1875, in mean lat. 35° 1' S., long. 
134° 35' W., the mean atmospheric pressure was 30-298 
inches, and the difference between the a.m. maximum and 
the P.M. minimum was only 0-036 inch; and from July 12 
to 19, 1875, in mean lat. 36° 16' N. and long. 156° 
11' W., the mean pressure was 30-328 inches, and the 
difference between the a.m. maximum and P.M. minimum 
was only 0-025 inch. 'Thus, mth a mean pressure in the 
Pacific about lat. 35°-36° N. and S. much greater than 
near the equator, the oscillation is much less, being in the 
North Pacific less than a third of what occurs near the 
equator. Similarly, this oscillation is small (or even smaller) 
hi the high-pressure areas in the North and South Atlantic 
as compared with the same oscillation near the equator. 

It is well known that aqueous vapour absorbs the heat 
rays of the sun considerably more than does the dry air of 
the atmosphere ; how much more physicists have not yet 
accurately determined. Consequently air heavily charged 
ivith aqueous vapour -will be heated directly by the sun’s 
rays as they pass through it in a greater degree than 
comparatively dry air is. Now it is shoum further on that 
the prevailing surface -winds outflow in every direction 
from the areas of high mean pressure in the Atlantic and 
Pacific about lat. 36° N. and S. Since, notwithstanding, 
the pressure continues high, it necessarily follows that the 
high pressure is maintained by an inflow of upper currents, 
and as the slow descending movement of the air connects 
the inflowing upper currents with the outfloning prevailing 
winds of the surface, it follows that the air over high- 
pressure areas is very dry, and that it is driest where 
pressure is highest and the high-pressure area best defined. 
Hence over the best^defined anticyclonic regions the air -will 
be least raised in temperature through all its height by 
the heat rays of the sun. 

On the other hand, between these high-pressure areas of 
the great oceans there is a belt of comparatively low pressure 
towards which the north and south trades pour their 
vapour unceasingly The atmosphere of this belt of low 
pressure is thus highly saturated -with aqueous vapour 
wFich rises in a vast ascending stream of moist air to the 
inglier regions of tlie atmosphere. These eo[uatorial regions 
thus present to the sun a highly saturated atmosphere 
reaching to a very great height. It is in these regions 
tlieretore that the atmosphere will be most highly heated 
by the sun’s heat rays as they pass through it. One of 

meteorology is the suddenness 
•with w hich this barometric oscillation increases in amplitude 
on entering on these parts of intertropical regions: and 

e rapidity -with -which its . amplitude diminishes on 
advancing on the high-jiressure regions of the horse 
latitudes IS equally striking. The following are the mean 
o^cillatious m the middle regions of the four great oceans 
about lat. 36 from the a.m. maximum to the p.m. minimum 
about the time of the year in each case when the sun 
is highest in the heavens -.—South Pacific, 0-036 inch • 


North Pacific, 0-025 inch; South Atlantic, 0-024 inch; 
and North Atlantic, 0-014 inch. Tliese amplitudas 
diminish as the ocean becomes more land-locked with 
continents, or as the anticyclonic region becomes better 
defined and currents of air are poured down more steadily 
from the higher regions of the atmosphere. 

If the temperature of the whole of the earth’s atmosphere 
were raised, atmospheric pressure would be diminished, 
for the simple reason that the mass of the atmosphere 
would thereby be removed to a greater distance from the 
earth’s centre of gravity. Quite different results, however, 
would follow' if the temperature of only a section of the 
earth’.s atmosphere w'ere simidtaneously raised, such as the 
section comprised between long. 20° and 60° TV. The 
immediate effect would be an increase of barometric 
pressure, owing to expansion from the higher temperature ; 
and a .subsequent effect would be the setting in of an 
ascending current more or less powerful, according to the 
differences between the temperature of the heated section 
and that of the air on each side. These are essentially 
the conditions under w-hich the morning maximum and 
afternoon minimum of atmospheric pressure take place. 

The earth makes a complete revolution round its axis 
in twenty-four hours, and in the same brief interval the 
double-crested and double-troughed atmospheric diurnal 
tide makes a complete circuit of the globe. The whole of 
the diurnal phenomenon of the atmospheric tides is there- 
fore rapidly propagated over the surface of the earth from 
east to west, the movement being most rapid in equatorial 
regions, and there the amplitude of the oscillations is 
greater than in higher latitudes under similar atmospheric, 
astronomical, and geographical conditions. Owing to the 
rapidity of the diurnal heating of the atmosphere by the 
sun through its w-hole height, some time elapses before the 
higher expansive force called into play by the increase of 
temperature can counteract the vertical and lateral resist- 
ance it meets from the inertia and viscosity of the air. 
Till this resistance is overcome, the barometer continue 
to rise, not because the mass of atmosphere overhead is 
increased, but because a higher temperature has increased 
the tension or pressure. TTTien the resistance has been 
overcome, an ascending current of the warm air sets in, the 
tension begins to be reduced, and the barometer falls and 
continues to fall till the afternoon minimum is reached. 
Tims the forenoon maximum and afternoon minimum are 
simply a temperature effect, the amplitude of the oscillation 
being determined by latitude, the quantity of aqueous 
vapour overhead, and the sun’s place in the sky. 

All observations show that over the ocean, latitude for 
latitude, the amplitude of the oscillations is greater in an 
atmosphere highly charged -with aqueous vapour and less 
in a dry atmosphere. It is also to be noted that in very 
elevated situations, particularly in tropical regions, the 
amplitude is greater proportionally to the whole pressure 
than at low-er levels. This is what is to be expected from 
the law of radiant heat by which more of the heat rays of 
the sun is absorbed by the air, and particularly by its 
aqueous vapour, mass for mass, in the higher than in the 
lower strata. 

When the daily maximum temperature is past, and the 
temperature has begun to fall, the air becomes more 
condensed in the low-er strata, and pressure consequently 
at great heights is lowered. Ow-ing to this lower pressure 
in the upper regions of the air, the ascending current 
which rises from the longitudes where at the time the 
afternoon pressure is low flow’s back to eastward, thus 
increasing the pressure over those longitudes where the 
temperature is now falling. This atmospheric quasi-ti^l 
movement occasions the p.m. increase of pressure, which 
reaches the maximum" from 9 p.m. to midnight, according 
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to latitude and geographical position. This maximum is 
therefore caused by accessions to the mass of the atmosphere 
overhead, contributed by the ascending currents from the 
longitudes of the afternoon low pressure immediately to 
westward. 

As midnight and the early hours of morning advance, 
these contributions become less and less and at length 
cease altogether, and pressure continues steadily to fall. 
But between the time when the increase of pressureTrom 
the overflow through the upper regions of the atmosphere 
ceases and the time when pressure increases from the heat 
rays, direct or indirect, of the returning sun, or during the 
hours of the" night when the effects of nocturnal radia- 
tion are the maximum, pressure is still further reduced 
from another cause. Badiation towards the cold regions 
of space takes place, not only from the surface of the 
globe, but also directly from the molecules of the air and 
its aqueous vapour. The effect of this simultaneous cool- 
ing of the atmosphere through its whole height is neces- 
sarily a diminution of its tension. Since this takes place 
at a more rapid rate than can be compensated for by any 
mechanical or tidal movement of the atmosphere from the 
regions adjoining, owing to the inertia and viscosity of the 
air, pressure continues to fall to the morning minimum. 
This minimum is thus due, not to the removal of any of 
the mass of air overhead, as happens in the case of the 
afternoon minimum, but to a reduction of the tension or 
pressure of the air consequent upon a reduction in the 
temperature through radiation .from the aerial molecules 
towards the cold regions of space. In the open ocean the 
morning minimum is largest in the equatorial regions, and 
it diminishes with latitude; but the rate of diminution 
with latitude through anticyclonic and other regions is 
generally less and more uniform than in the case of the 
afternoon minimum. 

The amplitude and times of occurrence of the phases of 
the diurnal barometric tides are subject to great modifica- 
tions over the land. The amplitude of the oscillation 
from the morning maximum to the afternoon minimum is 
greatest where the atmosphere is driest and the sky 
clearest, and least where the atmosphere is highly saturated 
and the sky more frequently and densely covered -with 
clouds, being thus generally the reverse of what is observed j 
to take place over the open sea. The meteorology of India 
affords the most striking illustrations of this remark. At 
Bombay in April during the dry atmosphere and clear 
skies of the north-east monsoon, the oscillation is 0T18 
inch; but in July during the humid atmosphere and 
clouded skies of the south-wesf monsoon it falls to 0'067 
inch. ‘ In the Punjab, where the air is drier, it is much 
greater, rising in exceptional years, such as 1852, to 0T87 
inch. The much greater amplitude of this oscillation on 
land as compared with the open sea is entirely due to the 
heating of the earth. By this heating of the surface the 
lower strata of the air become also highly heated and the 
tension is increased ; and, since the air does not expand 
freely, vertically and laterally, from its inertia and viscosity, 
the barometer rises. 'WTien, however, the resistance is 
overcome, the ascending current which sets in is stronger 
owing to its higher temperature. Since this higher 
temperature which has its origin in the superheated 
surface is in addition to the direct heating of the air by 
the heat rays of the sun as they pass through it, the 
morning maximum and the afternoon minimum over land 
are both more extreme than over the open sea. It follows 
that this oscillation is much larger over land, and largest 
in climates where insolation is strongest. 

In places already referred to where the morning mari- 
mum is greatly retarded, such as Helder, Sitka, Valentia, 
and Falmouth, the afternoon minimum in the summer 


months is singularly small,— so small indeed that it does 
not fall so low as the mean pressure of the day. This 
peculiarity in the diurnal barometric tide is in all prob- 
ability due to -their insular position to the westward of 
a more or less extensive tract of land, by which a tidal 
overflow is propagated through the upper regions from the 
continental towards the insular situations. This tidal 
overflow receives its impulse from the ascending current 
from the land, which rises sooner and stronger from inland 
than from insular situations. On the other hand, on the 
open sea, and away from land in regions where the morn- 
ing maximum and afternoon minimum are both small, the 
minimum always falls below the mean of the day, and the 
time of occurrence of the maximum is not retarded as is 
the case in insular situations. A map of deviations from 
the daily mean pressure of the morning minimum in 
summer shows, as regards the middle and higher latitudes, 
that it is greatest near the sea, and least in inland con- 
tinental situations. Indeed in the interior of the Old-World 
continent the dip in the curve in the early morning is so 
small that the minimum does not fall below the daily mean 
pressure, but at most places remains considerably above it. 
The same relations are seen in north-western Europe, where 
the morning minimum is -0 '020 inch at Valentia and 
Falmouth, - 0‘018 inch at Helder, and-0’012 inch at 
Amsterdam, whilst at Kew it is only - 0'002 inch. From 
its compact form and relations to the surrounding ocean, 
the Spanish Peninsula well illustrates the peculiarities of 
this phase of the pressure. The deviations from the daily 
mean pressure of the morning minimum are at Lisbon 
- 0*022 inch and Coimbra -O'Oll inch, but at Madrid 
in the interior-)- 0*009 inch, — pressure in the last case, just 
as happens in the interior of Asia, not falling so low as the 
daily mean. 

The larger minimum near the sea arises from the higher 
temperature there during the night as compared with 
more inland situations, from which results a tidal overflow 
through the upper regions from the sea towards the land, 
as the temperature of the latter falls lower than the sea 
during the night. The effect of this overflow is to reduce 
the pressure over those regions whence it proceeds and to 
increase it in those regions over which it advances. The 
shallowing of the morning minimum is greatest in the 
higher latitudes of continental climates and most complete 
at great elevations, where in some cases the minimum 
vanishes, — in other words, where the amount of aqueous 
vapour is small and the time is short during which no part 
of the atmosphere overhead is touched by the sun’s rays. 
Since the peculiarity is observable in the curves over nearly 
the whole continent, appearing even in the low latitudes 
of Calcutta and Madras, it might be suggested whether we 
have not evidence here of a vast tidal movement propagated 
through the higher regions towards that trough-like section 
of the atmosphere as it moves westwards over the continent 
where the temperature of the lower strata of the air is 
about the minimum of the day and pressure also about 
the minimum. 

Kefer6nce lias baan made under Atmosphere to the 
smallness of the range from the A.M. maximum to the P.Ji. 
minimum in the North Atlantic during summer. This 
phase in the diurnal distribution of pressure is represented 
in fig. 3, which shows for June the mean amount of 
the oscillation by lines of 10, 20, 40, 60, 80, and 100 
thousandths of an inch, or 0*010 inch, 0*020 inch, A*c. 
This abnormality begins in March, attains the maximum 
in June, and terminates in October. It is thus confined 
to the warmer months of the year, and, unlike 
meteorological phenomena, is not cumulative, but follows 
the sun, so that its maximum occurs in June, and not m 
July as that of the temperature of the air, or in August as 
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the temperature of the sea. The smallness of this ^ range 
over the North Atlantic, which is less than occurs in any 
other ocean in the same latitudes, is to a large extent 
caused by the small dip in the diurnal curve of the after- 
noon minimum. 



If the map of the distribution of pressure over the globe 
for July be examined (fig. 17) it is seen that this part of 
the Atlantic is occupied by a well-defined area of high 
mean pressure, — ^liigher indeed than occurs at any season 
over any ocean ; and it is shown below that out of this 
area the surface winds blow in all directions. But, since 
air is constantly being drained out of this region by 
the wind without diminishing the pressure, it follows of 
necessity that the high pressure must bo maintained bj"- 
accessions of air received from above through the upper 
currents. Now the regions whence such accessions can 
come are the upper currents which have their origin in the 
ascending currents that rise from the heated plains of Africa, 
Eui'ope, the belt of calms, and the two Americas sur- 
rounding the North Atlantic. It is evident that the major 
portion of each day’s overflow of air from the continents 
through the upper regions of the air upon the Atlantic, 
whether this overflow takes place by convection currents or 
from a tidal movement similar to what has been already 
described, will take place during mid afternoon. In other 
words, the overflow will occur about the time of the after- 
noon minimum of the Atlantic, thus diminishing the dip of 
this minimum, and so producing the abnormally small range 
now under examination. It is in favour of this view that 
the abnormality follows the sun’s course and is not cumula- 
tive, and is felt also on both sides of the Atlantic, even 
although the weather on the east side is dry and all but 
rainless, and on the rvest moderately moist and characterized 
by a rather copious rainfall. It is also full of significance 
that the peculiarity is most strikingly seen in that part 
of the ocean of the globe which is closely hemmed in by 
large masses of land. 

Influence of the Moon on Atmospheric Pressure . — ^Fifteen 
years’ hourly observations have been made at Batavia and 
discussed by the late Dr Bergsma in their relation to the 
lunar day, which was assumed in the calculations to com- 
mence with the time of the upper transit of the moon. The 
result of the inquiry is that atmospherie pressure at Batavia 
has a lunar tide quite as distinctly marked as the ordinary 
diurnal barometric tide, except that its amplitude is much 
less. The four phases are these ; — 


1st max. + 0-0022 inch 
1st min. -0-0021 ,, 
2d max. H- 0 -0025 ,, 
2d min. -0-0024 „ 


at lunar hour 1 
M )> 7 

>3 3 3 

») ij 13 


The lunar tide has the important difference that its phases 
follow the moon’s apparent course much more closely than 
the ordinary diurnal fluctuations of the barometer follow 
that of the sun. The two maxima occur about the 1st and 
13th, and the two minima about the 7th and 19th, whereas 
four daily phases of the diurnal barometric fluctua- 
is highest respect to the sun’s apparent course from 


one to six hoursTater. It is interesting to note that in the 
higher latitudes in inland situations during winter, or at 
times and in situations hvhere the disturbing influences of 
temperature and humidity tend towards a minimum, the 
times of occurrence of the four phases of the daily oscilla- 
tion of the barometer approximate to those of the daily 
lunar atmospheric tide. 

Since, a distinct lunar tide is traced to the attractive 
influence of the moon, it follows that the attractive 
influence of the sun will enter as one of the several causes 
which determine the phases and amplitude of the diurnal 
barometric curve. It also follows from the much les.i 
attractive influence of the sun than that of the moon on 
the earth’s atmosphere that the effects of the sun’s attrac- 
tion on the pressure will be wholly concealed by the much 
larger effects of the other forces concerned in determining 
the diurnal oscillation, Dxcci>t in the case or cases where 
the variation in the fluctuation is small at 1 and 7 a.h. 
and 1 and 7 T.n. Now at places north of lat. 4r'5° N. the 
variation at 1 a.ji. is small during the winter, and it is a 
singular fact that some years ago Bykatchew of St 
Petersburg drew the attention of meteorologists to the 
existence at these northern stations of a faintly marked 
third maximum ; and it is further of importance to remark 
that, at many places where on the mean of years the third 
maximum is scarcely or not at all marked, it appears in 
the mean of some of the separate years. Thus, though it 
does not appear in the mean of the twenty years ending 
1873 at Greemnch for January, it appears in nine of the 
individual years. It is highly probable that this maxi- 
mum, which may be named Bykatchcyft'’s maximum from 
its discoverer, is duo to the attractive influence of the sun, 
its amplitude and time of occurrence being in accordance 
with such a supposition. 

Diurnal Variation of the Force of the Wind . — During 
the three and a half years’ cruise of the “ Cliallenger,” 
ending uith hlay 187G, observations of the force and 
direction of the uind were made on 1202 days, at least 



Fig. 4. — Diuni.-il Force of Wind nt Sea .-md near Land. 


twelve times each day, — 650 of the days being on the open 
sea and 552 near land. The observations of force were 
made on Beaufort’s scale 0-12, being the scale of wind- 
force observed at sea. The mean diurnal force of the 
uind on the open sea and near land respectivelj' is shoira 
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in fig. 4, "n-liere tlie figures on tlie left are Beaufort’s scale, 
and those on the right the eqnivalents in miles per horn-. 
The solid line shows at the different hours of the day 
the mean force on the open sea, and the dotted line the 
mean force near land. 

regards the open sea it is seen that the diurnal 
variation is exceedingly small, there being two apparent 
slight maxima, about midday and midnight respectively. 
On examining, ho-wever, the separate means for ^e North 
and South Atlantic, North and South Pacific, and the 
Southern Ocean, there is no imiform agreement obsen'able 
among their curves, the slight variations which are met 
with being different in each case. It follows therefore 
that the force of the winds on the open sea is subject to 
no distinct and imiform diurnal variation. The difference 
between the hour of least and greatest mean force is less 
than a mile per hour. 

Quite different is it, however, ivith the ivinds encountered 
by the “Challenger” near land, the force of the wind 
there giiung a curve as pronouncedly marked as the 
ordinary diurnal curve of temperature. The minimum 
occurs at 2 to 4 a.m. and the maximum from noon to 4 
P.M., the absolute highest being at 2 r.sr. The curves 
constructed for each of the five oceans from the obsen-a- 
tions near land give one and the same result, or a curve 
closely accordant with the curve of diurnal temperature. 
The differences between the hours of least and greatest 
force are as follows : — Southern Ocean 6J miles. South 
Pacific 44 miles, South Atlantic miles, and North 
Atlantic and North Pacific 3 miles per hour. 

In the case of each ocean the velocity of the wind on 
the open sea is considerably in excess of that near land, 
but in no case does the maximum velocity' near land, 
attained about midday, reach the velocity of the wind on 
the open sea. The 650 daily observations on the open sea 
give a mean hourly velocity of 174 miles, whereas the 552 
near land give a velocity of only 124 miles per hour. The 
difference is greatest at 4 a.5i., when it amounts to upwards 
of 6 miles an hour, but is diminished by the rising tem- 
perature till at 2 P.M. it is less than 3 miles an hour. 

At Jilauritius, which is situated within the south-east trades, the 
minimum velocity of the wind is 9'/ miles per hour, occurring from 
2 to 3 A.3I., from which it rises to the maximum 18‘5 miles from 
1 to 2 p.jr., the influence of the sun being thus to double the wind’s 
velocity. At Batavia, situated in a region where the mean baro- 
metric gradient is much smaller, the dilfcrenccs are sHll more de- 
cided. From 1 to G a. si. S5 per cent of the whole of the obser- 
vations are culms, whereas from noon to 2 I’.M. only 1 per cent, 
are calms. In all months, the minimum velocity occurs in the 
early morning, when the temperature is lowest, and the maximum 
frorn 1 to 3 I'.Ji., when the temperature is highest, the mean 
minimum and maximum velocities being to each other as 1 to 21. 
At Coimbra the mean maximum hourly velocity is five times 
greater than the minimum hourly velocity in summer, whereas in 
winter it is only about a half more. At A'alentia, in the south- 
west of Ireland, one of the windiest situations in western Europe, 
the three summer months of 1878 gave a mean hourly velocity of 
13 ‘3 miles per hour, the minimum oscillating from 10 to 11 miles 
an hour from 9 r.Ji. to 6 A.M., and the maximum exceeding 16 
miles an hour from 11 A.Ji. to 5 i*. Ji. The absolute lowest hourty 
mean was 10 miles at 11 r.jr., and the highest 18 miles at 1 r.Ji., 
the velocity about midday being thus nearly double that of the 
night. Llany observations might be added" to these, including 
those published by Hann, Kbppon, Hamberg, and others, which go 
to establish the fact that the curves of the diurnal variation of the 
velocity of the wind generally confonn to the diurnal curi-es of 
temperature. The curves are most strongly marked during the 
hottest months ; and the maximum velocity occurs at 1 p.m. or 
shortly thereafter, being thus before the time of occurrence of the 
maximum temperature of the da}-, and the minimum in the early 
morning, or about the time when the temperature falls to the 
lowest The rule also liolds good with all winds, whatever be their 
direction, 'riic exceptions to this rule arc so few and of such a 
kind that they are probably to bo attributed to ixiusos more or 
Ies.s of a local character. , t- 

Hatin lias sliovrn, for a number ol places in nortbern Europe, that 
with a clear sky the velocity is doubled from the minimum to the 
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I maximum, with a sky half covered the velocity is three-fourths 
j greater, and wutli a sky wholly covered the velocity is only a halt 
more. On the other hand at the strictly inland situation of Vienna 
with a clear sky the velocity is double, and with a sky half covered 
It IS tyvo-thir^ gi-cater, hut with a covered sky the diurnal varia- 
rion in the wind’s velocity becomes irregular and faintly marked. 
Hann has also examined the winds at A’ienna, and found that winds 
of a velocity not exceeding 30 kilometres an hour show a mean 
diurnal increase from 11 kilometres at 6 a. J i. to 16-8 at 1 p.ji., hut 
that winds of velocity exceeding 30 kilometres an hour exliibit’only 
a faintly marked and irregular increase of velocity during the day. 

In offering an explanation of tliis remarkable fact regard- 
ing the diurnal variation in the velocity of the wind in all 
climates, it is to be remarked that the miniTmiTn velocity 
occurs when terrestrial radiation and its effects are greatest, 
hut the increase of the velocity closely follows the sun’ 
and the maximum is reached nearer the time the sun 
crosses the meridian than perhaps any of the other mn->-iTnn 
or minima of meteorology which are dependent on the 
sun’s diurnal course. It is also to he noted that the winds 
over the open sea are practically uninfluenced by solar 
and terrestrial radiation, for there the diurnal curve of 
j variation in the force of the wind is all but a straight line. 

! On nearing land, however, the w'ind’s force exhibits a 
I diurnal curve of variation as distinctly marked as, and 
bearing a close resemblance to, the analogous curve of 
temperature; while on the land itself these features 
become still more decidedly pronounced. Lastly, the 
amount of the diurnal variation of the temperature of the 
surface of the sea is less than a degree, whereas over aU 
land surfaces the diurnal variation of the temperature is 
large, even where the grotmd is covered by vegetation, and 
enormously large over sandy wastes. 

From this it follows that, so far as concerns any direct 
influence on the air itself, solar and terrestrial radiation 
exercise no influence on the diurnal increase of the velocity 
of the air with the increase of its temperature, — or, if any 
influence at all, such influence must be altogether insig- 
nificant, as is conclusively shown by the wind observations 
of the “ Challenger ’’ over each of the five great oceans of 
the globe. The same observations show that on nearing 
land the wind is everywhere greatly reduced in force. 
The retardation is greatest during the hours when the daily 
temperature is at the minimum ; and it is particularly to 
be noted that, though the temperature rises considerably, 
no marked increase in the velocity sets in till about 9 a.m., 
when the temperature has begun to rise above the daily 
mean. From this time the increase is rapid (see fig. 4) ; 
the maximum is reached shortly after the period of strongest 
insolation ; and the velocity falls a little (but only a little) 
during the next three to five hours, according to season, 
latitude, and position, and falls again to near the minimmn 
shortly after the hour when the temperature is at the 
mean. Even at the maximum, the velocity near land 
faUs considerably short of the velocity which is steadily 
maintained over the open sea by night as well as by day. 

The period of the day when the wind’s velocity is in- 
creased is practically limited to the hours when the tempera- 
ture is above the daily mean, and the influence of this 
higher temperature is to counteract to some extent the re- 
tardation of the Avind’s velocity resulting from friction and 
from the viscosity of the air. The increase in the diurnal 
velocity of the vind is in all probability due to the super- 
heating of the surface of the ground and to the consequent 
ascensmnal movement of the air, tending to counteract the 
effect of friction and of viscosity between the lowermost 
stratum of the air and the ground. It is of importance 
in this connexion to keep in view the fact that in cloudy 
weather a temperature much higher than might have been 
supposed is often radiated from the clouds down upon the 
earth’s surface,^ wliich accoun ts for the phenomenon of th e 

A ■ Journal of Scottish Meteorological Society, vol. ii. p. 280. 
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niglit, when terrestrial radiation is proceeding, the tempera- 
ture of the' surface falls greatly, and instead^ of an 
ascensional movement in the lower stratum of the air there 
is rather a tendencj’^ towards a descensional movement (if 
the wind he light there is an actual movement) of the 
lowest air stratum down the slopes of the country ; and 
since the friction between the ■ndnd and the surface of 
the earth is thereby increased the diurnal velocity of the 
wind falls to the minimum during these hours (see also 
p. 156). ■ 

Among the most marked exceptions to the general rule 
of the diurnal distribution of vnnd force may be cited the 
bitterly cold furious blasts of wind encountered in narrow 
valleys in such mountainous regions as the Alps during 
clear and comparatively calm nights. These are simply 
the out-rush of the cold air poured into the upper basins 
of the valleys by the descensional currents from the slopes 
which the chilling effects of terrestrial radiation set in 
motion. On the other hand, the air of the valleys becomes 
heated and expands during the day, thus giving rise to a 
warm wind blowing up the valleys, which, on account of 
the vapour it carries with it from the lower levels, fre- 
quently covers the higher slopes and tops of the mountains 
with cloud and drizzling rain. 

Diurnal Variation in the Direction of the Wind .- — ^In all 
climates near seas and other large sheets of water, where 
the distribution of atmospheric pressure is tolerably equable, 
or the barometric gradient small, and the sun heat 
moderately strong, land and sea breezes are of daily 
occurrence. In such places a breeze from the sea gradually 
sets in in the morning, which gradually rises to a stiff 
breeze during the heat of the day and again towards 
evening sinks to a calm. Soon after this a breeze sets in 
from the land, blows strongly seaward during the night, 
and dies away in the morning, giving place to the sea 
breeze as before. These breezes are occasioned by the 
surface of the land being heated in a much higher degree 
than that of the sea during the day ; the air over the land 
being thereby made lighter ascends, and its place is 
supplied by the cooler air of the sea breeze dra^vn land- 
ward, and partly also by descending currents, as shown 
by the humidity observations of the “ Challenger," which 
indicate increasing dryness when the sea breeze is strongest. 
Again during the night the temperature of the land and 
of the air over it falls below that of the sea, and the air of 
the land thus becoming heavier and denser flows over the 
sea as a land breeze. As the best-marked and most fre- 
quently occurring cases of the sea breeze begin some 
distance out at sea and gradually approach the land, it is 
very probable that, as suggested by Blanford, the ascend- 
ing heated air flows seaward as an upper current, and that 
the increased barometric gradient thus caused largely 
accounts for these breezes. 

_ Se.i and land breezes are thus determined by the relative posi- 
tions of tlio land and its coasts, subject to a furtlier modification 
arising from the rotation of the earth. Thus on the coast of tlio 
(•nil of tiyons the sea breeze from the south veers to south-west 
and diM away as a west wind, wliile the land breeze from the north 
j^'iually veers to north-cast and dies away as an cast wind. On 
tlio coast of jUgena, on the other hand, the sea breeze veers from 
iiortli to north-cast and dies away in the cast, avhereas the south 
land breeze veers to south-west and dies away in the west. Sea 
breezas .aho occur in such unsettled climates as that of Scotland 
when the weather conditions are favourable. These conditions are ! 
{ircsented when an anticyclone overspreads the countrv, with its ' 
accompanying fine settled weather, sinall variation in* the distri- 
bution of atmospheric pressure, cle.ar skies, .and coiiseuucntlv .stvonc ' 
.sntishitie. Under these conditions the following are the veennes cd ■ 
the wind off the coast of Berwickshire. In the niorningthc wind is ! 

""hen it veers to north, falling .all the 
time till hnallyitRiiikstoacalm. ' -, “‘o 


where 
then 

. _ . About 

sunset it springs up from west, veering to north-west during the 
night, where it continues till the folio whig niorning. The wind thus 
virtually makes the round of the compass, is strongest from north- 
west and south-east and weakest at noim-east and south-west, being 
thus strongest when its course is perpendicirlar to the line of coast. 

The observations made by the “ Challenger ” in the region of the 
north-east trades in 1873 show a small diurnal variation in the 
direction of the wind, the variation being from E. 47° 5' N. at 2 
to C A.M. to E. 56° E. at 10 A.it. to 2 p.jr., the variation being 
thus 8° 55' towards north during the hottest hours of the day. At 
jffauritius ohservatoiy, which is several miles from the sea, the 
daily' period in the direction of the wind is from E. 22° 16' S. 
at 4 A.M., being the most southerly point, to E. 7° S. at 1 p.m., 
and thence back to E. 22° 16' S. at 4 A.M. The diurnal v.aria- 
tion is 15^ 15', and thus the influence of the sun impresses on the 
wind at this observatory a more truly easterly character. 

At the Austrian naval station at Pola, near the head of the 
Adriatic, the daily variation in the direction of the wind is well- 
marked. Starting from a point east of south at 5 A.M., it gradually 
veers round to westward, the most westerly point, almost due west, 
being reached at 5 to 6 P.M., after which it gradually shifts hack to 
its starting pioint in the niorning. Here w'e have evidently a diurnal 
wind-system different from that of the land and the sea breeze. 
Pola is situated near the south-western extremity of the peniusula 
of Istria, and the direction in the early morning of east by south is 
the direction the wind would take if a small anticyclone overspread 
the peninsula ; and the direction from the west in mid afternoon 
is the direction the wind would have at Pola if the peninsula were 
occupied by a small cyclone with the lowest pressure in the centre. 
How the influence of solar radiation is to form, through the 
ascending current from the heated land, a diminution of pressure 
over the land, — ^in other words, what is essentially a cyclone. On 
the other hand, during the night the influence of terrestidal radia- 
tion is to genemte, through the cooling of the land and tiie air 
resting above it, a relatively higher atmospheric pressure in the 
interior of the peninsula with its characteristic syst’eni'' of out- 
blowing ivinds. 

At Coimbra, in July 1878, the diurnal variation of the wind’s diicc- 
tion was from 17. 49° 37' H. at 2 to 6 A.3t. to 17. 83° 16' N. 
at 4 to C r.M., the amount of the variation being thus 16° 22' in the 
direction of west. At Valentia, in the south-west of Ireland, during 
the summer months of 1878 the diurnal variation of the wind’s 
direction was from 17. by S. at 7 to 9 a.m. to S.17. by 
17. at 6 to 7 P.M. The variation was thus from a point nearly 
south to a point nearly south-west, or through nearly 45° 
in the direction of west. On the other hand, at Ahenleen 
during the same months of 1878, the diurnal variation of the 
avind’s direction was from S.17. at 6 to 7 a.m. to S. by E. at 12 
to 4-P.M., the variation being thus 56° from south-west in the 
direction of east through south. Attention is here drawn to the 
exactly opposite ways in which the diurnal veering or shifting of 
the wind takes places at I'alentia and Aberdeen, but particularly to 
the important circumstance that in each case the diumal changes 
in the wind’s direction which actually occur are precisely those that 
w'ould take place on the supposition that during the hottest hours 
of the day an ascensional movement of the air sots in from the 
heated lands of the British Ishands, and that an in-dranght takes 
place all round, which with the descending ciuTcnts makes_ good 
the loss caused by the up-draught. 'Tims then both the diurnal 
increase in the wind’s velocity and the change in its direction 
which observation shows to take place during the hottest hours of 
the day are traced to the. same cause, viz., the heating of the 
surface by the sun, the heating of the lowest stratum of air resting 
on the surface, and the ascensional movements avhieh arc the neces- 
sary result. 

It is instructive to note that at Hukuss, at some distance to the 
south of the Sea of Aral, where the summer direction of the wind is 
northerly, the north component is at the daily maximum at 4 p.m., 
having shifted into this direction from north-east, where it is at 
9 A.M. Jluoh or nearly everything remains to be done in working 
out this problem in its practical details as one of the imjioit.ant 
elements of climatology, with the view of an'iviiig at some aofmitc 
knowledge of the influence of physic.al configuration and different 
vegetable coverings of the surface on radiation and on the velocity 
and direction of the wind. 

Dnii'nal Variation in the Amount of Cloud. — Mists und 
fogs are visible vapours floating in tbe air near tbe surface 
of tlie earth, and clouds are visible vapours at a consider- 
able height. These forms of visible vapour are all piroduced 
by whatever lowers the temperature of the air below the 

. , , . - . -o > dew point, — such as radiation from the molecules of the 

A mtio before noon It springs up , atmosphere toavards the cold regions of space, the simple 
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exi>ansion of the air of apccnding currents, tlie mixing of 
cold air with air tliat is warm and moist, and the cooling 
of the air in contact with the surface of the earth when its 
temperature has been lowered b}' nocturnal radiation. 

The forms of clouds are cndles-. Since clouds are 
subject to certain distinct modifications from the same 
caiwc'i which produce other atmospheric jdienomcna, the 
face of the .4:}' may be regarded as indicating the operation 
of the=^o causes, ju=t as the face of man indicates his mental 
and jihj-.-ical .<-tates. Hence the imj)Ortance of the .study 
of clouds, and hence the ncce.'sity of a nomenclature of 
clouds as the basis of accumte and cornpaniblo observations. 
An adequate nomenclature of clouds is .still a dedderatum. 
Luke Ilov.-ard'.s classification, which continues to hold its 
ground as a provisional nomenclature, was proposed by 
him in 1S03, and Iw it cloud-> are considered as divided 
into seven kinds. Of these, three are .simple form.s, the 
cirntJ!, the cumvhtf, and the strahn-, and four intermediate 
or compound, the cirro-ciimufu.’r, the cirro-flrcili/f, the 
anmiJostralm, and the nimhiif, or rain 

dovtl. 

The cirrus cloud consists of w.avy, parallel, or divergent 
filaments, which may incrc.'ise in any or all directions. It 
b the cloud of the least densit}*, the grcatc't elevation, and 
the greatest variety of figure. It is jirobable that the 
jiarticle- cc>^npo■^ing it arc minute cry-'tais of ice or rnow- 
fiakes. The cirru-, is intimately connected with the great 
movements of the atmo-jihcre ; and it is solel}' from the 
movements of the cirru.s that we have an}' direct know- 
ledge of the ujiper currents of the atmo-jihcrc. In recent 
yeir.s much lias been done, particularly by Professor 
Jlildebrands'On of Up-ala and Clement Ley, in investi- 
gating the relations of thi.s clotid to storin' and other 
changes of weather. 

The cumulu.-; is the name applied to those convex or 
conical lic-ap-) of cloud.s which increase upward.s from a 
Jiorizonbal base. They are gcncndly of a vciy den.se 
structure, arc formed in the lower regions of the atmo- 
sphere, and are carried along hy the aerial current iiu.xt 
the earth. They form the tops of the ascending currents 
which ri'C from the heated ground, and have a diurnal 
period .so well marked that they are often named the 
“cloud of the day.” Tlie form of stratu.-, com[»rehends 
tho-e milts and fogs which in the cairn evening of a warm 
summer day make their appearance in the bottom of v.alley.s 
and over low-lying grounds, and .sometimes spread up\vard.s 
over the surrounding countiy* like an inundation ; they 
liave an equally well marked daily jicriod, and are 
frequently e-allcd the “cloud of night.” Hie cirro- 
cumulti.s is made up of .small roiinrlish m.a«se-., lying near 
each other, and quite sejiarated by internals of .sky. It 
may be considered as formed from the cirnn by the fibres 
of that cloud breaking, as it were, and coliap-,ing into 
roundi'h inas-e«, thus destroying the texture but retaining 
the arrangement of that cloud, Tlii.s .singularly be,autifu! 
cloud is commonly knov.-n a.s a mackerel sky, and i.s of 
niO't frequent occurrence during dry warm suminerwealhcr. 
The cirro-stratus consists of horizontal ma.sse, thinned 
tovrards the circumference, bent doY.-nwaid.s or undulat- 
ing, and either .separate or in groups. Since this cloud 
has great extent and continuity of subitance, but little 
peiqwndicular depth or thiclinc.--, it is the cloud which 
mo-it frequently fulfils the conditions for the jihenomena 
of corontc, solar and lunar halos, parhelia or mock .suns, 
and paras-olenic or mock moons. 'Jbe curnulo-.stratus 
is formeil by the cirro-tratu-i blending with the cumulus, 
or spreading underneath it as a horizontal layer of vapour. 
Tiic cumulo-cirro-.stratus, or nimbus, is the well-known 
rain-cloud, wliich eonsi.sts of a cloud or sy.stcrn of douds 
from which rain is falling. At a considerable height a 
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' -sheet of cin-o-stratas cloud is extended, under which 
^ cumulu.s clouds drift from windward ; the.se rapidly in- 
1 creasing unite and ajjpear to form one continuou-s grey 
I mass from which the rain falls. The breaking up of the 
' lower grey mas.-, indicate.s that the rain will soon cease. 
AVlicn a rain-cloud i.s .seen at a distance, cirri appear to 
.slioot out from its top in all direction.s; and it Is observed 
that the more copious the rainfall the greater is the dis- 
play of cirri. The _cutu.s, cirro-cumulus, cirro-stratus, 
cumulo-.stnitu.<s, and nimbus are connected more or les-s 
clo.eely m'th the great atmospheric movements of the 
cyclone and anticyclone. In what follows here only the 
amount of .sky covered u-iU be taken into account, and not 
the .s])ccies of cloud covering. 

Tlie diurnal variation in the amount of cloud in the sky 
on the open sea i.s veiy- .smaU. The following are the means 
of two Imndred and .seventy-.^even days’ observations on 
board tbe “Challenger,” stated in percentages of .sky 
covered ; — 


2 A.M. 

59 1 

10 a.m. 

58 

C I’.M. 

57 

•' M 

59 

Noon 

50 

8 „ 

57 

C „ 

C2 

2 r-M. 

58 

10 „ 

57 

8 

G2 

i „ 

59 

Midnight 

57 


Two maxima are here indicated, the one about or .shortly 
after sunrise and the other in the early part of the 
afternoon ; and two minima, the one at noon and the other 
from suiuet to midnight. The difference between the 
cxtrcmc.T is only G per cent, of the sky. 

.\t Batavia tlie daily inaximiiin is from C to 11 r.jr., and tlie 
inininnun from 8 to 11 a M., the estreme-s being 52 per cent, at 
9 K.V.. and G9 per cent, at 7 P.M., — a difiertnee of 17 per cent. Of 
four daily ob cn-ations at Mauritius, the maximum is 50 per cent, 
at 1 r.M." and the minimum 88 per cent at C A.ir. At Coimbra, 
Ob':- rvat ions of clouds liavc been made fire times daily, and six 
yearb' re.'^ults give the maximum C3 jicr cent at 9 I'.JI. and the 
minimum 52 per cent, at 9 A.tr. At this jdace, during July and 
,\ugust, the greatest amount of cloud occurs nt C r.jr., and in the-se 
months tlie rainfall at Coimbra is Tcry small. The minimum is 
more jirononnctd at 9 a.m, than at any other period ; in svintcr 
this jiha*-'- occurs about four liours kter. At the continental 
situation of Vienna, during the warm months of the year the maxi- 
mutn is at 2 J’.ji., witii a secondary m.a.ximum about C A.jr., and 
the iniiiimiim fioin 10 I’.M. to 2 a.m'; but during tiie cold montlis 
the maximum is at C A.M. and the minimum during the ca'cning 
and night In the Rocky Mountain':, the chief maximum, 57 per 
tent., is at 3 1>.M., with a secondary one 30 per cent, at 5 a.m. ; and 
the chief minimum 20 at 3 a.m. and a secondary one 20 at 11 r.ii. 
At Helsingfors the maximum of cloud occurs from 10 a.m. to 2 r.si., 
and the minimum from 10 I’.Jl. to 2 A.M. 

Much yet remains to be clone with regard to the 
determination of the diurnal variation of cloud, but from 
the above one or two deductions of a general character 
i may be draavn, A maximum occurs in the morning and 
I continues till shortly after tlie .oun has ri.=cn, and this 
! maximum i.s more decidedly pronounced over the open .sea 
' than over land. It.s appearance i.s without a doubt due to 
I the general cooling of the atmosphere through its xvhole 
- lieight by terre.-trial radiation, and its dbappearance^ to 
i the heating of the air, which commences about sunrise. 
Tlien follow.s one of the diurnal minima, wliich continues 
till midday, or a little later; in other words, it continues 
till, owing to the diurnal heating of the air by the .sun, 
the a.'-cending current has fairly set in. The period of 
this ascending current marks the second mdxinium, which 
during tlie warmer montli.s is larger than the morning 
maximum over land. The cumulus i.s the characteristic 
cloud of this maximum. These cloud.s are merely the 
summit.s of the ascending currents which rise from the 
lieated land, where the aqueous vapour is condensed in 
cloud hy the expansion which take.s jilace with increase of 

height. , 

These cumulus clouds throw a not unimportant light on 
the behaviour of tbe a.=cending currents which rise 
the surface when heated by the sun, — inasmuch as they 
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humidity diminish with height at an abnormally rapid rate. 
Cyclones are thus phenomena resulting from a disturbance 
of the equilibrium of the atmosphere considered horizon- 
tally, but whirlwinds and tornadoes have their origin in a 
vertikl disturbance of atmospheric equilibrium. 

Among the most remarkable of the tornado-swept regions of the 
globe are certain portions of the United States ; and to the examina- 
tion of these the meteorological service of the States has given 
special attention by a systematic, careful, and minute observation 
of the attendant phenomena and the destructive^ eifccts. I be 
tornadoes of the last eighty-seven ycai-s, nunibering about si.v 
hundred, have been classed under the different States whem they 
are reported to have occurred, and fig. 5 shows this relative distribu- 


AND 

tion over the States. Tlio areas of greatest frequency are at long 
distances from each other. That part of the ^eat basin lying 
west of the Jlississippi, including the States of low.a, llissouri, 
Kansas, and Nebraska, is the region in which tornadoes are moat 
frequent. Tornadoes occur at all seasons, being most frequent, 
how'cver, from Aiiril to September, and least frequent in December 
and January. 

TIio hour of occurrence of one hundred and sixty-two of the 
tornadoes is given in the official report as follows : — 


4p.jr.to fip.jr. 52 
d jj i» j) 17 
8 „ 10 „ 7 
.. 1® » » Midt. 4 

Thus the diurnal period of tornadoes is analogous to the period 
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8 A. jf. to 10 A.jr. 1 
10 „ „ Noon 7 
Noon,, 2 p.jr. 13 
2P.JI. „ 4 ,, 47 



for temperature, wind velocity, and thunderstorms. The atmo- | 
spheric conditions which appear invariably to precede the formation 
of the tornado are violent contrasts of temperature and humidity 
immediately to the north and south of the path to be traversed by 
the storm. It is highly interesting to observe from fig. 5 that the 
region of most frequent occurrence of tornadoes is the region 
where a large number of the cyclones of the United States appear 
to originate (and the same region Loomis has shown to be remark- 
able for violent contrasts of temperature occurring within limited 
spaces and times), and that, as appears in the regions of the 
Alleghanies, they decrease in frequency with height. 

Fig. 6 shows the waterspout in different aspects. A 
black cloud covers the sky, from which a projection is let 
down in the form of an inverted cone, as at A, which 
continues to increase and extend downwards. The sea 
immediately beneath is soon throjvn into violent agitation, 
showing that the whirling movement which began in the 
clouds has extended to the sea, and is doubtless continuous 
throughout, though the portion of the column from A 
downwards is not yet made apparent by the condensation 
of its contained vapour into cloud. As the whirling move- 
ment of the column becomes more intensely developed, the 
increased rapidity of the gyrations brings about increased 
rarefaction of the air within, with the inevitable result of 
increased condensation of the vapour into cloud downward. 

. The protrusion of the cloud and its extension downwards 
are thus not due to the descent of vapour from th^e clouds, 
but to the visible condensation of the vapour of the spirSilly 
ascending air-currents arising from an increasing rarefac- 
tion due solely to the accelerated rate of the gyrations, the 


Fio. 6. — Distribu- 
tion of Tornadoes 
in the ' United 
States. 


condensation being analogous to that of the cloud seen m 
exhausting an air-pump. 

Under each of the columns of fig. 6 the surface of the 
sea is seen to be more or less heaped up, as well as m 
violent agitation, showing that atmospheric pressure 
immediately under the gyrating columns is less than it is 
aU round. On land, when the tornado passes directly 
over a dwelling house or other closed building, it often 
happens that the whole building, walls and roof, is thrown- 
outward with great violence, the wreckage presenting the 
appearance of a sudden explosion, proving that atmospheric 
pressure outside the building was instantaneously and 
largely reduced, and the building shattered to fragments 
by the expansion of the air within. It is in this way that 
the tornado does some of its most dreadful work. 

The wind of the tornado reaches a velocity probably 
never equalled 'in cyclones. During the Ohio tornado of 
February 4, 1842, large buildings were lifted entire from 
their foundations, carried several rods-through the air, and 
then dashed to pieces, some of thci fragments being carri^ 
distances of 7 and 8 miles ; and large oaks nearly 7 feet in 
girth were snapped across like reeds. This tornado swept 
on its course at the rate of 34 miles an hour, and at one 
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place did its fearful work in the brief space of a minute. 
The tornado which passed over Mount Carmel (Illinois), 
June 4, 1877, swept off the spire, vane, and gilded ball of 
the Methodist church, and carried it bodily 15 miles to 
north-eastward. The velocity of the ascending currents 
which kept this heavy object suspended in the air for 15 
or 20 miles must have been very great. 

Of the tornadoes the progressive courses of which were 
recorded, 310 advanced towards N.E., 38 towards S.E., 16 
towards EiN.E., 14 towards E., 7 towards N.N.E., 5 towards 
E.S.E., and 3 towards S.S.E. The course is thus always 


of the strong air-currents which blow along the surface of 
the ground and converge vorticosely round the base of the 
column. A form commonly seen is shown in fi->. 7, which 
represents several dust columns grouped together, each 
whirling independently round its own axis with incurving 
air-currents at the base, while the whole group of columns 
is borne bodily forward, and presents striking aspects as 
the forms and relative positions of the columns are changed, 
rile importance of the observations made on dust storms 
as leading to a correct understanding of the whirlwind 
consists in this that it affords conclusive evidence that 









^ '111 >- 

f A tr. 


A' 


A 


wiere is a strong inilow of the 
^ ah’ along the surface of the 

-- ground all round vorticosely 
towards the base of the whirl- 
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mM 


duce condensation of the aqueous 




Fro. 6. — Forms of Waterspouts. 


vapour in the interior of the 
column. Quite different, how- 
ever, is it rvith waterspouts and 
tornadoes, where, in the great 
majority of cases, the air near 
the surface before being drawn 
into the ascending vorte.x is of 


towards some easterly direction, the great majority being 
towards the north-east. The velocity of their onward 
movement varied from 12 to 60 miles an hour, the average 
being 30 miles an hour. The time occupied in passing a 
particular spot varied from 10 seconds to half an hour, 
the mean time being nearly six minutes and a half. The 
width of the path of destruction marked with debris and 
other relics of the violence of the tornado varied from 40 
to 10,000 feet, the average being 362 yards. The direction 
of the whirling movement of the tornado was invariably from 
right to left, or the opposite of the movement of the hands 
of a watch, resembling in this respect the vorticose move- 
ment of cyclones in the northern hemisphere. The passage 
of the tornado cloud is often described as accompanied 
rvith remarkable noises, which observers variously charac- 
terize as terrible, deafening, a terrific crash, the roar of a 
thousand trains of cars, or the uproarious din of innumer- 
able pieces of machinery. 

The usual position of the gyrating columns of cloud is 
vertical; but occasionally a curving form or slanting 
direction' is assumed. It is probable that to these latter 
forms many stationai-y or slowly moving dangerous squalls 
are to be referred, which spring up with unexpected 
suddenness in lakes and arms of the sea in mountainous 
regions. 

The dust storm of India, Arabia, and Africa is a well- 
marked type of the whirlwind. Previous to the outbreak 
of a dust storm the air is unusually calm and sultry, just 
as happens in the case of the tornado. The simplest form 
of the dust storm is that of a tall aerial coliunn of sand 
moving onwards, and drawing into itself, as it whirls round 
in its course, dust and other light bodies within the sweep 


a high temperature and near the point of saturation. 
Prom the extreme rarefaction to which these air-currents 
are subjected, owing to their sudden ascent in a rapidly 
gyrating column, excessive condensation follows, with an 
aqueous precipitation at times so astonishing that it can 
only be fittingly 
described as an 
aerial torrent of 
solid water, or an 
aerial avalanche 
of hail and ice. 

Certain tracts 
of the ocean in- 
cluded Avithin 

what may be 
called permanent 
anticyclones, or 
where atmo- 

spheric pressure 
is higher than all 
round, are char- 
acterized by an 
absence or com- 
parative absence 
of rain. These 
regions are also 
remarkable for — Duat Storm, 

clear skies and 

strong sun heat. Similarly small anticyclonic areas occur- 
ring between or in the vicinity of cyclones are characterized 
by dry air and clear skies, and it is under these conditions 
that the strongest sun heat is felt. When, as repeatedly 
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[hail 


happens in the warmer months of the year, anticyclones 
remain practically stationarj' for some time, the lowermost 
strata of the air become abnormally heatec^ — thus bringing 
about a vertical disturbance of the equilibrium of the atmo- 
.-■phere out of which whirhvinds originate. It is under these 
conditions that white squalls or fair-weather whirlwinds 
sccur, the originating cause of this special form being the 
nreat diyness of the air due to its place in the anticyclone, 
and the abnormally rapid diminution of temperature and 1 
humidity with height oning to the strong insolation through I 
the clear dry atmosphere. The clouds accompanymg the 
wliite squalls are at a great height, but the commotion and 
boiling of the sea under them and following them as they 
drift onwards show that the squalls are true whirlwinds, 
the vapour colunm of the waterspout not being formed 
solely on accoimt of the extreme drj-nesS of the air which 
a.'^ccnds the columns. The white squall accompanies fine 
weather, and its appearance is sudden, its duration brief, 
and its destructive power at times so dreadful that it has 
been known to strip a ship of every sad and mast in a few 
seconds, and leave it rolling a helpless log amidst the 
tremendous sea which follows it. In sailing through such 
regions a cloae lookout should be made, particularly when 
the weather looks singularly fine, the skies beautifully 
clear, the air calm or nearly so, and the temperature and 
moisture of the air on board the vessel noticeably high. 

Diurnal Period of Hail. — The had here referred to is 
round, hard, and compact, and in the form of clear or 
granular ice, the hadstones sometimes being found when 
broken across to be composed of alternate layers of these 
two .states of ice. The follorring figures show the number 
of times it has occurred during the different hours of the 
day at Coimbra during the last si.x years : — 


Mi.lt. to 2 .t.ii. 0 

2 A.M. „ 4 „ I 

4,1 1 , 0 ,, 2 

C „ „ 8 „ 1 


SA.M.tolO .C.M. 3 
10 ,, „ Xoon 20 
yoon „ 2 J'.M. 15 
2 p.m.„ 4 „ 13 


4?.3r. to 6 p.ii. 3 

^ 8 ,, 1 

8 „ „ 10 „ 0 

■10 „ „ Midt. 0 


A diurnal period is thus well-marked at Coimbra, where 
forty -eight out of the fifty-nine cases have occurred from 
10 A.M. to i p.M. This period is essentially the same as 
tho.-e calculated for a large number of places in representa- 
tive climates, care having been taken to limit the inquiry 
to the particular had de.=.cribed above. The important 
point to be noticed in the diurnal period of hail is that the 
time of maximum is about two hours earlier than the 
maximum period of thunderstorius. The maximum period 
for the thunderstorm is when the ascending current from 
the heated bnd is at its greatest force for the day ; but 
the maxhnum period for hail is .some time before the 
a.scending current has fully established itself, or at that 
time of the day when the vertical disturbance of the 


atmo.sphere is greatest, — in other words, when atmospheri 
temperature and vajjour fall with height at a much greate 
rate than the normal. In the higher latitudes hail fall 
a!mo.st e.xclusively during the warmer months of the yeai 
In regions where the .summer climate is practicaUy rainles 
no h.iil falls ; and where the rainfall is .small and at distan 
IntervaL few cases of had occur. Thus at Coimbra, wher 
httle rain falls in summer, hail -was recorded as havin 
ialleri only once in the six years during the four dry he 
montLs from June to S-sptember. 

Ail hail i.s prooably connected immediately with whir 
wmds,^ more or le-xs developed ; and it is when the hai 
.-.airm is one of the phenomena attendant on the tornado c 
on a great thunderstorm tliat it assumes its most destrm 
tive form. ^ The theory of the lormarion of hail has bee 
.sm;e<l by Ferrel in his MtUorolo^jicnl llaearches for the Ut 
of (he L\>t.t Pitot, part ii. p. if.l.' The vapour carried alol 
t..e g_; raiiom-: oi the tornado is Lelow a certain heigl 
iv.'.-j c;oud and rain, but above thatheiuht int 


snow. Let the raindrops formed below be carried up into 
the snow region by the jmwerful ascending currents of the 
tornado and be kept suspended there a little whde, and they 
become frozen into had. If now these be thrown quite 
outside the gyrations of the tornado, they fad to the earth 
as a shower of compact homogeneous hailstones of dear 
ice of ordinary size. If, however, they are caught in the 
descent and carried in toward the vortex by the inflowing 
currents on all sides, they are again rapidly carried aloft 
into the freezing region. A number of such revolutions 
of ascent and descent may be made before they fall to the 
earth. Whde high up in the snow region, the hadstones 
receive a coating of snow ; but, whde traversing the region 
lower down where rain yet xmfrozen is carried up, they 
receive a coating of solid -ice. Thus alternate coatings of 
snow and ice are received, and the niunber of each sort 
indicates the number of revolutions described before the 
hailstones fed to the ground. When the nucleus is com- 
posed of compact snow, as is generady the case, the 
hailstone had its origin high up in the snow region as a 
small ball of snow, or soft had {Grattpel in German and 
gresil in French) ; but when it is composed of clear ice 
throughout it was formed in the rain region, carried up 
into the snow- region and there frozen, and immediately 
afterwards fell to the ground. 

Afo vrfTT.v , Asxhal lsd Ieeegulvely Eecheeixg 
Phesomexa- 

The Temperature of the Sea. — Figs. 8 and 9, represent- 
ing the distribution of the temperature of the surface 
water of the ocean for the two extreme months February 
and August, are reproduced chiefly from The Wind and 
Current Charts for Pacific, Atlantic, and Indian, Oceans, 
published by the British Admiralty in 1872. -• 

In February (fig. S) the temperature of tl'.e surface of the sea f^ 
to the annual niinimum over the northern hemisphere, and rises 
to the maximum in the southern hemisphere. The conree of the 
isothermals more closely follows the latitudes in the Pacific, Indian, 
and South Atlantic Oceans ; but the divergence uom the latitudes 
is great and striking over the Xorth Atlantic. The widerand more 
open the ocean the more does the distribution of the temperature 
approach the normal; and the more confined the ocean the greater 
is the divergence from the normal. The key to the anomalous 
distribution of tlie tempjcrature of the ocean is famished by the 
charts of the distribution oi atmospheric pressure and the prevailing 
winds oi the globe. So far a.s observation has gone it would appear 
that the surface currents are practically altogether caused bj- the 
prevailing winds over the respective oceans, subject to such deflexions 
in their courses as are occasioned by the land. 

In the southern hemisphere the currents ou the west side of tie 
Indian Ocean flow southwards along the east coast of Africa, and, 
since the currents here pass from lower to higlier latitudes, the 
temperature along the whole e.vtentof this coast is raised consider- 
ably above the normal. On the other hand, since the currents on 
the west coast of Africa flow from south to north — in other words, 
from higher to lower latitudes — the ocean currents which impinge 
on thb coast have a temiierature much under the normal. The 
winds and currents on the coasts oi South America are precisely 
analogous to those oi Africa, and the distribution oi the temperature 
of the sea is also similar. The temperature of the ocean on tlie ea^t 
coast of that continent is for the same latitudes everywhere higher 
than on the west coast. Even in the smaller continent of Australia 
the same law holds good. 

In the northern hemisphere a different distribution of the tem- 
jjerature of the sea is seen at this season. In the Atlantic the Ic-m- 
perature is vety much higher on the west of Europe tlian on the 
east of America. On the east of America from Wilmington to 
Boston occur the most rajud transitions in the mean temperature ot 
the ocean anywhere on the globe, the temperature falling in tnat 
short distance from 70’ to 30’, whereas on tlie eastern side of the 
Atlantic these isolhermals pass Caj>e Verd Islands and Spitzbergen 
respectively. In the winter months the pirevailing winds of the 
east side of North America are north-westerly, whiLt in the central 
and ^tcni portion of the Atlantic they are south-westerly, th^ 
pouring along the east coast of America the icy currents of the 
Arctic regions, hut over the central Athantic and .along the wesUra 
aliorci of Europe the -warm waters of southi-ra climates. The 
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tasttrly and south-easterly winds of Scandinavia in winter lower 
the isothtrinals along thr so coasts. A striking feature of tho winter 
isothtrinals of the Atlantic is the singularly high temperature along 
tlie centre stretching from Spitzbergeii toivarus tho south-west and 
extending in a modified degree as far south as the West Indies. In 
the Pacific this feature of the mid-ocean temperature is rnueli less 
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pronounced, and tho excess of temperature on tho west of America 
over what occurs m the same latitudes of eastern Asia la not eo 
great as tile difierence observable between tho two sides of tiic 
Atlantic. 

The highest mean temperature in February (85°) occurs in the 
Indian Ocean to tlie south-west of Sumatra, and tlicro is a patch tho 



Fio. 8, — Isothermala of tho Surface of tho Sea for February. 


temperature of v/liieh is 81° to tho north of 3Iadagascar. The In August (fig. 9) the southern half of the Ecd Sea shows a moan 
highest means in tho Atlantic are 82° in the north-cast angle of the temperature of 90', being the highest mean recorded foi the ocean 
Gulf of Guinea, and 81° off t!io north cast coast of Brazil. In tho anywhere at any season. Patches sliowing a summer mean of 85° 
Patific the highe<-tare 83° to the north of the Fiji Islands and 81° occur in the Cmnese Sea to tho cast of Tonnuin, in the Bay of 
near tho Marshall Islands. Bengal to tho east of southern India, about Socotra, and to the 



FiO. 9. — Isothermals of tho Surface of tho Sea for August. 


west of Central America. But the most extensive regions of high 
temperature are in the west of the Pacific between long, 105 
E, and the Philippines north^wird nearly to Japan and south- 
ward to New Guinea, and the Gulf of Mexico and the adjoining 
part of the Atlantic as far east as long. 57°_ W. A natch of 
remarkably low temperature occurs in the Pacific a little to the 


west of Galapagos, where the mean is only 70°, being 10° lower than 
what occurs anywhere else near the cfpuator at this season. 

The influence of currents i.s strongly expressed m the tcinperatiiro 
of all the oceans. In the south of A“ia tho monsoons are 3.W., 
S and S.B. Under the impulse of these monsoonal winds an 
extensive surface drift of tho waters of the ceiuatonal regions is 
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carried northwards towards southern Asia, and consequently very 
hi^h tempeiutures characterize these seas in summer. It is instruc- 
tive to note the eflect on the temperature of the sea resulting from 
the region of liigh atmospheric pressure in the North Atlantic at 
this season. Out of this anticyclonic region the winds blow in all 
directions, giving rhe to surface currents flowing in the same direc- 
tions. Tims to tlie west of Africa the vrinds and currents are from 
north to south ; and hence the temperature of this part of the ocean 
is abnormally reduced. On the other hand, on the west side of this 
high pressure area, the prevailing winds and currents are from south 
to north,' and it will he seen that the temperature of the_ whole of 
the region swept by the southerly winds is abnormally raised. On 
the north side of the area, the winds and currents are westerly as 
far as about long. 35° "W., and over that sjiace the isothermals 
follow the parallels of latitude. Farther to eastward and northward 
the prevailing winds become south-westerly, thus propelling north- 
wards along the western chores of Europe, by oceanic surface drifts, 
the warmer waters of southern latitudes. Meanwhile the currents of 
cold water and ice drifts from the Arctic regions keep the tempera- 
ture off America to the north of Newfoundland at a figure con- 
siderably lower than is observed in any other region in the same 
latitudes. In August similar relations exist as in January between 
the east and west coasts respectively of South Africa, South 
America, and Australia, all of which are readily explained by the 
charts of mean atmospheric pressure and the resulting prevalent 
winds. 

One of the most striking facts of ocean temperature is that the 
temperature of the Southern Ocean from about 50° to 60° S. lat. 
is practically the same in January and August, a circumstance due 
chiefly to the magnificent icebergs of that ocean. 

The Temperature of the Ifand. — In re^ons where the 
rainfall is distributed through all the months of the year, 
and where snow covers the ground for only a small part 
of the year, the mean temperature of the soil nearly equals 
that of the air. But when the year is divided into wet 
and dry seasons, and w'hen snow lies during a considerable 
portion of the year, the mean annual temperature of the 
soil may be above or below that of the air. The greatest 
difference between the temperature of the soil and that of 
the air occiurs where the surface of the ground is covered 
during several months -svith snow. Snow is a bad con- 
ductor of heat, and thus obstructs the free propagation of 
the cold produced by radiation downwards into the soil, 
and the escape of heat from the soil into the air. In this 
way, over a considerable portion of the Eussian empire, 
the temperature of the soil is considerably in excess of that 
of the air. Thus at a place 120 miles south of Archangel 
the temperature of the soil is 10° higher than that of Eie 
air ; and at Semipalatinsk it is 9° higher. 

The daily changes of temperature only affect the soil to 
depths of about 4 feet. The precise depth varies with 
the degree of the sun-heat and -with the nature of the soil. 
Similarly the heat of summer and the cold of winter give 
rise to a larger annual wave of heat propagated dowmw'ards, 
the amplitude of which diminishes -^vith the depth till it 
ceases to be perceptible. Principal Forbes showed from 
observations on the Calton Hill, Edinburgh, that the annual 
variation is not appreciable low'er than 40 feet below the 
surface, and that tmder 25 feet the change of temperature 
through the year is small. The depth at which the annual 
variation ceases, or where the temperature remains constant, 
IS a variable depending on the conductivity and specific 
heat of the soil or rock, but particularly on the difference 
between the summer and Avinter temperatures. The rate 
at which the annual wave of temperature is propagated 
downw-ards Ls so slow that at Edinburgh, at a depth of 24 
teet, the highest annual temperature does not occur till 
January 4, and the loivest till about July 13, thus revers- 
depth. At Greenwich, at a depth 
0 -a! feet, these phases of the annual temperature occur 
on November 30 and June 1. 


Professor Everett in of the Sritish AssocialionfoTlS7i 

Lo observations of under^ound tern 
I n ^ ton\l>eratnre of the surface of the ground is no 

below upwards, bat h 
- ermined by atmospheric and astronomical conditions. The tern 


perature gradient is defined as the rate of increase of the temperature- 
downwards, and it may be taken as averaging one degree Eabenheit 
for every 50 or 60 feet, the exact rate in particular cases being very 
variable. Thus the temperature gradient of the soil is about five 
times steeper than tlie temperature gradient of the air. The 
temperature gradient is steepest beneath gorges and least steep 
beneath ridges j and hence the underground annual isothermals are 
flatter than the uneven surfaces above them. This is the case even 
with the uppermost isothermal of the soil, and the flattening, 
increases as we pass downwards until at a considerable depth they 
become horizontal. IVhere the surface of the ground and the iso- 
thermal surfaces beneath it are horizontal, the flow of heat is verti- 
cal, and the same quantity of heat flows across all sections which 
lie in the same vertical. In this case the flow across a horizontal 
area of unit size is equal to the product of the temperature gradient 
by the conductivity, if the latter term be used in an extended sense, 
so that it includes convection by the percolation of water, as weD 
as conduction proper ; and hence, in comparing different strata in 
the same vertical, the gradient varies in the inverse ratio of the- 
conductivity. 

Since the effects of the cold generated by nocturnal radiation 
mostly accumulate on the surface of the earth, but the effects of 
solar radiation are spread to some height by ascending currents from 
the heated ground, it might be expected that the annual tempera- 
ture of the surface layer of the soil would be low'er than that of the 
air resting over them. Observations prove that such is the case. 
Springs which have their sources at greater depths than that to 
which the annual variation penetrates have a constant temperature 
throughout the 3'-ear, and if they do come from a depth considerably 
greater than this they may be regarded as givin" a very close- 
approximation to the mean annual temperature of the place. The 
temperature of cellars is also very near the mean annual temperature 
of the localitj' ; at any rate tliis temperature may be secured for 
cellars anywhere. 

Distribution of Temptraiure in the Atmosphere. — Of the- 
larger problems of meteorology, the distribution of tempera- 
ture in the atmosphere over the land surfaces of the globe 
was the first that received an approximate solution (by 
Humboldt). But as regards the ocean, which comprises- 
three-fourths of the earth’s surface, the question of the 
monthly and annual distribution of temperature in the 
atmosphere over it can scarcely yet be said to have been 
seriously looked at. The isothermals of the temperature 
of the atmosphere Avhich cross the oceans continue still to 
be draAATi essentially from observations made on the islands- 
and along the coasts of these oceans. The first step 
towards the solution of this -vital problem in climatology 
and other branches of meteorology is the construction of 
charts of mean monthly temperature of the surface water 
of the sea over aU parts of the ocean from which observa- 
tions for the purpose are available. In prosecuting this 
line of inquiry, excellent work has been done by the 
Meteorological Office as regards parts of the Atlantic 
between the tropics and the ocean to the south of Africa, 
and also by the Dutch, French, and German meteorologists. 
With such charts it would not be difficult, by a careful 
comparison during the same intervals of time between the 
temperature of the surface of the sea and that of the air 
resting over it, to construct monthly charts of the tempera- 
ture of the atmosphere over the oceans of the globe. 

In this connexion the whole of the observations of the tempera- 
tures of the air and sea made on board the “ Challenger ” have been 
examined, and sorted into one hundred and seventy-four groups- 
according to geographical position, and the differences entered on a 
chart of the route of the expedition. In the Southern Ocean betiveen 
latitudes 45° and 60° the temperature of the sea was lower than- 
that of the air, the mean difference being I°'4. The temperature 
of the air is here higher owing to the prevailing W.N.TV. win^, 
and that of the sea lower owing to the numerous icebergs. To- 
south of lat. 60° S. the sea was nearly 2°’0 warmer than the air, 
the result in this case being due to the open sea, which keeps up a 
higher surface temperature, and to an increased prevalence in these 
liigher latitudes of southerly winds, thus lowering the temperature 
of the air. 

Tlio period during which the temperature of the sea exceeded 
that of the air Avas from June 1874 to March 1875, or during 
part of the cruise from Sj'dney to New Zealand, and through the 
East India Islands to Hong Kong and thence to the Admiralty 
Islands, During the whole of this time, except when passing the 
north of Australia, the sea -was much Avarmer than the air, the- 
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general excess being £rora 2’ to 3°, rising even near Tongatabu to 
upwards of •I". The climate of the southern part of this extensive 
region at the seasons visited has a largo rainfall, much cloud, and 
couscquently a comparatively small cvajjoration and sunshine. In 
June, when the “Ohalleuger” passed the north of Australia, the 
climate was very dry, the sunshine strong, and the evaporation 
large, and there the sea was slightly colder than the air. In the 
Atlantic between lat. 20’ N. and 20’ S. the sea was everywhere 
warmer, the mean excess being about a degree ; and in. the Pacific 
between lat. 30’ N. and 30’ S. the sea was also warmer, the mean 
e.xces3 being a degree and a half. 

On the other hand, in the Atlantic from lat. 40° to 20’ N. the 
sea was, on the mean, half a degree colder than the air. This region 
i3_ remarkable for the high pressure which overspreads it, for the 
winds and currents which flow out in all directions, for its clear 
skies, strong sunshine, and consequently large evaporation, by which 
the temperature of the surface of the sea is lowered, and that of 
the air resting on it, being open to the heating influence of the sun. 


135 

is raised. Similarly in the North Pacific from lat. 40’ to 30’ the 
temperature of the surface of the sea was half a degree lower than 
that of the air. 

These remarks apply only to the observations made strictly on 
the open sea. Near land very great differences were observed 
which varied with season. Thus at Hong Kong during the latter 
half of November 1874 the sea was 3’ 7 warmer than the air, the 
low temperature of the air at this season being caused by the lower 
temperature of the land and the northerly winds which then prevail; 
on the other hand, at Valparaiso in November and December of the 
following year the sea was 5° -8 colder than the air during the three 
weeks the “Challenger" was there, the difference heing'due to the 
cold oceanic current which sweeps northwards past that coast, and 
the rapid increase in the temperature of the air at that time of the 
year. These results will help us in gaining some knowledge of the 
temperature of the air over the oceans of the globe in February and 
August, taken in connexion with a careful examination of the sea 
temperature of these months represented in figs. 8 and 9. 
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Fio. 10. — January Isotliennala of the Surface of the Glohe. 


The distribution of temperature over the surface of the 
globe is shown by figs, 10 and 11, which represent the 
temperature of the two extreme months J anuary and July 
for the eleven years 1870 to 1880. The region of highest 
temperature, which may be regarded as comprised between 
the north and south isothermals of 80°, forms an irregularly 
shaped zone, lying in tropical and partly in subtropical 
countries. On each side of this warm zone the tempera- 
ture diminishes towards the poles, and the lines showing 
successively the gradual lowering of the temperature are, 
roughly speaking, arranged parallel to the equator, thus 
shelving in an unmistalEable manner the predominating 
influence of the sun as the source of terrestrial heat. IVhile 
this decrease of temperature corresponds in a general way 
to what may be called the solar climate, there are great 
deviations brought about by disturbing causes. 

Among these disturbing causes the unequal distribution 
of land and water holds a prominent place. In January 
the earth presents to the perpendicular rays of the sun the 
most uniform surface, or the largest water surface, and 
in July the most diversified surface, or the greatest extent 
of land. Hence the zone of the earth’s surface comprised 
between the isothermaLs of 80’ is less irregular, and also 
spreads over an area more restricted, in January than in 
July. In July the areas enclosed by the isothermals of 
80° and 90° are much larger in the Old World than 
in the New, it being the former which presents the larger 


land surface to the perpendicular rays of the sun ; and in 
January, the summer of the southern hemisphere, the most 
extensive area of high temperature occurs in Africa and 
the least in Australia, the high-temperature area of South 
America being intermediate. In contrast to this the belt 
of temperature exceeding 80° is of least breadth where it 
crosses the Pacific and Atlantic Oceans, the absolute 
minimum breadth being in July in the Pacific, the largest 
ocean, where the disturbing influence of the land is least. 

During the cold months of the year, when the sun’s heat 
is least and the effects of terrestrial radiation attain the 
maximum, the greatest cold is over the largest land 
surfaces which slant most to the sun. Thus the lowest 
mean temperature that occurs anywhere or at any season 
on the globe is - 55°-8 at Werchojansk (lat, 67° 34' N., 
long, 133° 51' E.) in north-eastern Siberia. In_ Arctic 
America the lowest isothermal is -40°-0. During the 
winter the ocean everywhere maintains a higher tem- 
perature in all regions open to its influence, as is seen, not 
only in the higher latitudes to which the isothermals push 
their way as they cross the Atlantic and Pacific, but also 
in their irregular cour-ses over and near the Mediterranean, 
Black, Caspian, and Baltic Seas, Hudson’s Bay, the mouth 
of the St Lawrence, the American lakes, and all other large 
sheets of salt and fresh water. The disturbing influence 
of sheets of water on the temperature in all seasons is very 
strikingly shown when the isothermals are dfawu for every 
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denree, these marking out the prominent features of local 12 and 13 represent charts of temperature of this deserip- 
climato, a knowledge of which is of so great importance to tion for the British Islands for 1870-1880 from the 
the agriculturist, the horticulturist, and the invalid. Figs, Jour, of Scot, Meteor. Soc., vol, vi. In the winter of the 



Fio, 11, — July Isothennah of the Surface of the Glohe. 


southern hemisphere the depressing influence of the land east of Australia and in the basin of the La Plata, a lower 
on the temperature is but sUghtly felt, owing to the small temperature prevails in the interior. 

I j' " ■ — p 1 Another prominent disturbing cause operating on the 



Fin IT, m — = — I — Mean Temperature of the British Islands in July. 

1 10 . I Uean Tempurature of the British Islands in January. 

extent of the land'^-face^i onrl tho *• i i temperature is to be found in the seasonal areas of 

latitudes to which they extend -outhwards ^In tho ^ ^‘Sh mean pressure in their connexion with the pre- 

ey t.xtena southwards. In the south- vailing winds. Of these the most marked is the system of 
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narrow limits, as regards their temperature. The deilcxions 
of the isothermals near the Baltic, ilediterranean, Black, 
and Caspian Seas and the freshwater lakes of America 
all point to the disturbing influence of these sheets of 
w'ater on the temperature. 

The height and direction of mountain ranges is an 
important element in determining 'climate. If the ranges 
are perpendicular to the prevailing winds and of a con* 
siderable height, they drain the winds of much of their 
moisture, thus causing to places to leeward coWer winters j 
and hotter summers, by partially removing their protecting 
screen of vapour, and exposing them more completely 
to solar and terrestrial radiation. Of this Norway and 
Sweden and the British Islands form excellent illustrations. 
It is this that makes the most important distuictions 
among climates in regions near each other, as respects both 
animal and vegetable life. With regard to the decrease of 
temperature with height, very much yet remains to be done 
before an appro.ximation to the law of decrease can be 
stated. During the five moutLs observations were made 
on Ben Nevis in the summer of 1881 the difference 
between the mean temperature at sea-level adjoining and 
at the top of the Ben, 4-106 feet above the sea, was 15°‘7, 
which shows a mean decrease of 1° Fahr. for every 280 
feet of elevation. The actual difierences from day to day 
varied from 1‘’'4 to 23‘‘’2. As Ben Nevis forms a peak, 
and is in the very middle of the strong winds from the 
Atlantic, it is highly probable that this rate of decrease is 
a close approximation to the true decrease of the tempera- 
tizre of the air during the suuuner months in that {fart of 
the British Islands. When observations are made on 
elevated plateaus of some extent, the rate of decrease 
deduced from the observations will be less than the true 
rate in the free atmosphere in summer and greater in 
winter. The rate is thus a variable quantity, varying with 
latitude, situation, dampness or dryness of the air, calm or 
windy weather, and particularly with the season of the 
year. One degree Falurenheit for ever)' 300 is the rate of 
decrease gener^y assumed. 

Amount of Aqueoics Vapour . — It is scarcely possible to 
overestimate the importance of a knowledge of the hori- 
zontal and vertical distribution in the atmosphere of its 
aqueotis vapour, for it may be truly said that it forms one 
of the prime factors in aU the larger problems of atmo- 
spheric physics. A first rough approximation to the geo- 
graphical distribution of the vapour of the atmosphere was 
published by Mohu in 1875 in his GrundzUpe der lUtioro- 
logie, p. 84, in which vapour-pressure curves are drawn for 
the globe for January and July. These leave much still 
to be done, not only in a further discussion of observations 
already made, but also in improvement of the methods of 
observation and in the tables for their reduction. The 
chief point of interest in ilohn’s vapour curves is their 
striking resemblance to the isothermals of the same months, 
and they also suggest that this line of inquiry is yet des- 
tined to make large contributions to our knowledge of the 
unceasing changes which occur in the pressure, temperature, 
cloud, rain, and movements of the atmosphere. 

Still less is known of the vertical distribution of aqueous 
vapour. It decreases, like temperature, with the height, 
and. if the statement generally made be at all correct, that 
half of the whole vapotir of the atmosphere is contained in 
the lowest 6000 feet, and that at 20,000 feet high there is 
only about a tenth of what is at the earth’s surface, the rate 
of decrease with height proceeds at a greatly more rapid rate 
than is consistent with the supposition that it forms an 
independent vapour atmosphere existing under its o^vn 
pressure. The establishment of an increased number of 
high-level stations, and a more systematic inquiry than has 
yet been attempted into the upper currents of the atmo- 
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sphere, are much needed in the further development of this- 
branch of meteorology. In carrying out the inquiry, 
invaluable assistance will be obtained from observations of 
the diurnal range of the barometer and from weli-devLsed 
methods of observing the effect-s of solar radiation at the 
earth’s surface. 

Amount of Cloud . — In Scotland, which lies completely 
within the region swept by the south-'wcs.tcrly winds from 
the Atlantic, and presents a wcU-defined mountain range 
lying across the track of these winds, the clouds have a 
distinct annual period. In the west, at places quite open 
to the.se we.iterly breezes, the amounts of cloud in .spring, 
summer, autumn, and winter are res])ectively 67, 69, 71, 
and 7-4, and the annual mean 70.^ In the east, in such 
districts as Jiast and ilid Lothian, whicli have extensive 
ranges of hills between them and the Atlantic, the propor- 
tions are 59, 63, 62, and 60, and the annual mean 6i. 
TJnm about a tenth more of the sky is covered with cloud 
at the we.dern as compared with the eastern situations, and 
the di.-5tribution of cloud differs materially in western and 
eastern clunate.s. In the west winter is the cloudiest 
season, but in the east it is sumuier, and these are respec- 
tively the montli.T when moot rain fails in the ocveral 
climates. Everywhere spring is the .season when the sky 
is clearcot. In England, owing to tlic protection afforded 
by Ireland and Waits to tlie w-eot and the comparative 
abocnce of ranges of hills, the amount of cloud is less than 
in Scotland, and it is wore equally distributed over the 
country. The jninimum amount occurs iu spring, and the 
maximum in winter and autumn. 

Some of the btot illu-stratioju of the itasori.-il variation in the 
distribution oi cloud are afforded by the Old Coiitineat. These 
variations arc the aiiiqde couicqticuce of the sy-itcins of wind 
caused by the high winter and low summer pressures of that conti- 
nent In eastern Siberia tho prevailing winds in winter arc 5.V. 
or coutineutal, and in summer S.ii. or occaniu; and accordingly 
at .\jan, Nertchinsk, and Blagowcshtchcusk the mean amounts 
of cloud in these two seasons arc IS and -11. On the other hand, 
iu western Siberia and eastern Europe tho prevailing winds in 
winter are S.\V., or from losver to higher latitudes, and in 
summer N.Mh, or from higher to lower latitudes. Kazan way be 
taken as fairly reiircscntiiig this c.ttensivo region, and there the 
amounts of cloml for tJie four .seasons b-eginning trith winter 
are 71, 48, 41, and 02. .Vs the N.W. winds of summer rise o-ver 
the Ural mountains iu their course, condensation of tho aqueous 
vajwur is increased, and hence over this region the cloud in winter 
and suramer is nearly the same, the mean amounts at Bogoslo'Vsk, 
Ekaterinburg, and Zlatoust being respectively 53 and 52. At Tiflis 
and KutaLi, situated on the high ground which lies between the 
Black Sea and the »outh of the Caspian Sea, tho means for winter 
and summer are 5-3 and 55. On the eastern coast of the Black Sea 
the westerly winds of summer are accompanied with tho annual 
maximum cloud, the winter and summer amounts at lledut-Eale 
being 59 and 09. In Central Siberia, to which the S.'Wl winds of 
winter do not extend, and to the north of latitude 55°, the amount 
of cloud is much dimiiiEhtd, and the cloudineas oi summer is nearly 
the same as that of winter. 

In India, in all regions which lie open to the summer monsoon, 
the minimum amount of cloud occurs during the vrintcr and 
the maximum iu summer, — the mean amounts being 19 and 74 
at Calcutta, 10 and 88 at Bombay, IS and 71 at Colombo, and 
25 and 90 at Rangoon. At Trincomalee, on the east coast cf 
Ceylon, and thus exposed to the rains of the N.E. moi^soon 
of winter, _ and largely protected from the rains of the S.IV. 
monsoon of summer, the amounts of cloud in these seasons are 52- 
and 59. At DarjiJing (6912 feet) and Chakrata (7022 feet high), 
both on the Himalayas, whither the summer monsoon penetrates, 
the mean amounts are respectively 5'J and SO, and 43 and 73. At 
Lch, in Kashmir, the amounts are 59 and 51, the excess being thus 
in winter. In the Punjab and to westwards, or those regions in 
southern Asia to which the summer monsoon does not extend, the 
cloud in winter is everywhere greater than in summer. Thus the- 
amountsare 24 and 18 at llooltan, 38 and 25 at Peshawar, 27 and 
19 at Jacobabad, and at Quetta, in Baluohislan, 5500 feet high, 42 
and 14. Similar relations as to cloud obtain in Australia and the 
other continents where Itigb pressures rule iu the interior during 


* In this section the amount of cloud is stated in percentages of the 
sky covered with cloud. 
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tlie cold montlis and Iotst pressures during the warm months of the 
year. The mazunum cloud occurs with \ 7 iad 3 from the sea and 
wincl3_ advancing into the colder regions of higher latitudes, and 
the minimuin with winds which have traversed an extensive track of 
land and winds advancing into the warmer regions of lower lati- 
tades. As the subject, however, is essentially one with rainfall, it 
is not necessary to prosecute it further. 

The other atmospheric movements on -which the amount 
of cloud depends are the ascending and descending currents 
of the atmosphere, — the a.-:cending currents with clouded 
skies occurring in the belt of calms and over cyclonic areas 
and regions, and the descending currents with compara- 
tively clear skies over anticyclonic regions. The region 
of ma xim u m vapour and densest cloud-screen on the globe 
is the equatorial belt of calms betw'een the trades, which 
has an annual movement northward and southward mth 
the sttu as already explained. To ascensional movements 
is to be ascribed part of the cloudiness of the southern and 
eastern sides of the -winter cyclonic regions of the Zj^orth 
Atlantic and JTorth Pacific, and of the cyclonic regions of 
low summer pressure in the interior of Asia and other 
continenta On the other hand the comparatively small 


amoimt of cloud in the anticyclonic regions of the Atlantic 
and Pacific Oceans, and in the Mgh-pressnre regions of the 
mtenor of Asia and other continents during the cold months 
of the year, is due to the vast do-wn-currents’-v/hich occupy 
the centres ^ of the anticyclones, and which become 
relatively drier as the^ descend owing to the increasing 
pressure to svhich the air is subjected. 

Distribution of Atmospheric Pressure . — ^The importance 
of a knowledge of the distribution of atmospheric pres- 
^e, or of the mass of the atmosphere, over the globe 
in_ its varying amounts from month to month is self- 
evident. Observations teach us that winds are simply 
the movements of the atmosphere that set in from where 
there is a surplus towards where there is a deficiency of 
air; and observations also teach that isobaric maps {i.e., 
maps showing the relative distribution of mean pressure) 
and maps showing the prevailing winds are in accordance 
with each other. Since prevailing winds to a large extent 
determine the temperature and rainfall of the regions 
they traverse, isobaric maps may be considered as furnish- 
ing the key to the more important questions of meteoro- 



Fig. 14. — January Isobars of the Globe and Prevailing -Winds. 


logical inquiry. At the time of the first publication of 
isobaric maps of the globe in 1868, it was impossible to 
do more than present the subject in its broad general 
features, owing to the scantiness and quality of the 
materials then existing, ' Put since then meteorological 
stations have been largely mtiltijjlied in all parts of the 
civilized world, and the general adoption of the issue of 
storm warnings has necessitated the use of more accurate 
barometers and tmiform methods of observing. Since 
there is thus now the means of a more exact representation 
of this fundamental datum of meteorology, we have 
prepared a new set of isobaric maps, showing the' distribu- 
tion of the earth's atmosphere and the prevailing winds 
for January (fig, 14), July (fig. 17), and the year. They 
have been construct^ from mean values calcuhted for the 
same eleven years (1870-80 inclusive) as the isothermal 
maps figs. 10 to 13, jnessure of 30-0 inches and upwards 
being represented by solid lines, and of 29 '9 inches and 
under by dotted lines, while the arrows show the directions 
of the prevailing winds at the localities indicated by the 
reepective arrow-points. 


3fean Atmospheric Fressure in January (fig. 14). — -In. this month, 
vhen the inHaence of the son on the northern hemisphere falls to 
;be minimuin, the greatest pressures are massed over the continents 
)f that hemisphere, and the least pressures over the northern parts 
)£ the Atlantic and Pacific Oceans, over the Antarctic Ocean and 
louthem hemisphere generally. In the southern hemisjihere there 
ire three patches -where pressure rises to 30 inches, viz., in the 
Atlantic betiveen South America and Africa, south of the Indian 
Icean, and in the Pacific betv.'een Australia and South America. 

In the northern hemirohere, on the other hand, pressure rises in 
Central Asia to upwards of SO’o inches, the mean pressure for 
fanuary being at least 30-4 inches at Peking, ScmipalatiMk, and 
Yenisei, and fully 30 '5 inches at Irkutsk and l^ertchinsk, m 
he upiier basin of the Amur. This is the region ivhere the 
lormal atmospheric pressure attains to a maximum which is 
auch higher than is reached in any other region or at any other 
ime of°the year. It will be observed that this regon of 
ji"h£st pressure occupies a position near the centre of the largest 
ontinent. The area of high barometer is continued -westward 


hence it crosses the Pacific to Asia. This belt of high pressure 
lus completely encircles the globe, broadening as it pases the 
nd and contracting as it crosses the ocean. Its grwtcst oi^fith 
over Asis. and its least over the Fac^c, or where land and 
■e^Ti attain lespeeiively their maximum tiimensions. 
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Pressures greatly under the average cover the northern portions 
of the Pacific and Atlantic and also the greater part of the Arctic 
regions. In the north of the Pacific the normal pressure falls to 
about 29 '6 inches between Kamchatka and Alaska. In the 
north of the Atlantic, however, a still lower mean pressure obtains 
over a narrow bolt stretching from Iceland to the south of Green- 
land, the normal at Stykkisholm in the north-west of Iceland being 
29 ’385 inches, and at Ivigtut in Greenland 29 '361 inches. This 
Tow average for Ivigtut is the lowest normal known to occur any- 
where an3 at any season in the northern hemisphere, and it is 
significant that the place is immediately to the north of that part 
of the Atlantic where a considerable number of the storms which 
sweep over Europe have their origin, and where not a_ few of the 
storms which cross the Atlantic from America develop intensity. 

It has been seen that the highest mean pressure occurs near the 
centre of the largest extent of land ; but as regards the two oceans 
the lowest pressure is met with in the northern division of the 
Atlantic, which is the lesser ocean. An inspection of fig. 14 shows, 
however, that the loiv-pressure area of the Atlantic is bounded to 
southward by systems of much higher pressures than are to be 
found in the Pacific. The result of this arrangement is that much 
stronger winds blow northward over the Atlantic and round upon 
Iceland ; and, as these more quickly advance into colder latitudes, 
there is thus a greater and more frequent concentration of vapour 
and lowering of the barometer in the north of the Atlantic. The 
heavy rainfall of north-western Europe may bo referred to as con- 
firming this view. 

A bolt of low pressure passes through the equatorial regions 
quite round the globe. This marks the well-known region of calms 
towards which on either hand the trade winds blow. In the 
Atlantic it lies quite north of the equator even in January, when 
the sun’s course is farthest to southward, and it lies nearly parallel 
with the equator. On the other hand, in the Indian Ocean the 
position of the line of lowest pressure is to the south of the equator 
and not parallel with it, but taking a slanting course from near the 
north of Madagascar towards Sumatra, thence towards the low pres- 
sure which prevails at this season in Australia ; its course is then a 
little to northwards, and crosses the Pacific to the central regions of 
South America. Its path is thus a devious one, being north of tho 
equator only in tho eastern part of the Pacific and in tho Atlantic, 
but elsewhere to tho south of it, being drawn farthest southward 
when under the influence of tho legions of low pressure which now 
occupy central Australia, central and southern Afiica, and cential 
South America. In this trough of barometric depression nearly 
all tho tropical storms of the Indian Ocean have their origin. 

There are several important modifications of tho isobaric lines 
ns originally published. In 1868 tho region of lowest pressure in 
the northern hemisphere in winter was represented as extending 
fiom Iceland to north-eastward; now the area of lowest pressure 
is seen to extend from Iceland south-westw.ard to Greenland. In 
connexion with this point Captain Hoffmeyer discussed tho 
weather of tho North Atlantic during several winter months, and 
published tho results in 1878, which conclusively showed that the 
meteorology of Greenland and Iceland exerts on tho distribution of 
atmospheric pressure a powerful influence not before properly recog- 
nized, resulting in the mean minimum of pressure being localized 
distinctly to tho south-west of Iceland, and that in addition to this 
minimum there are two subordinate minima, one in Davis Straits 
and the other in tho Arctic Ocean midway between J.an Alayen and 
tho Lofoten Isles. Tho investigation further established tho fact 
that, when any particular one of these three minima plays an 
important part, the other two either do not appear at all or occupy 
quite a subordinate place, and that according as one or other of 
these minima of pressure predominates so is tho character of the 
weather, as regards mildness or severity, of the winter of north- 
western Europe and regions surrounding the North Atlantic, As 
regards tho British Islands, the displacement of tho minima to west- 
ward of tho position shown in fig. 14 means milder winter weather, 
whereas a position more in tho direction of the north of Norway 
means severer winter weather. 

Another change implying important consequences is seen in the 
Ulutcu States, where, instead of one, two distinct centres of 
maximum pressure occur, or rather tho high pressure of tho 
western and central States is separated from that of tho south- 
extern States^ by a region of lower pressure occupying tho region 
of tho ali^issippl States. Professor Loomis first drew attention to 
this peculiarity in 1879 in au inquiry into tho distribution of 
pressure over tho United States, and established the fact that there 
areas of high pressure, the larger having its centre 
in Utah, and the less overspreading tho greater portion of the south- 
eastern and southern States, and that tnese tvio areas of high pres- 
sure are clearly separated from each other by a broad extensive 
of lower prcssurostretchingin a south-western direction from 
the region of tho great lakes to western Texas. Tho reason 
assigned by Professor Loomis is undoubtedly correct, that tho 
relatively low normal pressure of the Slississippi States is duo to 
tlie 1 let that tho path usually taken by tho barometric minima of 
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American storms in tho earlier part of their course is from Te.xas to 
the lakes. Since, on tho other hand, tho centres of comparatively 
few storms, with their low barometer readings, cross tho southern 
and south-eastern States, tho normal winter pressure is higher them 
than, it is along tho Alississippi. 

Another important modification occurs in India, where the isob,-ir 
of 30 inches is deflected to tho south-east toward Madras and 
thence towards tho north-east to near Akyab in Arakan. This 
remarkable deflexion well shows the important influence exerted on 
the course of tlio isobar by largo well-defined sheets of water and 
extensive tracts of land. Tho distribution of pressure hero indicated, 
by which south of lat. 22° tho normal pressure is considerably 
higher in tho east than in tho west of India, has, through tho agency 
of the winds resulting from it, tho most intimate and vital bearings 
on tho distribution of tho winter rains and temperature over con- 
siderable portions of India ; and the same relations hold, but in a 
degree still more striking, in the meteorology of Ceylon. 

The remarkable effect 'in interrupting or clianring the course of 
tho isobars is particularly well illustrated by tho Tines in tho region 
of tho Aral, Caspian, and Black Seas. As the point is of no small 
importance in meteorology, and is best illustrated by tho Mediter- 



ranean and tho countries to tho north of it, we subjoin a map of tliis 
part of Europe (fig. 15), showing tho noimal pressure uith greater 
distinctness and fmness than could bo shown on fig. 14, the isobais 
being drawn for every half-tenth of an inch. 

Hero wo see tivo distinct areas of high pressure, tho one m 
Hungary and tho other in tho Peninsula, where the normal picssmo 
exceeds 30 '20 inches. Tho latter is tho larger of the two, and may 
bo regarded as the prolongation of tho region of high pressm e which 
characterizes the Atlantic immediately to the south-west at this 
season. The hirfi-prcssuro area included within tho isobar 30‘l.f 
inches is of peculiar interest. In the Peninsula it covers a pretty 
broad area, but to the north-east it contracts' to a iianow neck 
between the Bay of Biscay and tho Gulf of Lyons, and again expands 
to north-eastward covering the distance from Carlsnilie to Modena, 
its prolongation eastward being there somewhat sudd^ly inter- 
rupted. At some distance to tho eastward the second region of high 
pressure is mot with, which is properly a part of tho high pressm 
that overspreads tho interior of tho Old Continent in the winter 
months, its western limit being tho isobar of 30 'IS inches, which 
passes round by Pinsk, Cracow, Vienna, Laibach and the upper 
southern slopes of the bxin of the Danube, Sebastopiol, and theuce 
southward in the direction of Cyprus. ' 

Tho position of tho latter of these regions of high picssuro is 
approximately midway between tbe south coasts of Asia ilinor !in J 
the Baltic. In other words, its position occupies tho interior of tins 
part of tho Old Continent ; and it is instructive to note that the 
position of tho Black Sea and tho Greek archipelago in tho soutli 
portion of this region pushes tho isobar of 30-15 inclics a good dc.sl 
to northward. Tho position of tho region of high pressure in the 
Peninsula, France, and Switzerland is also decidedly iulaiid. It 
docs not, however, exactly occupy the middle space of the laml 
lying between tho Mediterranean and tho North Sea, owiiig_ uo 
doubt to tho circumstance that tho very steep barometric giadieiit 
from Franco to Iceland greatly lowers the pressure over tho whole 
of the northern half of France. It follows that tho abnormally 
high pressure which so remarkably characterizes tho interior of the 
Old Continent during tho cold months of winter is represented, 
though in a greatly reduced form, westwards through tho central 
districts of that continent. 

These two regions of high pressure arc separated from e.ach other 
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by a large area of comparatively low pressure overspreading the 
greater portion of the ilediterranean Sea,— marked oil in fig. 15 by 
the isobar of 30 ’10 inehes, within whieh pressure is everywhere less 
than 30 ’10 inches. This region includes an area of still lower 
pressure within the isobar of 30 ‘05 inches, bounded by Sicily, 
Corfu, Atben-s, and Crete. Hence the singularly low pressure which 
characterizes the northern part of the Atlantic at this season has its 
analo^e in the south of Europe, which is unquestionably due to 
the mgher temperature and larger humidity of the climates of 
southern Europe which they owe to the Mediterranean. 

It is deserving of special notice that, while the increase of the 
normal pressure of January from Genoa to Geneva is O'OSl inch, 
it is only 0‘021 inch from Trieste to Riva, and that to the north 
of the Adriatic as far as latitude 50° pressure is considerably lower 
tlxan obtains to the west and east of that region. An examination 
of the daily weather maps of Europe shows that not unfrequently 
the storms of north-western Europe on advancing as far to east- 
ward as Denmark seem to connect themselves in some degree with 
Mediterranean storms prevailing at the time through a north and 
south prolongation of a system of low pressures. The comparative 
frequency with which this occurs is probably occasioned by the 
general drift to eastward of the atmosphere of Europe, considered as 
a whole, taken in connexion with the high mountainous ridge 
which bounds the Adriatic on its eastern aide, from which it follows 
that the air overspreading the deep basin of the Adriatic is often 
highly saturated rvith vapour, and this highly saturated air is 
drawn northwards throng central Europe when north-western 
storms of Europe with low barometric depression centres pass across 
Denmark and the Baltic. Thus the low normal pressure to the 
north of the Adriatic, separating the two regions ot high pressure 
to the east and west of it, is in some respects analogous to the 
low normal pressure of the Mississippi valley, which separates the 
higher normal pressures of the Rocky Mountains and of the south- ! 
eastern of the United States. 

The influence of laird and water respectively in the cold season of 
the year is well shoivn in fig. 16, which represents for every 0'020 
inch the normal pressure over the British Islands in January, 
drawn from means calculated for two hundred and ninety-five 
stations.^ 

It is in the winter months that the isobars of the British Islands 
crowd most closely together, and in accordance therewith strong 
winds are then most prevalent. Tire crowding of the isobars 
reaches the maximum in January, forming what is probably the | 


of Great Britain from the Isle of Wight to Cape Wrath. This 
shows on a comparatively small scale the influence of the land in 


attention is here draivn is the remarkable influence of St George’s 
Channel and the Irish Sea in diminishing the pressures as they 
cross these seas, and of the land in increasing the pressure, which 
is seen in the curves occupying approximately the central districts , 



Via. 16 — Isobars of the British Islands tor January, 
raising the normal pressru'e, and of the sea in lowering it, during the 



ElO. 17. — July Isobars of the Globe and Prevailrng Wmds. ^ 

cold rnonths of the year jrrst™ pi^“eruStTafeXm™^ 

Srbena and the north of the Atlantrc. .r the temneraturo and humrdrty 


^ See Journal of Soot. Meteorological Society, voL vi. pp. 4—21. 


kects of the influence of the sun on the temperature Md hurnidity 
of the atmosphere rising to the maxiinrrm rn the northern ana laU- 
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ing to the minimum in the southern hemisphere. TVith the s(^ar 
conditions reversed, a comparison of figs. 14 and 17 shows that the 
distribution of atmospheric pressure in July is, considered in a broad 

sense, the reverse of what takes place in January. _ 

In the southern hemisphere atmospheric pressure during the 
winter season is above the general average of 30 inches between 
lat. 10° and 40° S. This belt of high pressure encircles the globe, 
and embraces four regions where pressure rises considerably above 
this general high average. These regions are in South Africa, about 
lat. 20°, where it rises to a little abov'e 30‘20 inches; in Australia, 
where it rises on the hlurray river very nearly to 30-20 inches^; 
in South America, where in the basin of the La Plata, about iat. 30_, 
it rises to 30-13 inches; and in the ocean to westwards, wheie it 
reaches 30-02 inches. The point to be noted, with respect to the 
position of these centres of high pressure at this season is that they 
occur over surfaces between latitudes 20° and 36 . As compared 
with January, pressure in July over nearly the whole of this broad 
belt of the southern hemisphere is about two-tenths of an inch 
higher, which is the simple result of season. A comparison of 
January and July shows that this large accession to the pressure of 
the southern hemisphere is accompanied by an estraordina^ dimi- 
nution of pressure over the continents of the northern hemisphere. 

Now, just as the greatest excess of pressure during the winter 
of the northern hemisphere occurs in the continent of Asia, so the 
greatest diminution of pressure in the summer months takes place 
in the same continent. The position, however, of these two extremes 
is far from being in the same region or even near each other. In 
the Old Continent the maximum occurs in the valley of the upper 
Amur, where, at Nertchinsk, the normal pressure in January is 
about 30-500 inches ; whereas the lowest normal pressure in July is 
29-412 inches, and occurs, so far as observation enables us to loaitc 
it, at Jacobabad on the west side of the basin of the Indus, The 
difference of these two normals is 1-188 inch; and over no inconsider- 


able portion of central Asia the normal pressure of July is an inch 
less than that of January. In other words, the influence of the sun 
in summer as exerted on the temperature and aqueous vapour of the 
atmosphere and atmospheric movements resulting therefrom is so 
powerful as to remove a thirtieth part of the whole mass of the 
air from this extensive region. 

The large extension in recent years of good meteorological stations 
over the Russian and Indian empires enables us to lay down with 
much greater precision than formerly the lines of pressure. Of the 
changes indicated by the new isobars, the most important perhaps 
is the position of the region of minimum pressure in Asia, which is 
now seen to occupy the basin of the Indus, and thence stretches 
over a somewhat broad region to westward nearly as far as the head 
of the Persian Gulf. The point is of no small importance in atmo- 
spheric physics, inasmuch as it places the region of least normal 
pressure in July as close geographically to the region where at the 
time terrestrial temperature is highest as the region of highest normal 
pressure in January is situated with respect to the region where in 
that month terrestrial temperature is lowest in Asia. 

The July isobars of India are of singular interest, and imply con- 
sequences of the utmost practical advantage to the empire. From 
Cutch southward the normal pressure is everywhere higher, and 
considerably so, along the whole of the west than it is in the east in 
the same latitudes, the difference being approximately half a tenth 
of an inch. This is represented on the map by the slanting of the 
isobars from north-west to south-east as they cross this part ol 
India ; and it is to be noted that the east and west coasts of Ceylon 
show the same manner of distribution of the pressure. The conse- 
quence of this peculiarity in the distribution of the pressure is thal 
the summer monsoon blows more directly from the ocean ovcj 
western and southern India than would have been the case if th« 
pobars had lain due east and west, and thus probably precipitates ir 
^ -course a more abundant rainfall over this part of the empire! 
But a more important consequence follows from the geographical 
distnbution of the pressure over the valley of the Ganges. If th( 
nomal pressure there had diminished in the manner It does ovei 
India to the south of the Gangetic valley, the mnds would hav< 
teen south-westerly and the summer climate practically rainless, 
ihi^however, is not the case, but the normal pressure diminishes 
WM^ards along the valley of the Ganges, as the following meat 
July pressures -iviU show Calcutta, 29-576 inches ; Patna, 29-53j 
mches; Luc^ow, 29 -o22 inches ; Eoorkee, 29-505 inches ; and it 
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the middle line of the Old Continent. In this connexion it is 
interesting to note the course of the isobar of 29-90 inches over 
that part of Europe where the breadth of the land is considerably 
increased — between the Baltic and Constantinople. In contradis- 
tinction to this the influence of the Aral, Caspian, and Black Seas' 
in maintaining a higher pressure appears in the remarkable' pro- 
longation eastward of the isobars of higher pressure over the region 
of these sea.s, being in striking contrast to the lower pressures which 
prevail to the north and south. 

The lowering of the normal pressure is very_ decided in the inland 
regions of Spain, North Italy, and Scandinavia. The effect is most 
strongly seen in Spain, the largest and compactest of these regions. 
Thus, while the normal pressure diminishes between Lisboa and 
Barcelona from 30-086 to 30-018 inches, the sea-level pressure at 
iladrid falls nearly to 30-000, and the pressure at Saragossa and 
Valladolid is nearly as low. This lowering of the pressure over the 
interior influences materially its summer climate. As remarkable 
an illustration of the principle as can be pointed to anywhere is seen 
in the north of Italy ; for, while the normal pressure at Jloncaliori 
is 29-941 inches, at Genoa on the coast the relatively high normal 
of 29-992 inches is maintained, the distance of the two'places being 
about 40 miles. To the east pressure rises to 29-970 inches at 
Venice, and to westvvard to 30 -023 inches at Geneva. Over Scandi- 
navia, along the west coast from the Arctic circle southward, the 
normal pressure equals or exceeds 29-80 inches, the variation being 
comparatively small ; and along the coast from the head of the Gulf 
of Bothnia to the south-east of Sweden pressure also exceeds 29-80 
inches, and the increase from north to south proceeds at a slow rate. 
In, however, the strictly inland districts to the north-cast of 
Christiania, which lie immediately to the east of the Scandinavian 
mountains, and sheltered by that lofty range from the winds of the 
Atlantic, pressure is considerably lower than'it is along the costand 
west coasts of the peninsula. Owing to this peculiar distribution 
of the pressure, the winds which necessarily result from it give a 
much finer summer climate to the south-east pf Norway and to the 
strictly inland part of Sweden than would otherwise bo the case. 

The remarkable curving northward of the isobar of 29-80 inches 
so as to include lApland vvithin it points probably to the influence 
of the tVhito Sea and the wonderful lake system of Lapbnd in 
maintaining a higher summer pressure over that country, by which 
the northerly winds that blow towards the low-pressure region of 
Central Asia, to the serious deterioration of the summer climate of 
northern Siberia, do not extend so far to westward as Lapland. 

The distribution of the normal pressure over North America is- 
quite analogous to what prevails over -tsia, but, the continent being 
less, the diminution of pressure in the interior is also correspond- 
ingly less. The highest normal pressure, 30-077 inches, is found in 
the south-east in Florida, and the lowest, 29-780 inches, in Utah, the 
difference being thus 0-297 inch. Another rc^on of relatively high 
pressure is in the north-western States and British Columbia to the 
north; the maximum, near the mouth of the Columbia river, 
reaches 30-062 inches, being thus nearly as high as what occure in 
Florida. These two regions are merely extensions of important 
high-pressure areas which at this season are highly characteristic 
features of the meteorology of the North Pacific and North Atlantic 
respectively. 

Of these two regions of high pressure the one overspreading the 
Atlantic between the United States and Africa is the more striking, 
being not only the region where pressure is highest anywhere on 
the globe during the months of June, July, and August, but where 
the normal pressure reaches the highest point attained at any season 
over the ocean. The highest point reached by the normal pressure 
over the land at any season occurs, as has been pointed out, near the 
centre of Asia, or approximately in the middle region of the largest 
continuous land surface on the globe during the coldest months of 
the year. On the other hand, the highest pressure over the ocean 
occurs during the warmest months of the year, and not over the 
largest water surface, hut in the middle regions of the North Atlantic, 
where the breadth is only about half that of the water surface of the 
North Pacific. 

From the essential differences between these tivo sets of pheno- 
mena it may be inferred that the extraordinarily high pressure 
which is so marked a feature of the meteorology of Central Asia 
during the cold months of the year is a direct consequence of the 
lowering of the temperature of the land of Asia and of the atmo- 
sphere resting on it during the time of the 3 ’ear when the effects of 
solar radiation are at the annual minimum, and of terrestrial radia- 
tion at the annual maximum. But the determination of tlie place 
and time of highest pressure over the ocean must he regarded M 
indirectly brought about. The physical conditions under which it 
occurs are these it happens ( 1 ) at the time of the year when the 
Mrth presents the largest surface of land to the sun, and ( 2 ) over 
of the ocean which is most completely surrounded by th^e 
highly heated land surfaces. This high summer pressure of the 
Atlantic has its origin in the upper currents of the atmosphere, 

^m. 71. Atmospheric Pressure for the Year . — The distribution 01 
the annual atmospheric pressure may be considered as representing 
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the sums of the influences directly and indirectly at work throughout 
the year in increasing or diminishing the pressure of the atmosphere. 
There are two regions of high pressure, the one north and the 
other south of the equator, which pass completely round the globe 
-as broad belts of high pressure. The belt of high pressure in the 
-southern hemisphere lies nearly parallel to the equator, and is of 
nearly uniform breadth throughout; but the belt north of the 
•equator has a very irre^lar outline, and shows great differences in 
•its breadth and its inclination to the equator. These irregularities 
wholly depend on the peculiar distribution of land and water which 
-obtains in the northern hemisphere. 

These two zones of high pressure enclose between them the com- 
paratively low pressure of the tropics,. through the centre of which 
runs a narrower belt of still lower pressure, towards which the trade- 
winds on either hand blow. Considered in a broad sense, there 
•are only three regions of low pressure, -the equatorial one just 
referred to, and one round each pole bounded by or contained 
within the zones of high pressure just described. The most 
.remarkable of these, so far as it is known, is the region of low 
pressure about the south pole, which remains low throughout the 
year, playing the principal rflle in the wind systems of the Antarctic 
.zone, in its heavy snowfall and rainfall, and in the enormous ice- 
•bergs which form so striking a feature of the water of the Southern 
Ocean. 

_ The depression around the north pole contains within its area two 
•distinct centres of still lower pressure, the one filling the northern 
part of the Atlantic and the other that of the Pacific. Of these two 
the low-pressure area round Iceland is the deeper, and is probably 
•occasioned by the steeper barometric gradients and stronger winds 
which prevail over the North Atlantic. The broad equatorial zone 
-of low pressure also contains two distinct regions characterized by 
still lower pressures. The larger of the two stretches across 
southern Asia from Assam to the head of the Persian Gulf, and is 
■entirely due to the very low pressures which form so marked a feature 
in the summer meteorology of that part of Asia. The regions of 
'the middle Indus and upper Ganges occupy the centre of this low- 
pressure area, where normal pressure falls short of 29 '80 inches. 
The second area of lowest equatorial pressure is in the centre of 
Africa. 

It may be here pointed out that the whole of these areas of low 
'mean annual pressure possess the common characteristic of an 
excessive amount of moisture in the atmosphere. The Arctic and 
Antarctic zones of low pressure, and the equatorial low-pressure zone 
.generally, may be regarded as all but wholly occasionecl by the com- 
paratively large amount of vapour in their atmosphere. As regards 
the region of low pressure of southern Asia in summer, it is 
remarkable that, while the eastern half which overspreads the valley 
•of the Ganges is characterized by a moist atmosphere and large 
rainfall, the western half of it is singularly dry and practically rain- 
less, and that the central portion of this remarkable depression 
•occupies a region where at the time the climate is one of the driest 
•and hottest anywhere to be found on the globe. Hence, while the 
vapoim is the more important of the disturbing influences at work 
in the atmosphere, the temperature also plays no inconspicuous part 
• directly in destroying atmospheric equilibrium, from which result 
■winds, storms, and many other atmospheric changes. 

The Prevailing Winds of the Globe . — If atmospheric 
pressure were equal in all parts of the earth we should 
have the physical conditions of a stagnant atmosphere. 
Such, however, is not the case. Let there be produced a 
-concentration of aqueous vapour over a particular region, 
-or let one region show a higher temperature than what 
prevails around it, then from the different densities, 
and consequently different pressmes thereby produced, 
the equilibrium of the atmosphere is destroyed, and, as 
might be expected from the laws of aerial fluids, move- 
ments of the air, or winds, set in to restore the equili- 
brium. Now every one of the isobaric maps we have 
.given, as well as every isobaric map which has been made 
from recorded observations, indicates very considerable 
■disturbance of the equilibrium at the surface of the earth. 
All observation shows that the prevailing -winds of any 
region at any season of the year are simply the expression 
of the atmospheric movements which result from the dis- 
turbance of the equilibrium of the atmosphere indicated by 
the isobaric maps for that season and region. 

All -winds maybe regardedas caused directly by differences 
■ of atmospheric pressure, just as the flow of rivers is caused 
by differences of level, the motion of the air and the motion 
■of the -water being both referable to gravitation. The -wind 
blows from a region of higher towards a region of lower 
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pressure,— -in other words from where there is a surplus to 
where there is a deficiency of air ; and this takes place 
whether the differences of pressure be measurable by the 
barometer, as is generally the case, or not readily measur- 
able,_ as in the case of sea breezes, squalls, and sudden gusts 
of -wind which are of short duration. ° 

So far as is known, differences of atmospheric pressure, 
and consequently all winds, originate in changes occurring 
either in the temperature or the humidity of the air over 
restricted regions. Thus, if two regions contiguous to each 
other come to be of unequal temperature, the air of the 
warmer region, being specifically lighter, -will ascend, and 
the heavier air of the colder region -will flow in below to 
take its place. Of this class of winds the sea and land 
breezes are the best examples. Again, if the air of one 
region comes to be more highly charged with aqueous 
vapour than the air of surroimding regions, the air of the 
more humid region being lighter -will ascend, while the 
heavier air of the drier regions -will flow in below and 
take its place. Since part of the vapour -will be condensed 
into cloud or rain as it ascends, heat is thereby disengaged, 
and the equilibrium still further disturbed. In this way 
originate gales, storms, tempests, hurricanes, and. all the 
more violent commotions of the atmosphere, except some 
of the forms of the whirlwind, such as dust storms, in the 
production of which very great differences of temperature 
are more immediately and exclusively concerned. 

The Trade-Winds . — From fig. 14, giving the isobarics 
for January, it is seen that atmospheric pressure in the 
Atlantic is lower near the equator than it is to north 
and south of it; and the arrows indicate that to the north 
of the tract of lowest pressure N.E. winds prevail and 
to the south of it S.E. -muds. These are the well- 
known N.E. and S.E. trade-winds, which thus blow from 
regions of high pressure towards the tract of lower pressure 
sit-uated midway between them. The trade--winds do not 
blow directly to where the lowest pressure is, but in a slant- 
ing direction at an angle of about half a degree. The devia- 
tion from the direct course is due to the influence of the 
rotation of the earth on its axis from west to east, — an 
influence to which all -winds and all currents of the ocean 
are subject. 

In -virtue of this rotation, objects on the earth’s surface 
at the equator are carried round towards the east at the 
rate of about 17 miles a minute. On receding from the 
equator, however, this rate of velocity is being continually 
diminished, so that at 60° N. lat. it is only about 8J miles 
a minute, and at the poles nothing. From this it follows 
that a wind blowing along the earth’s surface in the direc- 
tion of the equator is constantly arriving at places which 
have a greater eastward velocity than itself. As the vdnd 
thus lags behind, these places come up, as it were, against 
it, the result being an east -vfind. Since, therefore, the 
•wind north of the equator is imder the influence of two 
forces — one, the low pressure near the equator, drawing 
it southwards, and the other, the rotation of the earth, 
deflecting it eastwards— it -tvill, by the law of the composi- 
tion of forces, take an intermediate direction, and blow from 
north-east. For the same reason, south of the equator the 
south is deflected into a south-east wind. 

In the Atlantic the north trades prevail between 
latitudes 7° and 30° N., and the south trades between lati- 
tudes 3° N. and 25° S. These limits are not .-stationary, 
but f ollo-w the sun, being farthest to the south in I ebruary 
and to the north in August. The tract of low pre.'*ure 
between these -wind systems is named the region oi calms, 
Q-win" to the calm weather which often prevails there, and 
it is also characterized by the frequent occuirence of he.'iv j 
rains. This region of calms varies its position -with that 
of the sun, reaching its most northern limit, lat. 11 A., 
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in August, and its most southern, lat. 1° N., in February. 
Its breadth varies from 3° to 8°, and it lies generally 
parallel to the equator. It is to be noted that, in the 
Atlantic, the region of calms is at all seasons north of the 

equator. ' _ 

north and south trades also prevail in the Pacific Ocean, 
separated by a region of calms, which would appear, how- 
ever, to be of less breadth and to be less clearly defined 
than 13 the region of calms in the Atlantic. In the eastern 
portion of the Pacific the region of calms lies at all seasoim 
to the north of the equator, but in the western division it 
is considerably south of the equator during the summer 
months of the southern hemisphere, this southerly position 
being in all likelihood occasioned by the extraordinarily high 
pressure in Asia in its relations to the low pressure in the 
interior of Australia at this season. During the summer 
months of the northern hemisphere the region of calms 
wholly disappears from the Indian Ocean and from the 
western part of the Pacific Ocean, there being then an 
unbroken diminishing pressure from the latitude of 
Mauritius and Central Australia northwards as far as the 
low pressure of Central Asia. 

Kegions of light and variable winds and calms occur at 
the higher limits of the north and south trades. Except in 
the Pacific, where, oiving to the greater breadth of that | 
ocean, they spread over a considerable extent, these regions j 
appear but in circumscribed patches, such as characterize 
the meteorology of the North and South Atlantic about 
latitudes 26° to 36°. Of these regions of calms the most 
important is that marked off by the high pressure in the 
North Atlantic, between the United States and Africa. 
This is the region of the Sargasso Sea, where the weather 
is characterized by calms and variable winds, and the ocean 
by its comparatively still waters. These are known to 
seamen as the “ horse latitudes,” and are essentially 
different from the equatorial region of calms. The latter, 
as has been stated, is the region of low pressure at the 
meeting of the north and south trades, where the climate 
is distinguished for its general sunlessness and heavy 
rainfall. On the other hand, the calm regions in the 
Atlantic and Pacific Oceans about the tropics have an 
atmospheric pressure abnormally high, clear skies, and 
the yeather generally sunny and bright, -with occasional 
squalls. 

Numerous observations made in aU parts of the globe 
establish the fact that, while the surface winds within the 
tropics are directed towards the equatorial region of calms 
in .such a manner that the general intertropical movements 
of the atmosphere or prevailing winds are easterly, the 
prevailing winds of the north and south temperate zones 
are westerly. The westing of these great aerial currents 
is due to the same cause that gives ea.sting to the trade- 
winds, viz,, the rotation of the earth round its axis. For, 
as an aerial current advances into higher latitudes, it is 
constantly arriving at regions having a less rotatory velocity 
than itself ; it thus outstrips them and leaves them behind ; 
in other words, it blows over these places as a westerly 
wnd. 

While, however, the general prevalence of westerly winds 
has been Mtablished over the extratropical re^ons of 
Europe, Asia, Africa, America, and Australia, the direc- 
tions which in different seasons and at different places are 
actually found to prevail often differ very widely from 
west. An examination of the winds at one hundred and 
fifteen places pretty well distributed over the northern 
hemisphere reveals the instructive fact that almost every 
place shows two maximum directions from which winds 
blow more frequently than from the other directions, and 
that one of these two directions shows a considerable excess 
over the other. Thus, for example, the follo\ving are, on a 


twenty years’ average, the number of days at Greenwich 
each wind prevails during the year: — ^N., 41; N.E., 49; E., 
23; S.E., 21; S., 34; S.W., 103; ^Y., 38; N.W., 24; and 
calms, 32. Hence S.W. and N.E. ■svinds are there more 
prevalent than -svinds from any other direction, and of these 
two winds the greater maximum direction is S.W, If the 
two maximum directions be sorted into groups, then the 
greater maximum direction occurs as follows : — 
from S-S-W. to W. at 47 places 
„ W.N.W. „ N. „ 33 „ 

„ N.N.E. „ E. „ 19 „ 

„ E.S.E. „ S. „ 16 „ 

and the other maximum direction is 

from S.S.W. to W. at 20 places 

„ W.N.W. „ N. „ 22 „ 

„ N.N.E. „ E. „ 33 „ 

„ E.S.E. „ S. „ 32 „ 

This result of observation, so different from what was long 
accepted as being in accordance with the generally received 
theory of the movements of the atmosphere, teaches the 
important lesson that the region towards which the extra- 
tropical winds of the northern hemisphere are directed is 
not the region of the north pole. 

Prevailing WindU in January. — On examining fig. 14, 
which shows the distribution of atmospheric pressme in 
January, it is seen that pressure is abnormally low over 
the northern portion of the Atlantic — the lowest occurring 
between Iceland and South Greenland^ — from which it 
rises as we proceed in a S.W. direction towards America, 
in a S. direction over the Atlantic, and in a S.E. and E. 
direction over Europe and Asia. Now what influence has 
this remarkable atmospheric depression on the prevailing 
winds over this large and important part of the earth’s 
surface 1 The arrows in the figure, which indicate the 
prevailing winds, and which have been laid down from 
observations, answer this question, 

xit stations on the east side of North America^ the 
arrows show a decided predominance of north-west rvinds; 
at the more northern places the general direction is more 
northerly, whereas farther south it is more westerly. In 
the Atlantic between America and Great Britain, in the 
south of England, in France and Belgium, the direction is 
nearly S.W, In Ireland and Scotland it is W.S.W.; 
in Denmark and the north-west of Russia S.S.W. ; from 
St Petersburg to Tobolsk S.W. ; on the west of Norway 
generally S.S.E. ; and in Greenland, the north of Iceland, 
and about Spitsbergen N.E. Hence all the prevailing 
winds in January over this extensive portion of the globe 
may be regarded as tbe simple e.xpression of the difference 
of atmospheric pressure which prevails over the different 
parts of the region. In truth the whole appears to flow 
vorticosely, or in an in-moving spiral course, towards the 
region of low pressure lying to the south-west of Iceland, 
and extending eastward over the Arctic Sea north of Russia. 
The only marked changes in these directions of the wind 
thus broadly sketched out are the deflexions caused 
by the various mountain systems which lie, so to speak, 
embedded . in these vast aerial currents ; of these the 
winds in the south of Norway afford excellent illustra- 
tions. 

The influence which this peculiar distribution of the 
pressure over the north of the Atlantic exercises in 
absolutely determining tbe winter climates of tbe respective 
countries is most instructive. It is to this low pressure, 
which draws over the British Islands W.S.W. winds 
from the warm waters of the Atlantic, that the open, mild, 
and, it must be added, rainy winters of these islands are 
due. The same region of low pressure gives Russia and 
Western Siberia their severe winters ; and it is the same 
consideration that fully explains the enormous deflexion of 
the isothermal lines from Norway eastwards and south- 
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eastwards over the Old Continent. Finally, the same low 
pressure draws over British America and the United States, 
by the N.W. winds which it induces, the intensely dry 
cold air-current of the Axctic regions. At Portland, Maine, 
which is swept by these cold north-westerly winds, the 
normal temperature in January is 23‘’’6, whereas at 
Corunna, on tlie coast of Spain, in nearly the same latitude, 
where south-westerly rvinds from the Atlantic prevail, the 
mean temperature of the month is 49°‘l, or 25°‘5 higher. 

The region of low atmospheric pressure in the north of 
the Pacific is accompanied by prevailing winds over the 
region embraced by it and by climatic effects in all respects 
similar to the above. In Vancouver Island the prevailing 
winds in January are S.W., at Sitka E.S.E., on Great 
Bear Lake E.N.E., in Alaska N.E., in Kamchatka N.N.E., 
and in Japan N.W. In accordance with these winds 
the rvinter climate of Vancouver and adjoining regions 
is mild and humid, and that of the north-east of Asia dry 
and intensely cold. 

On the other hand, abnormally high i^ressure rules over 
the continent of Asia at this season, and as regards this 
region of high pressure the arrows represent the winds as 
blowing outwards from it in all directions. Over the 
interior of Asia, where the highest normal pressures are, 
observations show a marked prevalence of calms and light 
winds, but around this central region the prevailing winds 
in January are — at Calcutta N., at Hong-Kong E.N.E., 
at Peking N.W., on the Amur W.N.W., S.E. at Nijni- 
kolynisk and S.S.W. at Ustjansk (in the north of Siberia), 
and at Bogoslovsk S.W. Hence from this extensive 
region, where pressure is abnormally high, or where at 
this season there is a large surplus of air, the prevailing 
winds flow outwards in all directions towards the lower 
pressure which surrounds it. Owing to the excessive dry- 
ness of the air of Central Asia, terrestrial radiation is less 
obstructed there than anyavhere else on the globe, and 
consequently the temperature falls very low, the mean of 
January at Werchojansk being - 55°'8, which is the lowest 
mean monthly temperature known to occur on the earth’s 
surface. And, since the winds blow outwards from the. 
dry cold climates of the interior, temperatures are low, 
even on the coasts. Of this China affords good illustrations. 
Thus the mean January temperature of Peking is 22°-7 and 
of Zi-ka-Wei, near Shanghai, SS"'!, whereas at Corfu and 
Alexandria the normal temperatures for January are 
respectively and fiS^'O, or 28'’'2 and 22°‘6 higher 

than in corresponding latitudes on the coast of China. 

The winds of the United States in winter, taken in 
connexion with the peculiar distribution of pressure already 
described, are very interesting. There are two regions of 
high pre-ssure, one in the south-eastern States and the other 
and larger one in the region around Utah; and betw'cen 
these there is interposed a trough of lower pressure extend- 
ing from Chicago to the south-west of Texas. On the 
western side of this depression the winds are north- 
westerly, but to the east of it they become AV,, AV.S.W., 
and in some places S.W., and again on nearing the Atlantic 
seaboard they become north-westerly. In connexion with 
the region of higher pressure in the west, the prevailing 
wnds are seen to flow outward from it. The normal 
pressure diminishes everywhere to southward of a line 
drawn from the Canaries to Bermuda, thence westward in 
nearly the same latitude to Texas, and then to west-north- 
west to San Francisco. The tract of lowest pressure 
stretches from the basin of the Amazon in the direction of 
the isthmus of Panama in about latitude 8° N., and thence 
is continued westward for a considerable distance into the 
Pacific in nearly the same latitude. It follows from this 
distribution of the pressure that the north trades in a more 
or less modified form prevail over South America to the 


north^of the Amazon, and in the Pacific to the north of 
lat.^8“ N., probably as far to westw^ard as long. 150° W. 

The low-pressure systems which iDrevail during the 
summer months in South America and South Africa have 
each its corresponding system of winds all round. It is, 
however, in Australia, as being the most compact and 
isolated continent, that the influence of the summer sun in 
lowering the pressure is best illustrated. In that continent 
the lowest pressure occurs in the region situated about 
midway between the north coast and the tropic of 
Capricorn, over which the normal pressure does not exceed 
29-80 inches. Further, everywhere in Australia pressure 
diminishes from the coast on advancing upon the inland 
districts. It follows from this disposition of the pressure 
that all round the island the prevailing winds in summer 
blow from the sea towards the interior ; and accordingly it 
is in these months that the greater part of the rain falls. 
From the low pressure of the interior southwards to Bass’s 
Straits pressure rises continuously, the increase in the 
normal over this space being about 0‘200 inch. To north- 
ward it also rises continuously to beyond the north of 
China, the increase on this side being about | of an inch. 
In this case the greater part of the increase occurs over 
the continent, the rate of increase from the north of 
Australia to the Philippine Islands being only about the 
rate of increase which obtains southward towards Bass’s 
Straits. It will be shown when the subject of the rainfall 
is .examined that it is the relative excess of these high 
2)ressure3, the one in the south of Australia and the other 
in the south-east of Asia, that determines the position 
of the area of low pressure in Australia in particular years, 
and rvith that position the degree and extent to which the 
whole of the northern portion of Australia is watered by 
the rainfall. Thus, when pressure is more than usually 
higli in the south-east of Asia, and either low or not ex- 
cessive in the south of Australia, then the low-pressure 
region is pushed farther southward into the interior, and 
with it the rainfall spreads inland over a wider area and to 
a greater depth. 

Prevailhuj Winds in July . — In the winter of the 
southern hemisphere, the geograjihical distribution of 
pressure is exactly the reverse in Australia of what obtains 
during the summer months. Everywhere all round it 
increases on advancing from the coast into inland districts. 
The lowest pressure, about 30'00 inches, occurs on the 
north coast, and the highest over the basin of the Murray 
river and its affluents, where it rises generally to 30’18 
inches. On the south coast it is generally about 30‘12 
inches, falling, however, at Gabo Island, in the extreme 
south-east, to 30'050 inches, and to 29'836 in the south of 
New Zealand. From the Murray river the diminution of 
pressure is continuous to the north, even to the low pressure 
of Central Asia. From this arrangement of the pressure, 
the prevailing ■winds blow from the interior towards the 
surrounding ocean all round Australia, with the single 
exception of the extreme south-west of the continent, where 
the prevailing winds are south-westerly, being here essenti- 
ally an outflow of the high pressure which overspreads the 
Indian Ocean to the westward. As these S.W. winds are 
from the ocean, the rainfall at Perth in July is fully 6 
inches, and it is high over south-western districts of West 
Australia. The prevailing winds round Australia are S.E. 
on the north coast, S.W. at Brisbane, W.N.W. at Sydney, 
'N. at Melbourne, N.E. at Adelaide. These all represent 
an outflow from the high-pressure regions of the interior 
modified by the influence of the earth’s rotation, and, in 
correspondence with the reversal of the distribution of the 
pressure, are directions the reverse of the prevailing winds 

of January. . 

In July the central and southern parts of Asia are 
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heated by the summer sim, and, besides, tl\e rainfall 
over southern parts is excessive. Consequently atmospheric 
pressure is very low, being fully 0'40 inch lower in the 
Punjab than it is in the south of Ceylon. From the 
interior pressure rises continuously on advancing to the 
eastward, southward, westward, and northward, and from 
all these directions the prevailing winds of summer flow 
inwards upon the interior, and these bring rain or parching 
drought according to the vapour they bring from the 
ocean they have traversed, and according as they advance 
into warmer or colder regions. The prevailing summer 
winds of Asia, being an inflow inwards upon the interior, 
have, generally speaking, exactly the reverse direction of 
that prevailing in winter. 

The winds of Europe are mainly determined by the 
extraordinarily high pressure of the Atlantic in its relations 
to the low-pressure systems of Central iVsia and Central 
Africa at this time. The winds in the Spani.sh Peninsula 
are north-west; iu the north of Africa they arc northerly, 
and again north-westerly in Syria. The winds of the 
British Islands and western Europe have lc.ss southing and 
more northing than the prevailing winds of winter, and to 
the east of long. 40° E. they become decidedly north-west. 
It is to the Atlantic origin of these wands that the summer 
climates of these large and important regions owe the com- 
paratively large rainfall of this season, it being at this time 
that the rainfall reaches the annual maximum. The bear- 
ing of the low-pressure areas and mountain systems of the 
north of Italy and Scandinavia on the climates of the.so 
countries will bo afterwards referred to. 

The centre of lowest pre.ssuro in North America is over 
the district about Utah, from which it rises all round, len.-*! 
to northward and most in south-easterly and north-westerly 
directions. In California N.W. winds necessarily blow in- 
wardsupon thiscentral low'-pressurc area; and, as these winds 
pass successively over regions the temperature of which con- 
stantly increases, the summer climate is rainless. On the 
other hand, southerly and south-easterly winds from the Gulf 
of Mexico blow' up the western side of the basin of the Missis- 
sippi inwards upon the low'-pressure area of the centre, de- 
positing in their course, in a rainfall more or less abundant, 
the moisture they have brought from the Gulf. To the north 
of lat 50°, and to westward of Hudson's Bay, the prevail- 
ing winds become easterly and north-easterly, distributing 
over Manitoba, Saskatchewan, and ueighboiuing regions, 
as they continue their westerly course towards the low’- 
pressure area, the rainfall they have transported thither 
from the wide expanse of Hudson’s Bay. An attentive 
■examination of the arrows of fig. 17 shows that the prevail- 
ing winds over all the States to the east of the Mississippi 
river are rather^ to be regarded as an outflow from the 
region of very high pressure over the Atlantic to south- 
eastward. Thus in Florida the winds are S.E., in the 
southern States S., and in the lake region, in the New Eng- 
land States, and on the Atlantic seaboard S.'NV. Since the 
origin of these winds is thus essentially oceanic, and since 
in their course northwards no mountain range crosses their 
path, the whole of this extensive region enjoys a large but 
by no means excessive rainfall, which, taken in connexion 
^th the temperature, renders the summer climate of these 
Stetes one of the best to be met with anywhere on 
the globe for the successful prosecution of agricultural 
industries. 

The remarkable protrusion of high pressures from the 
fiou&ern hemisphere, where they are massed at this time 
of the y^r, northwards into the Atlantic is, as has already 
been referred to, one of the outstanding features pf the 
meteorology of the summer months'of the northern hemi- 
cp ere. In the central area of this large region the climate 
ss remarkable for its prevailing calms, light winds, occasional 
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squalls, and clear skies. From this comparatively calm 
space the wind blows outwar<l.H in all directions towards and 
in upon the .surrounding regioms of low pre.s.surc. These 
winds, owing to the high temperature, clear skic.s, and strong 
sunshine of the region from which they is.suo, carry with 
them a great amount of vapour near the surface, by which 
to a large extent the north of South America, the cast of 
North America, tlic greater part of Europe, and a large por- 
tion of Africa are watered. The prevailing winds over this 
region arc further interesting, not merely from the striking 
illustration they give of tho intimate relation of the winds 
to the distribution of tho prcs.sure, but ns being of no small 
importance in determining tho best routes to bo taken over 
this great highway of commerce, and tho more .so inasmuch 
ns the currents of tho ocean arc coincident with tlie.se pre- 
vailing wiiuhs. 

In tho Antarctic regions, or rather to the .south of lat. 
45° S., the normal atmospheric prcs.suro is low at all 
seasons, there being a gradual diminution of pressure to 
29'20 inches about lat. G0° S. Pre.--suro is probably even 
still lower nearer to the south pole, as seems to be indi- 
cated by the observations made by Sir Jame.s C. Boss, and 
in the “ Challenger ” and other expeditions. Over this 
zono the prevailing winds arc W.N.W. and N.W. This is 
tho region of tho “ bravo wc.st wimls,” tho “roaring forties” 
of sailors, which play such an important part iu navigation, 
and which determine that the outward voyage to Australia 
bo round tho Capo of Good Hope and thence eastward, and 
tho homeward voyage ea.stward round Cape Horn, the 
globe being thus circumnavigated by the double voyage. 
That the general drift of these winds is iinvard.s upon the 
south pole is strongly attested by the existence of the 
enormously thick wall of ice which engirdles these regions, 
from which are constantly breaking away tho innumerable 
icebergs that cover the Southern Ocean, none of which is 
over seen of a calculated thickness 1d.ss than 1400' feet. 
Tho snow and rainfall which must take place in the south 
polar regions for tho formation of icebergs of such a 
tliickne.ss must ho peculiarly heavy, but not heavier than 
might bo expected from tlio .‘itreugth and degree of satura- 
tion of tho “ roaring forties " which unceasingly precipitate 
their moisture over these regions. 

To sum up : — so far as tho prevailing winds are con- 
cerned, it has been shown that where pressure is high, that 
is to say, where there exists a surplus of air, out of such 
a region winds blow in all directions ; and, on tho other 
hand, where pressure is low, or where there is a deficiency 
of air, towards such a region winds blow from all rlirections 
in an in-moving spiral course. This outflow of air-eurrents 
from a region of high pressure upon a region of low pres- 
sure is reducible to a single principle, viz., tho principle of 
gravitation. Given as observed facts the differences of 
irrcssure, it is easy to state with a close approximation to 
accuracy what are the prevailing winds, before calculating 
the averages from tho wind observations. Indeed so pre- 
dominating is the iniiuence of gravitation where differences 
of pressure, however produced, exist that it may practically 
be regarded os the sole force immediately concerned in 
causing the movements of the atmosphere. If there be 
any other force or forces that set the winds in motion 
independently of the force called into play by differences of 
mass or pressure, their influence must bo altogether insig- 
nificant as compared with gravitation. 

, It has been abundantly proved that tho wind does not 
blow directly from the region of high towards that of low 
pressure, but that, in the northern hemisphere, the region of 
lowest pressure is to tho left of the direction towards which 
the wind blows, and in the southern hemisphere to the 
right of it. This direction of the prevailing wind with 
reference to the pressure is in strict accordance with Buys 
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Ballot’s Law of the Winds, which may he thus expressed : — 
the wind neither blows round the centre of lowest pressure 
in circles, or as tangents to the concentric isohaiic curves 
of storms or cyclones, nor does it blow directly towards the 
centre ; but it takes a direction intermediate, approaching, 
however, more nearly to the direction and course of the 
circular curves than of the radii to the centre. The angle 
formed by a line drawn to the centre of lowest pressure 
from the observer’s position and a line drawn in the direc- 
tion of the wind is not a right angle, but an angle of from 
€0° to 80°. 

From its importance in practical meteorology Buys 
Ballot’s law may be stated in these two convenient forms. 
{1) Stand ■svith your back to the wind, and the centre of 
the depression or the place where the barometer is lowest 
will be to your left in the northern hemisphere, and to 
your right in the southern hemisphere. This is the rule 
for sailors by which they are guided to steer wth refer- 
ence to storms. (2) Stand with the high barometer to 
your right and the low barometer to your left, and the 
wind "will blow on your back, these positions in the southern 
hemisphere being reversed. It is in this form that the 
prevailing udnds of any part of the globe may be worked 
out from the isobaric charts (figs. 14 and 17). 

From the all-important consequences which flow from the 
geographical distribution of the pressure it is evident that 
the regions of low and of high normal pressure must be 
regarded as the true poles of the prevailing winds on the 
earth’s surface, toward which and from which the great 
movements of the atmosphere proceed. From the unequal 
distribution of land and water, and their difierent relations 
to solar and terrestrial radiation, it follows that the poles 
of pressure and of atmospheric movements are, just as 
happens "with respect to the poles of temperature, very far 
from being coincident with the north pole. Thus during 
the winter months the regions to which the origin of the 
great prevailing grinds of the northern hemisphere are to 
be referred are Central Asia, the region of the Eocky 
Mountains, and the horse latitudes of the Atlantic, and 
the regions towards and in upon which they flow are the 
low-pressure systems in the north of the Atlantic and 
Pacific Oceans, and the tract of low pressure within the 
tropics towards which the trade-winds blow. In the 
summer months the reversed conditions of pressure-distri- 
bution then observed are attended, rvith corresponding 
changes in the prevailing rvinds ; and, generally speaking, 
if the south polar region be excepted, the poles of highest 
and lowest pressure and atmospheric movements are at no 
time coincident with the north pole. It is this considera- 
tion which affords the true explanation why prevailing 
winds at so large a proportion of stations in the northern 
hemisphere do not blow in the directions in which true 
equatorial and polar mnds should blow. 

The causes which bring about an xmequal distribution of 
the mass of the earth’s atmosphere are mainly these two — 
the temperature and the moisture of the atmosphere con- 
sidered with respect to the geographical distribution of 
land and water. Owing to the very different relations of 
land and water to temperature, as already stated, the 
summer temperature of continents greatly exceeds that of 
the ocean in the same latitudes. Hence the abnormally 
high temperature which prevails in the interior of -Asia, 
Africa, America, and Australia during their respective 
summers, in consequence of which the air, becoming speci- 
fically lighter, ascends in enormous columns thousands of 
miles in diameter. On arriving at the higher regions of 
the atmosphere it flows over neighbouring regions where 
the surface temperature is lower, and thus the atmospheric 
pressure of the highly heated regions is diminished. 

Surface ivinds set in all round to take the place of the 
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air removed from the continents by these ascendin« 
currents, and since these necessarily are chiefly winds from 
the ocean they are highly charged with aqueous vapour 
by the presence of which, and by the condensation of the 
vapour into cloud and rain, the pressure over continents at 
this season is still further and very largely diminished. 
Air charged ivith vapour is specifically lighter than when 
without the vapour; in other words, the more vapour 
any given quantity of atmospheric air has in it the less 
is its specific gravity ; and, further, the condensation 
of vapour in ascending air is the chief cause of the cooling 
effect_ being so much less than that which would be 
experienced by dry air. From these two principles, 
which were established by Dalton, Joule, and Sir William 
Thomson, it follows that the pressure of vapour in the air, 
and its condensation, exercise a powerful influence in 
diminishing the pressure. The great disturbing influences 
at work in the atmosphere are the forces called into play 
by its aqueous vapour ; and it is to these, co-operating with 
the forces called into play by the differences of temperature 
directly, that the low normal pressure of the continents 
during the summer is to be ascribed. The degree to which 
the lowering of the pressure takes place is, as was to have 
been expected, greatest in Asia, the largest continent, and 
least in Australia, the smallest continent, while in America 
it is intermediate. 

The influence of the aqueous vapour in diminishing the 
pressure is well seen in the belt of calms in the tropics 
between the north and the south trade-wnds. Since these 
winds import into the belt of calms the vapour they have 
taken up from the sea on their way thither, the climate is 
characterized by a highly saturated atmosphere and heavy 
rains. Again the air in regions near the Atlantic contains 
much more vapour and is of a higher temperature during 
■winter than is observed at places in the interior of con- 
tinents in the same latitudes. It follows thus that the air 
over the north of the Atlantic and the regions adjoining is 
specifically lighter than in the regions which surround 
them. We have here therefore the physical conditions of 
an ascending current ; and it is plain that the strength of 
this current will not merely be kept up but increased by 
the condensations of the vapour into cloud and rain which- 
take place ■within it, by which a higher temperature and a 
greater specific h’ghtness are maintained at the surface of 
the earth and at various heights in the atmosphere than 
exist over surrounding regions at the same heights. 
Accordingly it is seen from the ■winter isobars that an 
enormous diminution of pressure occurs over these regions, 
and also over the north of the Pacific and the Antarctic, 
as compared with the continents. 

Since, on the other hand, dry and cold air is specifically 
heavy, the ■winter isobars show that where temperature is 
low and the air very dry pressure is high. Of this Asia 
and Horth America are striMng examples during December, 
January, and February, and Australia, South Africa, and 
South America during June, July, and August. 

Since vast volumes of air are thus poured into the region 
where pressure is low ■without increasing that pressure, and 
vast volumes flow out of the region tyhere pressure is high 
■without diminishing that pressure, it necessarily follows 
that the volumes of air poured into the region of low 
normal pressure do not accumulate over that region, but 
must somehow escape away into other regions, and that 
the volumes of air which flow out from the re^on of high 
normal pressure must have their place supplied by fresh 
accessions of air poured in from above, ffhat the same 
law of relation observed between sea-level pressures and 
surface ■winds obtains between pressures at different heights 
and ■winds at the same heights is simply a necessary 
inference. We are therefore justified in expecting that 
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ascending currents will continue tlieir ascent till a height 
is attained at which the pressure o£ the air composing tho 
currents equals or just falls short of tho pressure over the 
surrounding regions at that high level. On reaching this 
height the air, no longer buoyed up by a greater siieeiiic 
levity than that of the surrounding air, will cease to 
ascend, and expanding liorizontally will thenceforth flow 
over as an upper current towards those regions which offer 
the least resistance to its course j that is to say, it will 
flow over upon those regions where, at that height, pressure 
happens at tho time to be least. Now from the known 
densities of air of different temperatures and humidities it 
is evident that tho overflow of the uj>i)cr current will take 
place towards and over that region or regions the air of 
which in the lower strata of the atmosphere happens to be 
colder and drier than that of tho other surrounding 
regions, — because, being denser, a greater mass of air is 
condensed or gathered together in tho lower strata of the 
atmosphere, thus leaving a less mass of air, or a diminished 
pressure, in the higher region of the upper current. 

If this be so, then the extraordinarily high pres-suro of 
Central Asia during winter is to be ascribed to these two 
causes : — (1) the low temperature and excessive dryness of 
the air of this extensive region ; and (2) its relative 
proximity to the low pressure of the Atlantic to the north- 
west, the low pressure of tho Pacific to tho north-cast, and 
the low pressure of tho bolt of calms to tho south. 
Similarly, since in summer the temperature of air resting 
over the Atlantic between Africa and the United States is 
much lower than that of tho land, the ascending currents 
which arise from the heated lands of Africa, Europe, and 
North and South America, as well, ns from tho region of 
calms immediately to tho south, all of which are remark- 
able for a low normal pressure, will on reaching tho upper 
regions of the atmosphere flow towards this part of tho 
Atlantic, because there, the temperature being lower and 
the density of the air composing the lower strata being 
greater, pressure in the upper regions is less. And, since 
the surface winds are constantly flowing outwards from 
tliis region of abnormally high pressure, thus draining 
away the air poured down upon it by the miper currents 
which converge upon it, extreme saturation does not take 
place, and the air consequently is relatively dry and cool. 
That this view generally represents tho movements of tho 
upper currents has been strongly confirmed within the last 
few years by Professor Hildebrandsson and Clement Ley 
in their researches into the upper currents of the atmosphere 
based on observations of the cirrus cloud. 

From these considerations it may be concluded that tho 
winds which prevail near the earth’s surface are known 
from the isobaric lines, the direction of tho wind being 
from regions where pressure is high towards regions where 
it is low, in accordance with Buys Ballot’s law j and that 
the upper currents may be inferred from the isobaric lines 
taken reversely, together with the isothermal lines taken 
directly.^ In other words, the regions of lowest pressure, 
with their ascending currents and relatively higher pressure 
at great heights as compared with surrounding regions, 
point out the sources or fountains from wliich the upper 
currents flow ; and the isothermals, by showing whore on 
account of the relatively low temperatures the greater 
mass of the air is condensed in the lower strata of the 
atmosphere and sea-level pressure consequently is high, 
thus diminishing the pressure of the upper regions, point 
out the regions torvards and upon which these upper 
currents of the atmosphere flow. The facts of the diurnal 
oscillations of the barometer in the different regions 
already discussed afford the strongest corroboration of these 
views. 

The term “monsoon” has long been applied to the pre- 
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vailing winds in southern Asia which blow approximately 
from S.W. from April to October, ami from N.E. from 
November to April. Tho term is now, however, generally 
applicd to tlioso winds connected witli continents which 
are of .seasonal ocoiirrenec, or which occur regularly with 
tho periodical return of tho season. Since they are caused 
immediately by tho different temperatures and pre.-jsure.-> 
which form marked features of the climates of continenU 
in winter and summer respectively, - they are most fully 
developed round tho coast of Asia, owing to the groat 
extent of that continent. Tho mou.soon.s of different parti 
of the coasts of A.sia differ widely in direction from each 
other. Thus in winter and summer respectively they are 
W.N.W, and E.N.E. nt the mouth of tho Amur, N. ami 

5.5. E. at Shanghai, N.E. and S.W'. at llangoon, N. ami 
W.S.W, at Bombay, N.W. and S.^V’’. at Jerasalem, and 

5.5. W. and N.N.E. at Archangel. Tho Indian winter 
monsoon generally begins to break up in March, but it is 
not till about the middle of May, when the normal pres- 
sure has been decidedly diminislied over the heated 
interior, that tho summer monsoon acquires its full strength 
and tho heavy monsoonal rains fairly set in. In October, 
when the temperature has fallen considerably and Nvith 
the falling temperature the pre.viUro of tlm interior has risen, 
the summer mon.soon begins to break up, and , this se.^■•on 
is marked by variable wind.s, calms, and destructive 
hurricanes. As the temperatnro eoutinues to fall and 
pres-Hure to rise, the winter monsoon again resumes its 
sway. Monsoon.H, equally with Uic trade-wiiuls, play a 
most important part in the economy of the globe. The 
relatively great force and steadineij-s in tho direction iii 
which they blow, and tho periodical change in their direc- 
tion, give facility of intercourse between different countriiM; 
and, besides, by the rainfall they bring they spread fertility 
over exten.sivo regions which otherwise would bo barren 
wjustes. 

'I’ho wind.s of Australia are also strictly monsoonal, but 
owing to the small extent of that continent, and conse- 
quently tlio smaller differences there are between the 
normal pressure of the interior and that of the surrounding 
coasts in summer and winter respectively, they are Ies.s 
strongly marked than are the monsoons of southern j:Vsia ; 
and partieularly they neither blow with the same force nor 
so steadily from tho same point of tho compass. For tho 
s;ime reason tho Australian climates are characterized by 
tho occurrence of more frequent droughts than are the 
climates of southern Asia, and the same remark applies to 
the climates of southern .Africa. 

Since tho JIalay archipelago lie.s during the summer of 
tho northern liemisphero between the high pressure of 
central Australia and tho low pressure of Asia, and during 
the Avintcr between tho liigh pressure of Asia and the low 
pressure of central Australia, it follows that the winds of 
these islands are eminently monsoonal in tlieir character, 
being in summer southerly and in winter northerly. The 
result of this peculiar wind system of tho archipelago is to 
give to these islands a singular diversity of climates, which 
will bo more piarticularly referred to under rainfall. 

At Zanzibar the prevailing wind in July is S.E., but in 
January, when the low pressure of tho interior is situated 
muck farther to southward, it is N.E. ; and the same 
influence is felt, though in a greatly modified degree, as 
far as Slauritius, where tlio S.E. trade changes nearly into 
E. during the suninier. On the other side of Africa me 
S.E. trade of the South Atlantic is changed into a S. vV . 
monsoon on the coast of the Gulf of Guinea. 

1 In the southern, central, western, and northern regions 
of North America tho prevailing winds have a woU-niarked 
monsoonal character. The prevailing winds of winter and 
summer respectively are N.E. and S.S.E. at New Orleans, 
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N.W. and S.^Y. in Utah, N. and S. at Fort Yuma 
(California), E.S.E. and E'.W. at Portland (Oregon), and 
S. and E.N.E. at Fort York, Hudson Bay. These rands 
are readily accounted for by the distribution of pressure 
over the continent in ranter and summer. On the Atlantic 
.-^eaboard of the United States the prevailing winds of 
ranter vary from KW. in the Hew England States to W. 
in South Carolina ; whereas in summer they vary generally 
from S.S.W. in South Carolina to S.W. in the Hew Eng- 
land States. Hence over the eastern States the summer 
rands are not directed towards the low-pressure region of 
the interior of the continent, but are determined by the 
relations of their pressure to the high pressure of the 
Atlantic to the eastward, and to the lower pressure over- 
spreading the Atlantic to the H.E. This influence of the 
Atlantic maj' be considered as felt westward through the 
States as far as the ilississippi. 
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Europe while pressures much lower prevail to southward 
Aow these east winds are simply the outflow from these 
regions of high pressure to northward, northerly and even 
westerly winds which are truly outflows from what may be 
styled Arctic anticyclonic areas bring with them qualities as 
noxious as those of the east rand itself, and prove as injuri- 
ous to health and vegetation. The cold dry wind of April 
29, 1868, which blasted and shrivelled up vegetation in Scot- 
land, particularly in the western counties, as effectually as 
if a scorching fire had passed across them, was a west wind. 

In the south of Europe, during the winter and early sprin", 
peculiarly dry, cold, and violent northerly winds are of occasioiiai 
occurrence. Of these winds the “mistral” is one of the most 
notorious, which is a steady, violent, and cold north-west u-ind 
blowing from central and eastern France down on the Gulf of 
I Lyons. It is particularly trying while it lasts to invalids who are 
I spendiii" the winter at the various popular sanataria which arc 
I scattered along this part of the Mediterranean coast. The great 


Though not so decidedly marked, the winds of Europe, • pl^ce in the north of Italy and south of France in 

except the extreme south, are also monsoonal. In winter j nmteor^o^wl con^tions^ of the mistral. The 


they flow from the land towards the region of low pressure 
in the north of the Atlantic ; but in summer the arrows, 
representing the prevailing winds, show that all but the ex- 
treme south of Europe is swept by westerly tvinds, which flow 
in a vast continuous stream from the Atlantic towards the 
central regions of the Old Continent, and which deposit in 
their course the rains they have brought from the ocean. 

Similarly, monsoons prevail on the coasts of Brazil, 
Peru, Horth Africa, and many other regions which happen 
to lie between other regions whose temperatures, and 
therefore pressures, differ markedly from each other at 
different times of the year. 

These are the chief prevailing winds of the globe when 
the differences of the normal atmospheric pressure are such 
as to cause a decided and steady movement of the atmo- 
sphere over a large portion of the earth’s surface, resulting 
in well-marked prevailing winds. But there are other 
rands which are greatly influenced by local causes, such as 
the nature of the ground, whether covered with vegetation 
or bare ; the physical configuration of the surface, whether 
level or mountainous ; and the vicinity of extensive sheets 
of fresh or salt -water. An important characteristic of 
winds in their practical relations to climate is their 
quality, — they being warm or cold, dry or moist, according 
to their direction and the nature of the earth’s surface 
over which they have just passed. Thus in the northern 
hemisphere southerly winds are -warm and moist, while 
northerly rands are cold and dry. In Europe south- 
westerly rands are moist and easterly -winds dry, while in 
"the Hew England States and Canada north-easterly winds 
are cold and raw and north-westerly winds cold and dry. 

In particular regions certain meteorological conditions' 
occur at stated seasons intensifying these effects, resulting 
in excessive drought, heavy rains, intense or great heat, 
thus giving rise to the following among other well-known 
winds. The east -winds of the British Islands occur chiefly 
in spring, but also in a less degree in Hovember, being in 
the latter case often accompanied with fog. The winds 
here referred to are dry and parching, and their deleterious 
influence on the health' is seen, not merely in the discomfort 
and uneasiness they impart to the less robust of the popu- 
lation, but also in the largely increased mortality which 
they cause from consumption and all other diseases more 
-or less connected rath the nervous system. ^ In the 
countries bordering on the north of the Atlantic, atmo- 
spheric pressure reaches the annual maximum in May, and 
it is above the average during the other two spring months. 
In these months the normal pressure approaches nearer to 
what obtains farther south, and an examination of daily 
weather maps shows that this is due to the repeated 
occurrence in spring of very high pressures in the north of 


under which, it occurred were unusually 
low pressure over the ileditcrranean to southward (29-450 inches), 
whilst at the same time pressure rose steadily and rapidly on pro- 
ceeding northward to 30-905 inches in the north of Kussia. From 
this geographical distribution of the pressure, northerly winds swept 
southwards over Europe, carrying with them the low temperatures 
of the higher latitudes, and became still colder and drier on crossing 
the Alps before they made the descent on the shores of the ilediter- 
i-ancan. The cold tempestuous winds which descend from the Julian 
Alps and sw-eep over the Adriatic, and the dreaded “gregale” of 
Slalta, which is a dry cold north-east wind, are in their character 
and origin quite analogous to the mistral. 

The “northers,” or “nortes,” are peculiarly dry cold sti’ong winds 
which repeatedly occur from September to March in the States 
bordering on the Gulf of 3Ie.xico, and are perfectly analogous to the 
mistral. The conditions under w-hieh they occur are a pressure 
low-er than usual to the south or south-east over the Gulf of Me.xico, 
together with a pressure even higher than the high normal w-hich 
is so marked a feature of the meteorology of the Koeky Mountains 
during the colder months. "When, as most frequently happens, 
they occur in the wake of a storm, their disagreeable qualities ol 
e.xtreme dryness, cold, and violence are aU intensified. From a 
temperature of upwards of 80° experienced as the storm conies up 
the thexmometer rapidly falls to 18° or even lower ,- and, as the low 
temperature often occurs with a ivind blowing with great violence, 
the northers prove most deleterious. A violent wind with a tem- 
perature of 18° is altogether unknown in the British Islands. 

The “pampero ” is a strong, dry, cold wind which blow-s across the 
pampas of the Kiver Plate of South America, occurring at aU seasons, 
but most frMuently during the spring and summer from October to 
January. They are preceded by easterly winds, a falling pressure, 
a rising temperature, and increased moisture. A pampero is de- 
scribed by Dr D. Christison, and its appearance figured, in the 
Journal of the Scottish Meteorological Society, vol. v. p. 34-2, as seen 
advancing on the morning of Hovember 28, 1867, in central 
Uruguay. In the early morning the wind blew rather strongly 
from north-east, and by and by clouds w-ero seen moving very 
slowly from the west, throwing out long streamers eastw-ards. As 
they advanced, two dense and perfectly regular cloud-masses 
appeared in front, one behind the other, in close contact yet not 
intermingling, — the one being of a uniform leaden grey, -while the 
other was as black as the smoke of a steamer. On arriving over- 
head, the front, though slightly wavy in appearance, was seen to be 
quite straight in its general direction, and the bands were of uniform 
breadth. They rushed forward at great speed under the other 
clouds without uniting with them, preserving their foms unbroken, 
being borne onw-ard by an apparently irresistible force, as if com- 
posed of some solid material rather than vapour. They extended 
probably 50 miles in length, but as they took only a few minutes 
to pass their breadth was not great, and they appeared to diminish 
to mere lines in the distant horizon. At the instant the first cloud- 
band arrived overhead, the w-ind chopped round from north-east to 
north and then to south-west ; a strong cold blast at the same time 
seemed to fall from the leaden cloud, and continued to blow- till 
both bands had passed. Ho rain or thunder occurred at this time, 
but in the 'confused rabble of clouds which follow-ed low thunder 
continued to roll, and in a quarter of an hour rain fell, and for some 
hours thereafter wind, rain, and thunder continued, but only to a 
moderate degree. Tlie low temperature and lismg barometer and 
change of wdnd are the constant and most striking characteristics 
of the pampero. On one occasion the temperature fell 44 m fo'ir- 
teen hours, and on another occasion the fall was only 4 . Kain is 
a usual accompaniment, but on rare occasions the pampero passes oh 
and no rain falls. 
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Rainfall.— Wk'MQ'iQi tends to lower the temperature of 
the air below the dew-point is a cause of rain. It is there- 
fore to the winds we must chiefly look for an explanation 
of the rainfall, and the broad principles of the connexion 
may be stated to be these five (1) when the ivinds have 
previously traversed a considerable extent of ocean, the 
rainfall is moderately large ; (2) if the winds advance at 
the same time into colder regions, the rainfall is largel}'’. 
increased, because the temperature is sooner reduced below 
the point of saturation j (3) if the winds, though arriving 
from the ocean, have not traversed a considerable extent of 
it, the rainfall is not large; (4) if the winds, even though 
having traversed a large extent of ocean, yet on arriving 
at the land proceed into lower latitudes or regions markedly 
warmer, the rainfall is small or nil ; (5) if a range of 
mountains lies across the onward path of the winds, the 
rainfall is largely increased on the side facing the winds, 
and reduced over the regions on the other side of the 
range. The reason here is that, the air on the windward 
side of the ridge being suddenly raised to a greater 
height in crossing the range, the temperature is further 
reduced by mere expansion, and a more copious precipita- 
tion is the result ; whereas on the leeward side as the air 
descends to lower levels it becomes gradually drier, and 
accordingly the rainfall rapidly « diminishes with the 
descent. 

"We have drawn attention to the diminished velocity of the wind 
over land as compared ndth the open sea (p. 125). From this it 
follows that an envelope of stiller air or air of less velocity than 
that of the prevailing wind htooda over the land, and by its 
presence forces the prevailing wind to a greater height, thus tending 
to increase the rainfall. If the foresiiore rises within a few miles 
to a height of 200 or 300 feet, the result is very striking when the 
wind from the sea blows straight upon it. Thus at Spittal, near 
Berwick, on September 1877, a N.E. wind blew straight ashore at 
an estimated velocity of 25 miles an hour. To eastward the sky 
was singularly clear down to the horizou, but to westward aU the 
country beyond a milo from the shore was enveloped in what 
appeared a dense mist or fog. About 15“ to eastward of the zenith 
of an observer on the shore, the thinnest rack of cloudlets was seen 
emerging without intermission from the deep stainless blue of the 
sky, which as they drifted landward increased so rapidly in volume 
and density that the zenith was three-fourths covered with clouds. 
A similar phenomenon was seen in September 1879 on board the 
Orkney steamer at the magnificent clitf of Hoy Island, Orkney. 
A heavy storm had just cleared away, and a strong W.FT. W. wind 
was blowing right against the cliff. The sky was absolutely cloud- 
less all round, except the upper 300 feet of Hoy Hill, 1570 feet high, 
which was enveloped in a thick mist that stretched away to wind- 
ward, some distance to westward of the steamer’s course, which 
was about 2 miles from land. The western termination of the 
cloud was the thinnest rack of cloud, which emerged unceasingly 
from the blue sky at a distance not less than 4 miles to wind- 
ward of the cliff. The constituent parts of the cloud itself were in 
rapid motion eastward, but, owing to the fresh accessions it was 
constantly receiving, the cloud itself appeared stationary. Tims 
the wind was forced upward into the atmosphere for some consider- 
able distance to windward of the ridge lying across its path. 

It is this dragging effect of the land on the wind, and the con- 
sequences which result from it, that explain how it is that during 
storms of -wind and rain from the north-east the rainfall over the 
foreshores of the Fii-th of Forth, the Moray Firth, and thg Pentland 
Firth Poking to the north-east is so much in excess as compared 
with the rest of Scotland. The same principle explains the heavy 
ramfaU in plains at some distance from the range of hills lying 
across tae wind’s patli and on tlie side of the rain-Dringing winds. 

Tor short intervals of time the heaviest rainfalls occur 
with tornadoes, waterspouts, and some other forms of the 
whirlwind, the reason being that not only is there rapid 
expansion due to the rapid ascent of the air, but also great 
rarefaction is produced by the extreme velocity of the 
aerial gyrations round the axis of the tornado. On August 
1, 1846, 3T2 inches of rain fell at Camberwell, London, 
in two hours and seventeen minutes. Of heavy falls 
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6-00 inches at Tongue, September 7, 1870: 5-36 
inches m Monmouthshire, July 14, 1875 ; 6-62 inches at 


Seathwaite, Cumberland, November 27, 1848; and 7T2 
inches at Drishaig, Argyllshire, December 7 to 8, 1863. 
But it is in lower latitudes that the heaviest single showers 
have been recorded. The following are among the most 
remarkable : — at Joyeuse, France, 31 T7 inches in twenty- 
two hours; at Genoa, 30-00 inches in twenty-four hours; at 
Gibraltar, 33-OOinclies in twenty-six hours; on the hills above 
Bombay, 24-00 inches in one night; and on the Ehasi 
Hills, India, 30-00 inches on each of five successive days. 

As regards the ocean, there are no available data from 
Avhich an estimate could be formed as to the amount 
of the rainfall, since the rainfall statistics of the ocean 
must he regarded as giving hardly anything more than 
the comparative frequency of the fall. It is, how-ever, 
certain that the equatorial belt of calms in tL Atlantic 
and Pacific between the trades is the region .where the ocean 
rainfall reaches the maximum, and the parts of these 
oceans are the rainiest which are the longest -ivithin the 
belt of calms as it shifts its position northward and south- 
Avard with season. While the cloud-screen is undoubtedly 
dense, and the rainfall frequent and heavy, the careful 
observations of the “ Challeng'er ” and “Novara” show 
that the statements generally made as to these points are 
greatly exaggerated. 

In the regions of the trades the rainfall is everywhere 
smn.ll over the open sea, seeing that the trade-Avinds are 
essentially an outfloAv from anticyclonic regions, and their 
original dryness is to a large extent maintained because 
their course is directed into regions Avhich become con- 
stantly Avarmer. Thus at Ascension, lat. 8° 45' S., Avhich 
is throughout the Avhole year Avithin the S.E. trades, the 
mean rainfall for the tAVO years 1854-55 aa-us only 8-85 
inches. ' At St Helena, Avhich lies constantly Avithin the 
same trades, five years give a mean rainfall of 5-36 inches 
on the coast; but in the same island at a height of 1763 
feet the annual amount rises to 23-98 inches. Malden 
Island and some other islands in the Pacific, about long. 
150° W.f and for some distance on each side of the equator, 
have been pointed to by Scott as practically almost rain- 
less, as is shoAvn by tbeir containing extensive ^ano 
deposits. These islands are situated someAvhat similarly 
to Ascension Avith respect to the zone of calms. In 
Mauritius the annual rainfall on a mean of four years 
was 30 inches at Gros Cailloux, but at Cluny, only 16 
miles distant, for the same four years it Avas 146 inches; 
in regard to Avhich Meldrum remarks that at Cluny, Avhich 
is in the vicinity of mountains and forests, in the south- 
east of the island, and thus, directly exposed to the trade- 
Aviud as it arrives from the sea, the rainfall in almost any 
month is from four to six times greater than at Gros 
Cailloux on the north-Avest coast, Avhere neither mountain 
nor forest exists, and Avhere the S.E. trade arriA-es con- 
siderably drained of its moisture. 

From Avhat has been said it is evident that the heaviest 
rains Avill be brought by the Avinds which have traversed 
the greatest extent of ocean Asdthin the tropics, and AA'hich 
accordingly of all ocean winds have the highest temperature 
and humidity. These conditions are most completely 
fulfilled during the summer months of the northern 
hemisphere by the Avinds Avhich, commencing from near 
lat. 30° S., bloAV home on southern Asia as the Aveli-knoAvn 
S.W. monsoon of these regions. Accordingly it is by the 
Avinds of this monsoon that a larger rainfall is distributed 
over a larger portion of the earth’s surface than occurs 
anywhere else in any season; and this large rainfall is 
in many regions still farther greatly increased by the 
mountain ranges Avhieh lie across the path of the rain- 
bringing Avinds. 

It is on these winds that the rainfall of India chiefly 
depends. Along the Avhole of the west coast from th& 
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Gulf of Cambay southward, and on the Western Ghats, 
the rainfall is excessive. The following are some of the 
more interesting annual means in inches beginning \vith 
Bombay and proceeding southwards : — ^Bombay, 74 ; 
Matheram, 247 ; Mahabaleshwar, 252 ; Eatnaghi, 104 • 
Baura, 255 j Goa, 102; Karwar, 115; Honawar, 139; 
Mangalore, 134; Cannanore, 132; Calicut, 116; and 
Cochin, 114. In the west of Ceylon the rainfall is also 
heavy, being at Colombo 87, at Galle 91, and at 
Eatnapura, at some distance inland among the hiUs, 149. 
Since the S.W. monsoon is drained of much of its 
moisture in crossing these mountains, a greatly diminished 
rainfall is distributed over the interior and east side of 
India, and on the eastern slopes of Ceylon. 

If now we cross to the eastern shores of the Bay of 
Bengal, Ave again encounter an excessive rainfall along these 
coasts and up the slopes of the mountains looking down on 
them. Thus from south northivard the folloAving are 
among the more characteristic rainfalls in inches : — 
hTancowry, 102; Port Blair, 116; Mergui, 152; Tavoy, 
196 ; Manlmain, 189 ; Eangoon, 100 ; Bassein, 98 ; 
SandoAvay, 212 ; Akyab, 198 ; and Chittagong 104. On 
the other hand, at Thyetmio, inland on the Irawadi, the 
annual rainfall is only 48 inches. 

We have shoAvn how, in accordance with the peculiar 
distribution of pressure in India in summer, the monsoon 
is diverted up the valley of the Ganges as an E.S.E. wind, 
distributing on its Avay, even to the head of the valley, in 
a generous rainfall the moisture it has brought from the 
Indian Ocean and the Bay of Bengal. ' The rainfall does 
not extend farther westward than the basin of the Ganges, 
and the precipitation is most copious along the loAver 
Himalayas, the largest falls being recorded at heights 
about 4000 feet, — being, as pointed out by Hill, near the 
level at Avhich the summer monsoon is cooled just below 
its dew-point. The folloiving are some of the larger rain- 
falls in inches, beginning Avith the more Avestern: — Mus- 
sooree, 95 ; Naini Tal, 92 ; Khatraandu, 57 ; Darjiling, 
121 ; Kurseong, 154; Buxa, 219; Kuch Behar, 131. 

The rainfall is very large in the north-east angle of the 
Bay of Bengal and thence northAvards toAvards Bhutan, or 
at the angle Avhere the summer monsoon from the bay 
curves round to a Avesterly course on its Avay up the 
Ganges. Thus at Hoakhally, on the coast, it amounts in 
inches to 109 ; at Tura, on the Brahmaputra, immediately 
to Avest of the Garo Hills, 129 ; at Silchar and Sylhet to 
eastAvard, 117 and 155; AA'hilst at Cherrapunji, on the 
Khasi Hills, it rises to 493-19 inches on a mean of tAventy- 
four years. This last rainfall is the largest knoAATi on the 
globe, the causes of Avhich are the highly saturated state 
of the monsoon on its arrival at the loAver Ganges, the 
high mountain range of Burmah to eastAvard of Bengal, 
Avhich turns the monsoon to the north, and the protrusion 
AvestAvards of the Khasi and Garo Hills so as to lie in the 
line of that branch of the monsoon Av'hich passes from the 
loAver Ganges into the basin of the Brahmaputra above 
Goalpara. The consequence is that the highly saturated 
air of the monsoon in its passage across the Khasi Hills is 
suddenly raised to a height of about 6000 feet, and being 
thereby reduced far beloAv the point of satm-ation the 
superabundant moisture is precipitated in unequalled 
deluges of rain. The amount of the annual rainfall at all 
these places is determined, essentially if not altogether, by 
the i-ains of the summer monsoOn, the relative intensity of 
AA'hich over India may be taken to be fairly represented by 
the rainfall of July. 

The rains Avhich accompany the KT.E. monsoon of the 
Avinter months may be represented by the rainfall for 
January. These are heaviest in Ceylon, especially on its 
east slopes, and in southern India, or where the H.E. 
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monsoon arrives alter having traversed a large extent of 
ocean. The faU for the month exceeds 6 inles ovS a 
large portion of the east coast, whilst at Colombo in the 
we^ the rainfall is only half that amount, and farther north 
at Pattalum the January rainfall is only 1-82 inches. In 
southern India the amount varies from about 1 to 2 inches 
Blanford pointed out in 1873 {Fhil. Trans., vol. cbdA-. p.' 
618) that, AvhUe the surface Avinds of northern India in aaIu- 
ter are northerly, on the Himalayas, especially the north- 
AA-est portion, southerly Avinds preA-ail dm-ing the cold months. 
It is these upper southerly AA-inds Avhich bring the winter 
rains to the Punjab, Upper India, and the highlands of 
Assam. It is further to be noted that AA-inter rains also 
occur in Central India, AA'here the prevailing sm-face Avinds 
are from east and north-east. The mean rainfall of January 
at aiussooree is 2-00 inches and at Haini Tal 2-86 inches, 
and in Assam, at Sibsagar, 1-13 inch. Oa'ci- a large tract 
of the east side of southern India from Hellore southAvard, 
including Ceylon, the maximum rainfall for the year occurs 
in the months of October and HoA-ember. 

Rainfall of the Malay ArcJtijjelago and Australia. — Under the 
direction of the late Dr Bergsma, systematic ohserA-ations of the 
rainfall of the Jlalay archipelago AA-ere begun in 1879, the number 
of stations being 150. The results of the first three years shoAV that 
tho mean annual rainfall over the archipelago A-aries from about 60 
inches in Timor to upAvards of 200 inches at some spots among the 
western slopes of Sumatra. But tlie most important feature in the 
i-aiufaU in its relations to climate is not the absolute amormt that 
falls annually, but inther the manner of its distribution through 
tho months of the year. Over tho greater number of tho islanils 
i-iiin falls copiously every month; but as regards some of the islands 
tho year is divided into dry and Avet seasons as marked as aro seen 
in the climates of India. The key to this essential difference among 
the climates is tho distribution of atmospheric pressure during the 
months of tho year from south-eastern Asia to Austr-alia, Avith the 
resulting prevaUiug Avinds. During the AA-inter mouths atmospheric 
pressure is high in south-eastern Asia and Ioav in the interior of 
Australia, the difference being about three-quarters of an inch. 
Since betAveen these tAvo regions tho faU in tlio mean pressure is 
practically uninterrupted, the Malay archipelago Ij-ing betAveen 
them is sAvept by northerly Avinds (fig. ll). As these Avinds have 
traversed a great breadth of ocean in their course, they arrh-e in a 
higldy saturated state, and consequently deposit a copious rainfall, 
particularly on tho northern slopes of the higher islands. Hence 
in these months tho rainfall over tho islands Avithout exception is 
large, the mean monthly amount being in many cases more than 30 
inches. These Aviuds continue their course to southAvard toAvards the 
loAV-pressAire region in the interior of Australia, and deposit along the 
north coasts of that continent a monthU rainfall rising generally' 
to from 11 to 20 inches. On advancing into the interior, tlie mean 
amount gradually diminishes at the successive telegraphic stations 
to 3-50 inches at Alice Springs near the tropic of Capricorn. The 
amount of the rainfall for any particular year, and tho distance from 
the coast to AA-hich tho rains penetrate inland, depend essentially on 
the height of the Avinter pressm-e of south-eastern Asia as compared 
Avith tho loAv mean pressure of central Australia, by- Avhich the 
strength of tho northerly monsoon is regulated. 

On the other hand, during the summer of the northern hemisphere 
pressure is high iu the interior of Australia and Ioav in China, the 
mean dillerence being about half an inch. BetAveen the tAvo regions 
the fall in the mean pressure is continuous and uiiinterrupted, and 
as a consequence southerly AA-iuds prevail oA-erthe inteivening archi- 
pelago. These Avinds, as they- advance from the continent into loAver 
latitudes, aro absolutely rainless in tho north of Australia, and over 
Timor and tho other Malay islands Avhich aro separated from 
Australia only by a comparatively narrow belt of sea. During the 
three years no rain AA-hatever- fell iu Timor in July and August, and 
the fall in June, September, and October was small. As, however, 
the AA-iuds pursue their course to northAA-ai'd, they eagerly lick up 
moisture from the sea, so that by the time they arrive at Amboyna 
they Inwe become so saturated that the monthly’’ rainfall there rises 
to nearly 30 inches. Again .at soma distance to the Avest of Timor 
rain falls more or less regularly every month, tho amount 
iim in proportion to the extent of ocean tr.aA'ersed by the S.i- 
winds, AA-hich aclA-ance.toAA-ards these islands from the direction of 
Australia. These marked differences among tho climates of tho 
Malay archipelago, which, since they really depend on the geo- 
<»rapliical distribution of land and sea of this part of the globe, must 
be regarded as permanent differences, h.aA-o played no mconspicuous 
part iu the singular distribution of animal and vegetable ulo Avmcu. 
characterizes the archipelago. 
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111 July tliQ prevailing wind in West Australia is H.AV., and the 
rainfall reaches the maximum for the year, whereas in January the 
wind is S.E., and the rainfall is the minimum. Similarly in 
January since the winds of the southern half of South Australia and 
Yictoria are from the south, and thus blow towards warmer regions, 
the rainfall is either at the annual minimum, or it is small. But 
on roundmg the coast and proceeding northward, the wind becomes 
E., then N.E., and ultimately K in the north of Queensland. 
With this prevalence of oceanic and equatorial winds, the rainfall 
at this time of the year rapidly rises over the whole of the eastern 
slopes, till at Cape York it is about 20 inches. In the ba.sins of the 
Murray and Darling rivers, which are shut off from the east by the 
mountain ranges of hfow South Wales, the rainfall is only about an 
inch and a half. On the other hand, to south of the latitude of 
Sydney, including Tasmania, the maximum rainfall occurs in winter 
over those regions which slope south towards the sea. On crossing 
the mountain range of Victoria into the basin of the Jlurray river, 
the rainfall rapidly diminishes. In the north of Hew Zealand the 
winter rainfall is the heaviest ; but farther south, where westerly 
winds prevail with some steadiness through the year, the rainfall is 
more equally distributed through the months ; and, as the prevailing 
winds are westerly, the heaviest rainfall is in the west of the islands. 
Thus at Hokitika in the west near sea-level, and not far from a lofty 
range of moiuitains to the east, the annual amount reaches 120 
inc&s, and at Bealey inland at a height of 2101 feet it is 106 
inches. At Wellington the annual rainfall is 52 inches, at 
Southland 46, at Dunedin 34, and at Christchurch 25, thus 
showing, in the rainfall of the two sides of the island, extremes 
nearly as great as in Scotland. 

Rainfall of Europe . — ^As regards rainfall, Europe may be 
conveniently divided into two distinct regions, — western and 
northern Europe, extending in a modified degree through 
the interior of the continent into Siberia, and the countries 
bordering on the Mediterranean. A vast ocean on the one 
hand, a great continent on the other, and a predominance 
of westerly winds are the determining circumstances in the 
distribution of the rainfall over western Europe. Hence 
the rainiest regions are to be found in the west, where 
mountain ranges stretch north and south. The auuual 
rainfall e.xceeds 80 inches over a considerable district, 
including the greater part of Skye and portions of the 
counties of Inverness and Argyll to the south-east, in the 
lake district of England, and in the more mountainous 
parts of Horth Wales, — these three districts being the 
wettest in Europe. As Ireland presents no continuous 
range of mountains opposing the westerly wdnds of the 
Atlantic, no Irish rain-gauge shows a mean rainfall of 80 
inches. A point of some interest is suggested by the rain- 
fall of the counties of Kirkcudbright and Dumfries in 
Scotland. These counties o2er to the westerly winds a 
series of valleys sloping south to the Solway Firth, which 
show successively a diminished rainfall on advancing east- 
ward till at several places in Nithsdale and Annandale it 
does not exceed 40 inches. But in Eskdale, farther to the 
east, the rainfall instead of falling increases to about 60 
inches. The reason is that the westerly vvinds are 
obstructed in their onward course by the range of hills by 
which Eskdale is hounded on the east, in surmounting 
which the winds are much reduced in temperature, and their 
superabundant moisture falls in copious rains immediately 
to westward of the ridge. The cause of the larger rainfall 
of Eskdale is thus analogous to that of the large rainfall 
of the coast in the north-east of the Bay of Bengal 
immediately under the Assam range of mountains. In 
England the largest annnal • rainfall is 146 inches at Sea- 
thwaite in the Lake district, in Scotland 128 inches at 
Glencroe in Argyll, whilst in Ireland the largest is only 
76 inches. The driest part of the British Islands is an 
■ extensive district to south-south-west of the Wash, with a 
rainfall of about 21 inches. A large extent of England, 
and all the more important agricultural districts in Scotland, 
have a rainfall under 30 inches : the greater part of 
England, and nearly the half of Scotland, have a rainfall not 
exceeding 40 inches ; but in Ireland it is isolated patches 
only that show a rainfall less than 40 inches. 
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In the west of Norway the rainfall in inches is 72 at 
Bergen, 51 at Aalesund, 46 at the Naze and in the Lofoten 
Isles, falling to 10 at the North Cape. At Christiania, 
Upsala, and a large part of the east of Scandinavia the 
rainfall is about 21 inches, falling to 16 inches on the 
north coast of the Gulf of Bothnia, In Kussia and Siberia 
it rises only at a few places to 20 inches, several districts 
of this extensive region having an annual rainfall of 10, 5, 
3, or even 2 inches. The rainfall of Spain presents great 
extremes — from 68 inches at Santiago to 13 inches at 
Saragossa. In France and the plains of Germany the 
average varies from 35 to 20 inches, but in mountainous 
regions these figures are greatly exceeded, rising through 
all gradations to upwards of 100 inches at some points in 
the Alps. 

An important distinction between the manner of distri- 
bution of the rainfall in the west of Europe and at more 
inland places is that the greater part of the annual quantity 
of the west falls in winter, whilst in the interior the 
amount in summer is greater than in winter. The rainfall 
of January and July shows this in a very forcible 
manner. The summer climates of the extreme south 
of Europe and North Africa are rainless, and over exten- 
sive regions in the south of Europe adjoining the July 
rainfall does not amount to an inch. Over these diy 
regions the prevailing winds of summer are northerly, and 
hence the drought which characterizes them. On the other 
hand, the rainfall in the interior of the continent is large. 
In January the ma.ximum rainfall occurs on the mountains 
and high grounds overlooking the Atlantic, and the 
minimum on the plains of Russia. 

Owing to the way in which Europe is broken up by the 
seas which diversify its surface, the time of the year when 
the rain attains the maximum differs greatly in different 
regions. This phase of the rainfall occurs, indeed, accord- 
ing to locality, in all months except February, March, and 
April. The month of occurrence of the annual maximum 
rainfall over Europe is sho\vn by fig. IS. ' A similar map 



Fig. 18. Slio wng Montli of Maximum Eainfall iu Europe. 

representing the month of least rainfall shows still greater 
uniformity in a regular succession of the months in passing 
from region to region. Thus the month of least rainfall is 
January on the lower Volga, February in western Russia and 
the greater part of central Europe, March in the north of 
France and south of Great Britain, April farther to the north. 
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May in Scotland north of the Grampians, June in Orkney, 
Shetland, Iceland, the west of Ireland, and the north-west 
of France, and July over the whole of the south of Europe. 
The driest month occurs nowhere in Europe in any of the 
five months from August to December. 

Ilainfall of North Avvcrica. — West of the Rocky ilountains the 
rainfall is very unequally distributed, the annual amounts vaiying 
froin_86 inches at Astoria, near the mouth of the Columbia riven 
to 8 inches at San Diego on the coast, and 3 inches at the head of 
the Gulf of California. Over the whole of the region between the 
Cascade and Rocky ilountains the rainfall at all seasons is e.xtremely 
small, this being indeed that feature in the climate to which the 
formation of the canons of that region is chiefly to be referred. On 
the other hand, in the United States and Canada to east of long, 100” 
W. the distinguishing feature of the rainfall is the comparative 
equableness of its distribution, an annual rainfall exceeding 50 
inches occurring only over restricted districts, and a rainfall as low 
as 20 inches being scarcely met with anywhere. The regions where 
the rainfall exceeds 50 inches arc Florida, the lower biisin of the 
Jlississipni, and the Atlantic seaboards of Nova Scotia and New- 
foundlanu. 

In January the annual maximum rainfall occurs over the whole 
of the west coast from Sitka to lower California; but in the 
interior between long. 120° and 95° W. the amount is everywhere 
sm.all, and over a considerable part in the south-west of this region 
no rain falls. The region of largest rainfall extends from Louisiana 
to West Virginia, where the mean varies from 4 to G inches. Over 
nearly the whole of the Dominion of Canada, by much the greater 
part of the winter precipitation is in the form of snow, which has 
been carefully measured and recorded by the Meteorological Ser- 
vice. The average snowfall for January exceeds 30 inches at St 
John's, Newfoundland, in Anticosti, Prince Edward Island, and 
in many other regions. 

In July the rainfall is everywhere small in the west, a large 
part of this extensive region being absolutely rainIc.S3, The 
remarkable dryness of the climate at tliis season is duo to the N. W. 
winds that set in towards the low pressure of the interior, which 
thus blow towards warmer regions. The rainfall to the east of the 
Rocky ilountains is distributed by the^winds which arc connected 
with tlio low-pressure region of the interior and with the high- 
pressure region of the Atlantic. The result Ls two regions of larger 
minfall, the one in the south-east of the States and the other to the 
west of the lakes. Tlie summer winds of the south-eastern coasts are 
southerly, and as they are anticyclonic in their origin and have in 
their course traversed some extent of ocean, they arrive well- but not 
super-saturated, and pour down a rainfall in July of 6 inches and 
upwards along the coasts and for some distance inland from Louisi- 
ana to Chesapeake Bay. Further, since in July these winds attain 
their maximum force and persistency, the rainfall at the same 
time reaches the maximum along the whole coast from Boston to 
some distance west of New Orleans. Since the summer winds blow 
in the line of the Alleghany mountains and not across them, the 
rainfall diminishes in ascending their slopes. The comparative 
eq\iablencBS of the rainfall over the eastern States is the necessary 
result of the winds’ passing into higher latitudes, and, therefore, 

- cooler regions. A broad region where the rainfall is less than on 
each side of it, extends from Slichigan to the south-west as far .as 
Canadian River. To the west of the lakes the rainfall rises above 
4 inches, and, since over this region the winds become somewhat 
easterly as they flow towards the low-pressure area, it is prob.able 
that the larger rainfall of this prairie region has its origin in no 
small degree in the evaporation of the lake.s. On ascending the 
higher reaches of the Mississippi, the amount diminishes, but 
scarcely falls lower than 2 inches, being thus analogous to the 
summer rains of the Upper Ganges. On crossing the water-parting 
into the basin which drains into Hudson Bay, we encounter B. and 
N.E. winds laden with vapour licked up in their passage over Hud- 
son’s Bay, which they distribute in a generous rainfall of probably 
3 to 5 inches over the rising colonics of Manitoba aim Saskat- 
chewan. An important point in the climate of the States is that 
over nearly the whole of the extensive region stretching between 
Alleglianies and Rocky Moiintain.s, excejit the south coMt already 
referred to, the annual maximum rainfall does not occur in summer 
but in spring, the month of largest rainfall in the great majority 
of cases being Jlay. In the basin of Hudson’s B.ay July- is the 
month of large.st r.ainfall. 

liainfall of Central and South //ntcnca.— The following are, in 
inches, the larger and more interesting annual rainfalls round the 
coasts: — Vera Cruz, 182; Belize, 75; Maracaibo, 163; Caracas, 
165; Georgetown, 95; P.aramaribo, 142; Cayenne, 140; Para, 71; 
Pernambuco, 109; Buenos Ayres, 34; Bahia Blanca, 19; Puerto 
Montt, 102; Valdivia, 109; Valparaiso, 100; Serena; 93; Lima, 
9 ; ami a largo jiart of Peru, nil. A- remarkable feature of the 
rainfall of South America is the large amounts that fall in the 
biLsins of tlic Orinoco anti Amazon ) tlic fall is 91 inches in tho 
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upper basin of the Madeira, and 112 inches at Yquitos (lat. 3° 40' 
S., lon,^. 72 57 W.). The rwson is that this immense re-don 
where pre^ure appears to bo almost constantly low, is open to the 
that blow from the cquatorial^Ulanti!! 
Quite diflcrent IS the distribution of tho rainfall over the La 
Plato basin. The annual falls, in inches, arc 92 at Joinvillo 58 
at Cornentes, 44 at Monte Video, 36 at Parana, 24 at Santiago. 
22 at San Luis, and only 6 at Mendoza. The fall rapidly rises in 
ascending the eastern slopes of the Brazil mountains facing the 
South Atlantic ; thus, while the amount at Rio Janeiro is 45 
inches, on tho hills to northward it is 116 inches. 

In January northerly winds prevail on the south coasts of the 
Gulf of Mexico and the Caribbean Sea, and as they have their 
origin in the high pressure of the American continent, and in 
cro.ssing tho sea pass into lower latitudes, tho January rainfall of 
these coasts is comparatively small. In July, however, the prevail- 
ing winds arc easterly, and as they have riaversed a large extent of 
the equatorial waters of the Atlantic they are highly saturated, 
and consequently the July rainfall of these coasts is evei^-where 
very large. The following are, in inches, the January and July 
rainfalls :—Caraca.s, I'OO and 14-04; Guatemala, 0-28 and 10-79; 
Vera Crux, 5-10 and 35-90. The seasonal distribution of tho 
rainfall in the basin of tho Amazon is the reverse of this. In 
January the position of the belt of calms is about lat. 3° N., and 
as pressure is relatively low over the basin of the Amazon, 
especially its southern slopes, tho trades and the west portion of 
the region of calms unitedly spread their highly saturated air over 
the whole region as far as the Andes, resulting in one of the most 
widespread heavy rainfalls anywhere to be met with. On the 
other hand, since in July the belt of calms is about lat. 10° N., 
the saturated atmosphere of tho tropical regions no longer flows ui) 
the Amazon, biit is carried westward into the Caribbean Seaand Gulf 
of Mexico. Hence at this season the rainfall of the Amazon valley 
is small. The following are, in inches, the January and July 
falls: — Para, 6-51 and 3-26; Manaos, 7-33 and 1-82; upper 
Madeira, 15-90 and 0-30 ; and Yquitos, 10-24 and 4-28. On tho 
La Plato in Janu.iry pressure is low, and as winds consequently 
blow from the ocean in upon tho region of low pressure the rainfall 
is large ; but as pressure is high in the interior in July the rainfall 
in that month is small. The following are, in inches, the January 
and July rainfalls: — Buenos Ayres, 2-37 and 1-70; Parana, 4-63 
and 1-32; Corrientes, 5-24 and 2-67; Joinville, 14-26 and 3-55; 
and San Luis, 2-63 and 0-00, 

Rainfall of Africa. — As regards tho rainfall, Afriea presents the 
greatest diversity in its climates. The following are tho annual 
amounts in inches at various points on or near tho coast :— Port 
S.-iid, 2; Alexandria, 8; Tunis, 12; Algiers 31; Oran, 17; Mogador, 
50; mouth of tho Sencg.al, 17; Goree, 21; Sierra Leone, 126 
Christiansborg, 23; St ’I'liomas, 40; Gaboon, 106; Loanda, 11 
Cape Town, 23; Mosscl Bay, 12; Port Elizabeth, 24; Durban, 43 
Zanzibar, 58; and mouth of tho Zambezi, 61. In the north of the 
continent, the rainfall rapidly diminishes inland, and over the great 
desert of Sahara practically none falls. In the interior of Algiers 
it diminislics, tho amount at Laghouat being 17 inches, and at 
Biskra 9, In Egypt the rainfall is limited to a narrow strip along 
the coast ; at Cairo the annual fall scarcely amounts to an inch. 
The January and July rainfalls are, in inches, as follows : — Port 
Said, 0*46 and Q-QO; Alexandria, 1-95 and 0-20; Algiers, 4-43 and 
0-04; Biskra, 0-56 and 0-03; St Louis (Senegal), 0-28 and 3-00; 
Goree, 0-00 and 4-06; Sierra Leone, 0-69 and 24-20; Christiansborg, 
0-50 and 2-00; Katunga, 0-11 and 4-76; Gaboon, 9-35 and 0-48; 
Cape Town, 0-28 and 3-83; Durban, 5-00 .and 1-70; Pretoria, C-07 
and 0-71; and Zanzibar, 2-02 and 2-36. At Zanzibar the heaviest 
rains occur about the cquino-xes, the mean for April being 14-55 
inches, and for October 6-80 inches. 

In the case of this, as the other continents, the explanation of the 
different amounts is to bo had in the seasonal changes of wind. In 
the north tho winter rains are to a very large extent the accom- 
paniment of the Mediterranean storms of that season, but in summer 
pre.s3uro is diminished in the interior and incre.ased in the Atlantic 
to the north- w-est, resulting in strong steady northerly winds, which 
as they advance into hotter regions arc unaccompaiiied ivith rain. 
The heavy summer rains from Senegambia to the Gold Coast are 
due to tho strong monsoonal winds which set in towards the 
interior, thus drawing over these coasts the highly saturated air of 
the bolt of calms and of tho trades immediately to the north and 
south of it. Since in winter the belt of calms is removed S of 
latitude farther to the south, and the temperature of the interior is 
"reatly reduced, it follows that the winds blowing on these coasts 
from the sea are drier and less .strong, and consequently tlie rainfall 
is small. At Sierre Leone the absolutely driest month is February, 
0-31 inch, and the wettest September, 29-15 inche.s. On the other 
hand, at Gaboon (lat. 0°25'N.) tho dry season is from June to 
Aumist, when the belt of calms is farthest to the north ; and uic 
absolutely rainiest about the equinoxes, the mean of March neing 
14-70 inches and October 19-52 inche.s. At Loanda (lat. 8 'fJ «.) 
the annual amount is only a tenth of what falls at Gaboon, and it 
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falls wliollj’ during the summer months of the southern hemisphere. 
In South Africa pressure in January is lowest in the interior, 
towards which prevailing winds from the ocean blow, mid as these 
advance into regions becoming rapidly hotter the rainfall all round 
the coast and for some distance inlandfalls to the annual minimum. 
But in more strictly inland distracts rAich are at a considerable 
elevation the rainfall reaches the maximum at the same season. 
Thus the amounts in inches for Januarj' and July are — lor Pretoria, 
6-07 and 0-71; Maritzburg, 4-23 and 0'21; Graham’s Town, 2-89 
and 1-51; Lower Nel’s Poort, 1-33 and 0-49; and Aliwal North, 
1-55 and O’OO. In the winter months pressure in the interior is 
high, and the rainfall consequently small. Though on the coast 
winds from the arid interior frequentl)[ jrrevail, yet the storms that 
sweep eastward past South Africa precipitate over large portions of 
the southern slopes of this part of the globe what must in the main 
be regarded as a generous rainfall. It follows that the climates of 
these important colonies range themselves into two perfectly dis- 
tinct classes,— the climates of the inland regions, and the Natal 
coast, where the rains occur during the hottest months, and the 
climates of the other regions, where the annual rains occur during 
the coldest montlrs. Little is accurately known regarding the rain- 
fall of the interior of Africa. It is certain, however, that it is 
small, or nil, over the extensive region of the Sahara, and that it 
is large from about 15° N. lat. to some distance south of the 
equator. Probably the rainiest part of Africa is the region exterrd- 
ing from the Victoria Nyanza northwards to and including the 
gathering grounds of the two great tributaries of the Nile. 

Snow . — Snow takes the place of rain when the tempera- 
ture is sufficiently low to freeze the condensed moisture in 
the atmosphere. Snow is composed of crystals, either six- 
pointed stars or hexagonal plates, which exhibit the 
greatest variety of beautiful forms, one thousand dif- 
ferent kinds having been observed. These numerous forms 
Scoresby reduced to five principal varieties : — (1) thin 
plates, comprising several hundred forms of the most ex- 
quisite beauty j (2) a nucleus or plane figure, studded with 
needle-shaped crystals; (3) six-sided, more rarely three-sided, 
crystals ; (4) pyramids of six sides ; (5) prismatic crystals, 
having at the ends and middle thin plates perpendicular 
to their length. In the same snowfall the forms of the 
crystals are generally similar. The flakes vary from 0'07 
inch to an inch in diameter, the smallest occurring with 
low temperatures and the largest Avhen the temperature 
approaches 32°. If the temperature is a little higher, the 
snow-flakes are partially thawed in falling through it, and 
fall as sleet. The white colour of snow is caused by the 
combination of the different prismatic colours of the minute 
snow-crystals. The density of snow is far from uniform ; 
it is generally from ten to twelve times lighter than an 
equal bulk of water, but varies from eight to sixteen 
times lighter than water. 

The limit of the fall of snow near sea-level coincides 
roughly with the winter isothermal of 52°, since in places 
where the mean winter temperature is no higher than' 52° 
that of the air falls occasionally to 32° or lower during the 
winter months. As regards Europe, the southern limit is 
about Gibraltar; in North America it is Savannah, New 
Orleans, the mouth of theEio Grande, the head of the Gulf 
of California, and San Francisco. In Europe, north of lat. 
60°, snow falls generally on an average of from 80 to 110 
days in the year. At Upsala the number of days is 61, 
at Warsaw 45, Aberdeen 42, Oxford 18, Ostend 15, Brus- 
sels 27, Tarum (in the south-west of Jutland) 12, Copen- 
hagen 23, Vienna 33, Odessa 19, Sebastopol 12, Milan 
11) Trieste 6, Saragossa 5, Madrid 3, and Lisbon 1. 
In Greenland the number of days exceeds 80, and this 
figure is nearly reached in Newfoundland and the north- 
east seaboard of Nova Scotia. At Quebec the mean days 
of snow are 66, Halifax 64, Winnipeg 54, Detroit 34, 
Cape Henry 13, St Louis 11, mouth of the Columbia 
Elver 7, and Charleston, S.C., 2. In Eussia the time of 
the year when snow falls most frequently is December and 
Januarjq except in the south of the empire, where February 
is the month of the most frequent occurrence of snow. 
But to the north of a line drawn from the entrance of the 
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Gulf of Finland through Warsaw, Cracow, Salzburg, and 
Santiago March is the month of maximum occurrence in 
the great majority of instances ; while to the south of this, 
line it is January and in several cases December. 

The largest falls of snoAV occur in the Antarctic regions 
as is well attested by the magnificent icebergs o£ solidified 
snow which break off all round from the lofty wails of ice 
that engirdle the Southern Ocean. Excepting perhaps in the 
Dominion of Canada, no data have been anjrwhere collected 
from which even a rough estimate could be formed as to 
the mean annual amount of snow that falls in different 
parts of the globe. 

Snow-Line . — The snow-line marks the height below 
which all the snow that falls annually melts during summer. 
No general rule can be stated for this height in different 
climates owing to the many causes determining it. These 
are the exposure of mountain slope to the sun (and hence, 
other things being the same, it is higher on the south than 
on the north sides of mountains), exposure to the rain- 
bringing winds, the steepness of the mountains, and the 
degree of dryness of the air. Hence the position of the 
snow-Une can be known by observation only. It falls only 
little on either side of the equator to lat. 20° ; from lat. 
20° to 70° it falls equably, but from lat. 70° to 78° much 
more rapidly. To this general rule there are many excep- 
tions. It is 4000 feet higher on the north than the south 
side of the Himalayas, owing to the larger snowfall on the 
south, and the greater dryness of the climate of the north 
side, and therefore the greater evaporation from the snow 
there. It is higher in the interior of continents than near 
the coasts, because the precipitation is less and summer heat 
greater. In the Caucasus it is 11,063 feet high, but only 
8950 in the Pyrenees. In South America it rises from the 
equator to lat. 18°, and more on the w£st than on the east 
slopes of the Cordilleras, owing to the large precipitation on 
the east and small precipitation and arid climate of the west 
side of that chain of mountains. It is as high in lat. 33° 
S. as in 19° N., but south of that latitude it rapidly sinks- 
owing to the heavy rains brought by the moist N.W. 
•winds of these regions. In the south of Chili it is 3000' 
feet lower than in the same latitudes in Europe, and 6000' 
feet lower than in the extremely arid climates of the Eocky 
Mountains. 

Storms . — ^If weather charts representing a large part of 
the northern hemisphere be examined, two distinct systems 
of pressure are seen which change their forms and positions 
on the earth’s surface from day to day. The one- set are 
systems of low pressure marked off by concentric isobars- 
enclosing pressures successively lower tUl the centre is- 
approached ; and the other systems of high pressure 
marked off by concentric isobars enclosing pressures becom- 
ing successively higher towards the centre. The former of 
these are called cyclones, and the latter anticyclones. These 
areas of low pressure are the distinguishing characteristics 
of the hurricanes and typhoons of tropical ' regions, and of 
the ordinary storms of higher latitudes, and they may all 
be conveniently grouped under the general name of cyclones. 
Fig. 19 shows a storm which was passing across north- 
western Europe on the morning of November 2, 1863, and 
it may be taken as fairly representing the general features 
of cyclones. In the figure the arrows fly wth the wind, 
and the force of the ■wind is indicated by the number of 
feathers on the arrows. 

It wiU be seen that the ivinds indicate, not a circular 
movement round the centre of lowest pressure, but a 
vorticose motion inwards upon that centre, the motion 
being opposite to that of watch-hands. In other words, 
the ■wind follows Buys Ballot’s law, already explained. 
The winds are strongest where the isobars are closest 
together ; or they are generally proportioned to the “ baro- 
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metric gradient,” — a term introduced by Stevenson in 
1867. Cyclones have diametcco seldom less than 600, and 
they occasionally exceed 3000 miles; the cyclone of fig. 19 



British Islands. , , . ^ 

The chief points of difference between thehurncanes and 
typhoons of the tropics and the cyclones of higher latitudes 
are these: — ^troi^ical cyclones are of smaller dimensions, 
show steeper barometric gradients and therefore stronger 
winds, and advance at a slower rate over the earms 
surface. Another point of difference is that a large number 
of the hurricanes of the West Indies and the typhoons of 
eastern Asia first pursue a westerly course, whmh gradua y 
becomes north-westerly, and on arrivmg at about lat. du 
they recurve and thereafter pursue a course to north-eas^ 
rvards The tropical cyclones of the Indian Ocean south 
of the equator also first pursue a westerly comse, which 
gradually changes to south-west, and often on arriving about 


lat. 30° recurve to the south-east, llany of the cyclones of 
India have their origin to westwards of the Nicobar Islands, 
pursue a course to north-westward, and die out in the 
valley of the Ganges ; and, similarly, a considerable number 
of the cyclones of the West Indies pursue a westerly course 
through the Gulf of Ilexico, and several die out in the States. 

The most dreadful attendant on tropical cyclones is 
the storm-wave, caused by the in-blowing winds and the 
low pressure of the centre of the storm. "When this wave 
is unusually high and is hurled forward on a low-lying 
coast at high water it becomes one of the most destructive 
agents known. The Bakarganj cyclone of October 31, 
1876, ivas accompanied by a wave which flooded the low 
grounds to the east of the delta of the Ganges to heights 
varying from 10 to 45 feet, by w’hich more than 100,000 
human beings perished. 

Tracks of Cyclones of jffortli- America, Atlantic, and 
Europe. — ^In the Physical Atlas of the Atlantic Ocean, issued 
under the direction of Dr Neumayer of the Deutsche 
Seewarte, plate 28 shows by shadings the mean positions of 
the centres of cyclones and by lines their mean tracks. 
The followng are the regions where the lowest barometer 
of storms lias been most frequently found: — the region 
to wcat-south-west of the lakes of the United States ; the 
Gulf of St Lawrence ; mid- Atlantic about lat. 35° long. 52° ; 
to thesouth-weatof Greenland; to the south-west of Iceland, 
which is by far the most important of the whole ; to the 
south-west of the Lofoten Isles; the region embracing 
Denmark, the south of Scandinavia, and Finland : and, as 
secondary centres of frequency, the south of the British 
Islands, Corsica and part of Italy adjoining, and the north- 
east of the Adriatic. The great importance of these centres, 
w'here the lowest barometers are most frequently found, 
consists in the indication they give of the precise regions 
either where many storms originate or where they are 
either retarded or arrested in their course, _As regards the 
origin of storms, the centre west of the Mississippi is the 
region where most of the United States storms originate, 
the centre in the Gulf of St Lawrence is where many of the 
great Atlantic storms have their origin, and the centre* in 
mid-Atlantic and to the south-weot of Iceland are ^ the 
regions w'here the storms of north-western Europe chiefly 
originate. The centres on the south-west of Greenland, 
the°Lofoten Isles, Denmark, and the south of the British 
Islands, all appear to suggest that storms are retarded in 
their onward courses on coming up against large masses of 
laud, — which may, in part at least, be occasioned by the 
heavy rainfalls that mark these parts of their courses. 

Of all storm tracks the most frequently taken is that by 
the storms of the United States, which pursue an easterly 
course through the lakes to the Gulf of St Lawrenca A 
considerable number of storms follow a course from Nova 
Scotia to Davis Straits ; but the larger number take a 
north-easterly course through the Atlantic towards Iceland 
and thence past the north of Norway, f^ong the less 
frequent but important tracks are these : — from near New 
Orleans along the east coast of the States towards Nova 
Scotia ; from mid-Atlantic to south of Ireland and thence 
throuf'h France to the north of the Mediterranean; and 
from l;he Atlantic about lat. 42° long. 40° in a north- 
easterly course quite outside but at no great d^^tauce from 
the British Islands, and thence towar(L- the North Gape. 
Of the tracks more immediately affecting British weather 
are one from Iceland in a south-easterly direction through 
the North Sea and Germany, and four tracks wluch start 
from near Scilly:— (1) to the south-east as already desenbed 
(2) eastward through the north of Germany ; (3) 
to Christiania; and (4) north J f 

Hebrides. These are the storm tracks wMch chiefly give 
the United Kingdom its easterly and northerly ivinds. 
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The Inclination of Winds to the /soJars.— The vorticose 
motion of the winds in a cyclone towards and in upon the 
centre has been already pointed out. One of the more 
important practical problems of meteorology is the deter- 
mination of the angle of inclination of the winds to the 
isobars in the different segments of the cyclone, not only 
from the application of the results of the inquiry to the 
theory of storms bub also to practical navigation. The first 
real contribution to the subject, based on accurate measure- 
ments, was made by Clement Ley in 1873,^ ^rom the 
observations made at fifteen places in north-west Europe 
examined by him he showed that the "winds incline from 
districts of higher towards those of lower pressure at a 
mean angle of 20° 51'; that the inclination is much greater 
at inland than at rvell-exposed stations on the coast, the 
respective angles being 28° 53' and 12° 49' ; and that the 
greatest inclinations are with S.E. "^vinds. Then follow 
S,W,, KE,, and KW. "winds, the last 3ho"wing the least 
inclination, Whipple has recently compared the winds 
at Kew "with the barometric gradients for the five years 
ending 1879, with the result that the greatest inclination 
is 63° "with S.E, winds, the least 35° with N.JE. winds, and 
the mean for all winds 52°. 

As regards the open sea, Captain Toynbee has shown, 
from a careful investigation of the great Atlantic storm of 
August 24, 1873, that the mean angle of inclination 
calculated from one hundred and eight observations was 
29°, the mean at the three selected epochs examined 
varying from 25° to 31°. 

Barometric Gradient and Velocity of the Wind , — In 
inquiring into the relation of the velocity of the wind to 
the barometric gradient, it is necessary to have some 
definite information as to the increase of the velocity with 
height above the ground. Stevenson recently made 
observations on this point on "winds varying from. 2 to 44 
miles an hour from the surface up to a height of 50 feet, 
from which he has drawn the followng conclusions ; — (1) 
the spaces passed over in the same time by the wind 
increase with height above the ground; (2) the curves 
traced out by these variations of velocity from 15 to 50 
feet high coincide most nearly "\vith parabolas (fig. 20) 



Fig. 20. 

having their vertices in a horizontal line 7 2 feet below the 
sipface; (3) between 15 feet and the ground there is great 
disturbance of the currents, so that the symmetry of the 
curves is destroyed; (4) the parameters of these parabolas 
increase directly in tbe ratio of the squares of the velocities 
of the different gales. If a; be the velocity of the ivind 
^ Journal Scoilish Jtetcnrotogical Society^ vo], iv. p. 66. 


at height H above the ground, the parameter of the 
corresponding parabola is 72) ; and as x varies the 

parameter will vary as or as the square of the velocity 
of the gale. It follows that, to render "wind observations 
comparable, it is necessary that anemometers be placed at 
one uniform height above the ground, and that standard 
height not lower than 15 feet above the surface. It is 
very desirable that the inquiry were prosecuted up to a 
height of 100 feet ; and it is of the utmost importance that 
the variation in the diurnal velocity be at the same time 
determined at different heights from 15 feet upwards. 

Stevenson also made "ivind observations on the C'alton 
Hill, Arthur’s Seat, and the Pentland Hills, in the vicinity 
of Edinburgh, up to a height of 1600 feet above sea-level. 
It is from observations made at stations on knoUs and 
peaks at different heights above the sea, and at different 
heights above the surfaces of their summits, that the 
problem of the variation of the "wind’s velocity at different 
heights ivith the same barometric gradient can be ascer- 
tained. In carrying the inquiry to considerable heights, 
tbe results cease to be comparable "with those obtained 
at loiver levels, unless in those cases where neighbouring 
heights are available for data from which the barometric 
gradient at the observed height can - be calculated. The 
results of observations as to the velocity of atmospheric 
currents at very great elevations in the atmosphere deduced 
from the apparent movements of the higher clouds are 
altogether incomparable with the "winds near the surface of 
tbe earth, for these among other reasons : — the heights of 
the clouds can be at best but imperfectly ascertained; the 
motion of the clouds, particularly the higher clouds, may 
be only apparent, it being sometimes difficult to dLstinguish 
between the formation and dissolution of clouds and their 
motion ; and above all, since tbe higher cloudsl are usually 
the accompaniments of the greater weather changes, their 
movements are the result of barometric gradients towards 
a knowledge of which we are absolutely powerless to take 
a single step. 

ibs regards surface winds, Clement Ley in 1881, and 
Whipple more recently and "with greater fulness, have 
calculated the mean wind velocities for twelve gradients, — 
the gradients being derived from the daily weather charts 
of the Meteorological Office for the five years 1875 to 1879 
at 8 A.M., and the corresponding wind data being obtained 
from the hourly readings of the Eew anemograph. The 
barometric gradient is for 15 nautical miles, and the 
following are the velocities for tbe twelve gradients on the 
mean of the year ; — 


Gradient, 

"Velocity. 

inch. 

miles. 

0-002 

5-0 

0-005 

7-0 

o-oor 

7-5 

0"010 

9"2 

0-012 

11-6 

0-015 

12-6 


Gradient. 

Velocity, 

inch. 

miles. 

o-Dir 

15-0 

0-020 

16-5 

0-022 

19 - 1 ' 

0-025 

22"0 

0-027 

22-0 

0-030 

25-5 


The influence of season is very strongly marked. The 
velocities for the same gradients in order are — October to 
December, 12'5 miles; July to September, 12‘6 miles', 
January to March, 14‘S miles; and April to June, H"-' 
miles. From those observations of Whipple it follows 
that during the six months when the temperature is falling 
the velocity for the same gradients is least, while the velocity 
is greatest during the six months when "the temperature is 
rising, and absolutely greatest during the three months 
ending June, when the greater part of the annual increase 
of temperature occurs. It is e"vident that the observed 
increase in the velocity of tbe wind for the same gradients 
is to be referred to the same cause that brings about the 
diurnal increase in the wind’s velocity, "viz., the wind 
blowing over a warmer surface than itself. 
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Wliipplo has alfio sorted the winds according to tlic 
eight points of the compass, with results of the greatest 
interest. If N.W., N., N.E., and E. winds be grouped 
together as polar, and S.E., S., S.W,, and W. winds as 
equatorial winds, the mean hourly velocity of the polar 
winds, for the same gradients, is Id miles in excess of the 
equatorial winds. Now, since polar winds pass into lower 
latitudes, the surface of the earth over which they blow 
is warmer, whereas the surface is colder than the equa- 
torial winds which blow over it. It follows that the 
increased velocity of polar winds is referable to the same 
conditions which result in the diurnal increase in the 
wind's velocity and the greater velocity for the same 
gradients of winds when the annual temperature is rising, 
since in all these cases the winds blow over a surface of 
a higher temperature than their own. 

It is evident from these considerations that for the 
development of the law of the relation of the wind’s 
velocity to the barometric gradient with an exactness 
sufficient to warrant us in c.xprcssing that relation in a 
general mathematical formula much yet remains to be done. 
In truth, as regards the various formuhe submitted by 
Eerrel, Mohn, Ilann, Everett, and others, we have no 
choice but to allow the justness of Strachau’s criticism 
{2fodem Metcorolo(/y, p. 98) that the theoretical values 
furnished by the formuluj do not accord with the actual 
values, and that therefore a satisfactory formula is yet to 
be found. Ere such a formula need be looked for, tho 
' conditions must be fulfilled for tho preliminary work of sup- 
plying the observational data required. Tho “Challenger” 
observations prove that, with gradients substantially tho 
same, tho velocity of the wind is greater on tho open sea 
tlian near land ; and wo have seen that tho velocity varies 
with the hour of tho day, and generally is increased as tho 
temperature of tho surface rises above that of tho air blow- 
ing over it, and diminished as tho temperaturo of tlie surface 
falls below that of tho air. It is evident that observations 
on tho open sea will afford data for tho simplest solution of 
tho problem ; but on land the diurnal, seasonal, and non- 
periodic changes of temperaturo greatly complicate the 
problem, and render necessary for its solution observations 
specially designed for tho purpose. It is not easy to see 
how these can be obtained but by carrying out tho plan pro- 
posed in 1875 by Stevenson of establishing strings of well- 
equipped meteorological stations planted sufficiently close 
that the barometric gradients may be determined within the 
limits of acoiiracy required. Observations made twelve 
times daily for a year, at stations so arranged, would 
supply tho observational data for the solution of this funda- 
mental problem in meteorology. Till some such proposal 
bo carried out, tho problem remains unsolved, for barometric 
gradients based on tho widely separated existing stations 
are too uncertain and rough and tho wind observations 
are wanting in that comparability which alone can satisfy 
tho inquiry. 

Weather and Weather ^^aps . — ^^Veathcr is tho state of 
the air at any time as re.spects heat, moisture, wind, lain, 
cloud, and electricity; and a change of weather implies a 
change in one or more of these conditions. Of these 
changes tho most important as regards human interests 
are those which refer to temperature, wind, and rain; and, 
ns these are intimately bound up with the distribution of 
atmospheric pressure, the latter truly furnishes the key to 
weather changes. 

Those iol.ition3 are well shown by tho Intern.ntioiml Jlcnthly 
'Weatliorir.q )3 Lssued by tho UiiitcJ .StuUss Signal Sorvico. Of those 
tlmt for becomhor 1878 is ;i staking o-x.-uiqilo. This month vns 
oil'll iiutori.:oil over tlio globe by niiiisimlly .ibiiornial nc.-ithcr. A 
lino ilr.uvn lioin Texas to Jiottfoiiiulhiinl, iicioss tho Athnitio, tho 
iioith ofl’'i.iin;o, niul Gorimuiy, thoiiLO inuiul to .soiith-t.ist, through 
tho llhick Sou, tho Cuuc.isus, Iiuli.i, tho Kust Imli.i Isiainls, .mil 


Australiu to tho South Island of Now Zealiml, imss.s throu-h i 
broad and extended legiou where pressure was tliiougliout'loii. 
sidorably be ow the me.m of Deeembcr, .uiid this low ^re^^uru 
was atill tuitlier uccpenul in vaiious regioub aloug the line. \n. 
other lino iwssnig from Austinliu, thiough the Phiiiniiine likuidi 
Jupaii, Jliiueliuiia, Behuiig's Str.rit, iviid Ahiska, also marks out 
an extensive region where piessure was uninteiruntedly below the 
mc.in. 


On the other Iniiid, picssuiewus above tlie.iwiugo, mid geiicr.dlr 
laigolyso, over tho United St.ites lowest of longitude 00^ o\er 
Gicciiluiul, Iccliiiul, tile I’lirocs, Shctltindj aiul *i portion ol* 
tho Old Continent bounded by a line di-awu from L.ipl.iiid ruiind 
by Lake B.ilkhnsh, Canton, Peking, to the upper re.iehc:. of the 
Lena. Another .uea of higli piessuie extended fiom Svri.i, throu'di 
Egypt and East Africa, to the Capo ; and part of a third aiei"ot 
high messmo appeared hr the North Island of New Zealand. As 
icg.ird3 North Ainciica, the greatest e.xeess of jiressuic, OT'JO imh 
above the mean, oecrrrred in the Columbia Valley, from whiih rt 
giadually fell on proceeding eastward to a defect from the average 
of O'llG rrrch rie.rr Lake Chunrplaiii and to northward, rising again 
to near tho mean on the north of Nova Scotia. To tlio north and 
north-east exceedingly high presauiea for these regions and the 
sca.soii prevailed, being 0-C35 inch above the mean in Lel.ind, 
O'.'iOO ill the south of Gieeiiland, and at the three stations in West 
Greenland, proceeding iioithwaid, O'llS, 0'102, and 0'3Ui irieli. 

West Greoiihrud being thus orr the west side of the region of 
high pressure which occupied the northern part of the Atl.mtie, 
and on tho north-east side of the area of low pres-suro in the Stati-i 
aird Canada, atioiig south winds set in over that coast, and the 
ternpenituro at the four Greenland .stations, luoeecding fiom south 
to north, rose to l°'l, 8°'8, 12°‘l, and ll"'l above tho riie.iiis. As 
tho centre of lowest pressure was in tho valley of tho St Liwreiieo 
about Montreal, strong noitherly and westeily winds predominated 
to westward and southward, where consecpierrtly ternpcralure was 
helow the average, tho deficiency at Chicago and St Louis biiiig 
!)“‘5; and, winds being casteily and nor tlieily in Cidiforiiia, the tem- 
neratuio there was also under the mean. On the other hand, in the 
New England States, the gieater part of the Domiiiioii of Canada, and 
AVest Greenland tcmpeiatuie was above the aveiage, Piossuie was 
much higher at St Michael's, Alaska, than to south-westw.ird.it St 
Paul’s, Boliiing’s Strait, and hence, while tempcratiiieat St Paul’s 
was 2'''9 below tlmnormal, it was 1‘2‘‘'0 above it at St Michael’s, 
where strongly southerly winds ruled. AVith these strong contraiti 
of pressure, America presented contrasts at least as striking in the 
distribution of tho tempeiatuie. Along tho south of LikeMrchigiii 
tho November temperature was IS”’? above the noinial, whilst the 
December tomperatuio was 9°‘.') below it, the dilfereiii-e there 
between the two consecutive months being thus 23‘‘'2. 

As regards Europe, Iceland w .13 on tho east side of the iiatcli of 
high picssuie which oveispie.ul the north of the Atlantic, and 1. trice 
noithcily winds prevailed there and teniperature fell 7^'2 below the 
mean, piesenting thus a niaiked eoiitiast to the high teiiiptrature 
of AVest Gieeiiland at the time. In Europe, tho area ot lowist 
jiicssuro occupied the soiitheiii shores of tho North Sea, extending 
thence, though in a less pronounced form, to .south-t.istw.ird 
licneo over tho whole of western Euiojie winds weroN.E., N., and 
in tho south-west of Europe AV.; .ami lieiieo ereiywheio from the 
North Capo to the noith of It.ily temneiaturu was below the 
iiornual, in some places greatly so, the aelieiency being lO’'-! in 
the south of Norway and 12'‘'2 in the south of Scotland. On the 
other hand, on the east side of this ait.x of low piessiire wimL wue 
southerly and teiiipeialuie coiiseipiently high. In some loe.iliti' s 
in Bussia the excess above tho mean was IS” 0, and oxer .1 l.irg' 
proportion of European Bussia the excels was not less Unii f 0. 
This region of high teiiipeiaturo extended eastw.ird into Siberia .ii 
f.ir us tho Iitisli, being coterminoiH with the western halt of th.; 
anticyelonie region ot high inessiire which qxersprtad tLiitrd 
Sibcii.i. But over the eastern portion of the anticyclone nortlurly 
winds prevailed, with the inevit.iblo attompaniineiit oi low tun 
pcratuics over the whole of Eastun Asi.i, the deliciuie) at 2<tr- 
tehiiisk oil tho upper Amur being C’S. Hero .igain, just .is 111 
America, Greenland, and leel.iiid, phtis with atmosphtne pri^ uxe 
equally high iircsuiited the strongest contnists ot tunptratui.'. 
Thus.itBogoslovsk, on thoUi.il Mountains, pris,suro w.uO-iU inch 
and .at Neitchinsk 0'15 1 inch aboae the normals, but Bogu.lox 
on tho west side of the high pressure an.a h.id a timi-cratuie 15’ 
.above, whilst at Ncrtohiiisk it w.is ti'‘'8 below the axuage. 

At this time of the year tho mean iire-siiie fills to the minin .. 1.1 
in Austnilia, but during Decembtr 1873 the Usually lo.v P’' '' * J ‘ 
XX us still further diminishtd. Pre-surc .it this ttojon a.-r I di. to 
the annual miiiimuni in tho North Btcilic and North At. int.e, 
and it has been seen that the loxv juisuire of tlu-e r.g.u.e x.... 
likexvise still fiirtlu r diminished. But in the ci.-e ot the .it. t'.t. • 
it xt.is atti ridtd with a most import mt diiriniue. Ihe ui.U • • ! 
lowest pressure, usually lot.ittd to tho touth-wi A of Iu..ni. xi.. 
reiirox til some hundreds of milts to the suuth-ia t, and an uuwt t 
duxeiopiiientof extraordinarily high ; n-wiire a[ p.ars. 1 to t..e : j.t.. 



158 

v.’ard, overspreading the extensive region of Baffin’s Bay, Greenland, 
Iceland, Faroes, and Shetland. It was to this region of high pres- 
sure, particularly in its relations tc the low-pressure region to the 
south-east of it, that the extreme severity of the weather in the 
British Islands at the time was due. Now this high-pressure 
region was intimately connected with, and doubtless occasioned 
directly hy, upper atmospheric currents from the widely extended 
region of low pressure to southward, with its large centres of still 
lower pressure in the North Sea, mid- Atlantic, and United States, 
where pressures were respectively 0 '307, 0 "322, and 0 '146 inch under 
the normals. Thus, with the single exception of the hi"h-pressuro 
area about Greenland, the meteorological peculiarities which render 
December 1878 so memorable over nearly the whole globe arose out 
of a distribution of the earth’s atmosphere essentially the same 
that obtains at that time of the year, but the usual irregularities 
in the distribution of the pressure appeared in more pronounced 
characters. 

Taking the all-important bearings of these areas of high 
and low pressure on weather and climate into consideration, 
along with the abnormal concentration of aqueous vapour 
over extensive regions which they imply, it is evident that, 
when the meteorologist will be in a position to forecast, on 
scientific grounds, the weather of the coming season for 
the British Islands, it is to the Atlantic he will require to 
look for the data on which the forecast is based. 

These questions, which the International Weather Alaps 
of the United States enable us to discuss, are of the first 
importance in meteorology, whether we consider the ampli- 
tude of the atmospheric changes they disclose (these being 
often so vast as to embrace four continents at one time, 
besides being profoundly interesting from their direct 
bearings on the food supplies and commercial intercourse 
of nations) or regard the larger problems they pi’esent, 
with hints towards their solution, which rrnderlie physical 
geography, climatology, and other branches of atmospheric 
physics. The discussion presents the great atmospheric 
changes as influenced by oceans and continents, including 
the subordinate but important parts played by mountain 
ranges, extensive plateaus, and physically well-defined 
river basins in determining the development, course, and 
termination of these changes. 

Weather Forecasts and Storm Warnings . — It is in tropical 
and subtropical countries that an isolated observer may, 
with a close approximation to certainty, predict the 
approach of gales and htirricanes. In these regions atmo- 
spheric pressure and the other meteorological conditions 
are so constant from day to day that any deviation, even 
a slight one, from the average of the hour and season in 
respect of pressure, the direction and strength of the wind, 
and the direction and amount of cloud, implies the presence 
of a storm at no great distance. Dr Meldrum has practically 
worked out this problem at Mauritius with great success. 
At the Royal Alfred Observatory there the mean pressure 
at sea-level in January at 9 a.m. is 29 ‘966 inches, from 
which it falls to 29‘904 inches at 4 p. 3 r., then rises to 
29-980 inches at ^ p.m., and again falls to 29-927 at 4 
A.M. The mean direction of the wind and the diurnal varia- 
tion, both as regards direction and force, have been stated 
(p. 125). Suppose then that the barometer is observed 
to fall after 9 a.m. more rapidly than is due to the usual 
daily barometric tide, that in the afternoon it does not 
indicate the second maximum or that it continues to fall 
instead of rising, — or suppose, in short, any deviation from 
the m^n daily march, — -then it is certain that there is 
somewhere an atmospherical disturbance near enough to 
Mauritius to influence the pressure. The direction in 
which the disturbance is from Mauritius is readily known 
from the wind, and the distance of the storm closely 
approximated to by noting the rate and amount of the fall 
ot the barometer, in connexion with the changes of the- 
win and the clouds, — the rate and progressive motion of. 
the storm being known chiefly from the veerings of the 
'vinu. ±or a good many years past notifications have 


[weather forecasts, 

been sent to the daily newspapers when observations shoiv 
that a storm is not far from the island, stating its position 
and probable course from day to day. The scheme of 
storm warnings at Mauritius has been entirely successful, 
and the result is of great value, since it shows what may be 
done at an isolated station in the ocean, or what may be 
done in ships at sea. In this connexion it is not possible 
to pkverestimate the importance to seamen of a knowledge 
of the hourly variations of the barometer and its mean 
monthly heights over the ocean tracks of commerce. 

In passing from Mauritius to the British Islands we 
pass from a region where the forecasting of storms and 
weather is simplest and easiest to tbe region where it is 
most complex and difiicult, particularly for the western 
districts of these islands. The great difficulty lies in the 
fact that the British Islands are immediately bounded by 
the Atlantic to westwards; and, since practically every 
storm and nearly all weather changes come from that 
direction, no telegraphic communication of their approach 
can be received. The Meteorological Office in London has 
therefore no choice but to base the forecasts on such of the 
observations telegraphed to the office as experience has 
shown to be the precursors of storms and other weather 
changes. The more important of these observations are 
the falling and rising of the barometer taken in connexion 
I with changes in the direction and force of the wind. • Since 
I on the north side of the track of the centre of the storm 
I winds are northerly and easterly and temperature low, and 
on the south side winds are southerly and westerly and 
temperature high, one of the most important points to be 
ascertained is the probable path the centre of the coming 
storm M-ill take. Though a good deal remains to be 
! accomplished in the development of this phase of storms, 
yet much has recently been done in this direction by close 
e.xamination of the changes of pressure in the region of 
the anticyclone contiguous to the advancing storm and by 
the changing positions of the rain area near the centre of 
the cyclone. 

As regards Europe, the facility of forecasting storms 
increases as distance from the west coasts is increased. 
Thus to the middle and eastern districts of the British 
Islands, were a day and night watch established in the 
west, forecasts of almost every storm could be issued, the 
exceptions being those small cyclones or satellite cyclones, 
as they are called, originating within the British Islands 
themselves, which are frequently characterized at once by 
their severity and by the rapidity of their onward course. 
In the United States, the system of weather forecasting is 
perhaps the best in temperate regions, — a result due to 
the admirable system organized and developed under the 
direction of the late General Myer, and adequately sub- 
sidized by the Government, but above all to the facilities 
to detect and track the storms in the region where nwly 
all of them have' their origin, to west of the Mississippi, 
before they advance upon the more thickly peopled States. 

Meteorology sustained a heavy loss by the death in 1877 
of Leverrier, who was not only the keenest-sighted of 
physicists but also the prince of organizers of systems of 
meteorological observation. His last great service to the 
science was the establishment of a system of observation, 
by which the propagation of rain, hail, and other weather 
'phenomena could be followed and recorded from commune 
to commune over France. This scheme for the investiga- 
tion of the vitally important bearing on the meteorology 
of a country of a comprehensive observation of its rainfall, 
hail, and thunderstorms, [through numerous observers 
possessing sound local information, is not only eminently 
just in science, but is calcidated to be attended with the 
greatest benefits to agricultural and other public interests. 
The practical advantages of the scheme, it need scarcely 
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By these means an accurate reading of the sun’s hearing may he 
made ; and, the position of the place and the time of observation 
being known, there are tables which enable the azimuth to be at 
once determined. 

7. Lloyd’s Melhod of Determining the Total Force . — While the 
dip circle and the horizontal force magnetometer may be used by 
travellers in addition to their use as observatory instruments, the 
Eev. Dr Lloyd has devised a new method of determining the total 
force. The ordinary method of obtaining this is first to find the 
dip and tlie horizontal force, from which the total force can be at 
once determined by the equation, — total force ■= horizontal force x 
secant dip. This method is, however, open to objection in high 
magnetic latitudes where the horizontal force is very -small and the 
dip approaches 90°. Now in Lloyd’s method this objection is over- 
come. Another circumstance which renders his method peculiarly 
convenient for high magnetic latitudes, where a traveller’s equip- 
ment must be kept as light as possible, is the fact that it only 
requires the addition of two needles to an ordinary dip circle in 
order to give the required determination. These needles must be 
carefully kept from contact with other magnets, and their poles 
never reversed. 

Here as before we have two unknown quantities to determine, the 
one being the magnetic moment of the magnet and the other the 
total force of the earth. We must, therefore, obtain two results, 
tire one embodying the product of the earth’s total force into the 
magnetic moment of the needle, while the other gives the ratio 
between these two quantities. 

8. In order to determine the former of these, let the needle 
have a grooved wheel of radius r attached to its axle as in fig. 
21, and over this wheel let an accurately known weight W be 



Fig. 21. — ^Dip Circle. 


suspended by means of a very fine silk thread. The best way of 
doiu" this is to have a threa'd with two hooks of precisely equal 
Weight at each end and then attach the preponderating weight W 
to one of these hooks. When this is done a new position of equili- 
brium will be taken by the needle. If we suppose that m denotes 
the magnetic moment of the needle, that i is the angle of dip at the 
^ place, and that rj denotes the angle which the needle in its ueilccted 
tiiiosition m.akes with the horizon, the weighting being so made 
defiet 7) shall be less than i, then it m clear that the needle has been 
If rse*\3 out of its i>osvtion of equilibrium through an angle i-n- 
at the plinJl this angle u and designate by R the total force 
we obtain the following equation of equilibrium: — 

on the supiwsiii'. mR3inii..Wr (1), 

that W denotes am (\\hioh is very nearly but not strictly coricct) 

9. Next, in order jjj 

force and that of t‘'o dytennine the ratio between this needle’s 
dtdectauotlicr subslituic-.jjj^ be removed and employed to 
'i its place. 


When using it thus as a deflector it should be laid in a frame in 
an invariable position as in fig. 21. This frame is at right angles to 
the line between the two microscopes, and as both pieces move 
together the best plan is to turn the whole round until the deflected 
needle is visible in the centre of the field of the microscopes, in which 
position it is of course perpendicular to the deflecting needle. By 
always keeping to this arrangement rve secure an invariable distance 
between the poles of the two needles. Suppose therefore that we 
have employed the needle as a deflector in tho above manner, and 
that the deflected needle has thus been made to assume a position 
denoting an angle u' with tho horizon. It has therefore been 
deflected from its position of equilibrium by an angle i - f (i denot- 
ing the dip as before); calling this angle of deflexion we obtain 
the following equation of equilibrium: — 

Esin«'=»iU . ; (2), 

TJ being a function depending upon the distance of the needles and 
on tho distribution of free magnetism in them. 

10. If wo multiply together equations (1) aud (2), we obtaiu 

R-sinMsinM'=irWr (3), 

in which u, vl are determined by ohsorvatiou, whUo W and r may 
be regarded as constants. TJ is, as we have said, a function de- 
pending upon the distance of the two needles and upon the distri- 
bution of fieo magnetism in them. 

The magnetic moment of these needles is of course liable to altera- 
tion, but if they are carefully guarded from contact with magnets 
rve may imagine that while their intensity alters, becoming weaker 
for instance, this nevertheless does not sensibly affect the distribu- 
tion of the free' magnetism within them, in which case the function 
U may be regarded as a constant quantity. The results obtained 
by this method of Lloyd’s fully confirm this hypothesis regarding 
U ; but it is essential that the two additional needles, the deflector 
and the deflected needle, should have their poles at no time either 
reversed or disturbed. 

Assuming therefore the constancy of the quantity U, its value may 
be easily determined at anj’’ base station wmere the total force has 
been determined independently by the ordinary method. 

11. Having thus determined the value of U, or at once of UWr 
(which we may call c), let us carry our instrument to a different 
station and make the requisite observations. We thus obtain 
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. . ( 4 ). 


As this method is specially adapted for high latitudes, the dip circle 
employed (fig. 21) ought to be one for which the agate supports are 
horizontal, so as to admit of the needle being visible when the dip 
is nearl}’ equal to 90°. It will also he noticed that, if the deflecting 
needle have the same temperature when it is used in equation (^ 
which it has when used in equation (2), then m in the one case_ is 
strictly equal to m in the other, and thus no temperature conection 
is rendered necessary. 

12. A slight modification of the method now described is some- 
times adopted. Instead of employing separate weights, which may 
be easily lost, two small holes are bored in the deflecting needle 
near each end. The one of these is filled with a suitably heavy 
brass peg when the observations are to be made in the higher 
magnetic latitudes of the northern hemisphere, and. the other is 
filled in a similar manner when the observations are to be made 
near the southern pole. In this case therefore we must readjust 
the instrument as we pass from the one hemisphere to the other. A 
slight change must be made in the formula when this method is 
adopted, for it is clear that the weight will not now act always at 
the same constant leverage. If the weight be called W and its 
leverage when the needle is horizontal r, we shall have to modify 
equation (1) as follows:— 

^ wIlsinw^Wi-coSTi (5)- 

Equation (2) will, however, remain unaltered, aud hence equation 
(3) will become 


R“sinwsinit'=TJWrros7; . . . 

If the quantity U\V»- be determined at the base station 
(f, we shall have 


R= 


V; 


c cob?; 
sin 14 sunt' 


. . ( 6 ). 
and called 

. . (7)- 


(7) Iiutrnments adapted for Travellers by Sea. 

13. Azimuth Compass . — At sea the declination is generally 
observed by means of an azimuth compass invented by Rater. 
This is c.xbibitcd in fig. 22. It consists of a magnet with a 
graduated compass card attached to it. At tho side of the instru- 
ment opposite the ej-e there is a frame which projects upwards 
from tho plane of the instrument in a nearly vertical direction, anci 
this frame contains a wide rectangular slit cut into two parts bi 
a wire extending lengthwise. The eye-piece is opposite this uamc, 
aud the observer is supposed to point the instrument in such a 
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: of tlie'suii’s position ; 



PlQ. 22. — Azimutli Coinpiibs. 


shall bisect tlic .sun’s visible 
dmk. There is a totally reflecting glass prism which throws into 
tbfi image of the scale of the graduated card, so that 

' r*' T"?- the wire 

must ne.vt lead the division of the scale which is iu the middle of 
the field of view. He thus obtains a readin - 
let us call this 100°. Prom this, 

Knowing the geographical posi- 
tion of his station and the time 
of the observation, he may de- 
duce an azimuth ; letus imagine 
that this is 70° W. Thus a 
reading of 100° corresponds to 
a position 7 0° \V. Suppose next 
that the iiisti-umCnt is so ad- 
ju-sted that when tho magnetic 
axis of the magnet is between 
the eye-piece and the wire the 
reading is 0°. It is thus clear 
that the magnetic meridian is 
100° removed from the position 
70° W. Let ns imagine that the instrument is so graduated that 
this denotes a position 30° E. A\’'e have thus obtained tho mag- 
netic declination. If the vessel be at rest the iilan general^ 
adopted is to take the reading of tho sun when rising and also 
when setting; a mean between the two will give that which cor- 
responds to a geographical meridian. 

Pox's Dip Cfrcfe.— This- instrument, contrived by Eobcrt 
Were Pos, is more especially useful for observations at sea. In 
this case it must be placed on a gimball stand and duly levelled 
before commencing the observation. The following are the peculi- 
arities of this instrument; — (1) the needles have two fine pivots or 
axles which are inserted into jewelled 

, sockets ; .(2) in order to avoid parallax 
there are two graduated circles, tho 
one farther from the eye than the 
other, and when reading the needle 
the eye is to bo so placed that pre- 
cisely tho same reading shall be given 
by both circles, — the true position of 
the needle being thus obtained ; (3) 
there is a rubber made of bone or ivory 
and roughened, tho object of which is 
to rub a prolongation of tho socket on 
the back of the instrument, — the fric- 
tion which this rubbing causes enabling 
the needle to find its true position; 

(4) to avoid as much as possible all 
effects duo to friction and adhesion, 
the entire socket arrangement may bo 
turned round. The axles of the needle 
are thus compelled to be in contact 
with a different set- cf particles. An- 
other way of varying the suspension 
is to use a magnetic deflecting arrange- 
ment attached to tho back of the 
apparatus. Suppose that a reading 
of the position of the needle so de- 
flected is now taken. Next reverse 
the position of the deflecting anungemeiit, which is done by turn- 
ing a movable circle attached to this arrangement 1S0° round; lot 
the position of the needle be again read. On tho hypotlie.sis that 
the needle is equally deflected on opposite sides of its^'ue position 
in these two observations, the mean reading will give the true 
dip. ^ The principle of the method of observing with this circle is 
precisely the same as that already described for observations on 
shore with an ordinary inclinometer. 
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of such iustrumciits it was found tlnr 
homly ohservTitions were exceedingly laborious, and atteinmt u 
made to eoiistruct a set of self-recording magnetometers i'be tW 
bet of such instruments which were brought into systematic oneri 
tioii were those devised and constructed by the late'Charles Brooke 

bi 1^ ISir Greenwich Observatory 

tiicc IMS. In I8o/ John AVelsh devised a fresh set of self-reconl- 

Tlrnse Giem into the Kew Observatory 

lliesc, with cerfain sligiit modifications, have formed the typo of 

,.1®‘ ■']? cannot conveniently record changes of dip bv a 
differential instrument, changes of vertical foreo are measured 
instead by a balance or vertical force magnetometer. We have thus 
in a dillerential system, whether adapted to eye oksorvation or to 
continuous photo"raphic registration, three instruments, namely, 
the declination, the horizontal force, and the vertical force mah. 
netometers or nia^notographs as the case may be. The most 
recently constructed instruments are adapted both for photographic 
icgisti-ation and for eye observation through a telescope. The 
advantage of eye oh.scrvations is that we sec what is takiim place 
at the very moment of its occurrence, whereas we only obtain tlie 
photogiaphic record some time after the changes to whicli it relates 
Iiave actually happened. . 

We shall therefore describe — (o) the three instruments of the Key 
pattern as adapted to eye observations ; (;8) these instruments as 
adapted to continuous registration by photography ; (7) the method 
of determining their scale coefficients ; (5) the method of deterniiu- 
ing the temperature coeflicietits of the force instruments, 

_ 19. Kew Instruments— Eye Observations.— Tig. 23 shows ns these 
instruments arranged in the relative positions recommended by 
Lloyd so as magnetically to interfere with one another as little as 



. 15. Fox's Intensity Arranyemeni is merely a modification of that 
introduced by Lloyd, and already described in § 7.^ 

(5) Differential Magnetometers and Self- Recording 
Magnetographs, 

16. In addition to determinations at fixed intervals of time, it is 
a point of much interest and importance to keep a continuous record 
of all the magnetic changes which take place at a few selected 
stations. This is accomplished by means of differential magneto- 
meters. It is, however, necessary to continue to use absolute 
instruments side by side with differential magnetometers, because 
tho latter (with the exception of the declination instrument) are 
badly fitted for recording changes of long period, such as the secular 
changes of- the horizontal and tlie vertical force. The reason of this 
■Hill presently ho seen. 

* A great deal of deiailed information regarding instruments forabsoJutc detcr- 
minatlonand the methods of observing with them is to be found in the Admiralty 
Manual ofScUntific Inquiry in an article on ‘‘Terrestrial Magnetism," by Sabine 
and ^Vel3h. A treatise on Terrestrial and Cosmical Afa^riclism, by E. Walker, 
may likewise be consulted wUU much advantage. 


Fig, 23. — Kew Instruments. 

possible. We are supposed to be viewing the whole from the south , 
No. 1 to the right is the declination instrument, No. 2 that fo ■ 
the horizontal force, and No. 3 in the distance behind the centre, 
pillar (No. 4) tho vertical force magnetometer. Figs. 24, 25, 2ii 
give us the details of these three instruments in the same order a.s 
above. Connected with each instrument there is a circular mirror, 
or rather two semicircular mirrors, made of perfectly plane glass. 
One semicircular half of each mirror is attached to the magnet 
and moves with it, while the other half is firmly attached to the 
marble slab. Each magnet is enclosed in a gun-nietal case with 
windows of perfectly plane glass ; each gnu-metal case is eovereil 
with a glass shade ; and the whole is air-tight, and capable oi 
exhaustion. Each magnet too is provided with a copnor damper 
with tho view of checking its oscillations. In fig. 23 will he seen 
two pillars of smaller size. The right-hand pillar carries a tele- 
scope, with a scale attached, to record the position of tho deelinatioii 
magnet. The scale is rofiected from the semicircular minor moving 
witii the magnet, and the position of this reliceted scale as viewed 
in the telescope indicates the position of the magnet. The optical 
arrangement for the other instruments i.s similar, e.xcept that the 
vertical force mirror lias a horizontal and not a vertic.il a.xis. 
The telescopes for viewing the force instruments are attached to 
the left-hand pillar of smaller size. 

20. The Declinometer- (fig. 24) consists of a magnet about 5 inches 
long suspended by a silk thread freed from torsion as completely as 


= Fora deiailed acecuat of tlie Kew roagactographs, see Sritith .isteciatton 
Jleports. ISu9. 
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possible. To keep the state of the thiead constant the glass shade 
should be rendered air-tight, and should contain some substance for 
absorbing moistuie, such as chloride of calcium. It is clear that 
if the state of the thicad remains 
the same, and it the position of 
the magnetic axis of the magnet 
does not change, this instrument 
should recoiil faithfullj the vario^ 
changes of declination. 

The Horizontal Force Magnclo- 
vicler is e.xhibited in lig. 25. Hero 
the magnet^ lias been tnisted round 
into a position at light angles to 
the magnetic meridian. It is sus- 
pended by means of two -very fine 
steel xviics some little distance 
apart, and thus the instiument is 
olten called the bifilar magneto- 
meter. These ivires have the plane 
passing through their loner es.- 
tremities dilfenng very tonsider- 
ably fiom that of their uppei. If 
the magnet should suddenly lose 
its magnetism the rvhole ariange- 
ment would be tnisted round until 
the tno planes eomcided. This 
difference of plane gives rise to a 
couple tending to tivist the magnet 
round in one direction while the 
hoiizontal magnetic force of the 
earth constitutes 


an 

equal and opposite 
couple, the two couples 
keeping the magnet in 
cqmlibrium. The couple 
ilepending upon the bi- 
lilar arrangement may 
for the present bo re- 
garded as constant, that 
depending on the hori- 
zontal force of the earth 




Fig. 24. — Declmomcter. 

as vaiiable. If the latter incitase or 
diminish, the magnet will bo slightly twisted round in onediiectiou 
or the other. 

In the Vertical Force Hagnelomcter (fig. 26), the magnet is 
balanced by means of a knife-edge 
lesting on an agate plane. By 
means of two screws workmg hori- 
zontally and vertically the ceutie 
of gravity may be thiown to either 
side of the point of suspension, 
or it may be raised or lowered and 
the sensibility of the magnet when 
balanced thereby increased or 
diminished. These screws are so 
arranged that there is a preponder- 
ance of weight towards the south 
side of the magnet This is 
neutralized |iartly by the magnetic 
force tending to pull the north end 
down and partly by a slip of brass 
standing out horizontally towards 
the north side. Let us supjiose 
the system to be in equilibrium at 
a certain temperature ; if the tem- 
perature rise (since biass expands 
more than steel), the leverage of 
the weight at the north side will 
increase more than that of the 
weight at the south. There will 
thus be a slight preponderance 
towards the north, and ^ 
tills may be arranged x -rrs;?.-- 

so as to neutralize to a . ^ 

great extent the de- ^ 
crease in the magnetic ” 
moment which an in- 
crease of temperature 
produces. 

21. Magivctographs. 25- — Horizontal Force Magnetometer. 

— ^Thc arrangement by means of which these instruments are con- 
verted into self-recording magnetograplis is very simple. In fig. 23 
we see a gas flame burning behind a vertical slit and placed eud- 
w ise in order to render its light more intense. The hght from 
this illuminated slit passes through a lens, and being leflected 
fiom the mirror of the declination magnet throws an image of the 

• ^1 

I Ail the niazuets are of the same size 
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slit upon some sensitized paper in the central box. To speak 
moie pioperly, two images are thiown, one reflected from the upper 
and movable half and the other Irom the li.xed half of the minor. 
The sensitive papei is wrajiped round a horizontal eylinder(fig. 27)" 
and the two images are therefoie thrown upon different parts of 



Fig. 26. — Vertical Force Magnetometer. 


this cylinder. But before reaching the cylinder these two images 
aie by means of a hemicylindrical lens (shown in fig. 27) crushed 
up into two dots of light. The cylinder moves round regularly by 
cloek-woik once in twentj’-four hours-, and hence the course ou the 
moving ])a]ier of the dot of light which comes fiom the fixed half- 
minor will bo a straight line, while that of the dot from the 
moving half-minor will be a cuived line depending ou the motions 
of the magnet. When the paper is developed these lines appear 
black. 

The arrangement for the liorizontal force insti-ument is precisely 
similar to that for the declinometer ; for the vertical force it is 
somewhat dilfereiit, the illuminated slit being horizontal and not 
vertical, wliile the minor oscillates on a hoiizontal axis and not on 
a vertical one ; the heraicj’lindrical lens too and the cylinder are 
vcitical and not horizontal. It was found necessary to put the 
plane of motion of the vertical foiee magnet 15“ out of the magnetic 
meridian for the following reason. The a.xes of the teleseopes arc 
icspectively 30“ inclined to the tubes which go from the magueto- 



Fig. 27. — Maguetograph. 


meters to the central box, and hence had the vertical force magnet 
swung in the magnetic meridian it would have been neeessary to 
place the mirror inclined at the angle of 15“ to the axis of motion 
of the magnet. This was tried, but it x\as found that in this posi- 
tion of the minor the conection for temperature was so excessive 
that the instrument became athermometer and not a magnetometer. 
The mirror was therefore put in a plane passing thrdugh the axis 
of motion of the needle, the needle being made to move in a plane 
inclined 15“ to the magnetic meridian. 

2-2. Scale Coeffieients of Differential Iiislrumcnts. — It is necessary 
to know the value of one division of the scale in the magnetometer 
or of one inch dilfcrence in the ordinate of the curve impressed ou 
the photographic paper in the magnetograph. In the declination 
instrument it is only necessary to obtain the angular deviation cor- 
responding to one division, and this may be done at once by a series 
of measurements. In the horizontal and vertical force instruments 
we wish to obtain the value of one division in parts of force. Thcie 
is more than one method by xyliich this can be accomplished, but 
that of John Allan Broun is probably the simplest, and it is, we 
believe, the one adopted at most of the various observatories pos- 
sessmg self-recording instniments. It is given in the Brilieh 
Association Reports, 1859. 

23. Temperature Coefficients of Differential Force Instruments . — 
Broun has devoted a great deal of attention to the subject of 
these coefficients, and has come to the conclusion that the best 
and most unobjectionable method of determining them is to 
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compare _tho iustrumontal readings on days wlieu tlio tompera- 
turo is higli with tho readings ou days whoa tlio temperature is 
low. 


24. By dilVerontial instruments tho components of a forco affect- 
ing tho magnet are determined in three directions at riglit angles 
to each otlier. It does not, however, follow that this forco is 
entirely duo to changes in tho magnetism of tho earth. IVe know 
that certain forces connected with tho siin affect tho earth’s mag- 
netism, and on certain occasions at least tlieso forces manifest them- 
selves as currents in tho upper regions of the atmosphere and in 
tho crust of tho earth. Now such currents will have a direct clfect 
upon tho needle as well as an indirect effect through tho changes 
which they may produce in tho magnetism of tho earth. The total 
inliuenco on tho needle will therefore bo made up of theso two ele- 
ments, tho ono denoting tho direct inliuenco on. tho ncedlo of tho 
disturbing forco, and tho other tho indirect inliuenco through tho 
change produced in tho earth’s magnetism. No attempt has yet 
been made to separate tho action of theso two elements. 

25. Self-recording instruments after the Kew pattern have been 
supplied to observatories at tho following places : — 


Batavia. 

Coimbra (Portugal). 
Lisbon. 

St Petersburg. 

Plorcnce. 

Stonyhurst. 

Utrecht (declination only), 
ilelbourno. 


llauritius. 

Kolaba (Bombay). 
Vienna. 

Zi Ka Wei (China). 
San Fernando (Spain;. 
Potsdam. 

Brussels. 

Nice. 


'i'hero aro also self-recording magnotographs of other patterns at 
Toronto, Montsouris (Paris), Greenwich, Wilhclmshaven (?), Capo 
Horn, and Havana (1). 

Wo understand that Professor W. G. Adams is at present 
engaged in making a comparison of simultaneous curves from vari- 
ous stations of these lists.^ 


Magnetic Poles oe tub Eautu— Seoulae Vaiuation. 

20. Magnetic Poles of tlic Earth . — In tho article Magnetism it 
has been, shown that Dr Gilbert of Colchester had at a very early 
period grasped tho important truth that tho earth is ■ a magnet, a 
truth wiich was aftonvards mathematically demonstrated by Gauss. 
It was reserved for Halley, the eontoiuporary of Newton, to show 
that the earth must bo regarded as haviugtwo poles in tho northern 
and two poles also in tho southern hemisphere, so tliat, unlike 
ordinary magnets, its magnotio system has four polos altogether. 
Before proceeding further it will bo desirable to state wliat it was 
that Halley actually did and wliafc aro tho conclusions to be derived 
from his investigations. It has been remarked by Professor Stokes 
that, while in an ordinary bar magnet wo may practically regard 
tlio polo as having a physical reality and as being the cause of well- 
known attractions and repulsions, wo aro not entitled a to 

assume that a point of maximum forco in a largo spherical magnet 
like the earth must necessarily be tho seat of attractions and repul- 
sions after tho same manner as tho pole of an ordinary bar magnet. 
It is to bo determined by observation to what extent tlio earth 
iictually preserves an analogy to an ordinary magnet. Now Halley’s 
conclusions wore derived from tho pointing of tho declination 
needle, since in his day tlicro wore no observations jiossiblo on total 
magnotio force. Ho argued that there aro two points or poles in 
the northoim hemisphere to which tho needle appears to bo attracted, 
one in tho upper region of America and ono above Siberia. So far 
this conclusion is hardly anything more than a formal one derived 
from tho grouping together of observations. Ho a.ssorted tliat theso 
would he as they aro known to be if wo imagine two such poles or 
foci of forco each exercising a causal inliuenco on tlio magnetic 
needle. And tho justification of Halley’s way of regarding tho earth 
is found in tho fact tliat when forco ohservatioiis came to bo made 
two such foci of forco wore actually found to exi.st. Wo do not, 
however, mean to imply that theso foci have causal properties 
exactly similar to tho poles of a bar magnet, for this is not tho 
ease. 

In order to exhibit the process of reasoning wliich led Halley to 
liis conclusion, lot us first imagine that tho cartli has only a single 
])olo or force-focus in the northern hemisphere, and tlnat this is 
coincident with its geographical polo; thou, assuming that this 
jwlo has a causative influenco on the needle’s docliiiatioii, wo should 
expect all needles to point everywhere due north. If, however, this 
pole be not coincident with tho north polo of the earth, lot us draw 
a meridian circle jiassing through tho magnetic polo and complete 
it round tho earth so as to divide tho earth into two halves. At all 


1 Wo aro Indebted to Mr Gordon— and to Ids publishcis Messrs Sampson Low & 
Co., who have ohtained them for us— for tho sketches of tho instruments for 
absolute liotcrmlnations, with the exception of that of Katcr’s compass, forwhlcU 
we aro Indebted to Mr J. J. Illcks. J'or tlie sketch of tho self-recording mag- 
nctogr.iphs together and In detail wo aro Indebted to tho Kow committee and to 
Mr G. M. Whipple, director of the Kew Ohscivatory. ^ 
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Fig. 28. 


points in this meridian circle tho needle might ho expected to point 
duo north, while in tho ono hall of tho earth so divided it should 
point to tho cast and in tho other half to tho west of true north 
In tho next place let ns imagine that tho earth has two north maul 
notie poles or foci of er^ual strength, both being at tho same latitude, 
while their differonco in longitude is 180°, and let us draw a coml 
pleto circle of meridian passing through theso poles (fj" 28) Let 
us start from a point in this circle 
under ono of theso poles and pursue 
our journey eastwards along a circle 
of latitude. At first the needle will 
point duo north. As wo move east- 
wards tho needle will 2>oiut west- 
wards to tho polo . wo aro leaving 
until wo como to a region half-way 
betweon tho two poles, where 'it will 
ho equally solicited by each, and 
will tiioreforo again point duo north. 

Let us call tho siiaco wo have travel- 
led over sinco we set out A. As wo 
proceed tho needle will now be under 
tho predominant inliuenco of tho 
second polo to our righ^ and will therefore point to tho east 
until wo arrive at the meridian under the second pole. This second 
space which wo liavo travelled over lot us call B. As wo proceed 
wo pass through a sjiaco 0 where the needle again points to tho west 
until being once more equally influenced by tho two poles it will 
point due north. After this wo pass through a space D of easterly 
variation until- wo arrive onco more at tho point from which wo 
started. 

Thus there aro now four spaces instead of two, and theso aio 
shown in iig. 28, where tho centre of tho circle represents north 
geographical polo of tho earth, and its circumferoneo tho equator. 
If polo 2 bo inferior in power to polo 1 tho solaces B and 0 will be 
smaller in size than A and D. 

27. This last is an arrangement of things that agrees very well 
with the results of observation, if wo add that tho two poles ore not 
precisely 180° removed from ono another in longitude. Fig. 80 “ 
represents lines of equal magnetic variation in 1882. There aro two- 
lines extending throughout both hemispheres at all points of which 
there is no variation, and also an oval-shaped district in tlio 
northern hemisphere tliroughout all jioints in tho cii'cumforcnco of 
which we have no variation. Theso facts aro inconsistoiit with tho 
hypothesis of a single polo, but they are quite consistent with that 
of two poles or foci of force, one in northern America ami tho othoi- 
in northern Asia, tho former being stronger than tlio latter. In 
order to see tliis lot us take our stand at tlio great lino of no varia- 
tion which passes through North America and travel eastwards. 
Wo are just south of the American polo or focus, while tho Asiatic 
polo or focus is nearly 180° off, and lienee tho needle points duo 
north. As wo proceed eastwards wo leave tho Amerieaii or strongest 
polo to tho westward of us, and hence wo liave a region of west 
variation which wo liavo agreed to call A. As wo begin to approach 
tho eastern side of Europe wo get ncai'cr tho Asiatic pole or focus, 
and at length tho lino of no variation is reached, tho tendency of 
tho Amoricjin polo to pull tho iiCDdlc to tho west being balanced by 
tho tendency of tho Asiatic polo to pull it to tho east. After this, 
easterly variation predominates throughout a region B until at 
length wo come to a 2 ioint in tho westeni boundary of tho oval where 
wo may imagine ourselves to bo directly south of tho Asiatic pole, 
whUo tho American polo is nearly 180° distant; onco more tho 
nccdlo points duo north. As wo still travel eastwards wo leave the 
Asiatic polo, ■which is now tho predominant one, to our left, and 
hcnco we have hero a region C of westerly declination. At length 
wo como to tho eastern boundary of the oval, where tlio tendency of 
tho Asiatic polo to pull tho ncedlo to the west is balanced by tho 
tendency of the American or stronger polo (acting now towards tho 
right) to pull it to tho cast, so that wo have onco more a point of 
no variation. After this tho American polo predominates, and wo 
liavo a largo region D of easterly variation until we travel round 
onco more to tho jioiiit from which wo started. 

28. This train of argument receives, as wo have already men- 
tioned, corroboration from the fact that in the map of total force wo 
perceive two foci of maximum force, ono in northern iimcrica and 
tho other in northern Asia, that in America being tho strongest. 
Tliis ovidenCD was not, however, in existence at the time of Halley, 
and his h:^iotho3i3 of two poles docs the greater credit to his 
sagacity, inasmneh as he had to deduce it troni a coui 2 'arativeIy 
sinall number of observations of declination and dip, those of forco 
being altogether wanting. 

29. Wo have hitherto spoken of two poles or, more properly, 
foci o/maxivium/orce, tho positions of which aro of course best 
pointed out in lig. 29 ; but wo have seen that tho existence of such 


- We are Indebted for tho adralrablo charts piven In figs. 2S-SI to tho kindness 
of tlio hydroBrnpher, Captain Sir Frederick Ev-ins, who. In order to sa»o time, 
allowed us to ninko use of the Information he had embodied ceen befoto It was 
oiucLUly pubUaUed, and who Ukewlae placed hla plates at our dlsposoL 
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foci was first conjectured from tlie behaviour of the lines of 
variation or declination. JTow it will be noticed by looking at the 
variation map (fig. 30) tliat all the hues of equal magnetic variation 
appear to converge to a point in the extreme north of the American 
continent. This point is not, however, coincident with the chief 
focus of force, which lies decidedlr* to its south ; but it is no doubt 
coincident with the point denoting a dip of 90°, tire locality of 


which may be inferred from the map of magnetic dip (fig. 31), and 
it is likewise no doubt coinciilent rrith the position ot a zero of 
horizontal force which may bo inferred from tlie map of horizontal 
force (fig. 32). Thus we have a point to the exti-emc north of 
America wliieh has the following properties ^1) the various lines 
of declination converge to it ; (2) the needle jroints vertically down- 
wards at it ; and (3) the horizontal force vanishes at it. At this 



Fig. 29. — ^The Earth’s Magnetism as shown by the Distribution of Lines of Equal Tot.al Force, in Absolute Measure (British miles), vvith the 

Fosition of the ilaguetic Poles and Equator, — approximately for 1375. 


jioiut therefore the horizontally balanced needle, having no hori- 
zontal force acting upon it, will point in any direction. 

This point is, strictly speaking, the pok of vertkily, but, inas- 
much as there is only one such point in each hemisphere, these may 
for convenience sake bo termed the magnetic poles, so that we speak 
of'two centres or foci of maximum force and one pole in each hemi- 
sphere. 


ably the reason why the total force is greater at the southern than 
it i.s at the northern foci. 

The magnetic pole ^of verticity) in the uorlheru hemisphere was 
reached by Sir Jaines Ross in 1831. The position of vertical dip 
w.vs observed by him to be 70° fi' X. and 96“ 13' W. The magnetic 
pole (ol Verticity) in the southern hemisphero was nearly attained 


In the northern hemisphero Sir Frederick Evans^ assumes the 
stronger or American focus to be in .52° X. and 90° W., and the 
weaker or Siberian focus in 70° X. and 115° E. In the southeni 
heniisphei-e he assumes the position of the stronger focus to be 65* 
S. and 140°E., andof the weaker focus probably 50° S. and 130° E., 
these being thus not far separated from each other or from the 
magnetic pole. The nearness together of the southern foci is prot- 


by the same navigator in a voyage made in 1S39-13. Its iiositioii 
is probably 731° S. and 1471° E. 

'The line of no dip is called the mnynctic or dip equator— its 
position is given in iiga. 29 and 31. The line connecting all the 
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points whore the miignctic intensity is least is called the dynamic 
equator.^ It coincides veiy nearly with the diji efpiator. 

30. Secular Variallou . — The eaith then .is a magnet must ho 
supposed to liavo two sots of eentics of loieo. \\’'o sh.ill next 
attempt to show that these ceuties c.inuot he legaidcd as const.int 
both m position and intensity. 

It should bo pieinised that, while thoio is no well-established 


1G5 


evidence to show that cither the pole of vorticity or the centre of 
lorco to the noith ol Aineiiea has percejttibly changul its iihcc 
there is, on the other hand, veiy strong ovideiieo to slum that \v<’ 
have a change of place on the paitof the Sibciiiu focus and also on 
tho^p.ut ol Its .analogue in the soulhein hcmisphcic. 

Table I. (p, 100), given by Gilpm (P/td. Tiani., 1800), > cxlnlnls 
the ch.ingo m the position of the needle in Gicat Biitain horn 



31. — Lines of tVpial Magnetic Dip, 1882. 

N 

the earliest observations up to the beginning of the present for instance, the lino of no v.uiatiou depending on a balance between 
century. it and the Ameiiean foens — should be drawn in tonaids it, or they 

31. Dotweoii the dates recorded in this table the needle h.^s been .should tiavel westwards ; but if the latter supposition is tiiic, or 
pointing more and more to the west, which implies either a relative this focus has been nioving eastwards while totiiuing its foree, the 
inciea.so in tlio power of the Amoiican as oomiiaied to the Siberian lines to the c.ist ol it should be found nioving eastwauis also. Thcio 
locus, or a motion of the Sibciiau focus fiorn west to cast. On the is stiong evidence that the latter is the c.isc, and that in the 
fust supposition the lines to the eastward of the Siboiian focus — noithern licmisphcio tlieie has been a long coiitinuul piogrcssion 



to the castwaids of the system of m.agnetic lines on both sides of 
the Sibciian focus. In the southern heinisphero also wo hive proof 
that the analogous focus has been tiavclling, not from wist to cast, 
but fiom east to west. 

32. Tlicie is some reason to believe th.it the eastward motion of 
the Sibeiian focus has been recently roveisod, and tlut it is now 
going from cast to west. Table II. shows the declination observed 


at Ilushoy Jlcath (Herts) dining 1817-20, and at Kew lioiii li'SS 
to 188^^ 

It W^uld appear fiom Table II. tb.it the maximum .ufitirly 
decHimtiun was leaclitd in 1818, and tliat Uio nccdlc h ih iincc ibat 
dato been tovolling castw.uds. A ir chang e has taken plico 

» Taken from Walker's 
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for the secular change by imagining a solid globe or tcrella,^ con- 
contnc with the earth but rotating independently of the external 
shell and having a slightly diflerent period of rotation, — the shell 
having two poles and the tcrella two others. While continuing to 
admire Halley's sagacity, we shall not now be disposed to allow such 
a constitution ot the interior of the earth, but will rather be led to 
look to some external inlluenee as the cause of the secular variation. 

ANTiile we have strong evidence that the Siberian focus has changed 
its 2 )osition, wo cannot assert that the American focus has been 
absolutely stationary, or that neither focus has experienced any' 
changes of force. On these points we must be content to be guided 
by observation alone. 

34. It has been supposed by some magneticians that it is possible 
to compute with something like certainty the particulars of the 
motions of the magnetic focL Hanstcen more especially (1811-19) 
computed both the geographical positions and probable periods of 
revolution of this dual system of foci of force round the terrestrial 
pole. Sir Frederick Evans has discussed in connexion with the sub- 
ject all the most recent observations," and points out two objections 
to .any such theory as that of Htinstcen, viz. , (1) that, while a mag- 
netic turning point has been reached in certain regions, there .are 
largo portions of the earth in which this change has not yet been 
accomplished, and (2) that in certain districts of the earth very great 
changes in force have taken place. “ If we turn,” he says, “ to the 
continent of South America and its adjacent se.as, we shall find a 
diminution of the intensity of the earth’s force now going on in a 
remarkable degree. An examination of the recent observations 
made by the ‘Challenger’ officers at Valparaiso and lilonto Video, 
comijarcd nith • those made by“ preceding observers, shows that 
within half a century the whole force has respectively diminished 
one-sixth and one-seventh, — at the Falkland Islands one-ninth.” 
On the whole, while there is strong evidence that the Siberian focus 
has until recently been travelling eastwards, and its analogue west- 
wards, and evidence less conclusive that recently a turning point in 
this motion has been reached, wo are disposed to think with Sir 
Frederick Evans that a formal theory like that of Hanstcen does not 
agree with recent observ.ations. We shall revert to this subject. 

35. In Tables III. and IV. certain yearly values of declination, 
dip, and horizontal force are given for Various stations. 

IXEQr.tLITIES IN OR CONNECTED WITH TERRESTRI.Vli 
ilAGNETISM DEPENDING ON THE SUN. 

36. As there is a marked likeness behveon the ways in which the 
sun dominates over the two great divisions of terrestrial phenomena, 
meteorology and magnetism, let us endeavour to clescribo the 
sun’s otlect upon the latter by referring to its influence on the 
former, the chief peculiarities of which are well known to .all. Wo 
find that the temperature of the air at a given station is subject to 
a dinm.al fluctuation having its minimum value shortly before sun- 
rise and its m.aximum early in the afternoon. We find likewise 
that the mean temperature for the day, as well as the amplitude of 
this diurnal oscillation, depends upon the season of the year, both 
being greatest about midsummer and least about midwinter. Ifow, 
if this were the only manifestation of solar influence upon this 
particular element, it would be possible to predict the temperature 
for any hour of any day once the mean temperature, the diurnal 
variation of temperature, and the modification of these for diflerent 
seasons of the jrcar had been well ascertained. But this amount of 
regularity' is very far from taking place, — the march of temperature 
bemg frecyuently interrupted, cloaked, perhaps even reversed, by 
the advent of peculiar' weather. Thus we m.ay' h.ave very' cold 
weather in midsummer and very w.arni weather in midwinter, or 
wo may luave a very cold afternoon and a very warm early morning, 
by which means the ordinary conditions of temperature will be 
completely reversed. In like manner weather interferes even to a 
greater extent udth the diurnal oscillation of the atmospheric 
pressure, so that, in British latitudes at lc.ast, it is only possible to 
obtain this correctly by means of a long series of observations. 

Weather, however, does not consist of a perfectly Lawless inter- 
ference with periodical idienomena, but is subject to laws of its own, 
some of which we arc beginning to discover. Sometimes weather 
may exalt or depress the diurnal fluctuation of temperature avithout 
otherwise affecting its character; but sometimes too the turning- 
ywiuts and the general appearance of this fluctuation .are greatly 
influenced by peculiar weather. 

37., How it is believed that we have something of this kind in 
those fluctuations depending on the sun to which the elenients_ of 
terrestiial magnetism are subject. Let us take the declination 
as the most e.asily studied of the three magnetic elements, and 
suppose that wo .are engaged in considering the traces denoting tlie 
fluctuations of declination as derived from a set of self-reconling 
magnetographs in Great Britain. Here wo shall at once be able to 
recognize in an unmistakable manner the diurnal variation depend- 
ing upon the position of the sun, in virtue of which a freely- 

I See Walker’s Tci-rcstrial and Cosmical .Vaynelism, where the subject is well 
discussed. 

- In his lecture to the Royal Geographical Society, March 11, 1S73. 


siKpendpd magnetic needle reaches the e.asterlv extreme of iisran^o 
about eight m the morning, and the westerly about two in tUo 
afternoon. \\ c shall likewise perceive that the ran"o of this 
diurnal fluctuation is greatest at midsummer and least at mid- 
winter. In fine, the characteristics of this fluctiuation, dependin'' 
as they do upon the hour of the day and the season of the year° 
are not very diflerent from those exhibited in the diiinial fluctua- 
tion of atniosidicric temperature. But, however thoroughly we 
may have ascertained the mean declination and its diurnal oscilla- 
tion, as well as the modifications of these depending on the season 
of tlie year, wo shall nevertheless find it impossible to predict the 
e.xac_t position of a freely-suspended magnet at any moment of a 
particular day. Hero then too we have something which may bo 
called magnetic weather, and which interferes with the regular 
progi-ess of the systematic fluctuations of the magnet. Jlagnetic 
weather has, like its meteorological analogue, a set of laws 'of its 
own, some of which we .are beginning to find out. Sometimes 
nnagnetic weather may e.xalt or depress the diurnal fluctuation of 
declination without affecting its character, but it is imagined that 
at other times the turning points and general appe.arancc of this 
fluctuation may be greatly influenced by peculiar nnagnetie weather. 

38. There is, however, a kind of magnetic change which, so for 
as we know at present, is not analogous to anything in meteorology, 
and introduces an additional element of comjilexi^- in anj- attempt 
to .analyse the fluctuations of terrestrial magnetism. IVe mean the 
well-known magnetic disturbances or storms which occur simul- 
taneously in places veiy widely .apart. Under these circumstances 
it becomes a question how we can best deal in a practical manner 
with this complicated system of things. 

. IVe do not think that with our present knowledge any better 
system can be adopted than that first inti-oduced bj' Sir Edward 
Sabine in his discussion of the results of the colonial magnetic 
observatories. Suppose that we have hourly magnetic obsen-ations 
at a station, then first of all we should arrange these into monthly 
groups — each hour by itself. We should then reject as disturbed 
observations all those which differ by more tluan a certain amount 
from their respective normals of the same month and hour, — the 
normals being the hourly me.ans in each month after the exclusion 
of all the disturbed observations. This method enables us, by its 
exclusion of disturb.ances, to ascertain with much accuracy the true 
form of the solar-diurnal variation of the magnetic elements at a 
given place corresponding to every month of every year, provided 
onlj' that the observations are sufficiently minierou.s. On the other 
hand it n’iH probably fail in accurately giving us the variations from 
day to day of the ranges of these diurnal fluctuations caused by the 
advent of peculiar magnetic weather, — inasmuch as the records of 
the extreme eft'eets of such weather will probably be cut olf from 
tlie undisturbed observations and reckoned among the disturbances. 

For instance, it is known that the solar influence on teiTcstrial 
magnetism varies from year to year, and it is suspected that there 
are also short-period fluctuations of solar influence. It would not, 
liowevcr, bo a safe proceoduig to attempt to estimate numcric.ally 
this last-mentioned element of fluctuation by taking the sneccssive 
diurnal ranges of tlioso obsera'ations at any station, reckoned as 
undisturbed, by the above process, and plotting them as successive 
ordinates of a curve, and then supposing that this curve would give 
us a true graphical representation of solar cliaiiges. It would 
rather probably represent such changes with the tops and bottonrs 
of the larger llucriiations cut olV. But if the undismrbed observa- 
tions fail in this respect we can hardly be wrong in supposing that 
there has-been eliminated from them, as far as possible, all intlueuce 
due to magnetic storms, and hence that they will aft'ord us a much 
better means of estimating sm.all fluctuations, such, for instance as 
those due to the moon, than wo could have had without their aid. 

Fin.ally, with regard to that portion of the observations selected 
as disturbed, wo are probably not certain that every such observa- 
tion represents a tiaio disturb.ance, or that the absolute times of 
occurrence of tho various observations selected as disturbed at one 
station will bo the same as those at another. Kevertheless Sir 
Edward Sabine has shown that at the Kew Obserr-atory certain laws 
of disturbance deduced from the whole body of observations selected 
as di.sturbcd are closely reproduced when this selection is niadc ou 
a narrower basis— ninety-five days of prominent disturbance bein'' 
alone taken. With these prefatory remarks wo shall now procecU 
to discuss tlie diurmal inequality of terrestriH m-agnctism. 

39. Total Dhimal Incqualitu Defined . — It will be seen fmtlicr 
on tliat disturbed as well as undisturbed observations are subject to 
a diurnal variation, but these two variations are dillereut, and the 
name diurnal incqualiUj is generally given to the compound vana- 


tioii which is the joint resultant of the two. Jsolar-diunial 
vai-iation is that portion of the compound inequality which refers 
to uWisturbed oliservations, wliile that which refem to disturb- 
ances has received tho name of dtsiurlancc-dumial variation, ft 
would appe.ar that in the United Kingdom, .and perhajis throiigli- 
rt Europe, the total diurnal inequality is not veo’ greatly 
dilferent either in character or range from its most imiwrtaiit 
component tho solar-diurnal variation, at least so tar as the 
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declination is concerned. When tlio diurnal oscillation of a frcely- 
suspeiulcd magnet was first observed, the subject of magnetic 
disturbances was not undei'stood, and the early individual deter- 
minations wliicli have been handed down to us are not such as to 
justify the expenditure of any very great labour upon them for 
the purpose of separating the disturbed from the undisturbed obser- 
vations. Iua.smuch, however, as the total diurnal inequality of 
declination (which is in reality the element given by these early 
observations) docs not greatly differ irom the solar-diurnal varia- 
tion, we may with much justice and little risk of error give the 
history of these early observations in connexion with that of tho 
solar-diurnal variation of declination, which is by far the best 
known, and perhaps tho most important, of all the various magnetic 
changes inoduced bj' solar inllueime. 

•10. Solar-Biimial Variatiimo/DccUwdion.—Graham, an instru- 
ment maker of London, discovered in 1722 that a freely-suspended 
magnetic needle is subject to a diurnal oscillation of definite char- 
acter.i The next observer was Canton, who in 1756 began a series 
of nearly four thousand observations, which he cominnnicated to the 
Royal Society on December 13, 1759, and from which he concludes 
that the range of tho diurnal variation is greater in summer than in 
winter. Macdonald’s observations at Fort Marlborough in Snmati-a | 
in 1795 {F/iil. Trana., 1796), and Dnperrey’s in the tropics in 1S25, i 
were perhaps tho first that might lead us to conclude that the j 
amplitude of the diurnal oscillations of the needle is less in tho 
tropics than in middle latitudes, and that the motion of the needle 
in the soutliern hemisphere is in the opposite direction to that in 
which it moves in the northern hemisphere at the same hour. 

•11. Scmiannnal InequalUy .- — The existence of these early 
observations had led some magneticians prematurely to conjecture 
that there must be a line somewhere near the equator at which 
there is no horary variation in declination. In 1817 Sabine com- 
municated to the Royal Society the results of five years’ observations 
at St Helena, showing that at that station for tho half of tho year 
beginning at the vernal and ending at the autumnal equinox the 
motion of tho needle corresponds nearly to that in the northern 
hemisphere, whilst for tho other half it corresponds nearly to that in 
the sonthornhemisjihoro. Sabineafterwardsconfirmed and extended 
his conclusions regarding tho semiannual inequ.ality by discussing tho 
results obtained at the various colonial magnetic observatories. More 
recently, as tho result of twelve years’ observations at Trevandrum, 
at an observatory established by tho rajah of Tinvancore, John 
Allan Broun g-ave in a very complete form the laws of change 
of the solar-diurnal variation of magnetic declination near tho 
equator, showing the extinction of the moan movement near the 
cipiinox. 

•12. Perhaps the best way of exhibiting what really takes place is 
the following, which is that adopted by Sabine. 

The mean annual value of the solar-diurual variation is of what 
may be called the northerly type in places of middle latitude in the 
northern hemisphere, and of what may be called the southerly typo 
in places of middle latitude in the southern hemisphere. Now let 
us take a northern station, and consider the mean form of its solar- 
diurnal variation for tho six months beginning with tho vernal 
c<puuox. Here wo shall have an oscillation of tho northerly type 
with a range greater than tho annual range. For these six months, 
therefore, we may imagine that the annual range has been supple- 
mented by the superposition on it of a variation with a type similar 
to its own. At the same station, during the other six months, the 
solar-diurnal v.ariation is less than the mean of the year, as if tlie 
•annual variation had been depressed by the sn])erposition on it of a 
variation with a type the opposite of its own, that is to say, with a 
southerly type. At a station in the southern heniisjihero, again, 
tho mean annual form of tho solar-diurnal oscillation is of the 
southerly type, reduced during the six months beginning with tlic 
vernal equinox by the suiicrposition on it of a variation of northerly 
type, and increased during the other six months as if by the super- 
position of a variation of southerly typo. Thus when tlio sun is 
north of tho equator we may superpose a variation of tlie iiortlierly 
type upon both hemispheres, with the elfect of increasing the range 
in tho northern lieniisphere and diminishing it in the soutliern ; 
and while the sun is south of the equator wo may superpose a varia- 
tion of tlie soiitheni type upon both hoiiiisjiherc.s, with the effect of 
dimuiishiiig the range in the iiortherii and iiicre.asing it in the 
bouthcrii hemisphere. 

hear tlie equator, .as at Trevandrum, where Broun made his 
observations, we find the iitcaii aiimial value of the solar-diurnal 
variation to he e.xtrcmely sni.all, if not .altogether cvanc.seeiit. 
During the si.x mouths hcginiiing with the vernal equiiio.x tlie typo 
is entirely northeily, while for the roiiiaiiiing six months of thevear 
it 13 entn cl V .southerly in chaiaeter. In line, at this station the 
soiar-diuriial variation changes its eharaeter at tlie equinoxes, at 
Which time wo have, as .already observed, an extinction of the mean 
nioYcnient, — not indeed an ahson co of all variation, but rather a 

- ffttJlrial and Comical -ifaffnetism. 

Su'eMloncJ Sabine, but its ujijiropriatcncss may perhaps bo 
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variation having an undecided character, tvhich for a few days may 
be of one type and then of the very opposite. There is movement 
_but no mean movement. 

43. In the following table (V.) the solar-diurnal variation is 
given for Kew, Trevandrum, and Hobart Town. Of these 
places the first denotes a station in middle latitudo (northern 
hemisphere), tlie second an equatorial station, and the third a 
station in middle latitude (southern liemisphei-e). 


Astronomical 

Hours. 

1 

Kew. j 

'ri'cvandrum. 

IIobaltTo^yn. 

April 

to 

Sept. 

Oct. 

to 

March. 

Wliolo 

Year. 

April 

to 

Sept. 

Oct. 

to 

Marcli, 

Whole 

Tear. 

April 

to 

Sept. 

Oct. 

to 

i>rarch. 

Whole 

Year, 

0 

— G-15 

— 1-12 

-5-13 

—1-30 

■fO-07 

-O-Gl 

•f-0'35 

4-2-35 

4-1-35 

1 

-5-12 

—4 00 

— G'ln 

— l-2.'i 

•fO-3.5 

-0-45 

-f2-15 

+4*85 

4-3-50 

*» 

—Got 

-• t-fi7 

-5-81 

-0*85 

-i-0'5G 

—0*15 

4-3T& 

+5*05 

4-4-65 

3 

-5-21 

-3-3.'. 

1-28 

—0*35 

+0'GL 

-fO-13 

4-3-30 

+5'50 

4-4-40 

4 

—3-25 

—1*95 

—2 -GO 

+o-o:i 

+0*53 

+0*28 

4-2-40 

+4*S0 

+3-35 

5 

-l'-17 

—1*05 

-1-2C 

-fO-15 

-)-0-33 

-fO-24 

4-1-30 

+2*70 

4-2-00 

G 

—0-32 

— 0‘4G 

— 0'39 

-fO-OS 

■-1-0-22 

-1-0-13 

+0*75 

+1*55 

4-1-15 

7 

-hO-22 

•f-O-21 

-1-0-22 

-0-15 

-fO-23 

+0 04 

4-0-20 

+0S0 

4-0-50 

8 

+0-44 

-fO 02 

-hO-G8 

-0-30 

+(M0 

-0-05 

-0-30 

+ U’o0 

4-000 

0 

+0-52 

+1*45 

-1-0-99 

—0*28 

•fO-lS 

.-0-03 

— 0*85 

-0*25 

-0-55 

10 

+0-70 

-f-l-77 

■fl-24j 

—0*20 

+0-00 

-O^GG 

-1-30 

-0*70 

-0 90 

11 

+0-00 

-fl-81 

-fl-37 

-0*07 

-fO-10 

•fOOl 

-1-15 

-0S5 

-I-OO 

i> 

-hi -19 

-fl-C7 

-f-l’-tS 

-i-0-07 

+0*11 

-fO-09 

-1-10 

— o-so 

-0-95 

13 

-H‘-23 


-H-29 

•fO-18 

-i-O-OS 

-(-0-J3 

—0-75 

-0-75 

— y*76 

u 

-f-l'-lfi 

-fl-22 

-f-1-39 

-fO'27 

-1-0-02 

-fO-W 

-0-40 

-0*70 

-0-55 

15 

-f-J'93 

-hi -09 

-f-l •51 

+0-21> 

— 0-11 

-fO-09 

-0*35 

—0 C5 

-0-40 

IG 

+2-5S 

-H-17 

-fl-SS 

-fO-31 

-0-28 

+0*02 

-0;02 

-078 

-0 40 

17 

+3*60 

+1*43 

H-2-51 

+0*18 

-0*45 

-fO-Ol 

-0-10 

—1*40 

— U 70 

18 

+4*50 

+1*54 

-1-3-07 

-fl'02 

-O-GG 

-i-0-18 

-0*23 

-2-37 

-1-30 

19 

-h5-31 

-fl'8.> 

-f3-5S 

-fl--i8 

-0*8( 

-fO’32 

-0-50 

-3-60 

-2-15 

20 

-h5-20 

+2‘40 

-f.'hSO 

+ 1*20 

-0*72 

+0*24 

-1-25 

-5-25 

-3 25 

21 

+3*57 

+2*32 

+2'25 

-f0--17 

— O'Sfi 

+0'06 

-2*10 

-5*30 

-3*70 

9‘> 

+0*33 

-fO-54 

-)-0--fC 

-0-32 

-0*13 

-0^22 

—2*20 

-3-SO 

-3-00 

93 

—3-18 

—2*18 

— 2'GS 

-0-93 

-0*07 

-0-50 

—1-40 

-0’80 

-1*15 


In this table deflexions towards magiiotic cast are reckoned positive, deflexions 
towards magnetic nest negative. The scale is in minutes of arc. 


Also ill fig. 33 wo have a graphical representation of the sokr- 
diurnal variation for tlio whole year at these three stations, from 
whitth it will be seen that the range at Trevandvnm is extremely 
small, and that the curve for Hobart Town is opposite in appcaraiico 
to that at Kew. 



Fig. 33. 

Finally, in fig. 34 we iiave a graphical representation of the semi- 
aiiiinal inequality or difi’crence from tho whole year’s mean of tlie two 
half-yearly means of Table V., the one half-year (tiiat with thick 
lines) coinniencing at the vernal and the other at the autuuuial 
cquiiio.Y. It will bo seen from this figure that the soininnnuaf 
inequality is of the same character inbothhemispheves, the likeness 
extending even to its minor peculiarities. 

44. Change from Month to Month . — Cliarlcs Chambers, director 
of the Kolaba Observatory, Bombay, remarks ( jTmsiS. A’oy. Soc., 
December 10, 186S) that “ tlie regular progression from nionth 
to mouth in the diurnal variation is so distinctly shown in the 
Bombay^ observations as to lead, on a first inspection, to the 
supposition that the law of variation is identical throughout the 
year, tho extent only (including a reversal of direction) varying frein 
mouth to mouth. But in this respect a different exposition of the 
character of the variation in different -months shows that tfie 
first thought would bo inaccurate.” He tlieu proceeds to discuss 
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at length the monthly values of the solar-diurnal variation at 
Bombay. Broun has likewise (Trevandruni observations) diseusscd 
at length the solar-diurnal variation at the Trevandrum Observa- 
tory. It would hardly be of service to reproduce here the results 
of these discussions; but when such analyses become sufficiently 
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extensive they may be e.xpected to throw light upon the cause of 
the solar-diurnal variation. 

In the following table wo have mean monthly values of the declin- 
ation range at the Kew Observatory corresponding to forty-eight 
points in the year — derived from sixteen years’ observations : — 

Table VI . — Containing Monthly Mmw («?h’<=22''04) /«• Forty- 
eight Points in the Year of the Kew Solar-Diurnal Declination 
Jtawjcs. Thus January (0) gives the monthly mean of which the 
middle date is the very commeneement of the year, January (1) 
that for one week after the commencement, and so on. 



Mean Value. 


Mean Value. 


.Mean Value. 

Jan. (0) 

■Zli 

ilay (0) 

•599 

Sept. (0) 

•594 

fl) 

••323 

(1) 

581 

(1) 

•577 

(2) 

■3-10 

(2) 

•573 

(2) 

55-i 

(3) 

■302 

(3) 

•586 

(3) 

•532 

KcU. (0) 

•38.> 

June (0) 

•59G 

Oct. (0) 

•513 

U) 

•■101 

(I) 

•005 

(J) 

•496 

(2) 

•418 

(2)- 

•010 

(2) 

•478 

(3) 

•438 

(3) 

•004 

(3)- 

•463 

March (0) 

•407 

July (0) 

•001 

Nov. (0) 

•445 

(1) 

*508 

(D 

•597 


•418 

(2) 

•548 

(2) 

•591 


•389 

(3) 

-.587 

(3) 

•593 

i^Ka 

♦360 

April (0) 

•C15 

Aug. (0) 

•594 


•340 

(1) 

•C32 

(1) 

(2; 

•001 

■■Ha 

•322 

(2) 

'f39 

•oil 

(2) 

•308 

(3) 

•020 

(3) 

•000 

(3) 

•308 


It will be seen from this table that, while we have a maximum 
about the summer and a minimum about the winter solstice, we 
have unmistakable indications of maxima at or about the equinoxes. 
This docs not take place at a tropical station such as Trevandrum. 

45. Behaviour near the Magnetic Pole. — Figs. 33 and 34 exhibit 
the most prominent features of the solar-diurnal variation of declina- 
tion in the extra-tropical regions of the northern hemisphere. If 
an observer stand over the centre of the needle and look towards 
tlio marked end, or that which points to the north, he will perceive a 
deflexion towards his right hand which will reach its extreme about 
8 A.M. and a deflexion towards his loft hand which will reach its 
extreme about 2 p.ji. But are these deflexions to the right and 
left hand of geographical or of magnetical north! This question 
has been answered by Sabine in his discussion of the results of hourly 
observations of the magnetic declination at Port Kennedy {Phil. 
Trails^, 1863, p. 660). This station is 72° 0' 49" N. lat. and 94° 19' 
W. long., and here the marked end of the needle, while it points 
towards the magnetic polo, points inrealitj' about 35° to the west of 
south. Now the marked end of the needle when viewed at 8 a.m. 
is seen at Port Kennedy to have moved to the geographical west 
but to the magnetical cast. It would thus seem that throughout 
the extra-tropical regions of the northern hemisphere the 8 A.M 
deflexion of the needle is always towards the magnetic east but not 
always towards the geographical east, while the deflexion at 2 p.m. 
will always tend towards the magnetical west but not alwa 3 's 
towards the geographical west. In fine the oscUlatious have 


reference to the north magnetic pole of the earth and not to the 
north geographical pole. No observations of this nature have been 
made III the southern hemisphere. 

46. Boiuj.Period Inequalities of Declination A’anw.— It was first 
observed by Lament that the yearly values of the diurnal lange of 
magnetic declination at Munich presented signs of a lon"-neriod 
variation. In 1852 Sabine (Phil. Trans., 1852, p. I03)°showed 
tliat this inequality corresponded in its progress with that of tha 
frequency of black spots on the surface of the sun. 

I he existence of black spots on the disk of the sun was loiK^ ago 
known to the Chinese. In Eurojie they were first scientiluially 
observed alter the invention of the telescope, and it was diduceil 
from their behaviour that the sun revolves about his axis in about 
twenty-six days. Hofrath Sehwabo of Dessau, from a long series of 
forty years’ observations of the sun, was the first to show that the 
state of the sun’s surface as regards spots was not uniform, but that 
their frequency was subject to an inequality the average period of 
which was about eleven years. Other inequalities both of longer 
and shorter periods have been supposed to exist, but the eleven- 
yearly period is the most prominent and is best assured. Although 
the ann-spot catalogue of Scliwabe is the first with pretensions to 
completeness, yet Professor Iludolf Wolf has endeavoured to render 
observations of sun-spots made at different times and by different 
observers comparable with each other, and has formed a list exhibit- 
ing approximately the relative number of sun-spots for each year. 
This list extends back into the 17th century, and is of great value 
ill confirming past all doubt the existence of the eleveii-j'early period. 
It ivill appear below that the sun is probably to be regarded as 
giving out most light and heat at those times when sun-spots are 
most frequent. The most accurate and now universally adopted 
method of estimating sun-spots is to take the spotted area expressed 
in millionths of the sun’s visible hemisphere. 

To return from this digression, — the correspondence between sun- 
spots and declination ranges detected by Sabine was of such a natuic 
that years of large declination range agreed with those of many sun- 
spots, and vice versa. In the same year with Sabine (1852) Dr 
Rudolf Wolf and M. Gautier independently remarked the same coin- 
cidence. Subsequent discussions have entirely confirmed the fact 
of this connexion, ami in May 1879 William Ellis (Phil. Trans., 
1880, p. 541) showed that the observations made at the Greenwich 
Observatory during the years 1841-77 indicated a relation of this 
nature between the diurnal ranges of horizontal force as well as those 
of magnetic declination on the one hand and the amount of sun-spot 
frequency on the other. The general character of this coincideneo 
between sun-spot frequency and declination range is e.xhibitod 
graphically in fig. 39 below. 

47. Ratios of Ranges in Years of Maximum and Years of Mini- 
mum Stm-Sjwt Frequency . — Broun (Trans. Roy. Soc. of Edin., yoL 
xxvii. ) has shown that the ratios of the diurnal ranges of declination 
in years of maximum to those in years of minimum sun-spot 
frequency for places widely apart on the surface of the earth are very 
nearly alike. ’I’his will be seen from the following table : — 

’Table VII . — Ratios of Declination Ranges in Years of Maximum 
and of Minimum Sun-Spot Frequency. 


Place 

Mean / max \ 
Ratio 1 min. i 

Obsener. 

Paris 

1-71 

Cassini and Arago. 

Gottingen 

1-74 

Gauss. 

Munich 

1-66 

Lament. 

Dublin 

1-52 

Lloyd. 

Hobart Town 

1-57 

Kay. 

'Toronto 

1-51 

Younghusband and Lefroy. 

Trevandrum 

1-56 

Broun. 


48. Closeness of Correspondence— Lagging bchiiul of Ranges.— 
Stewart has shown from a discussion of the declination ranges at 
Kew, Trevandrum, and Prague (Proc. Roy. Soc., March 22, 1877, 
February 8, 1878, May 16, 1878) that this correspondence between 
the state of the sun’s surface and the diurnal range of declination 
extends to inequalities of shot t period as well as to that of which 
the period is approximately eleven years, but that a particuj.ar .state 
of the suu*3 surl’jicG pi’eccdes in point of time that of the (Iccliiiation 
ran "0 to which it corresponds,— in fine, that the solar cau.se precedes 
thelerrcstrial elfect, which latter lags heliind to an exteiri that is 
sometimes considerable. 'These coiichisions have been coniirmeu by 
Ellis (ut supra), and have likewise been extended by him to the 
horizontal force. The close nature of this correspondence as weU 
as the lagging behind of the terrestrial magnetic effect, will bo seen 

There are indications that this lagging behind of the maguetie 
effect is greater for sun-s)iot inequalities of long than for tliosu of 
short penod, a method of behaviour quite similar to what we find 
in meteorological phenomena. . 

49. Analysis of Long-Period Mep osscasiio sun spot 

A. V Jl. 22 
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(lata sufficiently accurate for a discussion, in a complete manner, of 
questions relating to solar periodicity before tlic time when Sclnvabe 
had finally matured his system of solar observations, wbich was 
not until the year 1832. 170 have, however, a much longer scries 

of the diurnal ranges of magnetic declination, which wo have seen to 



follow very closely all the variations of sun-spot frequency, so it 
is conceivable that they may give us a better estimate of true solar 
activity than that which can bo derived from the direct measure- 
ment of spotted areas. 

These considerations have induced Jlessrs Stewart and Dodgson 
to attempt an analysis of the diurnal ranges of magnetic declination, 
their method being that which has been pursued by liaxendell ami 
probably other astronomers with observations of variable stars.* 
The observations at their disposal for this rcsc.arch were those 
v/hioh had been used by Professor Elias Loomis in his comparison 
of the mean daily range of the maguotio declination with the 
extent of the black spots on the sun (American Journal of Science 
and Arts, vol. 1. No. cxlLx.). These observations are recorded as 
monthly means (jf diurnal declination range, and it was found 
necessary to multiply each by a certain factor, firat on account of 
the change of decimation range from ono month to another, ami 
s^oudly to bring them all to the standard of the Prague observa- 
tions, — Prague being the ])lace where the longest series of such obser- 
vations has been made. Eor this latter purpose precisely the same 
corrections were applied as those made by Professor Loomis. 

The result of this analysis has been to indicate the existence of 
three inequalities,— two dominant ones with periods of about ten 
and a half and twelve years, and a subsidiary ono with a period of 
about sixteen and a quarter years. By these means the observed 
annual values of declination range have been reproduced with an 
average error of 39". The amount of agreement between the 
observed and calculated values will bo seen from the followim' 
diagram (fig. 36). ° 

50, Notudthstauding the considerable amount of agreement 



between the resulte of observation and calculation which appeal 

Tt ’• of observed vklm 

at present obtainable is too short to render tho analysis a ver 
accurate one. It will certainly not bear carrying Lck fort 
it beyond its starting point, which was in 1784, an 

ijjvould be very hazardous to carry it forward any conkdei 


* froc. Lit, anU mi. Sociit;/ o/ Manchaler, March 8 , 1831 . 


able length into the future. It will be scon that calculation 
indicates a maximum of declination range about 1881, but not so 
pronounced a maximum as that of 1871. Hero then we have a 
provision which observation will either fulfil or contradict, giving 
us a practic.al test of the value of this analysis. 

51. Tho remarks now made would seem at first sight to iinply 
that wo are not yet furnished with sufficient yearly rccorcls cither of 
declination ranges or of accurate sun-spot observations to enable us 
to analyse the lon';-pcriod solar inequality with such completeness 
.as to carry our calculations more than a very short distance into 
the future with any chance of success, and that wo may have to 
wait for another hundred yeara' observations before we are able to 
(lo so. On rellection, however, it would seem that long-pcrio(l 
inc(jualities may bo caused by tho supernosition of those of short 
period, and thus that an analysis of the latter may lead to that of 
tho former. It would relievo us if this were found to be the case ; 
for the observations at our dispo-sal m.ay bo sufficient to cn.able us 
completely to analyse short-period inc(jualitics, assuming that we 
have in such tho elements of a true penodieity. 

A remark made by the authora of the above analysis would seem 
to indicate that a connexion of this nature between long and short 
periods does in all probability exist. It is a well-known fact that 
the so-c.allcd eleven-yearly oscillations of declination range are at 
certain times large and at other times small. Thus, for instance 
they have been largo for tho Last forty years, but they were small 
about the earlier part of tho present century. Now it is clear from 
an inspection of the observations (sco fig, 36) that a scries of largo 
oscillations is accompanied with an exaltation of the base line, or 
lino denoting average efficiency, while a .scries of small oscillations 
is accompanied with a depression of tho same. Tho result is a 
long-period curve of the base line, the beat period, so to speak, of 
tlie eleven-yearly inequality. 

Now a phenomenon precisely similar occurs in connexion vrith 
shorter periods. If wetake inmiualitieshavinga periodof threoorfour 
moutlis, wo liml that such arc alternately woll-dovcloi>cdor of largo 
range and badly-developed or of small range, and that a largo 
range of such is accompanied with air exaltation of the base line or 
line of average elticiency, white a small range is accompaniccl irith 
a doprcs.sion of tho same. Tho result is a curve of tho base lino of 
whi(jli tlm period is roughly speaking eleven years, ilay wo not 
therefore imagine that tho .so-c.alted eleven -yearly period, or, to speak 
more correctly, tho ten and a half and trvclvo-yearly periods into 
which the eleven-yearly period may perhaps bo aiwlyscd, may be 
in reality boat nerioils for shorter disturbances ? Is it not there- 
foro possible that a study of these shorter periods may give us 
information regarding tho nature of the oloveu-yearly period, 
whetlier for sun-sjiots or declination ranges, which the small series 
of actual observations is iuconipotont to afford? 

52. Declinatioii-ltanijc IFcathcr . — Allusion has already been 
made to niagnotical weather ns perhaps having Laws similar in some 
respects to tlioso which regulate meteorological weather. Now the 
diurnal ranges of magnetic declination and those of atmospheric 
temperaturo present us with elements of tho two weathers that can 
easily bo discussed. Again there is strong evidence for supposing 
that .an element of meteorological weather, such, for instance, as 
temporaturo-rongo, travels as a rulo from west to cast, so that a 
peculiar style of temperaturo-rango might bo expected to 3 ppc.w 
first in America and some days afterwards in Great Britain. It 
becomes thereforo a question for inquiry Avhothcr this travelmig 
from west to c.ost aj) plies also to magnetical weather as evidenced by 
tho diurnal dcclination-rango. Stewart is of opinion that this law 
of travelling applies to both, but that magnetical 'weather travels 
faster than meteorological (seo I’roc. Hoy. Soc., January 10,_ October 

23,1879, and JunoO, 1881). From tho preliminary discussion niatie 
by him it would appear tliat Kew lags behind Toronto as refjaros 
phase of magnetical weather by 1'6 days, that Praguo lags behind 
Kow 0‘7 days, and that Trovaudruni lags behind Kew by 9 '7 day& 
This conclusion cannot, however, bo regarded as established until 
it is confirmed by a more complete discussion of observations. 

53. Disturbance-Diurnal P'ariation of Declination. — Magnetic 
storms (§ 38) were so named by Baron Humboldt, ono of tho first 
observers of such phenomena. Prom observations at Paris, Berlin, 
and Proiburg ho found that very frequently, though not universally, 
these three stations were simultaneously aflcctcd by such storms. 
Tho observation of magnetic disturbances was afterwards puraued 
in a systematic manner by Gauss and IPebcr of Gottingen, retj" 
days were instituted for this purpose by these obsorvcrs,_ — that is to 
s,ay, periods each of twenty-four hours length during which observa- 
tions wero simultaucously made at intervals of five minutes at 
Gottingen and about twenty other stations distributed gcnenniy 
over tho continent of Europe. Piiially, tho cstablishinent by tho 
British Government of tho colonial magnetic observatories, and tiio 
energy pd sagacity of their director. Sir E. Sabine, have very 
greatly increased our knowledge of these remarkable phoiiomeiia. 

Sabine has not merely separated the disturbed from the fi^" 
turbed observations as explained in § 38, but he has divided the 
former into two categories — (1) those tending to increase westerly 
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declination and. either element of force, and (2) those tending to 
diminish tlio same. He finds that these two categories obey 
difierent laws, from which ho argues tliat there are at least two sets 
of disturbing forces. In fact, if we h<avo to give up the idea of a single 
force of constant type, it is natural to ask if the phenomena of dis- 
turbance can be approximately represented as due to the united 
action of two independent types of force. It was probably some 
such idea tliat led Sabine to separate disturbances into these two 
categories above mentioned. Hero there is no attempt to assert 
that these two types represent an ultimate and complete analysis 
of the forces concerned. We merely use the separation as the most 
convenient method at our disposal in the present state of our know- 
ledge for ascertaining whether there bo indications of a dual 
system. 

- _ 54. JlestiUs in the Northern Hemisphere . — Sabine’s method of 
viewin" the phenomena has enabled him to obtain the disturbance- 
diurnal variation for the following stations 

Kew 51” 20' N. lat. 

Peking .00 

. Nortciiinsk 51 

Toronto 43 

Port Kennedy 72 

Point Barrow ; 71 

The above stations have been so chosen that Kew may be 
regarded as on one side and Peking and Nertchinsk as probably on 
the other side of the Asiatic pole, while Toronto may be regarded 
as on one side and Port Kennedy and Point Barrow as on the other 
side of the American pole (§ 29). The question as to what 
influence, if any, these poles have upon the disturbance-diurnal 
variation of declination is thus one which may be answered by 
examining the results obtained at these various stations. For this 
purpose, instead of recording the aggregate disturbances at the 
various hours, the result is expressed in ratios, — the mean hourly 
ratio for the day being taken as unity, or in other words the whole 
body of disturbances for the twenty-four hours being reckoned as 
twenty-four. The results of this method are graphically represented 
in fig. 37, where in the left-hand curves Kew time is used, and 
in the right-hand curves local time, each starting at 0'‘.i 


54 N. 

19 N. 

40 N. 

01 N. 

21 N. 
so chosen 


0 ” 

llfi 

114 

79' 

04 

ISO 

that 


8' W. long, 
fi E. 

9 E. 

0 W. 

20 \V. 

15 W. 

Kew may 



55. At all the various stations one curve exhibits unmistakably 
a single progression, while the other e.xhibits more or less dis- 
tinctly a double progression.. At Kew, Toronto, Port Kennedy, 

1 If we refer to a paper by C. Chambers, director of Bombay Observatory 
{Phil. Trans., 18G8), It will be seen that n’esteily disturbances at Bombay pre- 
sent the same characteristics as westerly at Peking or Ncitciiinsk, the maximum 
being about twenty-two or twenty-three hours Bomb.ay astronomical time. 
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and Point Barrow it is the easterly disturbances which erhibit 
Bus single progression; while, on the other hand, at Pekin- and 
Nertchinsk, stations which are oppositely related to the Lhtia 
magnetic centre, it is the westerlj disturbances which do so ' It 
IS imagined by Sabine and others that this peculiar reversal is due 
to the fact that Kew and its associated stations may be regarded as 
on one sule and Peking and Nertchinsk as on the othc°r side of 
the movable magnetic system- 

Sabinc has likewise reniai’kcd that the singlc-progression curves 
whether denoting easterly or westerly disturbances, tvhibit maxima 
wliich take place not far from the same ab.solute time, We have 
therefore plotted all the left-hand curves accoiding to Kew time 
that the eye may readily see the amount of simultaneity which their 
corresponding phases e.xhibit. It will bo noticed that there is a very 
striking simultaneity between the maxima of Kew, Toronto, Peking, 
and Nertchinsk, but that the maxima for Port Kennedy and Point 
Barrow, while both occurring about the same time, fall at a time 
decidedly if not very greatly dilferent from that of the other 
maxima. Indeed the time of maximum for Port Kennedy and 
Point Barrow is not far from the time of minimum for the other 
stations. Now it has been noticed by Sabine that Port Kennedy 
and Point Barrow may be regarded as on one side of the American 
magnetic centre of intensity, while Toronto and the other asso- 
ciated stations arc on the other side. It seems therefore possible to 
connect this last fact with the change in the time of maximum. 
Sabine has likewise remarked that the aggregate amount of dis- 
turbances is much greater at Point Barrow than at any other 
station. Now Point Barrow is likewise that spot where auroras 
are most frequent. Thus in the phenomena we are now discussing 
there is first of .all a marked reference to the Asiatic pole ; secondly, a 
reference not so marked, perhaps, to the American pole ; and thirdly, 
a reference to the centre of auroral activity. Sabine, whose experi- 
ence of such matters is very great, appears to think most of the 
reference of these phenomena to the Asiatic pole. He thinks 
that “of the two magnetic systems which are distinctly recog- 
nizable in the magnetism of the globe one has a terrestrial and 
the other a cosmical source,” and that it is “the latter of these 
two systems which, by its progressive translation, gives rise to the 
phenomena of secular change and to those magnetic cycles whicli 
owe their origin to the operation of the secular change,” con- 
curring with tho conclusion of Walker that “the magnetic 
influence at any point of the globe is the result of two distinct 
magnetic systems, the principal of which is tho magnetism proper 
of tho globe, having its (northeni) point of greatest attraction in 
tho north of tho American continent, whilst tho weaker system 
is that which results from the magnetism induced in the earth 
by cosmical action, and of which the northern point of greatest 
attraction is at present in the north of the Asiatic continent. Thus 
the direction of the magnet at any point results from the super- 
position of these two systems, the nearest pole being always pre- 
dominant over tho more remote” {Phil. 2'rans., 18G8). While dis- 
posed to think that something of this nature .should bo accepted 
as a working hypothesis, wo would, however, point out that tho 
Asiatic pole cannot be regarded as accounting for all the pheno- 
mena of disturbances, but that the focus of disturbance is probably 
nearer the focus of auroras than it is to cither of the foci of 
magnetic intensity. 

The right-hand curves representing these disturbance-diurnal 
variations which have two maxima are, except for Port Kennedy 
and Point Barrow, decidedly irregular. Sabine remarks also that, 
instead of having a reference to absolute time like those with one 
progression, their reference is rather to local time. AVe have therefore 
plotted all these curves according to local time ; nevertheless this 
reference does not come out with very great distinctness ; but it 
must be remembered that our analysis of disturbances into easterly 
and westerly, although, in the hands of Sabine, it has given us much 
new information, has no claim to bo regarded as final and com])lcte. 

56. Mesulls in the Southern Hemisphere.— IMa VIII. shows 
the disturbance-diurnal variation of declination exhibited for St 
Helena, 15° 56''7 S. lat., 5° 40''5AV. long.; Cape of Good Hope, 
33° 56' S. lat, 18° 28' '75 AV. long.; Hobart Town, -12° 52 '5 S, 
lat, 147° 27''5 E. long.' , . 

At St Helena and the Cape the easterly disturbances present tho 
appearance of a single progression, while the same remark slightly 
modified applies to the easterly disturbances at Hobart Town. Again 
tho times of easterly ma.xima for St Helena and the Cape are very 
nearly simultaneous, while Hobart Town, which we may regard as 
situated on the opposite side of tho chief southern magnetic centre 
from St Helena and the Cape, has its maximum nearly coincident 
in absolute time with the minimum of tho other two stations. It 
would thus scorn that the chief magnetic centre of the south is 
similar in its action as regards these phenomena to the chief mag- 
netic centre of the north. Again the absolute time of single maxi- 
mum for tho south as determined by St Helena and the Capio is 
about twelve hours different from the corresponding time for the 
north as determined by Kew, Toronto, Pekmg, and Jiertchinsk. 
All this is in favour of the working hypothesis already mcutioneu- 
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Table Vlll. 


Ix)cal 

Astro- 

nomical 

Hours. 

St Helena. 

Capo of Good ifope. 

Hobart Toon. j 

Easterly 

liatios. 

Westerly 

lUtios. 

Easterly 

Ratios. 

Westerly 

Ratios. 

Easterly 

Ratios. 

Westerly 

Ualios. 

0 

3*24 

2-46 

2*1 

1-C 

Ml 

0-C5 

1 

3-17 

2-33 

21 

1-2 

1*20 

0*04 

2 

2*79 

1-88 

i*(; 

1-0 

1*32 

0-71 

3 

2-00 

1-44 

1*0 

0*8 

1-40 

0‘3G 

4 

O-8'J 

1-23 

0*8 

0*7 

1-33 

0-5C 

5 

0-34 

0-7fi 

0-4 

0 6* 

1-32 

0-52 

6 

0-14 

0-45 

0-4 

0-8 

1-10 

0*72 

7 

0-05 

0*30 

0-1 

1*2 

0Mj2 

l*tH 

S 

0*03 

0-44 

0-1 

1-2 

0-40 

1-31 

0 

0-03 

0-37 

0*2 

1*2 

0-32 

1-73 

10 

0-07 

0‘-l3 

0-1 

1-1 

0-28 

1*9C 

11 

0‘00 

0*42 

0*2 

0-8 

0-74 

2-31 

12 

0-00 

0-31 

0-3 

0*7 

0-C2 

2-0-5 

13 

0-00 

0-32 

0*4 

00 

U*35 

1*72 

14 

001 

0*24 

0-2 

0-C 

0-03 

1-52 

10 

0-00 

0-29 

0-4 

o-.> 

0-83 

1-215 

16 

0-00 

0*28 

0*4 

0-4 

1-07 

o-&t 

17 

0*03 

0*24 

0-0 

0-4 

0-87 

0-47 

18 

0*39 

0*42 

I-O 

0-3 

1*02 

0-44 

13 

0-37 

o-su 

1*8 

1*2 

1*33 

0-.53 

20 

1*02 

I’Oi 

2*3 

1-4 

l-.',8 

0*70 

21 

2-01 

1-72 

2*3 

1*7 

1-41 

U*63 

22 

3-03 

2*21 

2*5 

1-8 

1-27 

(i*6i 

23 

2-7S 

2 -CO 

2*7 

1-7 

1-24 

0C2 


Finally, the westerly ilisturbances at the three southern stations bear 
greater marks of a double progression and of in cgularity just as they 
did in the northern hemisphere, and moreover like tlieir northern 
analogues they are regulated by local rather than by absolute time. 

57. Dislribution ^ Declination Disturbance over the yariom 
Months of the Year. — Broun was probably the first to remark in 
redueing the ilakerstoun observations that the disturbanecs were 
greatest at the equino.xes and least at the solstices. Ilis method 
was to find for caeh month the mean diurnal ine(iuality, and then 
to consider the dilTerence of each indiviilua! observation from the 
monthly mean for that hour as a disturbance, the .summation of all 
such differences for the month denoting the monthly disturbance 
value. The following table embodies the results at various 
stations — those at Toronto, Hobart Town, and the Cajsi being 
given by Sabine, and that at Bomhay by C. Chambers, who has 
pursued Sabine’s method of separating disturbances : — 

Table IX. — Monthly Dislribution of Declination Disturbances. 



Toronto. 

Bombay. 

Cape of 
Coo4 Hope. 



>» 

3 

07 

Zf 

V 

3 

3 

'sS 

*? 

*2 

C) 

J 

o 

V 

47 

JV 

January 

February 

ilarch 

Aprfl 

May, 

June 

July. 

.kugnst 

September 

October..,. 

Korember 

December 

1 

1 


1 

M 

la 

1 

la 

VG2 

1*16 

I'll 

1*20 

0*05 

0*30 

0‘-51 

0*84 

1*29 

1*22 

0*73 

1*29 

1-.54 

1*03 

1*11 

MS 

0*51 

0*32 

0*54 

0*73 

1-.70 

1*27 

0*95 

1*29 


58. A careful inspection of this table, without attempting a more 
complete analysis, will, it is thought, lead to the following con- 
clusions ; — 


(1) Although for any station the distribution of the easterly dis 
tnrbances over the various hours of the day is generally dilferen 
from that of the westerly, yet the same law of distribution over th 
various months of the year is followed by the easterly and by th 
westerly disturbances at any station — the law at one station heine 
however, different from that at another. 

(2) In all stations there is first an annual inequality exhibitin' 
a maximum generally a short time after the summer solstice with 
corresponding minimum for the ivinter solstice, and secondly a semi 
annual inequality exhibiting a maximum generally a little after eacl 
equinox. 

(3) The equinox maximum is very conspicuous at Toronto; bu 

^ most conspicuous at the other stations. 

59. in § 38 it was observed that the observations selected as dis 
mrbed at any station may nevertheless be a mi.xture of what may b 
termed true d^turbMces and of the more prominent specimens o 
magnetic weather. The truth of this statement would appear to b 
borne out by the law.s now given. In one of thesewo find that dis 
turbances, at all stations, have a maximum about the time of th 
summer solstice and a corresponding minimum about the time of th 
winter solstice. But the absolute time of the summer solstice £o 


stations north of the equator corresponds with that of the winter 
solstice for stations south of the line. It would therefore appe;ir 
that in so far as this law is concerned such disturbances Jack the 
element of simultaneity. On the other hand, a law of this natme 
would, naturally hold for magnetic weather. For at any station the 
diurnal range of declination is greatest at the sunuuer solstice, and 
hence any considerable proportional variation of this would, if repre- 
sented by a (i-xcrl scale, present the appearance of being greatest 
likewi.se at this time. Tne question thus arises whether this law 
does not rather apply to maguetie weather than to real disturbauee. 

Again the semiannual inequality of disturbance exhibits through- 
out the globe a maximum at the cejuiuoxes, and thus presents the 
element of simultaneity which was wanting in the annual. Tliis 
law iiiav therefore refer to true dLsturbance, and this view is suji-. 
ported by the fact that the aurora — which may be regarded as the 
universal acconipaninieut of great and simultaneous diaturbauces— > 
obeys, as wo shall afterwards sec, in those stations where it Im 
been Well observed, this very same law, that is to say, it has like- 
wise maxima at the e<iuiuo.xe3. 

do. Distribution of Declination Disturbances over Furious Years. 
— Ill 1S52 Sabine discovered (.Phil. Trans., 1852, p. 103) that dis- 
turbances have a long-iteriod inequality allied to that of sun-s^ts 
in such a way that a niaximuui and a minimum of disturbance 
coincide with a maximum and a minimum of sun-spot frequency. 

This will he .seen from tlio following table (.X.), in which we 
have the relative values of declination ilisturhauce at Toronto 
and lIoh.art Town compared with tlio number of groups of spots 
observed on the sun’s disk : — 


' 

Values ol Declination Disturbance. 

Groups of 

Toronto. 

Hobart Town. 

1816 

HBff laai 


34 

1S41 



52 

1845 

0-62 


114 

1846 

1-26 

1-03 

157 

1847 

1-40 

1-44 

257 

1843 

1-43 

1-CO . 

330 


61. 'file following table (XI.) c,xhibiks the same thiug for 
Bombay, 'riic first column of this table is derived from the 
maguetie results of C. Chambers, while the sim-spoc areas are 
those of ilcssrs I)e la Hue, Stewart, and Loewy. 



Afr;;rcgatu Values {in Minutes) 

Sun-Spot .Ireas 


ol Dcciiuallun Dlsturbancis, 

18.59 

1532-1 

1352 


1421-6 


1861 

951-8 

1-297 

1862 

1240-5 

1-211 

1863 

691-1 

<i7ti 


XVc m.ay conclude from these tables that declination disturbances 
marcli wiih sun-spots, but tliat the alliance between these two 
phenomena is jirobably not so intimate as that between dtcUni- 
tioii ranges and sun-spots. 

62. Dislribution of Declination Disturbances over the Surfaif o/ 
the Globe. — It is well known that disturbances are comparativeli' 
small near the. equator, while they are great near the magnetic 
poles, and greatest of all pierhaps near the position of maxunuiu 
auroras. If we adopt Sabine’s system of separating disturbed from 
undisturbed observations, it is tbim clear that the same separating 
value cannot be adopted at all stations. At first sight tliis w'ouju 
seem to introduce an clement of uncertainty iu the estimation ot 
disturbanecs, but it was soon found bj’’ Sabine that no very great 
nicety is required in this matter. Xot only do the laws which regu- 
late disturbanecs at a given station remain comjaratively unaliectcu 
by the magnitude of the separating value, hut it is likewise easy to 
tell whether the aggregate disturbance value at one station is ae- 
cidedly greater or Ic-ss than at another. Probably at present it 
would be impossible to obtain more definite information than this. 

63. The following table (XII. ) e.xhibits the proportion between 
the aggregate amount of easterly and that of westerly disturba.ncei> 
of the declination at various stations in both hemispheres : — 


A’amc of Swtion. Ea.sterly. 

Toroiilo I'SO 

Point Barrow I'CS 

Port Kennedy 1-85 

Cariton Fort 1-74 

Kew 1-W 

Pekin;; 1 

Bombay 1-C 

St Helena — 1 

Cape of Good Hope 1 

HobaitTown 1 

Falkland Isles .*. I'CC 


Westerly. 

1 

I 

1 

1 

1 


i-n 


1 

1-30 

1-51 

1-40 

1 


64. Annual Variation of Declination. — The declination jluctua- 
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tions of short period hitlierto discussed are not necessarily acconi- 
Itanicd by a permanent change of mean position of tlio needle. We 
hav-e now to infiuire whether tliere be an}’ fluctuations of long 
period (besides tiie secular change discussed in §§ 30-33) tending 
to alter perceptibly the position of the mngnctic needle. This leads 
us at once to the annual variation, for our knowledge of which we 
must look to the later-made and more accurate observations, in 
which all possible sources of error have been carefully eliminated. 
Broun has made an e.^chaustive e.xperimental inquiry into the v.arious 
sources of error which could possibly inlluencc his declination 
needle at Trevandrum. His conclusion was that the variations 
of torsion of a well-made thread are not suflicient to produce a 
sensible eflect upon the position of a powerful magnet. In fact 
Gnibb’s magnet, wcighiii" 0000 grains, and Adie’s, weighing 1100 
grains, give almost identical results. We may extend these con- 
clusions to other observatories where well-devised instilments have 
been established, and look with much confidence to such instru- 
ments registering correctly the secular as well as the annual 
change of declination that may bo taking place at each locality. 

65. The following table (XIII.), borrowed, with the exception of 
the Trevandrum and Bombay results, from E. Walker's Terrestrial 
Maijiielism, shows the annual variation at seven stations : — 



Mean 

Dt’clinution. 

Mean Annual 
Secular Change. 

Observation 

Years. 

Kew 

• f 

21 39 \V. 


lft58-62 

IfobartTown 


1 23-20 W. 

18H-18 

St Helena 

23 27 W. 

7 57-00 W. 

1811-49 

'n»c Cape,.... 

29 7 W. 

0 20*-10 W. 

1841-16 

Toronto 

1 33 W. 

1 57-12 W. 

181.3-51 

Trornndruin 

0 35 E. 


1851-69 


0 31 K. 

3 1-0 E. 

1859-65 


T.vble XIV . — Showing the Mean Annual Variation for each 
Month of the Year at Seven Stations. 


■m 


O 

a 

it 


5 

Trevandrum. 




2 


OO 

e 

•§ 

Grubb. 

Adlc, 

g 

c 

nn§m 

It 

-h rs 
-41-8 

// 

— 0*6 

// 

— 2*4 

// 

4-64-2 

-10-8 

// 

—22*2 

It 

4- 1-2 
4- 3-4 

tt 

4- 6-3 
4- 8-7 

tt 

4-11-0 

4-10-3 

Qtim N 

- 9-6 

- 1-2 

-28-7 

BSsSllli Ml 

-50-C 

-17-4 

-13-8 

-62-4 

-24-1 

4- 5-6 

4- 8-7 


■umRIMII IM 

—70-3 

—42-6 

4- 8-4 

-58-2 

—20-0 

4- 1-0 

4* 2*2 

4- 1-7 


-20-7 

— 4-2 

- 3-6 

-01-8 

-12-2 

- 2-8 

— 3*2 

4- 1-6 


+ 9-8 

4-47-4 

—19-8 

-43-2 

- 4-.5 

- 8-7 

-10-5 

4- 0-4 


-i-49-0 

4-61-0 

4- 1-8 

- 4-8 

4-13-0 

— 8*0 

-11-1 

- 8-9 

fill 

-f34-8 

4-24-6 

4- 7-2 

4-25-2 

4-27-6 

4- 1-2 

— 3*0 

4- 1-2 


-1-39-6 

4-19-8 

4- 7-2 

4-42-6 

•f38*5 

4- 3-3 

— 1-3 

—18-2 


+ 2-C 

4- 4-2 

— 3*0 

4-29-4 

4-32-9 

•f 7-1 

4- 3-2 

—10*9 

February' 

-1-34-2 

4- 0-6 

4-18-0 

+43*2 

4- 7-9 

+ 2*3 

4- 2-6 

4- 3-1 


4-29-8 

- 7-8 


4-49-8 

4-16-7 

- 4-9 

- 1-2 

- 7-0 


Here + indicates that the marked polo of the needle is to the 
west and - that it is to thc'cast of its mean position for the year. 

66. To cancel the irregularities of this table let us take the means 
from April to September and from October to Slarch, the former 
embracing the months around the Juno solstice and the latter 
those around the December solstice (Table XV.): — 



Means from 
April to September. 

Means from 
October to Jfarcli. 


' If f 

u 

Kew. 

— 28*7 

+31*8 

Toronto 

— 4*5 

4-17-1 

St Helena 

~ 5*4 

4* 6'3 

Cape of Good Hope 

—28*7 

+30*9 

Hobart Town 

-18-7 

+ 17*3 

Trevandrum 

4- 2-1 

— 16 

Bombay 

+ C*8 

- 6*8 



Sums around 
Equinoctial Months. 

Sums around 
Solstitial Months. 

Kew ... 



Toronto 

+ 96*4 

-“8i»*< 

St Helena 

+ J*8 

Cape. 

+ 47*4 

- 0*7 

- 19*0 
+ ‘ 0*2 

Hobart Town 

““34 J 

Trevandrum 







68. Solar-Diurnal Fariationsof the MorKontal and Vertical Com- 
ponents of Magnetic Force . — Although self-recording magnetographs 
have been established in many observatories throughout the globe, 
yet, owing to the peculiar difiicultics of the task, and the labour of 
the process of reduction, very little has been done towards determin- 
ing the solar-diurnal variation of thehorizontal and vertical compon- 
ents of the earth's magnetic force. Sonhor Capello of the Li.sbon 
Observatory has, however, made progress with his reductions, and 
has already published valuable information regarding the solar- 
diurnal fluctuation of the two force elements at his observatory. 

In his attempts to eliminate the disturbances of horizontal and 
vertical force by the method of Sir E. Sabine, Senhor Capello has 
experienced considerabledifiiculty, more particularly with the records 
of the vertical force magnetograph. This instrument and the 
bifilar have very often been found by him to change their position 
of equilibrium after strong perturbations. Again there is generally, 
for any hour, a variation at the beginning and end of the month 
from the monthly nonnal value for that hour owing to change of 
temperature, ami this cannot be completely corrected inasmuch as 
the coellicicnt of temperature is not exactly known. These two 
causes combined tend to falsify the results when the plan adopted is 
the method of comparison between the individual values of any hour 
and the normal monthly average of that hour. Senhor Capello has 
found it necessary to select and e.xtract the disturbances, not 
directly from the hourly values, but by comparing tho variation of 
an individual day with the average diurnal variation derived from 
the month. 

To illustrate this method by means of an example, let us imagine 
that the sum of the twenty-four hourly values for a particular day 
is 24,000, and that tho average monthly diurnal variation would 
indicate that a particular hour of this day should have a value 990, 
then, if the value for this hour should prove to bo greater or less 
than 990 by more than a certain amount, it would bo set a.side as a 
disturbed observation. Senhor Cajiello rather thinks it irill be 
desirable somewhat to modify this method, and' ho concludes his 
remarks by observing that for this and other similar questions 
it is most necessary that directors of establishments possessing 
magnetographs should agree together to employ tho same method 
in their reductions in order that their results may bo compar- 
able with each other. With the view of adding weight to these 
remarks, wo may quote the observation of Sir William Thomson, 
that our ability to analyse mathematically that influence which 
produces the diurnal variation will depend upon our knowing 
at a certain number of stations the exact nature of this diur- 
nal variation for each of the three magnetic elements. A complete 
theory of this diurnal influence must therefore wait upon tho 
concerted action of the directors of the various establishments 
possessing magnetographs. 

69. Change in Uorizontal Force Fange from Month to Month . — 
Although we do not possess finally accurate determinations of the 
solar-diumal variations of either element of the force, yet we are in 
possession of information regarding the change in the diurnal range 
of tho horizontal force from month to month at the Greenwich 
Observatory. William Ellis has given us tiie following table 
{Thil. Trans., 1880) representing the monthly mean diurnal range of 
horizontal force at that observatory expressed in ten -thousandths 
of the whole horizontal force. In the formation of these means, 
days of great magnetic disturbance were rejected, and also certain 
other days on which there prevailed a smaller but considerable 
amount of disturbance estimated according to a general standard 
formed in the examination of many thousands of photographs. 


It will be seen from the above that the means for Trevandrum and 
Bombay present opposite signs to those for the other stations. The 
whole amount for Trevandrnm is no doubt very small, and 
Chambers docs not regard the evidence for Bombay as conclusive ; 
but on the whole it would appear that two observatories near 
one another present evidence of a similar behaviour in declination, 
and we are therefore disposed to regard it as a reality. 

67. Semiannual Variation of Declination . — If wo look at 
the numbers of Table XIV., we shall see that there are traces 
nf turning points at the equinoxes. Let us, in order to exhibit 
this, compare together the sums for the six months grouped 
around the two equinoxes with those for the six months grouped 
around the two solstices — that is to say, compare tho sums for 
February, March, April, August, September, October, with those 
for November, December, January, May, June, July — and wc thus 
obtain the following table (XVI.):— 


Table XTU.— Monthly Mean Diurnal Range of Horizontal Force 
at Royal Observatory, Oreenwich. 


Jan. Feb. Mar. April. May. 
13-5 H’8 20-1 27’1 2U-‘J 


June. July. Aur. Sept. Oct. 
27-3 27-2 25-2 23-2 10-8 


Kot. Dec. 
H-3 ll'C- 


Thus, like the declination range (§ 43), the horizontal force range 
has a maximum in summer and a minimum in winter, and exhibits 
a tendency towards maxima at the equinoxes. 

70. Long- Period Inequalities of Horizontal Force Range.- 
Lagging JSc/uhd.’— Ellis has compared the diurnal range of the 
horizontal force as well as that of the declination at Greenwich 
svith the period of sun-spot frequency, his comparisons extending 
from 1841 to 1877, and ho has deduced the following conclusions:— 


I Sccclil (IFol/’j Atironomisr/ie J/'inAei7«nycn, No. 21) bcems to have been Ihs 
first to indicate a relation between the Ftatc of tlio wn s sui'face and the diurnal 
rariatlon In tJie horizontal force. 
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(1) The diurnal ranges of the magnetic elements of declination 
^nd horizontal force are subject to a periodical variation, the 
duration of -which is equal to that of the known eleven-year sun- 
spot period. 

^2) The epochs of minimum and maximum of magnetic and sun- 
spot effect are nearly coincident, the magnetic epoelis on tlie wJiole 
occurring somewhat later than the conespoiiding sun-spot ei)och.s. 
The variations of duration in diflcient periods appear to be similar 
for both jdienomcna. 

, (3) The occasional more sudden outbursts of magnetic and sun- 
spot energj', extending sometimes over periods of several months, 
appear to occur nearly simultaneously, and progress collaterally. 

71. Bintiirbance-Diiinial Variation of Force Gomjmienls.~Vle 
may derive the following conclusions from the results obtained by 
Sabine for the observatories of Toronto, Kew', and St Helena. For 
each element theie arc two categories, namely, those disturbances 
which tend to increase and those which tend to diminish the 
element in question. 

(1) At Toronto the disturbances increasing both elements of force 
well represent single progi-essions with maxima occumu" for both 
about 4 or 5 hours local time. Again the disturbances decreasing 
both elements represent fairly well single progressions with maxima 
occurring for both at about 14 or 15 hours local time. 

(2) At Kew the disturbances increasing both elements repiresent 
well single progressions with maxima occurring for both about 5 
hours local time. On the other liand, the disturbances decreasin" 
the horizontal force represent signs of a double progression and 
those decreasing the vertical force signs of a single progression, the 
maximum for the latter falling between the two maxima for the 
former, and occurring at 14 hours local time, 

(3) There is not the same close correspondence between the 
progress of the disturbauces which tend to increase both elements 
nor between the progress of those which tend to decrease both 
elements at St Helena as there is for the other stations, nor is there 
the same likeness between the numbers for St Helena and those of 
Toronto or Kew as there is between the numbers of Toronto and 
those of Kew. 

72. The fact that the disturbance-diurnal variations of the two 
force elenrerrts at Kew are very like each other while neitlurr of 
them is very like the corresponding declination variation (§ 54) 
receives coniimration frorir a visual inspcctiorr of the Kew curves. 
In the Fhilosophical Traiv>adions for 1862 Stewart thus describes 
the result of an inspection of the disturbances of these curves for 
the years 1858, 1859, 1860 (disturhaiice years) ; — 

“Tliere are twenty-two cases In which the decimation Is raised or lowered 
along with the honzontnl forte, and only sertn casts of an opposite desenption. 
.4Uo there are twtnty-two cases in which the declination is i-alsod or lowered 
along with the settnal force, and only elcreti cases of .in opposite descilptlon. 
Finally, tlieie aie tUUty-une co-'cs In which liotii foices are raised or lowettd 
together, and only two cases of an opposite di-scr Iption, There is thciefore a 
decided tendency in the curves of all tire elements to he raised or lowered sttnul- 
taneously, hut tliis tendency is stronger between tire honzunial and vertical force 
curves tlian between eitlicr of these and tlie declirration. It may at tiro same 
ttme be atltrmed tlrat with tire escepttonof tlredisturbarrce of August to Septem- 
ber IMP there is no very proarurent ease in wlii.li tlio three elcurtiUs dn not rise 
or fall higethtr.” 

7 3. Peals and JIolloics. — These arc certain small but abrupt mag- 
netic changes which from the fact that they generally fall within 
the separating value are not usually regarded as disturbauces. Tliese 
changes can only be brought to light where there is a continuous 
recoid of magnetic phenomena such as that derived from self- 
recording magiietographs. They weie fust studied at the Kew 
Observatory by Stewart iPhil. Trans., 1862), We have seen that 
more than otio type of force must be concerned in producing 
magnetic disturbances. This is coiifinued by the appearance of the 
Kew records, from which it may be seen that no disturbance of any 
magnitude is duo to the action of a single force varj ing merely in 
amount but not in direction. For if there were only one^type of 
force the distance at any moment of a point in the curve of one 
of the clemeuts from its normal position should bear tlirougliout a 
disturbance an invariable [iroportion to the distance of a coriespond 
iiig point in the curve of another of the elements from its uoimal 
but this is by no means the case. 

But even if several independent forces arc at work it may be 
thought unlikely that at the same moment a sudden change .should 
take place in all ; there is thus a probability that sudden changes 
of force, as exhibited in peaks and hollows, are changes in one of 
the elementary fortes concerned. Even if the change is not a very 
abrupt one, provided that wo confine ourselves to such peaks and 
hollows as prcicnt a similar aupcaratiee for all the curves, we jiiay 
snpjiose that we are ob^iying eliaiigea iu one only of the elementary 
dmturbing foiees^; for it is unlikely that two or more independent 
forces, eh.iiiging indcjiendentiy, should produce similar atiTiearances 
tu all of the three curves. 

Asouining it as probable that similarity of appearance iu the 
curve variations ot' the three elements denotes a simnlicitv in the 
' ***” ferce-, tvtcwart has diseusaed all such peaks and hollows 

at ne w extending over the first two years of tiieir production, and 
lias obtaaied a result which is embodied iu the following table: — 


[tereesxjhal magsetism. 


Table XVIII . — Hourly Patios and Frequency of the Kew Pca}:s 
and Hollows, the Vertical Force Disturbance bchuj taken as 
Unity.^ 


Hour. 

Decli- 

nation. 

Hor. 

Foice. 

Sumhor at 
Observations. 

Hour. 

DecU- 

nation. 

Hor. 

Force. 

Number of 
OUsenailons. 

0- 1 

2-14 

2-06 

7 

12-13 

1-76 

2-03 

3 

1- 2 

1-97 

2*10 

7 

13-14 

2-00 

2*04 

3 

2-3 

1-8G 

1*99 

11 

14-1.5 

2-10 

2-14 

5 

3- 4 

1-81 

2-05 

7 

15-lC 

2-fij 

2-11 

10 

4- 5 

1-38 

1-73 

4 

lC-17 

3-48 

2-lfi 

15 

5- C 

1-57 

1-71 

1 

17-18 

3-80 

2-14 

•>1 

6- 7 



0 

18-19 

3-94 

2-18 

28 

7-8 

1-82 

1-91 

2 

19-20 

3-97 

2-25 

21 

8- 3 

1-CO 

2-20 

1 

20-21 

3-41 

2-21 

23 

9-10 



0 

21-22 

3-2S 

2*30 

IS 

10-11 

1-33 

3-lC 

1 

22-23 

2-79 

2*00. 

10 

11-12 

1-30 

2*32 

a 

23-24 

2-30 

204 

13 


74. It will be seen from this table that the ratio between simul- 
taneous peaks and hollows of the two components of the force is very 
nearly constant, the horizontal force disturbance being about double 
that of the vertical force, so far as size on the curve is concenied. 
It will also be seen that there is a very marked diurnal range in 
the' ratio which the declination peak or hollow bears to that of the 
vertical force, this ratio being greatest about 7 A.sr. About this 
hour we have also most peaks and hollows, while in the evening and 
early morning hours there is so great an absence of these phenomena 
that the ratios are doubtful. 

75. A preliminary comparison between the peaks and hollows 
at Lisbon and at Kew has been made by Capello and Stewart 
(Proc. Poy. Soc., January 28, 1864) with the following conclusions. 

(1) The Kew peaks and hollows are simultaneously produced at 
Lisbon in all the elements, but to a smaller e.xtent than at Kew. 

(2) The direction is the same at both stations for the declination 
and horizontal force peaks and hollows, but it is reversed in the case 
of the vertical force, so that a sudden small increase of vertical force 
at Kew corresponds to a diminution of the same at Lisbon. _ 

It would be manifestly impossible to discuss with any advantage 
the nature and origin of these peculiar changes until more exten- 
sive observations of them have been made. As the peak ami 
hollow force is probably of' a simple nature, a further knowledge of 
its character may be of much importance to the theory of terrestrial 
magnetism. 

It is interesting to remark that we have in peaks and hollows tlie 
same close relation between the variations of the two force elemeuts 
that we find in the larger disturbances. 

It is believed too that during'violent disturbances a ccitain 
change of type is produced iu the peak and hollow force, and woie 
especially is this remarkable in the great disturbance in August ami 
September 1859, where the declination would seem to march rutue 
opposite drrection from the two components of the force. We have 
seen that the same peculiarity characterized on this occasion the 
larger aitd more apparent magnetic changes.- We sliall afterwards 
refer to a circumstance which may perhaps throw light upon -this 
peculiarity (% 93), meanwhile we conclude by again remarkrug that 
during comparative magnetic calms the peak and hollow force sliows 
signs of remaining constant iu type, and. that it is therefore of 
great importance that the directors of observatories possessing self- 
recording magnetograplis should take united action to observe this 
force. • ' 

76. Other Inequalities of tltc DisturbancoDiiirnal Variation of the 

Force Compoiicnts . — Sabine lias shown that disturbauces of theforco 
components present a distribution over the vaiious months of the 
year very similar on the whole to that which is exhibited by uiS" 
turbances of declination. He lias likewise shown that disturbances 
of the force components piesent a distribution over various 
similar to that exhibited by disturbances of declination. Finally, 
wc may probably conclude that disturbances of the force conipoutn ls 
are smallest at those portions of the earth’s suifacc where disturb- 
ances of the doclinatioii arc smallest, and largest at those portions 
wlieie such disturbances are largest. , 

77. Annual and Semiannual Variation of Horizontal Force ana 
Dip . — Broun {Trans. Poy. Sac. Fdin. for 1861) has discussed the 
results obtained by Sabine at his magnetical stations, and has shown 
thatdiirereutial and absolute observations agice in telling us that 
the horizontal force is smallest at the equiiio.xcs and gieatot at 
the solstices. Wliipplc has recently obtained the same icsult noiu 
the Keiv obaervatioiis. 

We have deduced the following table (XIX.) from the vanous 
absolute determinations that have been made at sundry places, in 
it the annual and scniiannual variations of dccliuatioii, hoiizonw 
force, and dip are exhibited, “increase” denoting a push to po 
west, and “ decrease” a push to the cast. The method of obtaining 
tliesc has already been indicated in §§ 66, 67. 

1 We ought to mention that, «it!i the exception of the one 
alluded to, a peak of one element always corresponds to a Jicak of auouiei 
meat, and a holloir of one eiement to a hollow of another. 
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Station. 

Kffect on Declination. 

Effect on Horizontal Force. 

Effect on Dip. 1 

.\t Equlno-xca 
compared to 
Solstices. 

At June Solstico 
compared to 
December SoUtlce. 

At Equinoxes 
compaicd to 
Solstices, 

At June Solstice 
compared to 
December Solstice. 

At Equinoxes 
compared to 
Solstices. 

At JuneSoIstieo 
compared to 
December Solstice. 

Jlakerstgmi or Kew..., 

Toionto 

Cape of Good Hope.. 

Hobart Town 

Tievaiulruiii 

Ilombav 

Si Helena 

tncvoasc. 

Iiicreaiic. 

Increase, 

Decrease. 

Decrease, 

Undecided. 

Undeeided. 

Decrease. 

Decicttsc. 

Decrease. 

Decrease. 

Increase. 

Incicjsc. 

Decrease. 

Decrease, 

Decrease. 

Decrease. 

Decrease. 

Inappreciable. 

Increase. 

Increase. 

■ Decrease. 

Increase. 

Inappreciable. 

Decrease., 

Decrease, 
t Decrease. 

Decrease. 


78. Ill discussing the results of this table wo shall assume that 
tho suii -acts, and in all xirobability acts indirectly, upon the 
magnetic system of tho earth. Tliis point will afterwards bo 
further e.'cainincd. Meanwhile, assuming this indirect action of tho 
sun, and assuming, to fi-v our thoughts, that it is in close alliance 
with the convection system of the earth's atmosphere, wo can readily 
ima'dao that such solar action would act most strongly on the 
earth’s magnetic poles at tho solstices, and that in the June solstice 
tho iiolo or poles in the northern heinisphero and in the December 
solstice those in the southern hemisphere woidd bo most affected. 
Now a strong action of this kind upon either magnetic pole may 
well bo presumed to increase the general mafjnetism of the earth, or 
at least that portion of it which is most readily alfectcd by e.'ctcrnal 
action, that is to say, the induction system. Again, if the solar 
magnetic inllueuco is couuccted with the convection currents of the 
cartli, we can readily imagine that tho influence in the nortlicrn 
hemisplicrc where there is much land should cicccd that in tlic 
southern hemisphere where there is much water. 

If these views be reasonable wo might e.rpcct two things to 
follow: — (1) tho earth’s induction system should be stronger at tho 
solstices than at the cipiino.xes, ami (2) it should be more especially 
strong at tho June solstice, when , the sun acts in the northern hemi- 
sphere. We must bciir in mind, however, that so vast is the 
earth that a stimulus applied to its particles most susceptible of 
magnetism may not bo instantaneously propagated throughout 
its mass, but that time may enter as an element of tho question, 
in which ea-se, Inasmucli as tho action of thesim at the June solstice 
is in the northern hemisphere, a station near the south pole may not 
fully partake of tho magnetic cirects of this action. 

72. An hypotliesis of this nature would aiipear to be consistent 
with the results of Table XIX. 

In the first place, if the earth should become stronger .as a magnet 
in one or in both of its magnetic systems tliis would show- itself by 
an increase of horizontal force at least in all such stations as those 
at which absolute observations are made. An inllucnce which 
increases the horizontal force at these various stations is therefore 
naturally regarded, and was regarded by Broun, as one increasing 
the strength of one or both of the magnetic systems of tho earth — 
whether of one or of both will iircsently appear. IVc may therefoie 
assume from our observations that one or both of the earth’s mag- 
netic systems arc strongest at the solstices. 

In the ne.xt place we may imagine that the changes of declination 
and dip which tho table exhibits as occurring at tho solstices arc 
the very changes which would be ivrought in these elements by an 
increase of power' in the earth. Tor we see very well that an 
increase of horizontal force at the various stations may be regarded 
as denoting an increase of the eartli’s magnetic power. We cannot, 
however, see with equal facility what changes would be produced in 
tho declination and dip by an inere.ase in power of one or both of 
the magnetic systems; but wo may well imagine that such changes 
of these elements as are found to accomjjany an increase of horizon- 
tal force are those that denote an increase of tho earth's power. 

We have thus ascertained the probable nature of those changes of 
the'three elements whicli denote an incicase of power. Now it will 
bo noticed from tho table that tho effect at the June as compared 
w'ith that at the Dccendjcr solstice is of the opposite nature to the 
effect at tho equino.xcs as coinxiared with the solstices, — that is to 
say, the earth is more powerfully affected in Juno than in December, 
the only well-established exception to this being Hobart Town in tho 
far south. But, assuming that time is an element in the develop- 
ment of this preponderating influence acting in tho north, it is easy 
to SCO why Hobart Town should not exhibit its full effect. 

It remains to determine from tho observations themselves which 
of tho magnetic systems it is that exhibits these oscillations. 
Analogy would of couise point to the induction system, but it is 
desirable to determine this from tho observations theimselves. _ 

In § 51, wlien discussing tho disturbance-diurnal variation of 
declination, it was found that Toronto and Kew may be legarded as 
on one side of the Siberian iiole, while Peking, Nerteldnsk, and 
Bombay are on the other. Now, if it bo this jjole that is influenced 
by the oscillations under discussion, we might expect that the influ- 
ence on declination at Toronto and Kew should bo the opposite of 
that at Trevandruin and Bombay. We find by the table that this 
is the case, and we are tlims inclined to attribute these changes to 
the Siberian instead of the American pole. It would thus appear 


that the observations of TabloXlX. bear out the xirovisional working 
hypothesis which wo have ventured to introduce. , It is quite po^ 
sible that these remarks may not stand the test of more complete 
inquiry, but they are hero introduced rather as denoting a method 
of looking at the subject which ought we think to be pursued than 
as embodying conclusions of a final nature. 

80. Ejfccl of the. Slate of tlie Sun's Surface upon the Absolute 
Magnetism of the Earth. — We have now to consider whether the 
state of the sun’s surface permanently influences the magnetism of 
the earth. It will at once be seen that any such action will appar- 
ently manifest itself as an oscillation in the secularchange. We must, 
however, carefully guard ourselves against prematurely concluding 
that it implies a variation in the amount of true secular change. 
There may bo two distinct things — true secular change due to one 
cause, and action depending on sun-spots due to another. These, 
from the nature of tho case, are necessarily mixed up together in tho 
yearly changes which wo examine; it does not, however, follow that 
there is any real identity between them. Wo shall now give one 
e.xample of tho method to be pursued in tho attempt to detect a solar 
influence of this nature. Let us turn to Table III. , and take the decli- 
nation yearly values at Toronto from 1858 to 1871. Subtractinc tho 
value for 1858 from that for 1871, we find that tho westerly declina- 
tion had increased in fifteen years 51'’0, that is to say, at tho mean 
rate of 3'’4'i per annum. Again, tho average declination for tlie 
.sixteen years 1856-71 is 2° 20'’8 corresponding to tho epoch at 
tlie commencement of the year 1864. Taking the average value and 
epoch, and also the average yearly increase above given, we are able 
to construct tlie folloiving table (XX.), in which calculated and 
observed values at Toronto are eompared together : — 1 



Observed. 

Calculated. 

DlfTcrcnce. 


• / 

* / 

/ 

IS.'K! 

1 58-30 

1 55-00 

-H-30 

IB-'W 

3 0-50 

1 58-41 

+2-06 

1858 

•2 4-50 

2 1-88 

+2-62 

1853 

2 7-40 

2 6-32 

+2-08 

mo 

2 10'60 

2 8-70 

+1-84 

1881 

2 14-40 

2 12-20 

+2-20 

186U 

2 15-70 

2 15-C4 

+0-06 ■ 

1883 

2 13-10 

2 10-08 

+0-02 

1881 

2 21-00 

2 22-52 

-0-62 

18(15 

2 24-80 

2 25’DC 

-1-16 

1888 

2 27-80 

2 29-40 

—1-80 

1887 

2 20-80 

2 33-84 

-3-04 

1888 

2 33-20 

2 36-28 

-3-08 

1883 

2 37-10 

2 30-72 , 

—2-02 

1870 

2 41-90 

2 43-18 

—1-26 

1871 

2 47-90 

2 46-(;0 

+ 1-30 


It may be gathered from this table that the years which cOne'- 
spoiid to minimum sun-spots have in tho last column a greater 
negative or lower jiositive sign than those which correspond to 
maximum sun-spots, and hence we may conclude that at Toronto the 
tendency of many sun-spots is to increase tho westerly declination. 

81. Perfonning a sunilar operation for all those eases in which we 
have a sufficiently extensive series of observations to work upon, we 
obtain tlie following table 


[■able XXL— Effect of Numerous Sun-Spots an the Values of 
Magnetic Elements. 


Stallen. 

Declination. 

Horizontal Force 

Dip. ' 


Increase. 
Increase. 
Increase (?). 
Decrc.iB>?. 
Increase. 

Inappreciable. 

Increase. 

Uncertain. 

Increase. 

Increase. 

Incicase., 




-Trevandrum 


82. We nave goou grounus lor suppuauig Liiiti. me om* 
o\\7rful when there are numerous 3j)ots on his surface, and 11161610* 
10 above table represents a state of things which we may im^ine . 
) be caused in one way or another by increased solar power. Now 
le most natural hjqiothesis is to imagine that an mcrease of spots 
its in producing .'an' increase of disturbances, and that tor tmoha 
ations at which the disturbances tend on tho whole to affect tliC 
ements in a definite direction there will be left behind a pemanent 
feet in this direction. A comparison of Table XXI. with Table 
II. will, however, show that this explanation is not valid. - Tor 
istance, at Toronto and Kew disturbances tend rather to dimimsh 
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than to increase the westerly declination, while tho-erfect of numer- 
ous sun-spots is to increase it. Again, at the Cape the tendency 
of disturbances is to increase tlie westerly declination, wliile that of 
numerous sun-spots is to decrease it. At Trevandruin again (if we 
judr'o of it 1)y Bombay) the effect of disturbances will be to incrc:^e 
tlie°casterly declination, wliile that of sun-spots is to decrease it. 
Again, it is believed that at Kew and Toronto the supposed disturb- 
ai?co effect on the dip agrees in eharacter ndth the sun-spot eflect. 
On the whole, therefore, there is no definite relation between the 
two oficets* 

Now if we take Hobart Town, the Cape, and Trevandruin in the 
above table, we find from Table XIX. that tliMC stations seem 
to indicate that the magnetic state of the earth is most powerful 
at times of maximum sun-spots. Kew and Toronto, however, 
so far as declination and dip are concerned, appear to go the 
other way. If, however, we suppose that during the sovcml 
years of maximum sun-spots the American pole as well as the 
Siberian is affected, and that on such occasions of long continuance 
the former has more influence than the latter, we shall be able to 
reconcile our results with the hypothesis of increased solar action. 
We can understand too that time must be an important clement in 
any influence communicated to the American pole, and that, although 
such influence might be apparent at Toronto and Kew, which are 
comparatively near the pole, it would not be apparent at the other 
.sUtions of Table XXI. We shall recur to this subject when dis- 
cu.ssing secular change. 

Various Phesomena coNNECi'En wrrii the Sun and with 
' Tekrestuial Maonetism, 

83. Closeness in Time between Solar Changes and Magnetic 
Disturbances . — Loomis (American Journal of Science, vol. 1.) 
h.as registered the extent of sun-spots for the six days preceding 
and following each of the great magnetic disturbances at Green- 
wich, and has compared these values with that for the very 
day of the disturbance. In this manner he has treated alHhedays 
■of great magnetic disturbance at Greenwich for a period of twenty- 
three years, with the o.xception of those cases in which very few 
oliservations of sun-spots were made. The cases of disturbance 
thus treated amount to one hundred and thirty-five, and the 
following result has been obtained : — 


Table XXII. — Extent of Spoiled Solar Surface. 

Days before Storm. Storm. Days after Storm. 

654321 12346C 

lll5°l"ays 

From this result Loomis draws the following conclusions: — 
(1) great disturbances of the earth's raagnetisui arc accompanied 
by unusual disturbances of the sun’s surface on the very day 
of the magnetic storm ; (2) the great disturbance of the sun’s surface 
which accompanies a terrestrial magnetic storm is generally heralded 
by a smaller disturbance three or four days previous, succeeded 
by a comparative calm which immediately precedes the magnetic 
•storm. 

84. There is one instance on record of a sudden solar change 
which wa.s practically simultaneous with a magnetic disturbance.' 
'Oil September 1, 1859, a little before noon, R. C. Carrington 
'wa.s observing by means of a telescope a large sun-spot, when, to 
Huoto his own words — 

“ Wltliln llie area of the great nortli group (the size of which hail previously 
CKcUcU general remark) two patches of intensely bright ami white light broke 
oar. . . . I noted down tlic time by the chronometer, and, seeing the outburst 
to be very rapidly on the increase, and being somewhat Hurried by tho surprise, 
I iHstily ran to eall some one to witness the exhibition with me, and on returning 
vfitliin sixty seconds was mortltled to,lind that it was already much changed and 
oofceblcd. Very shorlly afterwards tlie last trace was gone; and, although I 
loalatalncd a .strict watch for nearly an hour, no rccuiTence took place. . . . The 
. instant of tlie first outburst was notlUteen seconds ditferent from ID' IS™ firccn- 
wlcli mean time, and 11'* 23*** was taken for the time of disappc.araucc. In tliis 
hip*c of live minutes, tlie two patches of light traversed a space of about 35,000 
mites, . . . It was impossible, on flist witnessing an appearance so similar to a 
su*Jdcn conflagration, not to expect a considerable result in the way o*f alteration 
of the dct-ills of tlie gioup in which it occurred; and i was certainly surpilscd, 
on referring to the sketch wlilch I had carefully and .satisfactorily IlnlshcdTicfore 
the occurrence, at Hading myself unab’e to recognize any change W'hatever as 
having taken place. Tho impression left upon mo is tliut tlio phenomenon took 
Iiiaco at au elevation considerably above tlie general suifaco of tlie sun, and 
^cordingly altogether above and over tlie gic.it group in which It w.vs seen pro- 
Jv*ctod. 

" It h.as been vep- gratifying to me to lc.arn tliat 31r Hodgson chanced to be 
oiiscri iiig tlie sun at hU house at Holloway on the same day, and to hear that he 
•• as a V. tineas ot what he also considered a very remarkable phenomenon.” 

At tlio very moment when Carrington 
inciinn the three m.agnetio elements at Kc 
ili.;tnrhcil. This (ILsturbauco occurred a.s 
1I*‘ 1.5'" A..M., alTeeting all the clement 
cominmietiig ipiite abrnptlv. The firat or 
the di.sturbance la.sted oiily about three 
cleniciiti ; but after that there w.xs a more 


observed this plicno- 
iw were simultancoiLsly 
nearly as possible at 
.simultaneously, and 
most abrupt portion of 
minutes for all tho 
gradual change in the 


same direction before the curve turned. This more gradual con- 
tinuation of the first sudden movement lasted about seven minutes 
for all the elements. This magnetic disturbance was, however, 
in reality a small one, and was followed by a very great disturbance 
which took place not many hours afterwards. 

85. Sinudtaneily of Changes of Horizontal Force at Various Farts 
of the Earth.— 'STo have already (§ 79) alluded to tho superiority 
of the horizontal force in indicating by its changes' what is taking 
place in the magnetic system of tho earth. If this system be 
strengthened as a whole wo shall no doubt find the horizontal force 
increased in value at our various stations, while if the earth’s power 
be weakened as a whole we shall find the horizontal force diminished. 

Broun has discussed this subject at great length in a memoir 
already mentioned, and has embodied his observations in numerical 
results from which the following table lias been extracted ' 


Table XXIII . — Daily Means of Horizontal Force at Makerstoun, 
(M.), Trevandrum (T.), Singapore (S.), and Hobart Town (II.). 


1844. 

if. 

T. 

S. 

H. 

1844. 

M. 

T. . 

S. 

H. 

Marcli 

1 

21-40 

07-42 

16-40 

10-46 

Marcli 17 

21-30 

11-54 

19-74 

19-12 


3 

18-34 

05-25 

14'18 

13-98 


18 

20*11 

07-02 

17-05 

17-08 


4 

10-53 

06-42 

14-59 

14-49 


19 

21-73 

08-55 

16-20 

13-69 


0 

11-43 

04-43 

12*79 

10-04 


20 

22-00 

07-83 

17-24 

10-20 


G 

13-94 

01-85 

10-42 

9'CG 


21 

23*15 

09-00 

18-3.5 

17-00 


7 

12-99 

04T2 

12-37 

D'98 


22 

22-47 

08-14 

18-3.5 

19-12 


8 

10-94 

03-81 

13-02 

n-50 


24 

22-30 

09-53 

18*76 

18-99 


10 

19-12 

04-33 

14-87 

14-07 


25 

23-71 

10-09 

18-70 

19-25 


11 

17-04 

05-87 

14-87 

13-07 


2G 

25*22 

09-48 

20*29 

20-10 


12 

18-05 

00-28 

15-01 

14*22 


27 

22-24 

10-81 

18-03 

19-33 


13 

23 '25 

09-58 

17-05 

18-18 


28 

22*16 

07-52 

17-79 

10-73 


14 

23-00 

10-01 

18-00 

17*81 


29 

-5*97 

03-50 

11-54 

7*82 

ft 

15 

22-12 

10-09 

18*C3 

16-85 

,1 


17-00 

02-27 

11-81 

10-27 


Tills table shows a considerable likeness between tho dally chauges 
of tho horizontal force at the four stations. For instance, we have 
a minimum which occurs on March 5 at Makorstoun and March 8 
at the other stations ; wo have likewise a well-defined maximum 
occurring at all stations on March 14, and another occurring at 
Trevandrum on March 25, and at tho other stations on March 26. 
Finally we have a well-defined minimum occurring at Trevandriiiu 
on March 31, and at tho other stations a day earlier. _ 

Broun has extended a similar treatment to daily means for 
every hour, and fig. 38 convoys a good idea of the amount of simul- 
taneity which obtains in the changes of such values of horizontal 
force at stations far apart. 

86. HecwTrcnce of Disturbances at DUervals of about Twenty-six 
Days. — Broun'-' and likewise Hornstein" have observed that there is 
a tendency in large magnetic changes to recur at intervals of about 
twenty-six days. At first it was natural to suppose that we have 
licre a magnetical indication of the true time of the syn’s synodical 
rotation, the interval between two disturbances denoting that which 
elapses between two presentations to the earth of a peculiarly 
powerful solar meridian. It seems unlikely, however, that there is 
a really permanent one-sidedness of this kind in our luminary; but 
the result of observation seems to show that for a limited penod, 
say two or three years, certain meridians of the sun appear to Iw 
peculiarly powerful. 'The eause of this wo shall not hero discuss, 
but simply treat the phenomenon as a fact derived from observation. 
Broun in his paper above quoted (Phil. Trans., 1876) makes the 
following remarks : — 

“ We liavc seen that wlien one side of the sun is presented to tlie eortli Hie 
magnetic foice of tlio latter is greater than when tlie other side is tuincdtowanu 
us; wo may even say tliat the intensity is greatest for a given solar mcrWlaii, 
this, however, may be simply an integrai effect resulting from tlio actions duo to 
all tho meridians. But can we supiiose when a great and sudden increase or 
diminution of tlie eartii’s magnetic force occurs tliat this is produced by sonio 
change occurring on a particular solar meridian? This docs not seem at an 
■ improbable. 

” In order to examine the facts, all the cases were noted during the years I84| 
and 1845 In whicli tho daily mean Iioiizontal foice diminished one-tliousandtuoi 
its whole value within an Interval of thiee days; they were found to bo twenty- 
eight in number. If we call tlie solar meridian presented to us on tho 1 st Jamiarj 
1814 the zero meridian (0), and consider the time of rotation to be twenty-six 
days, and tliat tliere are twenty-six meridians, wo find tliat the solar meridiaiis 
presented to us when these great movements occurred may he arranged in a ic 
groups, ns in the following table" [Table-XXIV., p. 177]. , 

" An examination,” continues Broun, “ of this table will show tliat nearly nsa 
of the great changes began wlien the eiglitli meridian after the zcio Iiad lussci', 
wliilc five began near tlio twelfth after, and five near tho zero itse f. . • • ' ' 
any doubt existed as to tlie possibility of tlicse being mere accidental coincidence^ 
it would be removed, I think, by a consideration of tlie inaiked succession occ 
nng between July 31 (No. 18) and Decemb.-r 11, 1845 (No. 28). . . . H 
neglect the two cases of July 31 and August 20. wiiicli commcnco at - 4 0 and +•* 
TCspccUvcly, we have flve cases of gucccsalve solar rotatlohs In the uiiu 
tlons of Intensity begun on tlio +8 day. Tins exact recuifencc ot tho ena 
twenty-six days of a marked diminution of force proves, It seems to me, tna 
I actions are all due to the sun, wljose time of rotation must be neaily twent)* 

[ days, ^ 

“ A.U examination will show that the sudden diminutions of tcn*cstrial magnet c 
force arc in neaily every case preceded hy ix sudden Incrciise.” 

Ill the above extract wo have given the autlior’s exact woi'ils, but, 
wliile thinking with him that these actions arc due to tho sun, i 
does not appear to us to follow that tlie time of the suu*a rotatio^ 


* Trans., November 21, 1801. 


* Phil. August 18S8; Phil. Trans , 1876. 

’ Vienna Acad. June 16, 1871. 
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must be nearly tucnty-hiK clays. Tliis assunios that tlic mpiidi'an 
of |KCuliar power is fixed on the solar suiiacc. It does not, however, 
.seem impossible to iina^ne that such a meridian may have a pioper 
motion of iu own, and indeed the planetary hyiiotliesLs of the origin 
of sun-spots would rather lead to this eonclusiom But if this be 
tlie ciise we .shall be unable to deduce from recuirent magnetic dis- 
turbances the true value of the period of solar lotition. 

SI, IlrpHitiom of ^[a(Jn€(ic Chaufjes, — J. H, Capello, director of 
the Li-jliou observatory 
( Proc. Poy. .S'o'’., October 
l8t>3), luw remarked 
tli it at periods of dLs- 
tin banco there are 
no irly synehronous 
movements of the dc- 
cliuatiou needle during 
corresponding hours for 
two, three, or more 
days. lie thus de.scribc3 
thu>o i»hcnomena: — 

** In v»mo caso^ the rc- 
U only In two or 
ilia-e larallel movements; 
in othcis tJif re arc tree 
)>cii<xl‘i of repetition of some 
liouri In duration. Tlic 
rej>CAted pci1<Kls arc nut 
entlrel/UmiUr. tlulrph.i»ea 
bein,r DO mr^lilica that in 
some cavis tiii.lr identity can 
only bo rccoanlrcd by a 
>cry minute hucMigatlon. 

TJie -arac when re- 

lia\u not alwa)a 
the s tme total duration ; nor 
do they rccoiiimencc at the 
.s.imc precise Jiour, but 
vunctlmcscaiHcrund some- 
times later, the dlffercnrcs 
var>ln.? from a few* minutes 
to two or three hours. We 
aim see tlut the greatest 
numlier of lopctltlons be* 

(on;; to the iilffbt liours, 
that to leiy, those hours 
when the movemenUof the 
needh* are east* rly. In the 
moniin,; houra there do not 
appear to be any well* 
marked repetitions. There 
are twenty-four examples 
no r Kirtn, dtteen of which 
show repetition on two 
days, c(i;ht on three da\s, 
and only one where tlie 
curre appears repeated for 
four days. It appears that 
all the facts exhibited in 
tl.ew/ examples UKr^c with 
the cosmlcid thcor>; the 
cam;; (^xistin;; in the sun 
or In space) appears to con- 
tinue sometimes durin>; two, 
three, or several da>s with- 
out under,;nin;; remarkable 
transform ithms. The re- 
petition, b ing sometimcd 
eirlPr sometimes later, 

.seems also to indintc tint 
tliecauvi posH' sscs a proper 
movement; the c.iusc per- 
sists, but only comes again 
into o{>cration whin the 
earth by its diurnal rota- 
tion is pi iced in a similar 
pos.tion or conjunction to 
that of the preceding days.” 

Steuart, liaviii^com- 
jiarfil Capello’H curves 
tlie corresponding 
traces of the declina- 
tion at Kew, found that 
tile Lisbon disturb- 
ances are almost in- 
variably reproduced at 
Keiv at the same time, 
only to a greater ex- 
tent, anil also that the 
same amount of simi- 
larity which the various 
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Fig. 38. 


Lisbon curves exhibit is exhibited in the corresponding Kew curves. 
Tlic .strongest point in favour of the hwotbesis Ls, be thinks, “not 
.so mucli the repetition of a .single disturbance as the repetition 
of a complicated disturbance in most if not all of its sinuosities.” 
Several examples of tin's occur in the diagrams. It would seem 
that somctliing of tiic above nature was .susjicctod by Humboldt, 
the earliest investigator of disturbances. Humboldt uas astonished 
to discover the frequency with wliicb nocturnal perturbations 
occurrcel, sometimes recurring at tlic same hour on several successive 


T.viii,KXXIV.-C'asM 7« which the Earth's Magrwiic F<rrce dimin- 
ished One-thoxi.',andth of its Value or more in 1844-45 (§ 88) 
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-130 


11 
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— 10,1 


li 

4ICto 117 

-118 
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-•no 


18 

T>2r, to r/28 

-no 

+ 0to+ 8 
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S70 to 571 

-15t 


18 

.'>77 to 5H0 

-102 

+ Cto+ 0 

I'J 

fi03 to COl 

-101 

•4’G to *4* G 

20 

COG to C07 

-150 

+8to+ 2 

• 1 
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+8 to + 9 

•jj 

GIG to GIH 

-12G 



CIS to C',D 

-118 

+8 to + 9 


CBS to C70 

-100 



CS4 to C37 

-100 

+8 to +10 


COG to C08 

-no 



702 to 701 

—201 


‘i8 

710 to 712 

-122 

+8 to +10 


Solar Meridians. 


/to If. 


+11 to -1-12 
+Uto+12 


+13 to +14 
+13 to +14 
+13 to +14 


-3 to +1 
and others. 


-3 to 0 

(-C to -4) 
0 to +1 
-1 to +1 

-2 to -1 


(-4 to -2) 

(-8 to -C) 

(_6 to -4) 
-0 to +1 


nights (Walker’s iffignetism, p. 80). We would make two sug- 
gestions before dismis-siiig this .subject. 

(1) If wo imagine tb.tt these changes are caused by the solar 
iiillucncc acting vertically on some susceptible region of the earth, 
then, inasmuch as tlicy occur at the evening or early night hours, 
this region must Ho considerably to the \\c.st. 

(2) Tlie region must also have a proper motion of its own (see 
Capcllo’s remark). Is it possible tliat this proper motion is on 
tile whole from west to east, — a motion which wc know is pursued 
by meteorological neathcr, and in which it is imagined (§ 52) that 
niagiictical weather as defined by us likewise participates ? 

88. Comparison of Declination Changes at Stations near each 
other . — llessrs Sidgreaves and Stewart {Pro. Hoy. Soc., October 1868) 
have compared together certain curves of the Kew and Stonyhurst 
declination inagiietograplis. 'I’licso magnotographs are of tlie same 
pattern, and it was found that on ordiiiaiy occasions tJie declination 
traces at l^otli stations were pi ecisely alike. Tin's was confirmed 
by placing tlic curves tlio one over the other, when they were found 
to eoinciilc even in their most minute features. In times of dis- 
turbance, liotvcver, it ivas found tliat the motions exliibitcd by the 
Stonyliiirst curves More gi cater than those at Kew, and this excess 
of Stonyhurst over Kew depended not so much on the absolute 
Buc of the disturbance as on its abruptness. 

This feature of tlie comjiarison is exhibited in the following 
table (XXV.), in whicli the excess of Stonyhurst over Kew in scale 
divisions is compared tvith tlie abniptncss of the disturbance, tin's 
clement being measured by tlie cbaiigcs occurring in unit of time: — 


Group I. 

Gtoup II. 

Croup III. 

Group IV. 

KXCl'R’l 
(under 5). 

Abnipt- 

iieas. 

Excess 

(iimlcr 

lo;. 

Abrupt- 

ness. 

Kxcess 

(undtr 

20). 

Abrupt- 

ness. 

J3xcc«s 

(above 

20). 

Abnipf- 

ncss. 

o 

37 

G 

1*2 

10 

•5 

21 

7*3 

2 

G*l 

G 

2 G 

10 

0 

25 

2*9 

-3 

4 0 

8 

G 3 

a , 

7 

25 

10-7 

0 

m 

5 

3*3 

10 

0 

20 

7-0 

0 

3-1 

8 

8 7 

10 

•8 

21 

6*C 

1 

2 9 

ft 

3*7 

15 

r>*4 

21 

11-2 

1 

!•« 

7 

C*3 

11 

4*9 

2J 

9*C 

4 

3*3 

9 

4-7 

13 

7*4 

24 

7*8 

3 

5-2 

ft 

4-1 





Mcani 1*5 

3 7 

G G 

4*9 

11 

G*5 

22 

7*9 


It is very desirable that further comparisons of tliis nature should 

be made. ^ 

89. Auroral Displays . — These are very frequent if not continuous 
near the magnetic poles, while in middle latitudes they are tlio in- 
variable aeeoiiip.inimcnts of all considerable magnetic storm-s. Near 
the equator they Imrdly ever occur. 

Tlicre is a consideiablc variety in the forms assumea by these 
displays, and it is possible that this may denote a corresponding 
variety in the c.auso or causes wliicli give rise to tliis phenomenon. 

LoomLs {Smithsonian Jieport for 1865) specifics live such 
varieties: (1) a horizontal light like the morning aurora or break 
of day; (2) an arch, of light which frequently extends entirely 
across the heavens from cast to west and cuts tlie magnetic meridian 

XVI. — 23 
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nearly at right angles, — in the polar regions fire such arches have 
been seen at once j (3) slender luminous beams or columns well- 
dclined and often of a bright light; (1) the corona, the centre of 
which is invariably near the magnetic zenith, but not always 
exactly coincident with it; and (5) waves or Hashes of light. 

90. Auroras exhibit the same annual variation as magnetic dis- 
turbances, and are most freciuent about the equinoxes— a fact first 
observed by Slaizan. Kaemtz in his Meteorology gives the follow- 
ing table, which is applicable to European auroras. 

Table XXVI. — Monthly Frcgmncy of European Auroras. 

Jan. Feb. Jtar. April. JLiy. Juno. July. Au/;. Sept. Oct. Nor. Dec. 
220 307 4t0 312 184 C3 87 217 405 407 285 ' 225 

Loomis again in the memoir already quoted gives the distribu- 
tion of American auroras over the various months derived from one 
hundred and thirteen years’ observations at Now Haven and Boston, 
twenty-five years’ observations at New York, and two years’ obser- 
vations in Canada. His results are represented in the following 
table;— 


Table XXVII. — Monthly Frequency of American Auroras. 



Boston anti 
Now Haven. 

— 

NeivYoik. 

CunuOa. 

Sum. 

January 

81 

76 

10 

173 

February, 

93 

80 

31 

210 

JIarch 

no 

106 

24 

240 

April 

lot 

125 

38 

207 

•May 

80 

83 


191 

June 

8;l 

79 

17 

170 

July 

123 

100 

21 

24 4 

August 

103 

122 

14 

238 

September. 

143 

131 

19 

293 

October 

99 

no 

27 

236 

November. 

115 

7t 

26 

215 

December 

83 

60 

16 

159 


It appears from this table that American like European auroras 
exhibit a maximum of fre(;uency about the equinoxes. 

91. Since auroras and magnetic disturbances go together, it is 
natural to imagine that we should have great auroral displays in 
years of maximum sun-si)ots. This is found to bo the case, and in 
the following table (XXVlII.) AVolfs proportional numbers denot- 
ing sun-spot frequeney are compared with the number of auroins 
witnessed in Europe and America as compiled by Loomis. It wilt 
bo seen froin this tabic that years of maximum auroras coincide 
very well with years of maximum sun-spots. 


1750 

1751 

1752 
176.t 
1751 
1755 
1750 
1757 
1768 

1759 

1760 

1701 

1702 

1703 

1704 

1705 
1700 

1707 

1708 

1709 

1770 

1771 

1772 

1773 

1774 

1775 
1770 

1777 

1778 

1779 

1780 

1781 

1782 

1783 
1781 
1785 
1780 

1787 

1788 

1789 

1790 

1791 

1792 

1793 


83-1 
52-1 
45 '9 
28-9 

13- 5 

9- 3 
12-2 
31'9 

47- 1 
54-6 

04- 7 
80-2 
00-0 

48- 4 
36-7 
21-4 

14- 1 
35-0 
00-8 

103-4 

98-5 

80-0 

05- 7 
39-7 
27-4 

8-8 

21- 7 
92-0 

151-7 

123-4 

89- 2 
00-5 
38-7 

22- 5 

10- 3 
20-7 
81-2 

128-2 

131-3 

110-9 

90- 0 
(J7*G 

47*3 


aroral 

inibcr. 


Sun-Spo 

Number 

31 

1794 

38-0 

30 

1795, 

23-8 

17 

1790 

15-6 

15 

1797 

6-5 

11 

1798 

4-6 

10 

1799 

7*1 

9 

1800 

15-0 

7 

1801 

33*9 

14 

1802 

64-7 

16 

1803 

70*7 

23 

1804 

71-4 

22 

180.5 

48*0 

19 

1800 

28*4 

16 

1807 

11*4 

11 

1808 

7*2 

8 

1809 

3*1 

5 

1810 

0-0 

9 

1811 

1-0 

30 

1812 

4*9 

40 

1813 

12*6 

41 

1814 

16-2 

24 

181-5 

35*2 

26 

1810 

46-9 

33 

1817 

39*9 

33 

1818 

29-7 

22 

1819 

2:^,5 

24 

1820 

16-2 

38 

1821 

6-1 

CO 

1822 

3*9 

70 

1823 

2-6 

67 

1824 

8-i 

57 " 

182.3 

16-2 

57 

1820 

35-0 

47 

1827 

51-2 

39 

1828 

02-1 

56 

1829 

67*2 

frl 

1830 

67-0 

108 

1831 

50-4 

105 

1832 

26-3 

84 

183-5 

9-4 

68 

1831 

13-3 

46 

la-io 

59-0 

37 

1830 

119-3 

23 

- 


Auroi*al 

Nuiribcr, 


U 

7 

8 

5 
0 
4 
0 

6 
G 
0 

24 
14 
10 

4 

2 

1 

1 

0 

1 

4 
6 
0 

5 

7 

11 

10 

8 
4 
2 
1 
1 
4 

12 

17 

21 

25 
25 
20 
13 
11 
12 
35' 
32 


1877 

1838 

1830 

3840 

1841 

1842 

1843 

im 

1815 

284G 

1817 

1848 

1849 

1850 

1851 

1852 

1853 

1854 

1855 
1850 

1857 

1858 
1850 
18C0 
1801 
1802 

1803 

1804 

1805 
18CC 
1867 
1808 
1809 

1870 

1871 
18721 
18731 

1874 i 

1875 
1870 
1877 
1873 
1879 


Sun-Siiot 

Nuiulicr. 


3 30 ‘9 
304-1 
83-4 
61-8 
38*5 
23*0 

13- 1 

10- 3 
38-3 
50‘0 
97-4 

124-9 

95-4 

00-8 

03-2 

52-7 

38-5 

21-0 

7- 7 
5-1 

22-9 

5C-2 

90-3 

94-8 

77- 7 
OI-O 
45*4 
45-2 
31-4 

14- 7 

8 - 8 
30 -8 

78- 6 
13X-8 
133-8 
^99-7 

67-7 

43-1 

38-9 

11- 7 
ll-l 

3-8 

7-7 


Auroral 

Number, 


42 
60 
65 
80 
67 

53 
37 
39 

48 

54 
76 
72 
69 

49 
65 
67 
63 

35 
20 
11 
21 
37 

50 

43 

36 
23 
20 

33 

34 

31 
2-i 

32 


f Siaplncal representation is mven of tliP li 


92, While tlio results now given leave little doubt as to the fact 
of a connexion of some sort subsisting between sun-spots on the 

one hand and mag- ^ 

netic disturbances fK •'!*»«'*• nifriii ««» jr,„\ 
and auroras on tiio j 
other, ' yet it is , 
desirable to obtain [ 
evidence as to the 
closeness of the 
connexion between 
auroras and sun- 
spots similar to 
tliat wbich was 
e.vliibitcd in § 82, 
and whieli sliowed 
thochscconucxioti 
hi point of timo 
between sun-spots 
and disturbances. 

Loomis has with 
this view treated 
auroras in precisely tlie same way in which he treated disturbance?, 
and has obtained the following table : — 



Table XXIX. — Extent of Spotted Solar Surface. 

Days before Auror.i. Aurora. D.ays after Aurora. 
fi5J321 12345 0 

dIwL ‘'I”* “O ' 

From which be concludes that “auroral ohservations in the middle 
latitudes of America are generally accompanied by a maximum 
disturb.anco of tlio sun’s surlaco on the very day of the aurora," 

93. Earth Currents. — ^I’lieso aro electrical currents wliich take ’ 
place in the moist crust of tlio eartli, and were first detected by 
W. H. Barlow (Phil. Trans., 1819). At a later period they were 
systematic.illy observed anil studied by C. V. Walker {Phil. 
Trans., 1862). They are now continnouslyrenorded by photography - 
at the Eoyal Observatory, Greenwich. Earth currents are jiarticii- 
larly strong during magiictio disturbances. Sir George Airy has 
graphically eom))ared together certain magnetic disturbances as 
iccorded by tlio Greenwich self-recording magnotogtajihs and the 
simultaneous earth currents recorded by aiipropriato galvanometers 
{Phil. Trans., 1808), and finds it almost impossiblo to avoid the con- ~ 
elusion that tlio magnetic disturbances arc produced by terrestrial 
galvanic currents beloiv tlio magnets. The likeness between the two 
systems of graphical representations is unquestionably very strik- 
ing. But, while tliere is no doubt an intimate conne.xion between 
earth currents and magnetic disturbances, there is one circum- 
stance which sliould make us pause before assigning the former 
M the coinjilctc and ellicient cause of tho latter. It is thus 
indicated by Lloyd — 

“ When H’o e.xiimino the curves lii wlilcli Mr B.irloiv lias rcprcsi-nleil Ibe course 
of the fiulvunojnetric Ccttexlons cuuscU by iho cartii currents, we observe that the 
icgularity of tliat course Is coutlmiolly Interrupted by rapid rcclproc.itlnK move- 
ments in which the needle oscillates from one side to the other of the zero 
alternately. These movements are similar to tlioso of tho magnutometeis ullh 
which wc are familiar; but they aro much more rapid, and bear a larger propor- 
tion to tbc regular changes, ... I have selected for calculation the obser- 
vations made during the 6l.x huurs commencing at 3 a.ii. on JIUy 99, 1848, that 
being a iHiilod of comparative dlstuihanco. The sum of tho changes of tho 
galvanometer needle during that period, on tho Derby and Ilugby line, ass 
equivalent to 571 divisions of tho iustninicnt — the mean d.iiiy range for the 
entire week being 11-1 divisions and tlio ratio=50, . . , The sum of the 
changes of tlio Greenwich deellnomclcr during tho same period was only 57 
tnluutes, the nuan dally range being 12*4 minutes, lu like manner the sum of - 
rile changes of the horizontal force was *0168 and tho mean dally range "0031. 
The ratio is acconltnnly the sarno for tho two magnerio elements, and hs amount 
Is 4-0, or less tlian one-tenth of the corresponding lailo in tho case of thegaliano- 
nictilcul changes. We learn therefore that the rapid changes of the eauh 
currents are much greater in propoiHou to the regular dally chauges tliau the 
corresponding movements of tho maguelometcrs." 

W c sball return to this subject in a subsequent jiart of this article, 
Ineqiuililics in Terrestrial Magnetism caused hy the Moon,-p 
Kreil in 18-fl was tlie first to point out that tlie moon lias a siiwil 
inlluenco on tlie position of tho dccIin,atiou needle, and sliortly 
“•t®*’ward3 tho same fact was independently discovered by John 
Allan Broun. Tho nioro recent observations of Sabine and ot 
Broun, but especially those of the latter, iiav'e thrown miicli light 
upon the nature of tin’s action. As tho lunar inlluenco is not 
generaUy largo, it is necessary to free the observations from the 
results of other inequalities, and this has beoiidone by tl*® 
observers above luentioned. Tbo results givou in Table Xaa. 
iiavo b^ii obtained by Sabine (sou Walker’s Magnetism). 

9o. Thus (1) the mean oifeet of the moon upon the decliiia- 
tion needle is to ciuiso in each lunar day a- double oscillation, and 
Sabine lias shown that tbo lunar influence upon tho other magnetic 
elcmenfa is of a similar type. (2) The turning points for both 

liemisplieres are in all cases not far removed from tho lunar houis 

— 1 * 


1 Trans, Hoy, Irish Acad.^ xxlr. 115. 
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Kew. 

Toronto. 

rekliig. 


// 

// 

— (!'2 

-18'S 

—4 *2 

— U'G 

— 1«-5 


- 8*4 

— 51 -.5 

-1*0 

- 2*0 

- 0-1 

4*0-7 

- o-o 

-f- VJ 


4-0 

-4-15-9 

4.a'7 


uoLuiuA.uon. feieat sun-spot irequcncy, -assuming tlio years ISfid-Sa ai,,! 1 R«s-n.< 

to represent the former, and the veai-s isr,? nn 

obtained tlm^follo^vi4^rm^^^^^ 

10 -t-s-o Iaele XXXII. Jlclaliuii Iclwcen Lunar-Diiiriml-rMnijcs of 

i-t -}-8’3 Dccli'iw.tiQn at I'l’cvandraDi and Sun-Sitol Frc^xiencij, 



Great Sun-Spot Small Sun-Spot 
t’lequeucy, loequeucy. 


Kebruary, Mareli, April 

May, June, July 

August, Sciitembcr, October 

A’ovember, JOeceinber, January.. 


It would a_ppear from this table that such ranges are greater at 
years of maximum than at years of minimum sun-spot frequency. 
Nevertheless the proof is not conclusive, inasmuch as aasociated 
with such lunar ranges wo may have remnants of solar disturbance, 

th(i ttilirlcilinv nP wlnnTi TmVflif rmtuiMir hn iTint*r.r,r-/. <-1,,. j. 


0 4* lntI(caU‘« tliut th(j north cud of tho magnet Is to the cast and 
) the west of its mean position. 


tho tendency of which might possibly bo to increase tho apparent 
range. Now such distuniances are more frctiucnt at times of 
ma.ximum sun-spots, and it might therefore be conjectured that 
this tendency would bo to increase the apparent lunar range at 
such times above the range corresponding to years of minimum 
sun-.spots. On the whole we are not disposed to think tliat tho 
evidence already adduced is sullicicnt to decide this (question 
as a matter of fact cither in the one direction or in tho other. 


0, 0, 12, 18. (3) In the northern stations wo have a maximum 

westerly dellexion about tho hours Oand 12 and a maximum easterly 
dcllexion about tho hours 6 and 18, while in the southern stations 
the action is the rovereo of tliLs. (-1) The oscillations would appear 
to bo most decided at those stations, such as Toronto and Ilouart 
Town, that are far removed from the ciiuator. 

96. Anniuil Variatiun of Lunar Ejfccl . — llrouii has recently 
studied with much success the peculiarities of the lunar influence at 
Trevandnim, and has obtained some very unexpected results. Ills 
first result was that the nature of the lunar inlliicnco upon tho dc- 
cHiiation needle at Trevandnim depends upon the time of the year, 
and that tho southern type of lunar action predominates at Trevan- 
drum during tho winter and the northern type during the summer 
months. If ivc take the mean of the whole year,. then probably 
tho southern type will be found to predominate. 

97. Lunar- Diurnal Varialion duriwj llxe Datjand duriwj 

the Night . — Broun Ims shown that the action of tho moon on the 
declination needle at Trevandnim is greater in every month of the 
year during the day than during tho night. The following table 
(XXXI.) gives the day and niglit ranges for the various mouths 
and their ratios : — . . _ . . 





It would appear from Broun’s observations that there is a 
difference of type as well as a difference of range. 

98. Lunar-Diurnal Variation with Jlrfcrencc to lIiA Moon’s 
Distance . — Both Sabine and Broun have shown that this variation 
is greater for perigee than for apogee. Broun has found that the 
mean ratio of the apogee effect to the perigee effect is as 1 to 1'21 
nearly. He remarks that “ the ratio of the moon’s mean distance 
from the earth in the half orbit about aiiogee is to that in the half 
orbit about perigee nearly as 1 ’07 is to 1 ; as the cube of 1 '07 is 
1'23 nearly, ive see that the mean ranges of the curves for the two 
'distances arc in the approximate ratios of the inverse cubes of the 
moon’s ’distance from the earth, as in the theory of the tides." 

99. Ijunar-Diunial Variation with Itcfcraux to the State of 
tlxe Sun’s Surface . — Kreirin a memoir pre.sentcd to the Imperial 

“ Academy of Science in 1852 considers that the observations at 
Prague and ililaii tend to show the existence of a solar jieriod in 
the lunar variatioms. 'Sabine (P/iif. Trans., 1850) has discus.scd tho 
Toronto observations and also {Phil. Trans., 1857) the Hobart 'J’own 
observations with the view' of deciding this iraitortant point, and has 
come to the conclusion that there is no systematic dilfercneo in the 
lunar- v'ariation corresponding to the decennial iieriod ofthesolar- 
diunial variation, but merely such casual fluctuations as might 
■be reasonably cxiiected, considering the shortness of tho periods 
which they rejnesent. 

No have made a preliminary discussion of Broiin’s 'rrcvaiidriim 
olwcivations with the view of throwing a little more light on this 
subject. For this puqiose we have taken the ranges of the lunar- 
diurnal variations recorded by him for each month of each year. 
No have in tho first place grouped these ranges together into 
threes, representing quarterly results, and have then compared 
together these quarterly results for years of small and for years cf 


100. Variation in the Diurnal Itamje of Declination dejicud- 
ing upon the Age of the Moon . — Capcllo {Annals of Lisbon Observa- 
lory, 1876) and Stewart {Proe. Hoy. Soc., 1877) have separately 
found that the range of declination is greatest about the times 
of new and full moon, a result recently confinned by C. Cliambers 
of Bombay, 'fhe following are tho results recorded by Stewart 
derived from 197 lunations at tho Kow Observatory -. — 

Table XXXIII . — Variation of Diurnal Jlange of Declination 
with Moon’s Age, (0) denoting New and (4) Full Moon. 

l*liix«e of lunation (0) (1; (K) (.1) (1) (5) (0) (7) 

Value cf range 61'J Ol'J 4'J'J i'J'J 507 508 488 503 

■ 101. Earth Currents caused by Lunar Influence. — 3Ir Alexander 
J. S. Adams {Nature, March 8, 1881) has made use of a telegraph 
wire the ends of which were connected with tho earth, the one at 
Cardiff and the other at London, lie observed the currents on this 
wire every (piarter of an hour from March 28 to April 20, 1879, 
Ho believes that such are earth currents, and that they have a 
lunar-diurnal variation, 'There are during the lunar day, according 
to this observer, four electrical maxima, two positive and two nega- 
tive, each maximum being divided from the next by a xcro or 
point of no current. His re.sults likewise exhibit a regular retarda- 
tion or lagging of the earth-current variations behind tho corre- 
sponding phase of the moon to the extent of nearly three hours, 
but these require confirmation from further observations. 


Tuz Ebeect oe Solae. Vauiability ok 'i'iie Meteobolooy 
OE THE EAU'ril. 

102. No may learn from tho jircccding paragraphs that tho 
un exercises a more powerful influence upon the magnetism of 
he earth at times of maximum than at times of rainimuin sun- 
pots. It remains now to find whether a similar variability 
btains in the phenomena of terrestrial meteorology. For this 
lurposo wo may divide the meteorological elements into the four 
ivisions of pressure, rainfall, wind, and teinporature, inquiring in 
fhat manner thc.se arc affected by solar inciiualities. 

103. Pressure.— In 1871 Baxcndell {Memoirs of the Lit. and Phil, 
lociely of Manchester, 1871-72), from an analysis of eleven years 
f the Itadcliffe observations, Oxford, came to the conclusion that 
11 years of maximum sun-spots tho maximum barometric pressuro 
cciirred under north-east winds and the minimum under south- 
rest, while in years of minimum sun-spots tho maximum and 
iiinimum pressures took place rcsjiectively under north and south- 
ast winds. He came likewise to the conclusion that, besides this 
Bfcrence in distribution of tho convection currents of tho earth, 
he forces which give rise to tho movements of the atmospliero 
ppcar to be more energetic in years of maximum than in years of 

aiiiiraum sun-spots. _ . . i ► 

104. A study of the isobanc lines would appear to be tfio best 

iictliod'of obtaining information upon this important point. It is 
i'cll known that during summer tho interiors of largo continen ts 
lavo a peculiarly low and the surrounding oceans a peculiarly 
li'di atmostiheric pressure ; while a disposition exactly tiio 
everse obtains during tho winter montlis. All this is no doubt 
lue to solar action, and we might therefore imagine that when tho 
un is peculiarly powerful these peculiarities of distribution will bo 
ound to be incrailsed in prominence, while they wiU be dummshed 
t times of comparatively weak solar influence. i 

The distribution of pressure has been studied ‘ Tllanforlf 

ho Indian, meteorologists, including Messrs Archibald, Blanfotd, 
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107. In 1S74 G. M. Darrsoa came to the coachnsioa that the 
X lakes were liighcat alv-nt times ni 



T.UJLE XXXV. — Cci.Ketnso;! or hti- I’V.tri;/ .VKiaier ty tkcT.'tit 
cccr.rrinj f's f,V; /u.iia.’v Ocean xcith ihi I'iur.'y XuniiT cj 
Sik-!s art tde Fiin. 


' Ctar- 
ic:tra» 
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<'>o-s. i'-ai" western Siberia is a district which in the winter ^ shown(-\7::c'c.-:i;7. Oc.ri£;ry,Xovemi:erlSir)tIuttiiet«ordedtaaiii;ea 
leiMnh^a pressure decidedly above the average, and we should ‘ have been most frc|iie_ut at Madras ab>at the \\atsof niiiuaBs 
t’-ere'bK imanue that during vears of iKCPrerful ^lar ixxducnce this . sun-spots— years likewise associated tvith a diminished taiaiall. 
winte-'nrvssnre should be peculiarlv hi-h. Bnt this is what ^ lOl?. frinaa oaj F.'on-is.— hleloram of the Mauritius 0b.-<r- 
Blarfoid has found in his discusdou of the Eussiaa stations to ! vatory lound m lS7d, as the result ot alxiat tliirty years' observa- 
correspond with vears of maaimura sun-snots.^ 1 tions, that the're are more cyclones in the Indian Ocean during 

l\>xun. Frederick Cminibers has enandated the following laws as ' vearsof mAviinuni than during years of ininimua sun-spots.^ Xae 
^ai Ills cisciisslon of various ineteorolo^col tvcords: — ; conne:doa between the rwo is oshibitev* in the followiu^ table; — 

(1) Variations of the san-spot area are saecx-eded sou’.e months 
afterwards in the Indo-Malayan region by corresponding abnormM 
baromerrie variarions, a high barometer cortesponiiing to a mini- 
mum of sun-spots.- 

,2) This larging behind is greater for easterly than tor westerly 
stations. In other words, this, like other meteorological j'heaomena, 
appears to travel nom west to cast. 

' iVe may therefore conclude that the batometricevidence as far as 
it goes is in favour of the hxmothesis that the suii is most powerful 
at times of maximum sua-sjKits. 

105. Eafn/klf — Scfjf.fs </ JRixxrs ct::d Xolvs. — In 1S7'2 Mel- 
drum of the Mauritius Observatory brought forwanl evidence 
showing that the rainfalls at Mauritius, Ailelaide, and Brisbane 
wem on the whole greater in years of maximum thaa^ in years 
of miaimam san.spots. Shortly aftenrards it tvas shown by 
liwkyer (Xlif-rc, becember 12,1372) that the same law was 
obsaivable in the rainfalls .at ilie Cape of Good Hope and Madras. 

Meldmni has since found that the law holds for a great num- 
of statioas, iaclnding eighteen out of nventy-nvo European 
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obserrarories. vrirh an average of tniny vtrars* obHrvariocs for eacb. ■ 
Tae resnlra exhibited in the following table (XXXIV.) : — 
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’ Vp to Haj- 31. 

In 1373 21. roey* found a simdar connexioa between the hurri- 
canes of the 2X051 Indies and the years of maximum sun-spets. 
He enumerated three hundred and rifty-sevea h-urricanes berswu 
1750 and 1373, -lad suited that oat of nrcive maxims tea agreed. 
110. In 1377 Mr Henrv Jc-ulo, of Lloyd’s, and Dr Hunter fo^. 


It -would, however,^ ai»w.w from the observations of Governor 
Rawson that the laiafaU in Barbados forms an exceprion xo this 
rule, being greater aboar the times of minimum s-an-spots, 
lQo._ GxKtav W ex in 1373* showed that the recorded denrii of 
tmrer in the rivers Eire. Khine, Oder, Danube, and Mstulator the 
six OTa-spot periods from ISCO to 1367 was giearer at times of 
maximf^ tliaa at rimes of minimum sun-spot freqnenev. These 
conclusions h.tve since been coatinncd bv Professor Frier.* 

Quire recently Stewart (rVcct lit a::d PdsV. cf 


,10. In 1377 Mr Henry Jc-ula, of Lloyd’s, and Dr Hunwr i 
that the casualties on the registered vessels of the United Singlet 
were 172 per cent, greater anting the rwo years about niaimum 
tliaa during the rwo years about minimum in the solar cycle. 

111. JVtn-eralurc.— Baxendeli, in a memoir already quoted, was 
! the first to conclude that the distributioa of temi'cratute uu«r 

• liiifereac winds, like that of barometrio pressure, is sepibly m- 
; fiuonced by the changes which rake phtce in solar activity, m 
1 1370 Pi.xmi Smyth p-ublLshed the tes’alts of an important 9^-^ 
; of observarions made from 1337 to 13 d 9 with themiouietem 

• in the rock at the Koyal Observatory, Edinburgh. He 
i clud-evl from these that a heat wave occurs about every eleven 

j its maximum being not far from the minimum of tb.e sua-spot ^'ic- 
Sir G- B Airy has obtained similar res-alts from the Greentne-iO-j- 

^ ' temperature otser- 

:o, 



obsOTarions, and whether we rake' the El^' or '&inr^ The i before the minimum of s-an- 5 pots,_ wlme in tne 

law IS that there is a mxximum of river height about the rime of ! H^Hthe maples it occurs mo years after me mi^u.^ * ^ 

. t ivgalanty and magnitude of the temiaeraturewavearemc>,smn^. 

.‘“F I marked in the tropics. 

11-2, Tile evidence now given appears at 
istio to tllAr ilArivAl frv'in'T^rVxA .'xrEt^r t’Tpni 


m^mnmj,an-spots and another subsidiarv maximnra about 

is some reason too to think 
* rivoK in e-xlubiring a 

m.cEm.um a^u, e.ne time oj maximnm mn-spos and a snhridiarv 
maximum about the nme of minimum ^ - c-aiuary 

sid-Aiy maximum is greater r5-.n 


s at first sight to be ant^o- 
ens both of magnetism 
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scieiuillwlly \\i; may rog-ard tlio o-iith as .in engine, of wliicli 
the sun is the fuinace, the etuutoiial legions tlio boiler, .and tho 
jioUr ix’gious tho eondonsov. Now this engine may bo supposed to 
work in the following nunner. Hot air .ind vapour .uo e.iiricd 
along the upjior legions of tho .itinosphere from tho eipKitor to tho 
[wles byme.insof tho .inti-tr.ule winds, while in return tho cold 
IKikir air is c.inied .iloim tho siirf.ice of tho earth from the poles to 
tho eou.itor, forming what is known .is tho tr.ido-winds. When- 
ever tho sun’s heat is most powerful both tnides and anti-tnules 
should bo most jiow ei fnl likow iso. But w e live in the tnides rather 
than in tho anri-tnides— in tho surfaeo eurrents, .ind not in tho 
npiK'r currents of tho earth’s atmosphere. Wlien, theivforo, tlio 
sun is most poweiful is it not possible that wo might liaio a lurti- 
eularly strong and cold polar cnnx'iit blowing about us? Thosamo 
thing would happen in tho c.iso of a furnaco-tiro ; tho stronger tlio 
lire the more powerful the hot draught up tho ehimney, tho more 
IHiwerful also tho cold draught from without along tho lloor of tho 
room. It might thus follow that a man st.inding in tho furiuco- 
rooni ne.ar tlio door might bo chilled rather than heated when tho 
furnioo itself w.is roaiing loudest. In f.iet temperature is a pheno- 
menon duo to many causes. Thus a low temperature maj' bo duo 
flHo a defveieuey in sol.ir power, {!) to a elouded sky, (d) to cold 
rain, (I) to cold winds, (5) to cold water and ice, tO) to cold pio- 
diKod by evaporation, (7) to cold produced by nuli.itiou into sjuce. 

Blanford h.is roeently shown that at ceitain Indian stations 
a low mean temperature occurs when theio is an uuusu.illy largo 
rainfall .and a great amount of clouds, a result in .ncunlauco with 
the conclusions previously enunciated by Professor Pi.u'/i Smyth. 
Kecoials of m i-eimum and minimum temper.ituro must not there- 
fore bo too closely .issoei.ited with a nuximnm and minimum of 
sol.ir power. 

11:1. Considerations of this nature have induced Stewart to 
im.igino (.Vu/ii/c, Juno lii, ISSl) that tho tiuo connevion between 
.siui-spots and terrestrial temperature is more likely to be discovered 
by a stndj’ of short-period iiieuu.ilities of sun-spots than by that of 
tho eleven-year periovl in whieli there is time enough to change tho 
hygronietrio state of the atmosphere and tho whole conveetioii 
.system of the earth. Ho h.is aeconlingly discussed at .some length 
two prominent suii-siiot inequalities of snort period (.ibout twenty- 
four day.s), and onde.ivoiireil to seo in what w.iy they alfeet terics- 
trial temperature. Prom this it appears that' a rapid iiicri.uo of 
sun-spot.s is followed in a d.iy or two by an incre.iseof tho diurn.il 
toiiiperaturo range atToronto. Now an increase of diurn.il tempera- 
ture range most prob-ibly denotes an iiicro.i.so of solar eiicigy, and 
wo are thus led to associate an incre.iseof solar heat with a l.iige 
development of spots. This, however, is a point which requires 
further investigation. 

111. tfi.tenif C’onc/nsion. — On the whole we iiuay conclude tlut 
tho meteorological motions and processes of tho e.irtli are probably 
most active at times of maviimim suu-spots, and that they agioo 
with mignelical phenomena in reprosenting tho siiii xs most power- 
ful on such oec.isioii-s .lUhongh the evidence derived from meteor- 
ology is not so conclusive as tliat derived from m.agiietism. 

Hyi’Otiietical Vtr.ws ueoaudino thk Co.v.ne.vion' inn ween tue 
St.vte of rnE Su.v axu Tkukestkial M.vG.SEns.\t. 

115. /Vinciph's of Dhcui>-<um, — In the following discussion we 
claim only to .ulvance a working hypothesis, with the view of sug- 
gesting further inquiries into the subject of terrestri d m.ignetism. 
It seems therefore desirable that wo should limit ourselves to .such 
probable or possible causes as aro known to e.xist and to opeiato on 
the earth. These vaiious agents or causes will bo described, and 
we sh ill onde.avour to show that coiivoiging lines of evideiice point 
in several c.iscs to certain of these as being most likely to produce 
that p.irtieular type of olfeet wliieii is evliibited in terrestrial 
m.ignetism. This course will in our view most readily suggest 
further inquiries with tho view of eonlirmiiig or disproving tho 
various points of this working hypotliesis. Believing that tho 
iiitroduetiou of any unknown cause can only bo juslilied when 
known causes li.ivo boon found iusullicieut to account fur tho pheno- 
mena in ipicstion, we have not advocated any direct in.igiictic action 
of tlie still upon tho e.irtb. Wo have refrained Irom this for tiyo 
re.isons, — first, because from wb.it wo now know of the sun it 
iippears to ns iiiilikelv tliat it should exercise an iiilluciieo of this 
nature upon tlio earth, sineo a body at .i high tempci.iliiro possess- 
ing very strong iiiagnetie properties is unknown to ns; and, 
secondly, wo shall see further on that siieli an inllneiiee will not 
expl.iin the best-understood magnetic changes, nor is there iu owt 
opinion any mafriiotio pheiiomenoii for the o.vpl.iiiatioii ot which it 
a qiears ahsoliitelv necessary to resoit to this hypothesis. In fine, 
without presuming to ileiiy the possibility of unkimw u intluences 
of tills n.atuie, It does not appear to us that the time b.is yet arilitd 
when wo uro ealleil upon to resort to such as neeess.uy aids to the 
diseoveiv of furtlnr tiiith. 

111). Xntiirc of SoUtr luirintioiis. — It is quite certain that there 
is a variability in the visible appearance of tho sun’.s disk, which 
exhibits sometimes n comp.irativelv large amount of spotted uvea 


while on other oce.isions it is entirely fieo from snots. Now it has 
been romaikcd by Ihomson that weio the suii an iiicandeseeut solid 
Its surlaeo would beeoiiio cool in a few minutes. The astoiiislun-- 
propel tywhieli our luminary possesses of poming out CQiithuioiijy 



currents of this nature forms the essent'ial comlitiou without which 
the sun would not be able to eontiniio sliining as it does. 

The mottled appearance of the sun’s disk as seen tlnough a tele- 
scope denotes no doubt tho e.xistenco ot a v.ist system of ascending 
anil descending currents, tho hot matter rising from beneath being 
denoted by the brighter portions ami tho eold matter descending 
from above by tho d.irkor poitionsof tho stiucture. On certain 
oee.asious and in certain regions of tho sun the scale of tlie.so idieiio- 
metia is gieatly increased, and wo have a lingo iip-iiish of blight 
and a eorresponding down-iush of bliek matter— m line, the well- 
known sun-spot with its bright faeuloiis appemliigos. Whenever 
siiu-spots .vve very fieqnent v\ e should therefore expect the convection 
system of the smi to be particularly powerful, and the groat velocity 
.ind si/e of tho red ll.imes or tho liigber poitioiis of the convection 
system obseived .irouml tho sun’s limb on such occasions eoiitirm 
us in this supiiosition. And if the convection s\ stem of the suii 
be ixirticulaily powerful when there aie most spots on its siirf.iee, 
it would seem to follow th.it tlie radiation from our luminary should 
on such occasions be particularly powerful also. The spectroscope 
le.ul3 ns to tho same coiieliision. It would appear from the obser- 
vations of Loekyer and others that at times ot maximum sun-spots 
ccitaiu definito regions of tho sun when examined spectroseopieally 
present all the appearances of a veiy higli temperatiiie. 

Wo aio un.iblu to coiitiim these eouelusioiis by direct observ.itious 
of the sun’s heating power. .Vetinometiieal detoniiiuatious have 
not yet been made with snlUeient accuracy ami persistence to dccido 
this point e.xporimentalIy. We have, how ever, eviJeuco of an in- 
diroct nature derived from terrestrial magnetism and meteorology 
all leading to m.iko ns think that the sun is most poweiftil during 
times of maximum sun-.spots. Wo li.ivc seen that on such oecnsioiis 
the solar iiilluence upon the magnetism of the earth is peculiarly 
powerful ill more tliaii one way, and that its inliuonco on meteoro- 
logy is then peculiarly powerful also, although wo are nut so certain 
of this latter fact as of the former. 

Wo may therefore t.iko it to bo most proh.ihle that tho sun is 
most powerful at times of m.iximum sun-spots, and proceed from 
this h.isis to propound tlio two following questions : — iu the first 
pUee, what is tlie natiiio of the solar inllueiieo upon terrestrial 
iii.igiioti.sm? .iiid, secondly, why is this inthiencoso luiioh moree.isily 
perceived than certain forms of solar inllueuco upon meteorology I 

117. Ditinuil Jfiiynefie Variatwns — IlypotheAt.'s rojarJimj them . — 
Tho various speculators on the c.iuse of these phenomena have 
ranged over the whole field of likely explanations. (1) It has been 
supposed tli.it the sun acts directly as a magnet upon tho magnetism 
of tlio earth. (2) It has been imagined that eouveetion currents 
established by tho sun’s heating iiillucuco in the upper regions of 
the atmosphere me to he rcganled ns eouduetors nioviiig aaoss lines 
of Iiiagnetie foreo, and are thus tho vehicle of electric currents 
which act upon tho magnet. (3) F.irad.iy, reasoning from his 
discovoiy that o.xygon is paramagnetic, and becomes weaker in its 
power when heated, and stronger when cooled, supposed that tho 
sun by heating certain portions of the atmosphero leaders them 
less magnetic while others, not subjected to any heating iuilueiieo 
are rendered more luagiietie. The action is equivalent to a dis- 
pl.ieenient by means of tho sun of tho magiietio matter of tho earth, 
and involves a disphieement of the lines of force. Here too the 
sol.ir action is associated with tho gieat mass of tlio atmosphere. 
(1) It has been supposed by Christie and by Do la lUvo tlut the 
lie.it of tho sun produces iu the atmosphcio and in the e.irth theimo- 
clectrie cmreuts which produce the daily magnetie variations. It 
is not e.isy to pereeivo how* wo couhl li.ive theiiiio-oleetiic eurrents 



over; tho second deals with tho upper atmospheiiu legions, tho 
third with thogieathody of tho atmospheie, while tho fomth, .iswe 
h.ive ventured to modify it, lus leference to tho crust of tho o.uUi. 

118. DisCKssioii of thcic Ilypotluscs . — Dr Lloyd and ilr C. 
Chambers^ have both shown that direct solar niagnotie action will 
not account for the peculiarities of tho diuinal magnetic vaiiation. 
A'^iin (§ IS) wo have strong ovidence that changes in the i.ingc ot 
tlio daily magnetic v.u iation lag behind eorrospoudhig solar elunges 
in point of time. Now this kind of heluviour is iueynsistent with 
direct magnetie action, ami jioiiits ratlier to .ui iiulireet maguetio 
ellcct c.iused by the radiant energy of tho sun. 

I I’rai. /ri'jA February 2.’, 1S5S: i’Aif. Iiuhj., IsCS. 



182 

119. Lei ns therefore distiiiss the hyiM>thesis of direct action, and 
consider that of Faraday. ITe knorr b-ath from obserrarions of the 
declination and horizontal force {Fret. lljy. Eoc., March 22, 1S77, 
and Phil. Trans., 18S0, p. 511) that the action of the sun in pro- 
ducin" dinmal variations of these elements is one and a half times 
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such a great difference on these occasions 
upon the great balk of the atmosphere. Meteorologists have never 
observed such a difference, nor is there any marked corresj>onding 
ine(iuality of dinmal temperature range, ileteorological evidence 

r_ -.1 


the magnetic portion of the earth’s atmosphere. Again, as there is 
a preponderance of hoi oxygen in the northern hemisphere daring 
the June and in the southern hemisphere during the December 
solstice, there ought according to t^ theory to be a tvell-marked 
annual variation of the magnetism of the earth, the northern hemi- 
sphere being at the same time differently affect^ from the sonthern. 
lint there are no traces of sneh a phenomenon, the annual and semi- 
annual variations which we have already described f§§ 61-67) being 
of quite a diiferent nature, and none of them veiy large. 

120. Precisely the same objections apply with even greater force 
to the fourth hypothesis. It seems impossible to allow that any 
heating effect of the crust of the eartb caused by the sun can be one 
and a half times as great at epochs of maiimom as it is at epochs 
of minimum sun-spot frequency. 

121. ITe are thus driven by the method of exhaustions to look 
to the upp>er regions of the earth’s atmosphere as the most probable 
seat of the solar influence in producing diurnal magnetic changes, 
and it need hardly be said that the only' conceivable magnetic cause 
capable of operating in such re^ons must be an electric enrrent. 
Xow we know from our study of the aurora that there are such 
currents in these regions — continuous near the jjole and occasional 
in lower latitudes. A good deal ha.s been said about the difScnlty 
of imagining a daily set of currents to be generated in regions of 
such imperfect coaducrivity, bat we shall see by and by (§ 1-31) 
that there seems ground for imagining that their couductivi^ may 
be much greater than has hitherto been supposed. 

IS. A’mIojxcs Ittiscm thi ildcorological and Magn/Aical SyJems 
eftke Earth . — IVe have in the first place a zone of marimnm ter- 
restrial tempjerature, the middle line of which is nearly coincident 
not only -.rith the geographical hat likewise with the' magnetical 
e-quator. Again, there are jxissihly in the northern hemisphere 
two_ joles ct greatcji cold, which possibly do not greatly differ in 
position from tho=e spots which we have called magnetic poles or 
focL About the southern hemisphere we have no information. 
Fonhermore we believe that the ho: air is carried from the zone 


regioax The hot air divides at this zone, one part blowing north- 
in the nprtnem and anotner southwards in the sonthem 
he.misphere. Xow this zone, from which the anti-trades divide, 
ha.s an annual motion of its own, being found farthest north at the 
-June sahtica and fartnest south at that of December. Probably too 
the nortnern system is stronxes: in June and the sonthem 


in December. If we no- ton to the solar-dinmal vaiiation of 



and the southern system in December. 
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mg them has refe.rence to the p.rerious discussion 
nmaaed taa: the magneric influence of the sun Ls 
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Furthermore, just as temperature-range weather progresses from 
west to east (§ 52), so declination-range weather would seem to pro- 
gress in the same direction as the other (§ 52) although at a 'Teater 
rate. It will doubtless require a more extended investigaTha to 
make ns quite sure of this latter point ; nevertheles.s we do not 
perceive the validity of the objection that is sometimes made to the 
hypothesis of progress in magnetic weather on the groand that 
niagnetie influences are known to affect all pairtions of the »!ole 
simultaneously. It will, we think, lie perceived that in the Sore 
statement no supposition whatever is made with respect to the rate 
of propagation of a magnetic influence through the earth; this may 
be instantaneous or it may not. It is supposed that we hare hem 
a travelling cause of excitement, say a travelling cans® of carrcntj 
in the upper region 3 of the atmoophere which pirogresscsfrom west to 
east and always produces its most marked effect above those regions 
where it passes — just as the sun itself in passing from east to west 
prodnees a magnetic effect the various phases of which travel fro-a 
east to west with the sun which causes them. IFe think too that this 
hyrwthesis of travelling causes of magnetic change is strengthesei 
by' the facts observed by Capello and describeil in § 97. 

*124. If, however, the objection made to tliis hypothesis refen to 
the fact disclosed by Broun (§ 85) that changes of horizontal force 
appear to take place simultaneously at distant parts of the earth's 
surface, then we think that analogy should lead us not to deny tie 
possibility of a travelling magnetic excitement, but rather tosag;-st 
the possibility of there being some meteorological influence wiiieh, 
like tho magnetical one above mentioned, may be found to take 
place simultaneously at different parts of the earth’.s surface, h'ow 
Broun (Proc. Pjjxj. Soc., ifay 11, 1876) has given ns preliminary 
evidence for supposing that there are siranltaneons barometric vzria- 
tioms. For instance, there was a barometric maximum at Hobor: 
To'.vn, Peking, the Cape, St Helena, !Makeratonn, Singapore, 
Madras, Simla, Ekaterinburg, and Bogoslovsk about the end ci 
March or first day of April 1845. There apyears to have tea % 
simultaneous increase of the horizontal force of the earth at various 
stations much about the same time, and there ate apy^ars to have 
been a short-y/criod maximum of spots on the solar surface. Bresn 
has likewise registered simultaneous barometric variations at Smga- 
pore, Madras, and Simla, for the first three months of 1845._ Fma 
these it would seem that simultaneous harometric maxiina are 
possibly coincident with rapidly increasing sun-spot areas. _ 

Again Ls it not absolutely certain that if there is a sudden increase 
of solar power this must mean an increase of heat communicated 
to the earth, although it may be difficult or even impossible to 
obtain e^eriroental evidence of sneh a fact I -ill these are sub- 
jects which require further investigation. 

125. Fariher PMvxrJcs on, Uv, Solar-Diurnal^ Fanalkn cj 
Dedinaiion. — In § 24 we have asked how far The action of the solar- 
dinmal fores ujron a freely-suspended magnet is due to currents 
acting directly nymn the magnet and how far to a change predate 
in the magnetism of the earth. Some light appears to ’oe threr^ 
on this jjoint by the behaviour of the needle at places near 
magnetic pole where the dipyiing needle is nearly- vertii^ Oa 
opposite sides of this locality the declination needle points in opj^ 
site directions. Xow snpy»ose that we have a set of such ntees 
y>Iaced all round this region. It seems a legitimate generototiou 
ftom the observations described by Sabine {§ 45) to conclude 
if we place ourselves above the centre of any of these needles a- 
3 .t.ir., and look towanls its marked pole, we shall find it m ev^ 
ca^e deflected towards the right, while if we look towards tee 
pole at 2 KZi. we shall find it deflected to the left- 
imagine that at 8 there are above these magnets 0“ 
atmospheric regions) electrical currents of which the prisju ' 
components form a .set of positive currents floiring fro-ui 
all sides, then by the known laws of such enrrente the marsvl y- 
of all these needles will be deflected towards the right And — ■ 


deflected towards the left It thus apoears that this 
ma^etic behaviour might easily be explained by c 
distribution of currents. And in fact in such regions we ^ 
dabitable evidence of the existence of currents in the upper re, ^ 
of the atmosphere. On the other band this behavipur ccac 
easily be explained by the hyp-othesis of some defmite 
m-jgnetie system set up by the solar influence in , 
such a case we should imagine that similar yxiles oi au -u® 
ought to be deflected towards tho p^ole of this temtwra*.. jy-‘-— » 
which is not the case. _ _ .. 

125. Another point for consideration is the 

of the solar-diurnal variation. For we may imag:ne_ ID o 
sun acts in such a manner as to produce a diurnal ^ raria- 

i^y also act like the moon {§ 94) and produce a 
tion ; (3) these nocsible actions may be a-ccompaute Oj 
currents in the upper lemons of the atmosphere anu m - • 

the_ earth; (4) it is po:^iible that the found fra- 

, variations or some of them in the way in whica broua^ 

1 the lunar variation at Trevandmia was affertal oj n- 
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was found by him that the lunar action was considerably increased 
when the suu was above the horizon of the place. ’ 

127. We have pointed out (§ 119) that, while there is a marked 
likeness in many resiiects between the diurnal variation of declina- 
tion and that pf atmospheric temperature, we have yet no lon"- 
period lluctuation of the diurnal range of temperature at all com- 
parable in magnitude to the magnetic fluctuations. It does not, 

- however, seem difficult to account for this difference if we imagine 
that the magnetic fluctuations take their origin in the upper attno- 
splieric regions, while the temperature fluctuations are due to the 
lower regions of the earth’s atmosphere. For, as the sun increases 
in power from times of minimum to times of ma.\imum sun-spot 
frequency, we may imagine that a continuously increasing amount 
of aqueous vapour rvill be taken into the earth’s atmosphere. 

Now the experiments of Tyndall and others induce us to think 
that the air would under such circumstances become more and more 
opaque for certain rays of the sun, and thus a continuously decreas- 
ing proportion of the sun’s heat would be able to penetrate into 
the lower atmospheric regions. This latter influence would there- 
fore operate to cloak, perhaps to a considcmble extent, the effect of 
the sun’s increasing power ; and this may very well bo the reason 
, why the temperature range at the earth’s surface does not exhibit 
the same eleven-yearly inequality as the declination range. 

128. There seems, however, reason to believe tliat if we go from 
long to short period inequalities there is a much greater similarity 
in the range of the magnetical and the meteorological changes 
(§ 113), The explanation seems tobe that in the short-period changes 
the sun has not time to alter sensibly the constitution of the atmo- 
sphere, and hence the proportional increase of effect experienced in 
the upper atmospheric regions is more nearly the same as that 
experienced near the surface of the earth. 

129. MoQiiciic Disliirhancca. — ^I'herc is strong evidence that the 
most important disturbances break out very nearly simultaneously 
at widely different parts of the earth, and that they even affect both 
hemispheres at the same time. Very little, however, is known 
about the modus op&randi of the forces concerned in producing such 
disturbances. For instance, it is not known whether a disturbance 
permanently affects the magnetic state of the earth, c.j., whether 
one of the magnetic elements before a disturbance begins is sensibly 
different in value from what it is after the disturbance lias ceased 
to e.xist. On the other hand wo know (1) that disturbances break 
out on the very day when there are rapid changes taking place 
on the sun’s surface (§ 83) ; (2) that they generally begin by 
momentarily increasing the horizontal force, but that the type 
quickly changes, so that during most disturbances the horizontal 
force is diminished (§ 88) ; (3) that large disturbapees take place 
more particularly about the equinoxes, when, we have reason to 
believe, the horizontal force of the earth is at a minimum (§ 77). 
^lay we not possibly conclude from these habits of action that at 
times of disturbance the earth is magnetically in a delicate state of 
equilibrium, perhaps having more magnetism than its surroundings 
would strictly warrant, and being therefore inclined to part with 
some, and that a sudden increase of solar activity, tending, as such 
changes probably do, at first to exalt the magnetism of the earth, 
nevertheless destroys its magnetic balance and gives it ultimately 
the opportunity of parting with some of its magnetism ? This can 
only bo regarded as a speculation, inasmuch as we do not know 
whether or not a disturbance produces any permanent influence 
upon the magnetism of the earth. 

130. Auroras and Earth Currents. — There is no doubt that these 
phenomena denote electric currents in the upper regions of the 
atmosphere and in the moist conducting crust of the earth. The 
point in dispute is with respect to the origin of such currents. 
Some are inclined to regard auroras as peculiar manifestations of 
atmospherical electricity m high latitudes, while others imagine that 
such displays are rather of the nature of induced currents generated 
by small but abrupt changes taking place in the magnetism of the 
earth. The advocates of the first view do not deny that currents 
taking place somehowin the upper atmospheric regions will have their 
conditions modified, to some extent at least, by the inducing influence 
of magnetic changes. Nor will the advocates of the induction hypo- 
thesis be disposed to deny the possibility or even the certainty that, 
displays due to atmospherical electricity and not dissimilar to some 
kind of aurora take place in some region of the atmosphere. But the 
first party regard auroras rather as the cause than as the effect of mag- 

' notic changes, whereas the advocates of induction regard such displaj's 
rather as the effect than as the cause of changes somehow produced 
in the magnetism of the earth. And here it is desirable to remark 
tliat the advocates of the induetion hypothesis take for granted the 
magnetism of the earth and the changes thereof as phenomena for 
which they do not profess to account, whereas unless we go to some 
absolutely unknown cause (and this is against our present pro- 
gramme) we must look to atmospherical electricity as likely to throw 
light upon the origin of terrestrial magnetism. _ We cannot therefore 
dispense with regarding atmospherical electricity as an agent which 
may have played an important part in the development of the 
present magnetical condition of the earth, but we ate yet of opinion 


that, under the present state of things, the theorj' which holds bv 
atmospherm electneity must largely be supplemented by the induc- 
tion hynothe.sis if it is to explain the peculiarities in type or form 
01 tile plienomena v»’liich observation brings before us. 

1 .121. Professor Tait in his essay on thunderstorms attributes one 
kind of aurora to atmospherical electricity. Such an aurora is he 
believes, the manifestatiou of almost continuous discharges, like 
those given by a Holtz. machine in a vacuum tube. Tlio cause is 
condensation of vapour going on very .slowly in very large spaces of 
air. The electricity is due to previous contact of particles of air 
and vapour. The result is that the air-particles in the mixture in 
time acquire a definite diiference of potential from those of vapour,— 
so that, when the latter aggregate, a misty region well charged is the 
result, and this discharges to the oppositely electrified air all round. 

132. Again, Professor Stokes, witliout attempting to account for 
the origin of atmospherical electricity, has produced an hypothesis 
with the view of explaining the intimate connexion subsisting 
between auroral displays, earth currents, and magnetic changes on 
the one hand and outbursts of sun-spot activity on the other. His 
idea is that two somewhat distant atmospheric regions A and B are 
charged, let us say, with positive and negative electricity respec- 
tively ; A induces in the gi-ound below it a charge of negative, B a 
charge of positive electricity. At first things are held in this state : 
A cannot discharge either through the upper atmospheric regions 
to B or through the lower regions to the gi-oiind beneath it, while 
B is in a position precisely similar. Presently, however, an increase 
of the radiative power of the sun is produced. Such an increase 
would probably imply not merely an increase in general radiation 
but a particular increase in such actinic rays as are absorbed in the 
upper regions of the earth’s atmosphere. The layer of atmosphere 
between A and B will therefore greedily absorb such rays, its tern- 
peraturc will rise, and, as is known to bo the case for gases, the 
electrical conductivity of the stratum will be increased. A dis- 
charge will therefore ultimately take place in the upper regions 
between A and B ; this will relieve the charges of negative and 
positive in thC ground immediately beneath A and B, and these 
charges will therefore rush together through the ground, producing 
an earth current. This earth current will be in the opposite direc- 
tion from the atmospheric current, and the two will combine to 
represent, virtually at least, if not absolutely, a closed circuit. This 
will of course affect the earth’s magnetism and produce a disturbance. 

133. This hypothesis certainly affords a good explanation of the 

f iromptness with which disturbances follow increased solar activity 
§ 83). Unless we arc to resort to some unknown cause it is diffi- 
cult to think of any other possible explanation of this fact. Such 
an explanation appears too to receive corroboration from the fact 
{§ 97) that the lunar influence on the earth’s magnetism as observed 
at Trevandrum is greater during the day than during the night, — 
greater possibly too at times of maximum than at times of minimum 
sun-spots. IVe are therefore disposed to accept this explanation of 
the ivay in which increased solar activity produces magnetic dis- 
turbance as the best that has been brought forward. 

134. This does not, however, decide the disputed point how far 
these elevated currents are due to atmospherical electricity and how 
far to induction. The argument against the possibility of induced 
currents in these regions is derived from experiments with vacuiini 
tubes, such as those recorded by Slessrs De la Eue and Muller, which 
would seem to indicate that enormous differences of potential would 
be required to produce electrical currents in, elevated regions, where 
the atmosphere is very rare. 

Indeed, on account of these experiments, the measurements of 
the old observers, who sometimes assigned a height of more than 
100 miles to the aurora, have been called in question, and it lias 
been supposed against direct observation that these phenomena must 
always occur in regions much less elevated. _ It would appear too 
that such reasons were influential in determining Professor Stokes 
to regard the aurora as produced by atmo.spherical electricity which, 
as we know from ordinary lightning, presents us with enormous’ 
differences of potential ; but it is to be remarked that he has care- 
fully "uarded himself against the possibility of laboratory experi- 
ment^with vacuum tubes not being strictly analogous to that which 
takes place in the upperatmosphericrerions. Nowit would appear 
that recent experiments by Hittorf tnrow some doubt upon the 
strictness of this andlogj. The high difference of potential required 
to force the current through vacuum tubes is, according to this 
observer, due in great part if not entirely to the passage of the fluid 
from the terminal to the residual air of the tube, so that the poten- 
tial requisite to pass a current through a tube of double length is 
not sensibly greater than that required for a tube of single length. 
The whole subject is one which demands further investigation ; 
meanwhile wo are not disposed to assert the impossibility of induc- 
tion currents taking place in the upper atmospheric regions. 

135. Let us now consider whether the form or type of tlm cartn 
currents observed during disturbances favours the presence of induct 
tion to any sensible extent. The remarks of Dr Lloyd already 
nuoted (§ 93), which are confmned by the Grceiuvich observations, 
seem to bo decisive in this respect, Tliese may be interpreted in 
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the following inanner. In a magnetic disturbance we’ have fre- 
q^uently a general displacement of the various elements — the hori- 
zontal force, for instance ; now on the curve which represents this 
slow but cousiderable displacement a large number of comparatively 
small but very abrupt changes are superiiuposeiL These latter 
3[>pearances are invariably accompanied by quick and strong alter- 
nations from positive to negative of the earth currents, while the 
former slow motion, although it may be of large range, hardly 
appears to have any galvanic equivalent at all. This would appear 
to favour the induction hypothesis, according to which small but 
abrupt magnetic changes should give rise to strong earth currents 
alternately positive and negative without reference to the position 
of the magnet above or below its normal at the time. 

136. Another fact beariujj upon this hypothesis is that mentioned 
in § SS. From this it wovud appear that on ordinary occasions the 
curves recording the progress of the declination needle at Kew and 
Stonyhurst are as nearly as possible identical, but on occasions of 
disturbance the range at Stonyhurst is greater than that at Kew by 
an amount not apparently depending so much on the magnitude of 
the disturbance as on its abruptness. The introductiou of the 
element of abruptness would appear to he in favour of the luLv- 
ing up to some extent of induced currents with the pheuomcna in 
question. 

137. Sir George Airy has not been able to detect any resemblance 
in form between the regular diurnal progress of t)ie magnet and that 
of the earth currents. It seems, however, possible that the {teaks 
and hollows alluded to in § 73 may form an important and integral 
part of the d.aily magnetic movement, and there even appears to bo 
some evidence that the diurnal progress of the earth currents bears 
a nearer resemblance to that of the peaks and hollows than it does 
to the progress of the smoother curve which is usually held to 
represent the diurnal variation. But this is a question which can 
omy be decided by more prolonged investigations. 

13S. To conclude, there can he no doubt that at times of great 
magnetic disturbance we have currents in the upper atmospheric 
regions and in the crust of the earth which, so far as wc cati see, 
must either be due to atmospherical electricity or to induction, or 
to a mi.xture of both. The pro{)ortious of this mixture can only be 
ilecided by further inquiry and by the multiplication of stations 
where atmospherical electricity and earth currents maybe observed. 
It ought to he mentioned that the experience of the Kew observers, 
as far as this extends, seems unf.vvourable to the hypothesis of a 
connexion between auroras and atmospheric electricity. 

139. Lunar-Semidiurnal Variation. — From the fact observed by 
Broun (§ 98) that the moon’s magnetic influence is as nearly as 
{wssible inversely proportional to the cube of the moon’s distance 
from the e.arth, it is impossible to refrain from associating it either 
directly or indirectly with something having the type of tidal action, 
but ill what w.iy this influeuco operates we c.annot tell. Is it 
possible .tb.at the earth currents observed by A. Adams (§ 101) are 
induction currents generated in the conducting crust of the earth 
by the magnetic change caused by the moon, — inasmuch as these 
euvrents were found by him to bo strongest in one direction about 
the lunar hours 3 and 15, when the luuar-diurnal magnetic effect 
is changing most rapidly in one direction (§ 95), while they were 
found to he strongest in an opposite direction about the lauar hours 
9 and 21, when the lunar-diurnal magnetic effect is changing most 
rapidly in an opposite direction ? 

140. We might perhaps expect from the analogy of the rides that 
the sun should possess a semidiurnal magnetic effect similar in tjqio 
to that of the moon. 27ow Sir George Airy in iiis analysis of the 
earth currents observed at Greenwich {Phil. Trans., 1870) during 
days of tranquil magnetism has detected in such currents a semi- 
diurnal inequality having maxima in one direction at solar hours 
3 and 15, while it has maxima in the opposite direction at solar hours 
9 and 21. The reference to solar hours iu this inequality is thus 
precisely similar to that which the inequality observed by Adams 
bears to lunar hours. 

141. If there are induced currents of this nature iu the crust of 
the earth, we might naturally suppose that there will be correspond- 
ing currents iu the upper regions of the earth’s atmosphere, and in 
accordance with the suggestion made by Professor Stokes (§ 132) 
we might perhaps suppose that these currents will be strongest when 
the upper atmospheric regions are heated by the sun and thereby 
rendered better conductors. Is it not possible to suppose that the 
influence of daylight upon the lunar magnetic effect discovered by 
Broun (§ 97) may be due to this cause, and may it not also induce 
us to recognize the possibility of a maximum lunar influence (§ 99) 
at times of maximum sun-spots, when there is reason to believe that 
solar radiation is most powerful ? 

142. Secular Variation, — Sabine and Walker are agreed in 
regarding this variation as cosmical in its origin, and they are 
apparently of opinion that it is caused by some change in the con- 
dition of the suu. It seems difficult if not impossible to attribute 
it to anything else, since the terella of Halley cannot he. now 
regarded ^ having a physical existence. Again it is more than 
possible — it is probable — that there are solar variations of much 
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longer period than eleven years. On the other hand the evidence 
given iu § 81, tending to show that an access of sun-spots produces a 
clwnge in the magnetic state of the earth consistent with the hjqio- 
thesis that the magnetizing power of the sun has then been 
augmented, requires to be confirmed by more observations; and 
even then it is certain that this magnetic change produced by a 
considerable change in s{>otted area is extremely small. Wo caunot 
therefore regard the very Lirge secular magnetic change as due to a 
non-cuiimlative magnetic influence of some long-continued solar 
variation ; nor does it seem possible to attribute the change to 
solar intinenco at. all unless we regard this intliiencc as producing 
results of a cumulative nature. 

It is possible, however, to regard solar influence as producing a 
cumulative effect iu one of two ways, or by a combination of both. 
For (1) time is necessarily an element in any influeuce acting upon 
the hard-iron system of the earth — presuming the earth to {wssess 
such a system. ' Tliere are iu fact imlications in the results of § S2 
that a .system of tljis kind is perhaps connected with the .Imerican 
pole ; yet, even allowing the influence of time, it seems difficult to 
account for the {leculiarities of the secular variation by an hypo- 
thesis of this nature. But (2) any long-continued varhtiou of solar 
ower would no doubt act cumulatively in producing an incre.ase or 
iminution of the large ice-fields round the {lolcs of the eartli. In 
the course of time this cumulative change in tlie extent and dis- 
position of these might pereeptibly alter the distribution of _ tie 
convection currents of the eartn — and these, according to the views 
herein indic.ited, might iu their tuni {lerceptibly alter the earth’s 
magnetic system. 

143. Concludinij fteinarks . — If we agree to look foran explanation 
of terrestrial magnetism and its changes to strictly terrestrial pro- 
cesses, we may derive some assistance in our search from such con- 
siderations connected with symmetiy as enable us, for example, at 
once to perceive that when two perfectly similar things are rubbctl 
together wo cannot have electrical separation, because there is no 
reason why the one should be positively and the other neg-ativcly 
electrified. Suppose then that an observer stands at the eijuator 
and looks towarels the north, and then turus his back upon tbe 
north and looks towards tho south. In the first {tosition let him 
regard the northern system of meteorologic.il processes and motions, 
and iu the second tlie southern. Kow if symmetry obtained abso- 
lutely iu these systems— that is to say, if the observer, whether he 
regawed the uo'rthera or tho southern system of things, had iu 
cither case precisely similar phenomena at his right hand and at 
his left — then ire should see no reason why the earth sliould be a 
magnet, or why one hemisphere should be the seat of maguetisui of 
the one kind rather than of tho other. If then wo regarel meteoro- 
logical processes and motions as being in some way the cause of 
terrestrial magnetism, wo must direct our attention to that {leouliar 
element which c.auses a want of perfect symmetry such as we have 
described in meteorological phenomenx This element _c;in harelly 
be anything else than the rotation of the earth, which is from left 
to right to an observer facing the north, but from right to left to an 
observer facing the south. 

144. Kow it we look upon the terrestrial meteorological system 
modified by tho cartli’s rotation as haviug produced somehow in the 
past tho magnetic state of the eartli, it seems most natural to 
rcg.irel tho system which formerly produced this magnetic state as 
being likewise that which at present maint-iins it in its eifieiency, 
and which also accounts for tho various magnetic changes which 
take place. It would seem therefore that terrestrial meteorology 
ami terrestrial maguctism are probably cognate subjects, ami that 
they ought to be studied together iu tlie well-founded hope that tho 
phenomena of the one will lielp us to explain those of the otlier. 

Furthermore, it these meteorological processes — ileriving tlieir 
oue-sided character from the earth^ rotation — are to be regarded 
as accounting not only for the origin but for the m.aintciuuce of 
tho eartli's magnetic system, we can hardly' fail to imagine that 
these processes must derive part of the energy' which they exhibit 
from tliat of tho eartli’s rotation. Tidal energy we know is derived 
from this source ; but we must likewise regaiu pirt of the energy 
displayed in convection currents whether in tho air or in the ocean 
as derived no doubt from tho same source. And wo may perhaps 
allow that iu tho phenomena of tidal action, as well as in those of 
convection currents of the air and ocean, there may be, not merely 
a transmutation of actual eneigy' directly through friction into heat, 
but likewise a transmutation of it, ultimately perhaps into heat, 
but first through the intermediate .agency of electneal currents 
which serve to maintain tho magnetic state of the earth aud to 
produce magnetic changes. 

I7ow if this he the case, if there be a large aud complicated systpn 
of tidal aud convection currents all tending to change the rotative 
energy of the earth ultim-ately into lie.at, whether directly through 
friction or indirectly through the medium of electricity, it is surely 
impossible with the present state of our knowledge to calculate with 
the smallest pretensions to accuracy at ivhat rate this transmutation 
is taking place, and hence at what rate the velocity of the eartli s 
rotation is being slowly diminished. (B- 
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L Wiv-sr-KVAX Methodism. 

T he history of Wesluyaii Methodism enibraces — (1) the 
Afethodi.sin of Oxford, wliicli was ntrietly Anglican 
and rigidly rubrical, tliougli it wasal.^o more than rubrical; 
(2) the evangelitkil Metho<li.sin of the We.-'leya after their 
conver.^iou (in 17d8), of which the Wesleyan doctrines of 
conversion and winctification were the manifesto and 
insinration, while preaching and the class-meeting were the 
great motive and organizing forces, — a movement which 
before Wesley’s death had (leveloned into a form contain- 
ing, at least in embryo, all the elements of a distinct 
church organization, although in its general designatioti 
and deliberate claims it jiurjiorted to be only an unattached 
spiritual &(jciety ; and (3) Wesle^’an ilethodisin since the 
death of Wesley, which, by steps at lirst rapid and after- 
wards, though leisurely, distinct and consecutive, assumed 
an independent position, and has grown into complete 
development as a church. 

1. 0-rfitrd Jftt/ioflUm . — This began in Xovember 1729, 
when .John W'esley, returning to Oxford from Lincolnshire, 
where he had been serving his father ms curate, found that 
Jiis brother Charles, then at Christ Church, had induced a 
few other students to join him in observing weekly com- 
munion. John Wesley'.- acce-sion lent weight and character 
to the infant mssochition. Their first bond of as.-ociation, 
besides the weekly communion, was the common study of 
the Greek Testament, with which the}' joined regular 
fasting, the ob.servance of stated hours for jirivate devotion, 
the visitation of the sick, of the poor, and of prisoner.s, 
and the instruction of neglected children. They never 
ihemselve.s adopted any common designation, but of the 
variety of derisive name.s they received from outsiders that 
of “ Methodists ” prevailed, — a sobriquet the fitne.s.s of 
which, indeed, as de-scriptiveof one unchanging and insepar- 
able feature of Wesley’* character (which he impre.ssed also 
on his followers), was undeniable. 

This first Oxford ifethodisin was very churchly. 
I'etween 1733 and 1733, however, a new phase wa.s devel- 
oped. Its adherents became increasingly patristic in their 
syjnpathies and tendeiicids, and Wesley came much under 
the influence of William Law. In regard to this period 
of liis history, Wesley him.self say.s that he 

“ Heat tile hov,' too fir, by making antiquity a coordinate, lather 
than a .subordimite, rule witli .Scripture, by adniilting .several 
doubtful writings, by extending aiiticiuity too far, by believing 
more jinictices to bavo been nniver.sal in tlie ancient cliureh than 
ever were so, by not considering tliat tlic decrees of a provincial 
synod- could bind only that province, and the decicc.s of .a general 
synod only tiiow provinee.s, whose reiircsentatives met therein, 
that mo.^t of tboiC decree.s weie adaiite-d to jiarlicular times" and 
occa-sions, and, con.sequently, when tho.-.e occasioms ceased, mu.st 
eweso to bind even tbo.iu ])rovinces.” 

It wa.s in 1730, during hi.s residence in Georgia, whither 
he had gone a.s a missionary of the Propagation Society, 
that he learnt tho.se le.s.son.H. Xotwitlistanding hi.s a.scetic 
severity and liis rubrical punctilios, the foundations of his 
High-Clmrchrnan.ship were gradually giving way. When 
lie returned to England he had already accepted the 
doctrine of “.salvation by faith,” although he had not as 
yet learned that view of the nature of faith which he was 
afterwards to teach for half a century. He had, however, 
as in tlie journal of hi.s homeward voyage he tells us, 
learned, “ iii the ends of the earth,” that he “ who went 
to America to convert others was never him.self converted 
to God.” In this result hi.s Oxford Methodism came to 
an end. 

The original Methodi.sm of Oxford never at any one 
time seems to have numbered as many as thirty adherents. 


There was a set called “ Methodi.st.s,” but there was no 
organiption, no common bond of .special doctrine or of 
discipline, theie were liabit.s and usages mutually agreed 
upon, but there was no official authority, only personal 
inilueiice. The general features of tlie fraternity, if frater- 
nity it may be called, .seem to suggest closer analogies 
with the “Tractarian ” school in its earlier stages than 
with anything else in modern history, and the 'jjersonal 
a.seendeiicy of John "Wesley may remind us insomemea.sure 
of tlie influence exercised a century later by J. H. 
Newman, There was no more any germ of iiermanent 
organization in the Oxford Methodism of 1735 than in the 
patristic and “Traetarian” .school of Oxford of 1833.1 

2. Methodum after Wedeijn Conversion . — John "W^esley 
landed at Deal, on his return from Georgia, on February 
1, 1738. liis journals ou the homeward voyage, says 
JIIss Wedgwood," “ chronicle for us that deep dissatisfac- 
tion which is felt wlienever an earnest nature wakes up to 
the iiiconipletene.ss of a traditional religion; and his after 
life, compared with liis two years in Georgia, makes it 
evident that he passed at this time into a new spiritual 

region.” “ JJy Peter Bolder,'* in the hands of the 

great J"«od,” he writes in hi.s journal, “I was, on March .5, 
fully coiiviuccd of the want of that faith whereby we arc 
.saved.” This “ conviction ” wa.s followed on March 21 of 
the .same year (1738) hy hi.s “convension.” 

Like mo.st good men of that age in England, We.slcy, 
before lie came under the influence of his Moravian teacher, 
had regarded faith as a union of intellectual belief and of 
voluntary self-.submis.sion — the belief of tlie creeds and 
submission to the laws of Christ and -to the rules and 
services of the church, acted out clay by day and hour by 
hour, in all the prescribed means and services of the church 
and in the general duties of life. From this conception 
of faith the element of the .supernatural was wanting, and 
equally that of pcr.sonal tru.st for .salvation on the atone- 
ment of Christ. The work of Bolder was to convince 
AVesley that such faith as this, even though tliere might 
he more or less of divine infiuence unconsciously mingling 
with its attainment and exercise, was essentially nothing 
else than an intellectual and moral act or habit, a natural 
operation and result altogether different from the true 
.spiritual faith of a Christian. This conviction led him a 
few days afterwards to stand up at tlie house of the llev. 
Mr Hutton, College Street, Westminster, and declare that 
five days before lie had not been a Christian. AVlien 
warned not thus to despise the benefits of sacramental 
grace, he rejoined, “AVhen we renounce everything but 
faith and get into Christ, then, and not till then, have we 
rca-sou to believe that we are Christians.” It is true that 
for several years after this ho remained High-Church in 


» One evidence of tlii.s i.s to be found in the early and ivide diverg- 
ence of tile various incniber.s of tlie Oxford Methodist company, after 
their brief a.ssociation at tiie university came to an end. We know 
wliich way tlie Wc.sleyB went ; we know also the separate path th.it 
their-friend Whitefield made for himself. John Clayton, tlie Jacobite 
churobnian, settled at jranchestor, renounced the Wesleys alter they 
began their evangelieal movement, and remained an unbending High- 
Cliurehman to the end. Benjamin Ingham became a great evangelist 
in Yorkshire, founded societies, and, witli his societies or churclics, 
took tlie decisive step of Ie.aving the Clmrch of England .and embracing 
the position of avov.'ed Dissent. Tlie saintly Gambold, a poet as well 
as a theologian and preacher, became a Moravian bishop. James 
Ifervey was in after life a fanions evangelical clersy'"'"*") 

“ Low ” and Calvinistio views. These were the chief ot the olethou- 

*■^^3 Wesley and the Evangelical Jleaclion of pic \Uh Cenlury. 

^ A disciple of Zinzendorf, tlien in England on his way to America. 
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some of liis principles and opinions, but nevertheless his 
ritpalism was dead at its roots. 

This experience also made Wesley an evangelist. He 
had a forgotten gospel to preach, — the gospel by which 
men were to be converted, as he had been, and to bo made 
“new creatures.” And this result, this new birth, was 
not dependent on any churchly form or ordinance, on ‘any 
priestly prerogative ,or service, or on any sacramental grace 
or influence. To raise up, accordingly, by his preaching 
and personal influence, a body of converted men, who 
should themselves become \ntnesses of the same truth by 
which he had been saved, was henceforth to bo Wesley’s 
life-work. This was the inspiration under which ho 
became a great preacher ; this also made him an organizer 
of his living witnesses into classes and societies. In the 
pulpit was the preaching power ; in the class-room was the 
private and personal influence. The vital link between 
the pulpit and the class meeting was the doctrine and 
experience of “conversion.” Thus Wesleyan Hethodism 
is derived, not from Wesley the ritualist, but from Wesley 
the evangelist. 

Wesley’s doctrines offended the clerg}'. His popularity 
as a preacher alarmed them. The churches were soon 
shut against him. He attended the religious meetings — 
on a Church of England basis — which had existed in 
London and elsewhere for fifty years, so far as these were 
still open to him, the Moravian meetings, and meetings in 
the rooms of private friends, but these were quite 
insufficient for the zeal and energy of himself and his 
brother, who had been “converted” a few days before 
himself. Accordingly, in 1739, he followed the examiflc 
set by Whitefield, and preached in the open air to immense 
crowds. In the same year also ho yielded to the urgency 
of his followers and to the pressure of circumstances, 
and, becoming possessed of an old building called “the 
Foundery,” in Moorfields, transformed it into a meeting- 
house. Here large congregations came together to hear 
the brothers. About the same time, in Bristol and the 
neighbouring colliery district of Kingswood, he found him- 
self obliged, not a little against his will, to become the 
owner of premises for the purpose of public preaching and 
religious meetings. Here was the beginning of that vast 
growth of preaching-houses and, meeting-rooms, all of them 
for nearly fifty years settled on Wesley himself, which," 
never having in any way belonged to the Church of 
England, became, through Wesley, the possession of the 
Methodist Connexion. 

The religious societies through which the Wesleys, after 
their conversion, exercised at first their spiritual influence 
were in part, as has been intimated, ^Moravian, — that in 
Fetter Lane, of which the rules were drawn up by Wesley 
himself in 1738 (May 1), being the chief of these, — and 
in part societies in connexion with the Church of England, 
the successors of those which sprang up in the last years 
of the Stuarts,, as if to compensate for the decay of 
Puritanism within the church. In 1739, however, a strong 
leaven of antinomian quietism gained entrance among the 
Moravians of England (Bolder himself having left for 
America in the spring of 1738) ; and AVesley, after vainly 
contending for a time against this corruption) found it 
necessary formally to separate from them, and to establish 
a society of his own, for which a place of meeting was 
already provided at the Foundery. This was the first 
society under the direct control of AVesley, and herein was 
the actual and vital beginning of the AVesleyan Methodist 
Society, that is, of Wesleyan Methodism. Hence ‘the 
Wesleyans celebrated their centenary in 1839. It was not, 
hovever, till 1743 that AVesley published the Buies of his 
Society. By that time not a few other local societies had 
been, added to that at the Foundry,, the three chief centres 


being London, Bristol, and Newcastle. Hence AYesley 
called his Society, when he publi.shed the “ Buies” in 1743, 
the “ United Societies.” His brother’s name was joined 
with his own at the foot of these Buies, in their second 
edition, dated May 1, 1743, and so remained in all later 
editions while Charles AA''esley lived. Those Buies are still 
the rules of AVesleyan Methodism. Since AVesley’s death 
they have not been altered. During his life only one 
change was made of any importance. In 1743 the offerings 
given weekly in the classes were for the poor, there being 
at that time no Conference and no itinerant preachers 
except the two brothers ; after a few years the rules pre-' 
scribed that the weekly contributions were to go “ towards 
the support of the gospel.” The Society is described as 
“a company of men having the form, and seeking the 
power, of godliness, united in order to pray together, to 
receive the word of exhortation, and to watch over one 
another in love, that they may help each other to work 
out their salvation.” “The only condition previously 
required of those who desire admi.ssion into these societies ” 
is “ a desire to flee from the wrath to come, and to be saved 
from their sins.” The customary contribution was a 
minimum of a penny a week or a shilling a quarter. 

In 1739 these societies were not divided into “classses.” 
But in 1742 this further step in organization was taken, 
and the change is recognized in the rules of 1743. Leaders 
were appointed to these classes, and became an order of 
spiritual helpers and subpastors, not ordained like' lay 
ciders in the Presbyterian churches, but, like them, filling 
up the interval between the pastors that “ labour in the 
word and doctrine” and the members generally, and 
furnishing the main elements of a council which, in 
after years, grew up to be the disciplinary authority in 
every “society.” In every society there was from the 
beginning a “ steward ” to take and give account of moneys 
received and expended. After a few years there were two 
distinct stewards, one being specially appointed to take 
care of the poor and the “ poor’s money,” the other being, 
in general, the “society steward.’’ And, finally, — though 
hardly, perhaps, during AA^'esley’s lifetime, — in the larger 
societies there came to be two stewards of each description. 
The leaders and stewards together constituted “ the leaders’ 
meeting,” of which, however, the complete circle of func- 
tions grew into use and into recognition only by degrees. 
The Buies of tho Society, which arc strict and searching, 
relate to worship, to conduct, and to tho religious life, but 
do not once mention or refer to tho Church of England, 
the pari.sh church, or the parish clergy. The only authority 
at finst was the personal authority of the two brothers, 
exercised either directly or by their official delegates. 
After years had passed away the leaders’ meeting came to 
have an important jurisdiction and authority, but its rights 
and powers were neither defined nor recognized until after 
AA'’esley’s death. From first to last there is no trace or 
colour of any Anglican character in the organization. 
Moravians or Dissenters might have entered the fellow- 
ship, and before long many did enter it who had either 
been Dissenters or, at any rate, had seldom or never 
entered a church. AVhat would to-day bo called the 
“ unsectarian ” character of his society was, indeed, in 
AA^esley’s view, one of its chief glories. All the time, 
however, this “ unsectarian ” society was only another 
“sect” in process of formation. AVesley for many years 
before his death had seen that, unless the rulers of tho 
church should come to adopt in regard to his society a 
policy of liberal recognition, this might be the outcome 
of his life-work. And it Avould seem as if in his private 
confidences with himself he had come in the end at times 
to acquiesce in this result. 

Still more decisive, however, was the third step in the 
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development of Wesley’s “Society.” Tlie clergy not only 
excluded tlie Wesleys front tlieir pulpits, but often repelled 
them and their converts from the Lord’s Supper. Tliis 
was first done on a large scale, and with a systematic 
harshness and persistency, at Bristol in 1740. Under 
these circumstances the brothers took thecdecisive step of 
administering the sacrament to their societies themselves, 
in their own meeting-rooms, both at Bristol and at Kings- 
wood. This practice having thus been established at Bristol, 
it was not likely that the original society at the Foundery 
would rest content without the like privilege, especially as 
some of the clergy in London acted in the same manner 
as those at Bristol. There were therefore at the Foundery 
also separate administrations. Here then, in 1740, were 
two — if we include Kingswood, three — separate local 
churches, formed, it is true, and both served and governed 
by ordained clergymen of the Church of England, but not 
belonging to that church or Ln any respect within its 
government. As thereafter during Wesley’s life one of 
the brothers, or some cooperative or friendly clergyman, 
was almost always present in London and in Bristol for 
the administration of the sacraments, these communions, 
when once begun, were afterwards steadily maintained, the 
Lord’s Supper being, as a rule, administered weekly. 
Both on Sundays and on week days full provision was 
made for all the spiritual wants of these “ societies,” apart 
altogether from the services of the Church of England. 
The only link by which the societies were connected'with 
that church — and this was a link of sentiment, not an 
organic one — was that the ministers who served them 
were numbered among its “priests.” 

• In 1741 Wesley entered upon his course of calling out 
lay preachers, who itinerated under his directions. To the 
societies founded and sustained with the aid of these 
preachers, who were entirely and absolutely under Wesley’s 
personal control, the two brothers, in their extensive 
journeys, .administered the sacraments as they were able. 
The helpers only ranked as laymen, many of them, indeed, 
being men of humbl,e attainments and .of unpolished ways. 
For the ordinary reception of the sacraments the societies 
in general were dependent on the parish clergy, who, how- 
ever, not seldom repelled them from the Lord’s table. So 
also for the ordinary opportunities of public worship they 
often had no resource but the parish church. The simple 
service in their preaching-room was, as Wesley himself 
insisted, defective, as a service of public worship, in some 
important particulars: besides which, the visits of the 
itinerants were usually, at least at first, few and ' far 
between. Wesley accordingly was urgent in his advices 
and injunctions that his societies generally should keep to 
their parish churches ; but long before his death, especially 
as the itinerant preachers improved in quality and increased 
in number, there was a growing desire among the societies 
to have their own full Sunday services, and to have the 
sacraments administered by their own preachers. The 
development of these preachers into ministers, and of the 
_societies into -fully organized churches, was, if not the 
inevitable, at any rate the natural, result of the steps 
which Wesley took in order to carry on the work that was 
continually opening up before him. 

In 1744 Wesley held his first Conference. The early Conferences 
were chiefly useful for the settlement of points of doctrine and 
discipline and for the examination and accrediting of fellow- 
labourers. They met yearly. Conferences were a necessity for 
Wesley, and became increasingly so as his work continued to grow 
upon him. It was inevitable also that the powers of the Conference, 
although for many years the Conference itself only existed as it 
were on sufferance, and only exercised any authority by the per- 
mission of its creator and head, should continually increase. The 
result was that in 1784 Wesley could no longer dela)' the legal 
constitution of the Conference, and that he was compelled, if he 
would provide for the perpetuation of his work, to take measures i 
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in trustees for the use of “the people called ilethod- 
ists, under the jurisdiction ot the Conference as to the appoint- 
ment of minister and preachers, all the preaching places am( trust 
property ot the Conne.xion. The legal Conference was defined^ 
consisting of one hundred itinerant preachers named by Wcslev 
and power was given to the “ legal hundred ” continually from the 
first to fill up the vacancies in their own number, to admit and 
expel jireachers, and to station them from year to year, no preacher 
being allowed to remain more than three years in one station. 

By this measure Wesley’s work was consolidated into a distinct 
religious organization, having a legally corporate character and 
large property riglits. And yet Wesley would not allow this great 
organization to be styled a “church.” It was only a “society” 
—the “United Society” — the Society of “the people called Method- 
ists” — the “Methodist Society.” And of its members all who 
were not professed Dissenters were by him reckoned as belonging 
to the Church of England, although a large and increasing pro° 
portion of them seldom or never ■ attended the services of that 
church. The explanation of this apparent inconsistency is that 
AVeslcy admitted none to be Dissenters e.xcept such as wore so in 
the eye ot the law — those who, “for conscience sake, refused to 
join in the services of the church or partake of the sacraments 
administered therein” — and that ho interpreted “the Church of 
England " to mean, as he wrote to his brother Charles, “ all the 
believers in England,' except Papists and Dissenters, who have the 
word of God and the sacraments administered among them." 

But Wesley was to carry his Society to a yet higher pitch of 
development, and one which made it still more difficult to dis- 
tinguish its character from that of a distinct and separate church. 
In 1738 Weslei’ had been theoretically a High-Churchman. For 
some time even after he had entered upon his course of irregular 
and independent evangelism he continued to hold, in the abstract, 
High-Church views. But in 1746 he abandoned once for all 
his ecclesiastical High-Churehmanship, although he never became 
either a political or a latitudinarian Low-Churchman after the 
standard and manner of the 18th century. He relates in his 
journal under date January 20, 1746, how his views were revolu- 
tionized by reading Lord (Chancellor) King’s account of the 
primitive church. From this time forward ho consistently main- 
tained that the “uninterrupted succession was a fable which no 
man ever did or could prove.^’ One of the things taught him by 
Lord King’s book was that the office of bishop was oiiginally one 
and the same with that of presbyter ; and the practical inference 
which Wesley drew was that he himself was a “Scriptural Episco- 
pos,” and that he had as much right as any primitive or missionary 
bishop to ordain ministers, as his representatives and helpers, who 
should administer the sacraments, instead of himself, to the 
societies which had placed themselves under his spiritual charge. 
Tins right, as ho conceived it to bo, lie held in abeyance for nearly 
forty years, but at length he was constrained to exercise it, and, 
by so doing, in effect led tlie way towards making his Society a 
distinct and independent church. 

In 1784, the American colonies having won their independence, 
it became necessary to organize a separate Methodism for America, 
where Jfethodist societies had existed for many years. Wesley 
gave formal ordination and letters of ordination to Dr Coke, ah eady 
a presbyter of the Church of England, as superintendent (or 
bishop) for America, whore Coke ordained Francis Asbury as 
presbyter and superintendent (or bishop), and Coke and Asbury 
together ordained the American preachers as presbyters. From 
that ordination dates the ecclesiastical commencement of American 
Episcopal Methodism— in which the bishops are only chief among 
the presbyters whom they superintend, superior in olfico but of the 
s.ame order. The Episcopal IMethodism of America represents to- 
day the largest aggregate of Protestant communicants and worship- 
pers of the same ecclesiastical name to be found in any one nation 
ill the world. . , . . - . 

The following year (1785) Weslejr ordained ministers for Scot- 
land There his societies were quite outside of the established 
Presbyterianism of the day, with its lukewarm “ moderatism 
while the fervid sects which had seceded from the state church 
would hold no terms with Amiinians like Wesley and his followers. 
Hence Wesley was compelled to make special provision for the 
administration of the sacraments in Scotland. He therefore 
ordained some of his ablest and most dignified preachers, was 
careful to give them formally in his correspondenco_ the stylo and 
title of “ Reverend,” and appointed them to administer the sacra- 
ments north of the Tweed. , - i /-vr 

At length, in 1788, ;Wesley ordained a number of preachers (5lr 
Tverman saj's seven) to assist him in administering the sacraments 
to the societies in England ; and of these he ordained one (Alexan- 
der Mather) to be superintendent (or bishop), his brother Clnirlcs 
beinn- now dead, and Dr Coke sometimes absent for long periods in 
America. The number of societies which demanded to have the 
sacraments administered to them in their omi places of norship 
continually increased, and their claims were often too strong to 
be resisted, especially when the parish pnest was either a pubho 
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opponent of the Methodists or a man of disreputable conduct. 
Before Wesley’s death (in 1791) it would seem that there were more 
than a dozen of his preachers who had at different times, in Scot- 
land or in England, been ordained to administer the sacraments. 

The foregoing view of the development of ilethodism as an 
organization, during the lifetime of its founder, will have conveyed 
a general idea of its structure and polity. There is one cardinal, 
though variable, element in its organization, however, of which 
there has as yet been no occasion to speak. The societies of 
Methodism — each of these consisting of one or more “classes” — 
were themselves grouped into circuits, each of which was placed 
under the care of one or more of Wesley’s Conference 2 )reachers, 
who were called his “ assistants ” or “lielpers,” the assistant being 
the chief preacher of a circuit, and the helper being a colleague 
and subordinate. The “assistants” were directly responsible to 
Wesley, who had absolute power over them, and e.xercised it 
between the Conferences. The same power he equally posse.ssed in 
the Conference, at the yearly meetings, but he made it a rule, 
during his later life, to take counsel with the Conference as to all 
matters of importance affecting the permanent status of the 
preachers personally, or relating to the societies and their govern- 
ment. He thus prepared the Conne.xion, both preachers and 
people, to accept the government and the legislative control of 
the Conference after his death. 

At the time of Wesley’s death there were in Great Britain, the 
Isle of Alan, and the Channel I.slands, 19 circuits, 227 preachens, and 
57,662 members. In Ireland there were 29 circuits, 67 preachers, 
and 14,006 members. There were also 11 mission circuits in the 
AVest Indies and British America, 19 preachers, and 5300 members. 
The number of members in the United States was returned as 
43,265. 

It has already been explained that in connexion with each society 
there was a leaders’ meeting, of which society steivards and poor 
stewards as well as leaders were members. It must here be added 
that each circuit had its quarterly meeting, of which, at first, only 
the society stewards and the general steward (or treasurer) for the 
eireuit, in conjunction with the itinerant preachers, were necessary 
members. Loaders, however, in some circuits wore very early, if 
not from the first, associated with the stewards in the quarterly 
meeting, or at least had liberty to attend. The quarterly meeting 
was not defined in Wesleyan Alethodism until the year 1852. The 
leaders’ meeting had no defined authority until some years after 
Wesley’s death. Discipline, including the admission and expulsion 
of meinbers, lay absolutely with the “assistant,” subject only to 
appeal to Air Wesley. Alany years, however, before Wesley’s death 
it had become the usage for the “ assistant,” or, in his absence, the 
“helper,” his colleague, to consult the leaders’ meeting as to 
important questions either of apjioiutraent to office or of discipline. 
As the consolidated “society” approached towards the character of 
a “church,” the leaders’ meeting began to acquire the character 
and functions of a church court, and private members to bo treated, 
in regard to ni.atters of discipline, as having a status and rights 
which might be pleaded before such a “court.” 'The rights, indeed, 
which, soon after AVesley’s death, were guaranteed to leaders’ 
meetings and members of society had, there can be no doubt, so 
far grown up, before his death, as to be generally recognized as 
undeniable. 

“ Bands” were a marked feature in early Alethodism, but in later 
years were allowed, at least in their original form, to fall out of 
use. There is no reference to them in the “ Alinutes of Conference ” 
after 1768, although till after AVesley’s death they held a place in the 
oldest and largest societies. Originally there were usually in each 
considerable society four bands, the meinberA of which were collected 
from the various society classes — one band composed of married 
and another of unmarried men, one of married and another of un- 
married women. All the members of society, however, were not 
of necessity members of bands. Smne maturity of experience was 
expected, and it was the responsibility of the “ assistant” to admit 
into band or to exclude from band. After Air AVesley’s death, wliere 
“bands” so called were kept up, they lost their private character, 
and became weekly fellowship meetings for the society. 

The “love-feast” was a meeting the idea of which was borrowed 
from the Moravians, but which was also regarded as reviving the 
primitive institute of the agapct In the love-feast the members of 
liifierent societies come together for a collective fellowship meeting. 
One feature of the meeting — a memory of th? primitive agape — is 
that all present eat a small portion of bread or cake and drink of 
water in common. 

It may be supposed that in such a system as Alethodism a large 
number of preachers and exhorters, from all the social grades 
included within the societies, could not but be continuallj' raised 
up. These, during AVesley’s life, acted entirely under the directions 
ot the assistant, and were by him admitted or excluded, subject to 
an appeal toAVesley. Once a quarter — often in conjunction with 
the circuit quarterly meeting— a meeting of thesejoeal lay helpers, 
called “local preachers,” was held for mutual consultation and 
urTanrrpmRTit. ntid tr> ovoTnmo accredit candidates for the office. 


3. Wesleyan Methodism after Wesley’s Death (1791). 
— When Wesley died the (Ilonference remained as the bond 
of union and fountain of authority for the Connexion. 
But between the meetings of Conference Wesley had acted 
as patriarch and visitor with summary and supreme 
jurisdiction. The first need to be supplied after his death 
was an authority for the discharge of this particular func- 
tion. In America Wesley had organized a system of 
bishops (presbyter-bishops), presbyters or elders, and 
deacons or ministers on proljation. Among some of those 
preachers who had been most intimate with AVesley there 
was a conviction that his own judgment would have 
approved such a plan for England. No document, how- 
ever, remains to show that such was his desire. The only 
request he left behind him for the Conference to respect 
was one which rather looked in another direction — the 
well-known letter produced before the Conference on its 
first meeting after his death by his friend and personal 
attendant, Air Bradford, in which he begged the members 
of the legal hundred to assume no advantage over the 
other preachers in any respect. The preachers, accordingly, 
in their first Conference after Wesley’s death, inBtead:'of 
aijpointing bishops, each with his diocese dr province, 
divided the country into districts, and appointed district 
committees to have all power of discipline and direction 
within the districts, subject only to an appeal to the 
Conference, all the preachers exercising equal rights also 
in the Conference, the “ legal hundred ” merely confirming 
and vahdating pi'o forma the resolutions and decisions of 
the whole- assembly. 

At first the preachers stationed in the districts were 
instructed to elect their own chairmen, one for each district. 
But the plan was speedily changed, and the chairmen were 
elected each year by the whole Conference; and this 
method has been maintained ever since. The “district 
meetings” — as they are generally called — are still “com- 
mittees ” of the Conference, and have ad interim its power 
and responsibilities as to discipline and administration. 
Originally, they were composed exclusively of preachers, 
but before many years had passed circidt stewards and 
district lay officers came to be associated xvith the preachers 
during the transaction of all the business except such as 
was regarded as properly pastoral. 

The relation of the Conference to the government of the 
Connexion having thus been determined, the question 
which next arose, and which occupied and indeed convulsed 
the Connexion for several years (1792-95), was that of the 
administration of the sacraments, especially of the Lord’s 
Supper, to the societies. The societies generally, insisted 
on their right to have the sacraments from their own 
preachers. Alany of the .wealthier members, however, and 
in particular a large niunber of the trustees of chapels, 
opposed these demands. At length, between 1794 and 
1795, after more than one attempt at compromise had 
been made by the Conference, the feeling of the societies 
as against the trustees became too strong to be longer 
resisted, and accordingly at the Conference of 1795 the 
“ plan of pacification ” was adopted, the leading provision 
being that, wherever the majority of the trustees of any 
chapel, on the one hand, and the majority of the stewards 
and leaders, on the other, consented to the administration 
of the sacraments, they should be administered, but not in 
opposition to either the one or the other of these authorities. 
In England the Lord’s Supper was always to be adminis- 
tered after the Episcopal form ; in Scotland it might still, 
if necessary, be administered, as it had commonly been 
before, after the Presbyterian form. In any case, however, 
“ full liberty was to be left to give out hymns and to use 
exhortation and extemporary prayer.” The result was that 
within a generation the administration of the sacraments 
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to the societies came to be the universal rule. By this 
legislation the preacliers assumed tlic powers of pastors, 
in accordance, liowever, only and always with the desire 
and choice of their flocks. No formal service or act of 
ordination was brought into use till forty years after- 
wards. All preachers on probation for the ministry, 
after the completion of their probation, were “received 
into full connexion ” with the Conference, this reception im- 
plying investment with all pastoral prerogatives. Modern 
Methotlism has developed more fully and cons^iicuously 
the pastoral idea. 

No sooner was the sacramental controvers}' settled than 
the further question as to the position and rights of the 
laity came to the front in great force. A comparatively 
small party, led by Alexander Killiain, imported into the 
discussion ideas of a republican complexion, and demanded 
that the members in their individual capacity should be 
recognized as the direct liasis of all power, that they should 
freely elect the leaders and steward.s, that all distinction 
in Conference between ministers and laymen should be 
done away (elected laymen being sent as delegates from 
the circuits in equal number with the ministers), that tlic 
ministry should po.s.sess no official authority or pastoral 
})rerogative, but should merely carry into effect the 
decisions of majorities in the diiferent meetings. In the 
course of a very violent controvensy which ensued, pamphlets 
and broadsheets, chiefly anonyniou.s, from Killiam’s pen, 
advocating his views and containing gross imputations on 
the ministers generally, and in particular on some not 
named but distinctly indicated, were disseminated through 
the societies. The writer was tried at the Conference of 
1790, condemned for the publication of injurious and 
unjustifiable charges against his brethren, and by a unani- 
mous vote expelled from the Conference. In the follow- 
ing year ho founded the “ New Connexion,” the earliest of 
the organized secessions from Wesleyan Methodism. 

- Views much more moderate than Kilham’s prevailed in 
the Connexion at large. At the Leeds Conference of 1797 
the basis was laid of that system of balance between the 
prerogatives of the ministers and the rights of the laity 
which has been maintained in its principles ever since, 
and which, in reality, has governed the recent provisions 
(1877-78) for the admission of lay -representatives into the 
Conference not less than the former developments of 
Wesleyan ilcthodism. The admission of members into 
the society liad, up to 1797, been entirely in the hands of 
the itinerant preachers, — that is, the “ assistant,” hence- 
forth to be styled the “superintendent,” and his “helper.s.” 
The new regulations, without interfering v.'ith the power 
of the ministers to admit members on trial, declared that 
“the leaders’ meeting shall have a right to declare any 
person on trial improper to be received into society, and 
after such declaration the superintendent .shall not admit 
such person into society”; also that “no person shall be 
expelled from the society for immorality till such immorality 
be. proved at a leaders’ meeting.”' For the appointment 
of church ’officers (leaders and stewards) the following 
regulations -were made, the second based on recognized 
usage, the first on general but not invariable practice : — 


’ la tliis regulation it w.a3 assumed that the old rule of society hy 
wliieli a member disqualifies and vritually exj)els himself hy con- 
tinued absence from class, without reason for such absence, still 
held good. Tho case provides only for c.\pulsions for “immorality.” 
Subsequent legislation has introduced a provision which ensures to 
any mendjcr before ho ceases to be recognized on account of non- 
attendance the right of having his case brougiit before a le.adcrs’ 
meeting if he desires it. 'i’his rule of 1797 1ms always been under- 
stood by the Conference as constituting the leaders’ meeting in cifcct 
a jury, leaving the superiutemlent with his colleague or colleagiicii 
xs advisers to act as judge. Aiipeal has always lain from the le.ader.s' 
meeting to tho district meeting, and, finally, to the Conference. 


f f o'“” hader or steward, or bo 

reino\ td fioin liis oflice, but in conjunction with tho leaders’ meet- 
mg, the iioniination to be in the superintendent, and the apnroba- 
tioa or tlisapprobatioii in the leadora’ meeting. 

_ “ 2. 'I’lie former rule concerning local preachers is confirmed -• 
VIZ., that no man shall receive a plan as a local preacher, without 
the approbation of a local preachers* meeting.” 

The Conference at the .same time made several provisions 
for carrying out the process, which had been going on for 
some years, of denuding itself of direct responsibility in 
regard to the disbursement of the Connexional funds. 
Tlic principle was established that such matters were to be 
administered by the district committees acting in corre- 
spondence witli the quarterly meetings of the circuits. It 
was also provided that circuits were not to be divided 


without tlie consent of the respective quarterly meetings ; 
and, finally, it was resolved that, in the case of any new 
rule made by the Conference for the Connexion, its action 
within a circuit might be suspended for a year by tlic 
quarterly meeting, if it disapproved of the rule. If, how- 
ever, tlie Conference, after twelve months’ interval, still 
adhered to the new rule, it was to be binding on the whole 
Connexion. 


The powers of district committees, as defined by former 
Conferences, were in 1797 confirmed and enhanced, special 
powers being given to special meetings of these committees 
convened when necessary to settle the affairs of a distracted 
circuit. In the same Conference all the principal rules 
of Methodism, in regard both to the ministers and the 
laity, were collected and (in a sense) codified, including 
the new regulations adojited that same year; and the 
wliolo, under the title “ Large Minutes,” was accepted as 
binding by the Conference, eacli minister being required 
to sign Ills acceptance individually. This compendium, 
itself based on one which liad been prepared by Wesley, 
is still accepted by every Wesleyan minister on his ordina- 
tion as containing the rules and principles to which ho 
subscribes. During tlie sitting of this critical Conference 
at Leeds an assembly of delegates from bodies of trustees 
througliout the kingdom was simultaneously held. The 
form of the regulations enacted by the Conference was, to 
a considerable extent, determined by the nature and form 
of the requests made by this body of trustees. There 
was one request, however, which the Conference distinctly 
declined to grant — namely, that for lay delegation to the 
Conference, ’i’hc Conference replied that they could not 
admit any but regular travelling preachers into their body, 
and preserve tlie system of Methodism entire, particularly 
the “ itinerant plan.” It was not until many years after- 
wards that anything was heard again as to this matter. 

By the settlement now described tlie outlines of 
' ilethodism as an organized church were fairly completed. 
Many details have since been filled in, and many changes 
have been made in secondary arrangements, but the 
principles of development have remained unchanged. ^ The 
Connexion after 1797 had a long unbroken period of 
peaceful jirogress. The effect of the “ Kiliiamite ” separa- 
tion, indeed, was after 1797 not greatly felt by tlie parent 
body. The number of Methodists in the United Kingdom 
in 179G, the year of Kilham’s expulsion, was 95,226 ; in 
1797 it was 99,519 ; in 1798 the New Connexion held its 
first- Conference, and reported 5037 members, the number 
of the parent body being 101,682. Nor was it till 1806 
tliat the New Connexion reached 6000. 


Duriii" the period of quiet growth and development which 
followed" 1797 the influence of one superior mind (Dr Jabez 
Hunting, 1779-1858) was to i)rovail with increasing sway. Ihis 
was to he tho period of tho gradual development of lay co-operation 
in the administration of tho various departments ot Conne.xional 
extension and enterprise — a development which prepared tlie way 
for the important legislation of 1852 and following years, and .or 
the ultimate settlement of tho respective provinces and powers 
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of the ministers and laity which was made in 1877-78. It was 
also to he the period of the gradual completion of the pastoral 
idea, in its practical application to the ministers of the body. 
This period may be deliued as extending from the revolutionary 
epoch of 1791-97 to the epoch of political and municipal reform 
agitation, 1828-35, which coincides with a second period of politico- 
ecclesiastical agitation in Wesleyan Slethodisin. 

In 1797 the Coiiference, as already 7iicntioned, liad refused to 
allow elected laymen — or lay delegates— any place either in the 
Conference or in district committees. Within a few years after 
1800, however, the practice grew up for the circuit stewards to 
attend the district committees during the transaction of financial 
business, and in 1815 this usage was recognized in the iliuutes of 
Conference as an established “rule," and it was enacted that no 
general increase of the income of the ministers should bo sanctioned 
by the Conference until approved by a majority of the district 
committees during the attendance of the circuit stewards. Since 
the adoption of this rule the lay clement in the district corninittees 
has steadily increased and developed. Another characteristic and 
important feature in the organization of Wesleyan Methodism, 
which grew into distinct form and prominence during the period 
now under review, was that of the administration of all the Con- 
ncxional departments, except such as were regarded as properlj' 
pastoral, by means of mixed departmental committees, appointed at 
each successive Conference. These committees made recommenda- 
tions to the Conference in regard to such new legislation as they 
thought desirable and to the appointment of the members of com- 
mittee ; and, for each department, a largo committee of review, of 
which the members of the ordinary committee of management 
formed the nucleus, came to be held each year immediately before 
the Conference. In these committees the numbers of ministers and 
of laymen were equal. On this principle, between 1811 and 1835, 
provision had been made for the management of all the funds of 
the Connexion and their corresponding departments of administra- 
tion. The first mixed committee appointed by the Conference was 
the committee of privileges in 1803. 

The development of the pastoral position and character of the 
ministers of the body after 1797 could not but advance on a lino 
parallel to the devolopmeut of the position and claims of the 
laity. In 1818 the usage of the Conference was conformed to what 
had long been the ordinary unollicial custom, and the preachers 
began to bo styled in the WcsUyaii, Methodist Magcaino and in 
other official publications “Koverend," a fact which may seem 
trivial, but which in reality was of important siguilicanco. 

In 1834, after the idea had been long entertained and the project 
had been repeatedly discussed, it was determined to establish a 
theological institution for the training of ministerial candidates. 
There are now four colleges, with two hundred and fifty students. 
In 183(5 the practice of ordination by imposition of hands was 
adopted. 

Such advances, however, as these in the general organization 
and development of the Connexion, and esiiccially in the status 
and professional training of the ministers, coidd not bo made in 
such a body without offence being given to some, whoso tendencies 
wore to disallow any official distinction between the ministry and 
the laity, and who also objected to the use of the organ. This 
levelling element was strong in the West Riding of Yorkshire, and 
in 1828, on the placing of an organ in Brunswick Chapel, Leeds, 
by the trustees, with the consent of the Conference, a violent 
agitation broke out. The consequence was a disruption, the first 
since 1798, under the title “ Protestant hlcthodists." But this 
was absorbed, some years later, in a more considerable secession. 

In fact, the Connexion was in 1828 enteiiug on a period of agita- 
tion. The current of political affairs was approaching the rajuds of 
which the Reform Act marked the centre and the point of maximum 
movement. A body like Wesleyan Methodism could not but feel 
in gi’eat force the sweep of this movement. It is true that Wesleyan 
Methodism as such has never been political, that few of its numbers 
cultivated extreme politics, and that the ministers and the better 
classes of the “ Society ” were strongly Conservative in their general 
tone. ITcvertheless the mass of the community shared in the 
general movement of the times, and the Conservative tone of the 
ministers and of most of the well-to-do laity was not in full har- 
mony with the sympathies of the people generally. Accordingly 
the elements of diisturbanco, which only partially exploded in the 
“Protestant Methodist" secession, continued to make themselves 
felt, in different parts of the Connexion, during the following years 
of political controversy. The decision of tho Conference in 1834 to 
provide a college for tho training of ministerial candidates gave 
special offence to tho malcontents. Such an occasion was all that 
was wanting for tfijO various discontents of tho Connexion to gather 
to a head. The demands made by the agitators proceeded on a basis 
of democratic ecclesiasticism such as it is very difficult to apply suc- 
cessfully to a system of associated churches.^ The result was a third 
secession, based on tho same general ground of ecclesiastical prin- 
ciples as the two preceding, which was organized in 1836, and with 
M filch the “Protestant Methodists” eventually 'coalesced. This 


new secession was known first as the “ Wesleyan Slethodist Associa- 
tion ” ; but for a number of years past it has been merged in a still 
larger body of seceders designated “ The Methodist Pree Churches.” 
Its leader at the first was the Rev. Dr Warren, who left it, however, 
not many montlis after it was formed, and took orders in the Church 
of England.^ 

Tho controversies of 1835-36 left their .mark on tho legislation 
and official documents of the Connexion. Tho priuci))lc3 of 1797 
remained intact, some farther guards only being added to prevent 
any danger of hasty or irresponsiblo action on tho part of super- 
intendents, and at the same time “minor district meetings” being 
organized in order to facilitate appeals. One eiTor was, however, 
committed by the Conference. In 1797 no provision had been made 
for bringing tho circuit, through its quarterly meeting, into diiect 
relations with tho Conference. In 1836 a right of direct memorial 
to tho Conference was given to the circuit quarterly meeting; but it 
was so fenced round with conditions and limitations as to make it 
practically inoperative, and at the same time provocative' of sus- 
picion and irritation. 

Tho effect of tho secession of 1836 on the general progress of tho 
Connexion was not great. Tho number of members leported in 

1835 in Great Britain and Ireland was 371,251 (there being a 
decrease in England of 951), in 1836 381,369, in 1837 384,723. For 
the next ten years the advance of the Connexion in numbers and in 
general prosperity was apjiarcntly unprecedented. Tho Centenary 
Fund of 1839-40 amounted to £221,(100. In the midst, however, 
of all tho outward prosjierity of ^Methodism — partly perhaps in con- 
sequence of it — very perilous elements werb at work. The revolu- 
tionary ideas of the Chartist ])eriod (1840-48) and of Continental 
politics (1848-49) reacted on Wesleyan Methodism .as the political 
ideas of 1791 and of 1831 had done at those epochs. Tho embers 
of old controversies — ecclesiastical, (piasi-political, and ]iersonal — 
still smouldered, and at length burst into fresh llame. From 1844 
a stroll" spirit of oiiposition to the loaders of the Connexion, and 
especially to Dr Bunting, was fanned by tho circulation of anony- 
mous “lly leaves” of a very scurrilous character. At the same 
timo tho policy of tho Conference and of tho ministers in their cir- 
cuits had proceeded more than was wise on tho old lines. The 
general administration relied too much on the footing of inqilicit 
confidence on the part of tho peojile and on the power of official 
prerogative in the hands of tho minister. Tho memorial law of 

1836 was indicative of the too exclusive spirit of pastoral govcni- 
meut which had ]n'cvailcd. The wisdom of Dr Bunting had for 
five and twenty years led the way’in gradually liberalizing both tho 
polity and tho policy of Methodism, and adaiiting them to the 
changing conditions of the times. But this wisdom seems to have 
found its limits before 1849, when tho internal dissensions reached 
their climax. In that year James Everett, tho chief author of the 
ily sheets, and two other ministers, Samuel Dunn andiWilliam 
Griffith, who had identified themselves with him, were expelled. 
A disastrous agitation followed. Mo distinct secession took place 
till after tho Conference of 1850. The union of tho “ Methodist 
Free Churches,” in which was incorporated the “Wcslevan 
Association” (of 1836), was formed by the seceders. The “Mew 
Connexion ” also received some thousands of tho seceders into Rs 
ranks. But by far tho grc.atest part of those who left went wth 
neither of these bodies. 

Between 1850 and 1855 the Connexion in Great Britain and 
Ireland lost 100,000 members, and not till 1856 did it begin to 
recover. In that year tho numbers were returned as 282,787, 
showing a small increase over tho preceding year. ' Since then peace 
and unity have prevailed unbroken. 

Tho convulsion of 1849-52 taught tho Connexion, and in par- 
ticular the Conference, lessons of the highest importance. In 1852 
the quarterly meeting was so defined as to make it the great repre- 
scutativo meeting of the circuit, including stewards, leaders, local 
preachers, and trustees. The right of memorial to the Conference 
was given_ to it m tho widest and freest sense. These powerful 
bodies invite ministers to the circuits, or decline so to do, deter- 
mine and pay their “allowances,” as salaries to ministers are still 
called in the Connexion, and review all the interests of the circuits, 
spiritual or financial. They had also conferred upon them in 1852 
the right to appoint a circuit jui'y of ajipeal from the verdict and 
findings of a leaders’ meeting in certain cases of discipline. Since 
1852 Couferonce legislation has still piroceeded in the direction of 
recognizing and enlarging tho functions and rights of the laity. 
Tho committeo of review system, already spoken of, had been con- 
siderably developed between 1835 and 1849, and included every 
department of ordinary administration. In 1861, however, whilst 
a representation of tho departmental executive committees formed 
still the leading element in each committee of review, a great im- 
provement was made in their constitution by giving to each of the 
districts of British Methodism the right to send a lay repre sentative 

' This “ Wanenite” secession, as at lirst ifwas commonly called, gave rise to a 
lawsuit which led to the judicml recognition hv the Court of Chancery of ttic 
Conference Deed Poll of 1781. and tho “Large Minutes" of 1797, as documents 
having the force of public law in the adminlstiation of Wesleyan Methodism. 
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to atteiid tliese' preparatory Conference committees. In 1877 and 
1878 the final and natuinl consummation of the whole course of 
advance since 1791 was effected in the constitution of the united 
Conference of ministers and lay representatives. Tlie ministers meet 
by themselves to discharge the functions which belong to them 
as the common pastorate of the Connexion. As to all the points 
involved in their specific diameter and common responsibility, as 
the mutually e.xchan^ng and itinerating pastors in common of a 
vast common flock, they take mutual counsel in a separate assembly. 
The Conference, in its miuisterial-and-lay or representative session, 
meets after the pastoral business is completed, and occupies a full 
week between Sunda3’s in discussing and settling the business of 
all the funds and the general administrative departments of the 
body. The Conference in its pastoral session assembles on the last 
Tuesday in July, that session closing on the Friday or Saturday 
3veek following ; the representative session occupies the following 
iveek. It is legally necessaiy that the decisions of the Conference 
in both its sessions should be confirmed and validated by the vote 
of the “legal hundred.” This confirmation is, however, given as a 
matter of coiiise. 

The Conference in its pastoral session is not formally representa-^ 
tive. To each district is assigned by the preceding Conference a 
certain amount of representation, there being at present thirty-five 
districts. The numbers allocated to the districts vary according to 
circumstances. The total number of ministers and laymen com- 
posing the Conference in its representative session is 480, or 240 
ministers and 240 laymen. The basis of the lay representation in 
the Conference is the constituency of lay officials in the district 
committees. The Connexion at large is represented by the lay 
officials of the general Connexional departments. The business 
transacted in the Conference during its representative session re- 
lates to all the Connexioual departments of general administration, 
viz. , the committee of privileges, foreign missions, the maintenance 
.and education fund (and the schools) for ministers’ children, chapel 
affaii's (general, metropolitan, and provincial), the home mission 
and contingent fund, district sustentation funds, army and navy 
evangelization, lay mission work, the worn-out ministers’ and 
ministers’ widows’ fund, the theological institution with its four 
colleges,. Sunday and day schools and the children’s home and 
orphanage, higher education, the extension fund of Jlethodisni, 
alterations and divisions of circuits and districts, and the Lord’s 
Day observance and temperance questions. 

The president of the Conference is chosen bj' the ministers by 
ballot on the opening of the pastoral session. After the election 
of president follows that of secretary. These elections, however, 
cannot take place until the vacancies in the hundred have been 
filled up. Such vacancies are caused by death, by absence for two 
years together without a dispensation, by expulsion, or by super- 
annuation, which takes place ordinaiily after two years’ retirement 
from the full work of the ministry. 

The principal statistics of the denomination at the last Conference 
(1882) were as follows ; — 
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Great Britain 
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Ireland 
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nishcd by the Wesleyan ^lissionaiy Society. 'The last statisriial 
return showed 1769 members, 126 membetS on trial, 27 mhiL^f 
1 minister on tnal, and 3 supernumerarv or retired ministers. The 


. anti ^ supernumerary c 

Lntish Conference has a right of veto as to certain points of le'd^ 
lation in the case of affiliated Conferences. ^ ° 

for more than tiventy years under 
an affiliated Confmence, dating from 1854. Since llirhormcr' 
nic Austialasian Conference has been independent. The General 
Conference meets once in.three years, having under it our animal 
Conferences— one for ^ew South Wales and Queensland, another for 
\ictona and Tasmania, a third for South Australia, and a fourth 
lor New Zealand. These Conferences— the general and the annual— 
are aU mixed and representative after the same general pattern as 
the Bntrsh Conference. Tliey have also under their charge and as 
part of their Conne.xion, the Wesleyan mi.ssions in Tonga and Fiji 
which were begun by the parent body before the original affiliated 
3'early Conference for Austi-alasia was organized. Tfio numbers in 
1881 were for the ilethodism of Australia 28,310 members with 
362 ministers, and for the South Sea missions 33,411 members witli 
16 missionaries of European blood and a very large number of 
native ministers and assistant ministers. 

Canadian Methodism was also affiliated till 1873, when it became 
an independent Conne.xion. It includes sLv provincial animal Con- 
ferences and one General Conference which meets every three years. 
The General Conference is mixed and representative ; the annual 
Conferences are purely ministerial. Canadian Methodism occupies 
a powerful position in the Dominion. It numbers as nearly as can 
be ascertained about 116,000 members, and is strongest in Upper 
Canada. It possesses a university — the Victoria University in 
Upper Canada. 

The Doctrines of Methodism . — In doctrine all branches 
of Methodism are .substantially identical. Wesley’s 
doctrines are contained in fifty-three sermons known as 
the “ four volumes ” and in his Notes on the New Testament. 
The Conference has, however, published two catechisms, 
one for younger the other for older children, of ivhich a 
new and carefully revised edition has lately been completed.^ 
In general, Wesleyan theology is to be described as 
a system of evangelical Arminianism. In particular, 
Wesleyan divines insist on the doctrines of original sin, 
general redemption, repentance, justification by faith, the 
witness of the Spirit, and Christian perfection, — or, as it 
has been customary for Methodists to say, the doctrines of 
a “ present, free, and full salvation.” By the witness of 
the Spirit is meant a consciousness of the Divine favour 
through the atonement of Jesus Christ. Wesleyans have 
often been represented as bolding the Calvinistic doctrine 
of “assurance.” The word, however, is not a Wesleyan 
phrase, and assurance, so far as it may be said to be taught 
by Methodists, signifies, not any certainty of final salvation, 
but merely a “ sense of sin forgiven.” ^ 


II. AAIEEICAS EPISCOP.VI. ilETHODISlI. 


Of the Sunday scholars in Great Britain, 177,965 were over 
fifteen 3'ears of age, and 93,127 were members of society or on 
trial as members. 

iVesleyan Methodism in Ireland has always been jiart and iiarccl 
of British ilethodism, but since 1732 it has had a brancli Confer- 
ence of its own. 'riie acts of this Conference are, in accordance 
with a jjrovisiou in the Conference Deed Poll, made valid by tlie 
concurrence with them of a delegate from the British Conference, 
who is to the Iiish Conference what the legal Conference is to the 
British Conference. Ten ministers of the Irish Conference are 
members of the “legal hundred” of the British Conference. Tlie 
“plan of pacification ” of 1795 was not carried out at the time b3' the 
Insli Conference. In tlie year 1816, however, it was ajopted in 
.Ireland. The result was a secession which assumed the designation 
“Priinitivo Wesle3'ans,” a ver3^ different bod3' from the Primitive 
Methodists of England. In 1878 the Primitive Wesle3'an3 were 
reunited to the parent Connexion. Tiio number of members in 
Ireland lias, owing to emigration, not increased of late 3'ears. Tlie 
last return .showed 24,475 members. 

xijjiliatcd Conferences . — For more than tivent3' j’cars there were 
several “affiliated Coiiferencas” of British 3Iethodism. But there 
are now onl3' two — the French Methodist Conference, and that of 
South xlfrica , — the latter constituted quite recently (1882). Since 
1852 French Mothodisiu has been under an affiliated Conference. 
The dimensions of the French Connexion, however, are very. small, 
and it is dependent to a con siderable extent on pecuniaiy aiu lur- 

1 Chiefly In the IVest Indies, Africa, India, and China. 


The beginnings of American Methodism are traceable to 
the year 1766, when a few pious emigrants froni Ireland 
introduced ^Methodism into Hew York. On receiving an 
appeal in 1768 from the Hew York Methodists, _ who were 
engaged in building a preaching-house, Wesley laid^the case 
of America before tlie Conference at Leeds in 1 / 69, and 
two preachers, Boardman and Pilmoor, volunteered to go 
to the colonies. Boardman went to Hew York, Pilmoor 
to Philadelphia. In 1771 two other Methodist itinerants, 
Francis Asbury — the most famous name in American 
Methodism— and Richard Wright, went out to America. 
In 1773 Thomas Eankiu, a preacher of e.vperiencc sent out 


! Besides IVesIey’s Sermons and Soles, liis Appeals and his treatise on Onyinm 
,r m Sv to Dr Taylor of Xonvlcli, sliouid he read in order to apwedale his 
eolmniil \lew3. After these may be particularly notul Joseph ^nsoas 
mmfalaru, Watson's Jnstitnles (3 vols.j, Drape’s Com>n.dwm 

vols.) tUe series of /’ervj/fjr /.eefurer. especLilly that bj the l.ei. B. O* n rj 

rho Holy Catimlic Churcli.” and Dr liiirs’s Discourses and Addrcssis. 

^or tho history and constitution of Wesleyan Ifcthodisrn 
eonsultedtU-esIey-s jV^orh-s. especially I 
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by Wesley, held the first Conference in Philadelphia, -when 
there were 10 itinerant preachers and 1160 members. 
After the breaking out of the War of Independence the 
English Methodist preachers were unpopular, and all but 
Francis Asburj" went back to England. At the end of the 
war, however, in 1784, Wesley sent but Dr Coke, and 
American Methodism was organized as an independent 
church, with Dr Coke and Francis Asbury as its presbyter- 
bishops. The history of American Methodism since that 
period is too vast and complicated for any attempt to be 
made to summarize it here. Methodism is more properly 
national in its character as an American church than any 
church in the States. In Massachnsetts and some other 
of the New England States it is less powerful than Con- 
gregationalism, which still retains there much of its ancient 
predominance ; in the citj' of New York it is less powerful 
than Presbyterianism, and, indeed, occnpies a position less 
generally influential than might have been expected. But 
in Philadelphia it is very powerful ; so also in Baltimore 
and in Cincinnati ; if -not strong in New York citj-, it is 
very strong in the State ; and generally thronghout the 
western and mid-western States it is the prevalent form 
of faith and worship. In the sonth, also, it is more 
powerful than any other church. 

American iletliodism is Episcopal. But its Episcopacy is neither 
prelatical nor diocesan. The bishops are superintending presbyters, 
and they visit the whole territory of 4Iethodi.sm in rotation, hold- 
ing (presiding over) the annual Conferences. These Conferences are 
purely ministerial. But the General Conference, which meets once 
in four years, and which is the Conference of legislation and final 
appeal, is mi.red and representative. The first General Conference 
was held in 1792, the first delegated or representative Conference 
in 1812, the first mixed or ministe.rial-and-lay General Conference 
in 1372. There were till lately no district as-scmblies in the 
Episcofial Methodism of America, and now there are but few. The 
bishops maintain the unity of the Conne.xion in the interval betiveen 
the General Conferences, by their visitation and by their conjoint 
council. A sub-episcojial class of ministers also, called presiding 
elders, supplement the action and superintendency of the bishops. 
Tliese preside over districts, holding all the circuit quarterly meet- 
ings, and holding the district meetings, if any such meetings have 
been organized. 

American Episcopal Methodism Ls distributed into five distinct 
sections or churcheis) which, however, differ from each other in no 
i>oints of any imjwrtauce as respects organization or discipline, still 
less doctrine. The .American Alethodi.st Episcopal Church South 
became a separate organization in 1S47 by reason of the slavery 
controversy. The coloured churches, of which there are three, 
sprang up distinctly from local causes. The following are the latest 
available statistics: — 
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^llnistcrs. 

Local j L ly 
Preachers, ifembers. 


12, 

4,001 

1,832 

1,G30 

CO'S 

12,.323 

5,863 

9,7C0 

3,#»/0 

C63 

1,717,.SC7 

337,831 

001,044 

000,000 

112,000 

.. ' „ ’ „ South 

African ^ ,, 

Methfxlist Episcopal Zion Church 

Coloured llethwiLt EpLscox^al Church, 

20.-260 j .32,334 

3,303,442 


In the Jlethodist Episcoral Church alone there are one hundred 
annual Conferences, visited by twelve bishops. This church has 
more than twenty universities, of which some are distinguished 
schools of learning. Boston University is one of the most recent and 
one of the chief. The principal foreign missions are in India, China, 
and Ja]>an. The Jlethodist Church South also has some influential 
universities, jiarticularly that at Nashville, and has missions, in 
particular in Japan and China. 

Besides the=e Jlethodist EpisCOjKil churches, with their total of 
:J,0.'<S,000 church inemUrs, there are two other churches which do 
iiot assume the^ naine at all, but are yet essentially' Jlethodist in 
doctrine and discipline, not varying in any important particulars 
T • * ^I^^cojKiI Jlctlyrdism of .America. Of these one is called 
the L iiitcd Ijruthren, ^vith 15/, 000 nieinbens, the other tlie Evan- 
gelical Aariociatioii, \ath 113,000 niembersA 

Arjierto'tn , — The lardies included under 

thLi head are chiefly MC*i-.,ioiH from the original stock of .American 
aicvliodisin, founded on principles of democratic church 'mvemment 
analogous to tho.ie of the English Jlethoilist secessions. The only 


‘ Tie te:^e:h.rity aa lo .Vrce.'ici.a iliah.Klism U Ur .Ibel SterensAs Uittory, 
u 5 at.... Tte Ost-Oir. sr» n the sr.lltaJUt IVar D.U-, Xew Vork, 1552. 


considerable body, however, is the Jlethodist Protestant Church, 
with 12.5,000 members. The minor bodies, four in number, count 
altogether less than 60,000 members, the principal being the 
American JVe.sleyan Church, with 25,000 members. ° 

III. Other ^Iethodist Bodies ix Beit.ux. 

The bodies still to be noticed, while differing as to 
points of church government, agree as to doctrine and 
in general as to the means of grace and as to inner spiritual 
fellow.ship with the parent “ Connexion.” They all 
maintain class-meetings and , Jove-feasts, have leaders’ 
meetings and quarterly meetings, and largely employ local 
preachers. 

The ilcthodisl New Connexion was founded in 1797-98 bv 
-Ale.xandcr Kilham, who died in 1798. Its general principles are 
indicated above. Its statistics for 1881 were as follows:— 183 
ministers and 27,770 members (including those on mission stations, 
be-sides 3882 on trial), and 74,744 Sunday scholars.- 

Unilcd Melhodist Free Churehcji. — Tliis organization in its original 
form must be identified with the JVe.sleyan Jlethodist Association 
of 1836. 'That body first absorbed into itself, in great lart, the 

Protestant Jlethodists ” of 1828. It was afterwards greatly in- 
crea-sed, and its organization in some points modified, when a large 
number of the seceders from tlie parent Connexion in 1850-52 joined 
its ranks. The main body of its Conference does not consist, like that 
of the New Connexion, of an equal number of circuit ministers and 
elected circuit lay delegates, but of circuit delegates, whether 
ministerial or lay, elected without any- respect to office, ministerial 
or other. Its circuits also are independent of the control of the 
Conference. The Coune.xional bondj accordingly, in this denomina- 
tion is weak, and the itinerancy is not universal or uniform in its 
rules or its op>eration. The amalgamation betiveen the JVesIeyan 
Methodist Association and the “ JJ’’esleyan Methodist Reformers ” 
of 1850 took place in 1857. At that time the combined churches 
numbered 41,000. .At present (1881-82) they number 72,839, in- 
cluding 7772 members on the mission stations, besides 7824 on trial 
The number of ministers Ls 392, with 40 retired or “ supernumerary’' 
ministers. The number of Sunday scholars is 190,957.® 

Primilivc ilethodiim, — In this earnest and hard-working denomi- 
nation the ministers, of whom some are women, are very literally 
“ the servants of all.” The Conference is composed, in addition to 
twelve permanent members, of four members appointed by the pre- 
ceding Conference, and of delegates from district meetings. Tie 
principle of proportion is that there should be two laymen to one 
minister or “travelling j)reacher,” and the “travelling preachers" 
have no pastoral prerogarive whatever. The Conference is supreme, 
and the Connexional bond Ls strong. This body was founded by 
Hugh Bourne and JVilliam Clowes, local preachers who were 
separated from the JVesloyan Conne.xion, the former in 1808, the 
latter in 1810, because of their violation of Conference regulations 
as to camp meetings and other questions of order. The Conference 
had, in 1807, pronounced its judgment against camp meetings, 
which had been introduced into the country- from .America, w-hereas 
Bourne and Clowes were determined to hold such meetings. 
Founded thus by- zealous and “ irregular ” lay preachers, “Prinu- 
tive” Jlethodism, as the resulting now- body- called itself, bears still 
in its organization, its spirit, and its customs .strong traces of its 
origin. It has been a very successful body-, aiming simply at doing 
evangelistic W'ork, and is now- numerous and jiowerful, numbering 
among its ministers, not only many- mseful preachei-s, but some of 
marked originality and pow'er and also of superior cultivation. 
There has for many years past, if not from the beginning, been a 
very friendly- feeling between the old JVesley-an Coune.-sion and the 
Primitive Jlethodists. Its latest statistics (18S1-2) show 1149 
travelling preachei-s, 185,312 members, and 383,350 Sunday 
scholars.-* 

Bible Christians. — The Primitive Jlethodists sprang up in tha 
midland countie.s, the Bible Christians in Cornwall, 'i'lifeo closely 
resemble the “Primitives” in their character and spirit. Their 
founder w-as a Cornish local preacher called O’Bry-an. Hence the 
Connexion is often known as tlie Bryaiiite-s, and CornLsh emigrant 
have propagated this denomination widely in the coloni^ The 
Conference is composed of ten superintendents of districts, the 
president and secretary- of the preceding Conference, lay- delegates, 
one from each district mtetiiig, and as many- of the travelling 
preachers as are allow-ed by their respective district meeting's to 
attend. In general it may be said that the ministerial and lay 
members of the Conference are about equal in number.’ The returns 
for 1SS1-S2 show'ed in England (ehielly the west and south of Eng- 

- See JubUte Volume of the Xets Connexions nUo the General Jlules and tiie 
Minutex of Conferenee. 1531, published at the Xcw Connexinn Ilooh-itoom. 

d See Foundation /Jeed of the UnitoS Methodist Ftee Churches', ahe jjinu.. 
of Conference. I'Sl, IIS Snlhbnry ^uure. . , 

* See Joint Pettc. History of the Frimitlce ifethodist Connexions also Minutes 
of Conference, IMi, C Sutton Slreet, London. E. 
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laiul) .111(1 ill the Channel Islands 136 itinerant preachers, 21,209 
memhei-s (besides 690 on trial), and 36,335 Sumlay scholars. In 
Canada the number of members uas 6652, and in Australia ami 
Is'ew Zealand 3671.' 

27n; Meforni Union is an aggregate of local Slethodist 

secesjion chinches, loosely held together by a Coiifercnco, and is 
one of the results of the grc.it ilcthodist disriiiition of 1851-52. 
The returns for 1331-82 showed 13 ministeis ami 7723 members. 

(Ecumenical MUhtklht Conference . — TliLs Conference was held in 
City Koad Chapel, London, in September 1831. Iteprescntatives 
were present fioin all the -Methodist bodies throughout the world, 
and it w.u e.stimated that the.su lepresented not less than 5,000,000 
of members and 20,000,000 of population. ‘Whilst in church 
organi/jtion the.se bodies dilfercd, .as has been .shown above, in 
doctrine and in respect of their purely .spiritual discipline and 
means of grace, tliey were all .agreed in piincip.il inatters. 'fhe 
Conference wa.*! entirely pi.aetie.al in character. The object was to 
promote zeal and union .among the constituent bodies as to all 
jiractical points oi Christian .symiuthy and activity, at homo ami 
abroad, and e.s[)eci.illy .as to homo mis.sioii work, geneial ]ihilan- 
thropy, Christian education, and a Christian Use of the jiress. There 
were 100 represcntitives present from the .Methodist bodies in .all 
parts of the world.'-' 

IlWs/i Ciilvinistic ifethodiils . — Ijetweeii the .Methodism of W.iles 
and that of Kn-dand theie was never any other than incidental 
connexion. Inilced, although the n.inie of the IVelsh inoveiiieiit 
was borrowed from the Knglish, not only w.is Welsh Jlethodism 
ipiito indeitendciit in its origin, but in r(..ility its bej'inning, as an 
c\.iiigelie.il inovement, w.ls earlier than that of Englisii .Methodism. 
From We.slcyau Methodism, furthermore, MT-lsh Methodism w.as 
tliroughout distinguished by the fact that it was Calvinistic in its 
doctrine. For .some years Whitelield's naiiio was placed by the 
Iteulcrs of Welsh .Muthodism at the head of their inovement, but 
the coinic.xioii was not at any time much inotc than nominal, 
Whitefield beiii", indeed, too often and too long together in 
Americ.1 to e-xeaiso any real presidency over the Methodism of the 
i'rincipility. 

Distinction, however, must be made between Welsh Methodism 
as an evangelistic iiioveinent and ai an organi/.itioii. In its l.iter 
and distinctly organized form, its iiiain elements date fioin 1811, 
while the actual unity and the tiiial cuiuiolidation of the organuatioii 
date from sO recent a period .is 1861. At that date wo find the 
Calvinislie MethodLiin of North and of South Wales for the first 
time united in .aeonimoii organization and government, and brought 
under the hupieino control of one “General .Assembly." 

The spirituil awakening from which Welsh Calvinistic Sletliod- 
Lsm derived itb earliest uispiratioii and impulse began in 1735 and 
1736, almost couteraj)oraiieou.sly .iiid (piito independently, in three 
different eouiitie-i of South Wales. Howell Harris, a gentleman of 
some ijoaitioii, Ixirii and bred at Trovccca in the parish of Talgaith, 
county of Hrecoii, is the most prominent iiamo connected with early 
Welsh MethodLiin. His first stiong religious eoiivictions and iin- 
pul.ics date from 1735. Ho w.as .sent to O.xford in the autumn of that 
year to “cuio him of his fanaticLsin, ” but remained only one tenn. 
On his return to Wales he began to e.\hort and pre.ach iii_ private 
hou-ics and in such buildings as he could obtain the uso of, being then 
ami througliout his life a .simple l.iyman. Of learning or theology 
he liad but little; bathe was an e.\tempoiary preacher of prodigious 
vcheiiieiice, ami often of overwhelming power and pathos. While 
Harris was thas preaching in the county of Ihccoii, Daniel Row- 
l.inds had been spiritually aw .ikcned at Llangeitho in Cardiganshiic, 
the two men knowing nothing whatever of c.ach other. ICowlands 
ws-is an ordained clergyman, of some learning and of great 
eloquence. Ho w.us a pulpit orator, and c.irefully prep.ared his 
Itowerful discourses. In Pembrokeshire, again, in that saiiw year 
173.5-36, Howell Davies began to pre.ich the same doctrine in the 
same spirit as the otlier two prc.iehcrs, and with efl'ccts scarcely, if 
at all, less remarkable. The work thus begun in three distinct 
centres within the space of one year was in strict coniie.xioii with 
the Established Church, and so continued to be throughout the 
last century. These single-iiiindcd picacheis pursued their w^ork 
in Wales knowing nothing of the ])arallel work which 'Whitefield 
had just begun in England. In 1738, however, Whitefield, in 
the west of England, heard of Howell Ham's, and in that year 
the two revivalists met in Cardiff. In 1739 Howell Harris had 
begun to extend liLs preaching tours far and wide, visiting not 
only South but North Walts, and, wherever ho went, founding 
religion i societies ill coniic.vioii with the Chuich of Eiigjand, of a 
character resembling those called Dr Woodwaid’s societies, w^hicli 
had long been in existence thioiighout England, the chief difference 
being that the Welsh societies were “evangelical,” Calvinistic, 
and revivalist It wa.s in the sauio year that Wesley founded 
his bocietv in England. In 1712 the cleigymen connected with 


the Welsh movement were ten in number, and there were labour 
in- 111 concert with these forty lay “ exliorters.” as they were 
M n rl" ‘•'ofirsk “association” of Welsh Calvinistic 

Waterford or Watford, in Glaniorgaiisliiie 
M hitcfield consented to preside, and joined his pieadiiiig to 
that of the We sh evangelists. The first Calvinistic Methodist 
Conference was held at Waterford, under Whitefield’s piesidencv 
on January 5, 1713, eighteen iiionths earlier than Wesley’s fust 
Coiifcience. For a short time the C.ilviiiistic Methodism of Wales 
w-is linked to tliiit of England. After 1748, however, Whitefield 
cc.ised to act as in any sense the official head of the Calvinistic 
Jletliodists of England, and their organization, alw.ays loose, was 
gradually dissolved. 

There was no Wesley in Welsh Methodism, and accordingly there 
was no organic unity among the .societies of earlier Welsh iMcthod- 
ism. _ Each local society was under the care of an “exhorter,” an 
unpaid layman, .i niimber of these loc.al societies were grouped 
together into a district, over which an “ ovcr.seer ” had charge. He 
also was usually an unpaid hiyinan, although exercising many of 
the functions of a .spiiitiial pastor. Somotime.s, however, as in the 
case of Rowlands, lio was a parish clergyman. The societies 
attended their parish churches and tlieie received the sacraments. 
The meeting- or prc.iching-houses for the societies wcie vaguely 
called “houses for religious purposes.” 

In 1751 Howell Il.arris ceased to itinerate and letiicd to Tievecea. 
Fioni this time his Ic-adership in the Methodist movement seems to 
have come to an end, and the rnoveincnt languished for many years 
after. Not till 1762 is any “revival ” cl.ionicled. In 1763 Row- 
lands W.IS obliged to (juit his curacy at Llan-eitlio and leave the 
Establislied Chin ch. His people built him a cTuapel. He thus, after 
1763, became a Dissenting minister ; and, retaining his fame and 
niucli of his power to the end of his course, he died in 1790. 

Fifty years had now p.issed since the first sotieties of Welsh 
Methodism had been cit.aolished by Howell Hairis, and the move- 
ment, instead of having grown to strength and maturity, airpeared 
to have spent its force, .almost in all directions, at least so far as 
any outward signs could show. But the Rev. Thomas Charles 
of Bala w.as to be one of the chief means of leviving it. He, like 
the c.ailier Methodists, w.xs a chuiidiman; ho had tafien his degree 
at Oxford and served a curacy in Somcisetshiie. The doois of the 
E.itablished Church having been closed .against him because of his 
style of pre.aching, he joined the M'elsli Methodists in 1785, and 
his first 8]iherc of marked influence was in North Wales. In 1791 
he took a le.ading part in a great revival of which Bala was the 
centre. From this peiiod may be dated the second spiiiig of Welsh 
Calvinistic .Methodism, from which its later successes were to grow. 
Charlc.s zealously and successfully promoted the establishment of 
“ circulating schools ” and of Sabbath schools. He was, in fact, 
the soul of the great Christian educating movement in AVales which 
began in tho last decade of the 18th century; aiid it was through 
his (mrncst zeal in seeking to provide Bibles for his Welsh schools, 
tspcti.iUy the Sunday schools, that tho British and Foieign Bible 
Society' was established. Though Jlethodism came then to be 
effectually rooted in tho soil of tho Principality', it was not till 
1811 that tlie Welsh Calvinists took that step in the diiectioii of 
eccksiastical iiidcpendenco which tho English Wesley ans had taken 
si.\teen years before by calling their preachers to the official position 
of pastors and ordaining them to administer the sacraments. 

From 1790 till .almost the present time the woik of gradually 
moulding tho constitution of Welsh Calvinistic Methodism has 
proceeded. Tho “lulcs regarding the pioper mode of conducting 
the quarterly association ” weio drawn up by Charles and agreed 
upon in 1790. In 1801 the Order and Form of Church Government 
and dlulcs of Discipline were published. In 1811, as has been 
shown, iiiinisterial oidinatioii was iiiitiatcil. In 1823 the Con- 
fession of Faith was promulgated. And in 1864, as has been 
already mentioned, the first “General Assembly ” was held, and 
tlie two lujsociatioiis of North and South Wales lespcctively \seic 
united into one body. The constitution is now inodificil Pics- 
byteriauism, each church managing its own affairs subject to 
successive appeal to tho monthly' meeting of the county' and the 
quarterly association of tho province, while the latter body may 
refer tho decision to the annual General Assembly. 

The Welsh Jlethodists (or Welsh Presbyterians, as they are 
now often called) have two theological colleges, one at Bala and 
tho other at Trovccca. They have also a foreign missionary society , 
with missions in Brittany, among their congeneis of the Celtic 

race, and in Bimgal. t iorn n „ 

In recent years this church has made great progress. In IpoU tne 
number of iiicmbei-s was 58,878, in 1870 it was 92,735, and in 1880 
the returns showed 1174 churches, 118,979 commuiiicants 180,635 
Sunday scholais. The number of ministers is not (iflicially given, 
but is estimated at 600. Tho Noith and South AVales associa ions 
aie now also kno\\u as synocls.^ (J, u. ui.j 


• bee Jiihle Chmlinn VoluiMt 18CC j Mviuies of Conference^ ISSlt 


Oook-HooiiJ, 2G l*jlcrnosU;r Ittiw. 

* ike I*ioceedin(j» of Fint ^UihodUl 
City lioad. 


(Ecumenical Confennee^ Wesleyan Book- 


.1 See W. Wlfllnms, WeUh Calvinistic Meih^Um.a 

td Tunes oj Howell Ilairis ■ Tyerman, Life of the Hec. Gcoit/e Wiiitejieta , 
latyof the Calvinistic ^fe^ho(i^ils. 1882. v^rT 

X.YJL. 25 


Life 

The 




-M E T H Y L 


195 


hi rjfcver iiiade syntlietically, but hiruply extracted from 
y,ood-i)pirit, a coini/iercL'iI Hub.itance which in produced 
indiiitrially in the dry dirttillation of wood. The wood- 
.“.jiirit U contained in the afjueoiw portion of the tar pro- 
duced in thi.i operation, along with acetic acid. To recover 
Ixjth, the txir- water hi neutralized with lime and di.atilled, 
when the .vjclate remain.-, while the apirit di.etil.-i over, 
along with a deal of water, which, however, h-i ca.%ily 
removed, a.^ far a.> ne<je.-..-.;try, by redirttUlation and rejection 
of the le,-..i volatile part.i. The “crude” woorl-.'jpirit, aa 
thu.T obtaincil, w not unlike in it,-i genenil properties to 
ordinary .ipirit of wine, from which, however, it u ea.sily 
di.-.tingul.dicd by it.-j abominable amell. The ordinary 
commercial article, bc.iide.i a variable j/ercentxige of water, 
contains from 'JG to SO }»(:r tent, of methyl-alcohol ; the 
re-it aju i'hli chielly of acetone, but be.n'de.i include.'! 
dimethyl-acetal, Cblf|(OC'fI-.)y acetate of methyl, and 
numerou,s other minor componenti. In Great Jtritain 
large (juantitic.i of wood-npirit are m-ed for the making 
of methylated spirit, a mixture of ordinary Kpirit of wine 
with one-ninth of its volume of wood-.-pirit, which U 
allowed to be <;old duty free for the preparation of 
vaniLhe-, and for other inrhutrial pur{Xj.,e.!. In former 
time. 1 , here as eLevdiere, v.vjod-ripirit it.-.elf n^cd to Ixe 
employed ai a cheap .substitute for spiritu.) vini ; but thi.s 
i.-i no longer .-.o, eince the aniliii'XxoIour indu.->try hai created 
a h;rge demand for pure methyl-alcohol. Hence in bome 
Continental works the wood-.>pirit, im.texid of ly.-ing tent 
out a.» hitch, i.h being worked up for its components, by the 
following .-le'pience of operation.!: — (1) dehydration by 
liiJie; ('J) hosting, under an inverted conden.“,er, with 
«tu.die .-/xJa, to convert the acetate into hydrate of ittetltyl ; 
(li; dejtruetion of the bad ritnell.-i by mild oxidation; (4) 
dL'tillation in a kind of Coffey'.; iitill, whereby it U bplit 
up into ap](roximately pure alcohol, acetone, and “ tails.” 

Tile- new indaitry lul to the invention of the follov.ing technical 
m‘.th'/l'» for the (Ictcfininrition, in a given spirit, of the pcrccntxige-! 
of real luctliyl-alcohol arnl of .'tcctoiie. 

The ahvshol i; ilcte-nnincd by mturating 5 c.c. of the hiiirit with 
byiiuoilic at'id (vohiti!i/.ilionof akohol an<l iodide of methyl Ixatig 
avoid‘'d by mcan-t of .i coid-wamr h.>tii and aii inverted condcn-cr;, 
and the prosiact jour'd into w.atcr. If/iide of methyl KC]>.ir.it<:i 
oat as .-4 heavy oil, which i.) meaiurcd as it i.n According to direct 
Ir:,i! ( 5 c.c. of pure- methyl-alcohol yield i T'J.’i c.c, of emde iodide 
Kr.untr and Gfod/,!^!. 

Tor the- di-fcrmin.stion of the tlie follovdng reagents -ire 

re'piircd fKr.irner; (1) a solntion of io-linc, nrcparol by dC-.olv- 
inx C— 'XSl gminme-i of iodine, by me.in.s of (‘-'ly) 500 grammes 
of iodnle of j-otissiiim, in water, and diluting to 1 litre ; (2; a 
f.olittion of fan -.tie .O'ia containing twice (XaO/1) gfammea j_a;r litre ; 
(.'i; ah.ohol-fr-e ether. Ten c.c. of the eoila are jdaee'l in a I'm- 
‘ln.it'A cylimler and mixed intimatf;Iy, first with 1 c.c. of the apirit, 
then v/ith 5 c.c. of the iofjine r/jlution, lofloforta sepamtesi out (if 
a/vstone is pre<fi!it; in minute yellov.- crystal phstc s ; this ptfxliict i s 
“ahakeu out” by mums of 10 c.c. of father, and determined by 
evajx.rating an ainiuot |fart of the ethereal layer in a tired w.itcli- 
ghs ,i to flrync'.i and v/cigliing the reaidne. ChlCO yield.s 0111,; 
licnec 1 part of io-loform indicates 0’23 parti of .scetone. 

The formula of mctijyl-alcoliol and ib true chemical 
character were correctly a/xerbined by Dumms and Pdligofc 
ms ‘xxsrly ms 18.” 1 ; yet pure rnethyl-aicohol may be i«iid to 
have been an unknov/n i-.ub.-.tance until 1852, when Wohler 
taught Its b prepare it, by fuTst extracting the CH^, of the 
ClL.Off in the wisod-cpirit ms oxalate.of methyl, and their 
decompo.!)ng the fjsurified) oxalate with water, 

'The most Cfsisvenient ravr material to mxs nowafLiya ia the 
fx-mmerci-t! “pure” alcohol; if v/oo<l-ii(>irit is employed it Inid 
belter iir.-,t !/; purified by dutillatiou over tau.,tic eoda (vv/e mjyra). 
The formation of the oxalaOs tljf-n is be.st eifcetcfl (acfxbrding to 
Alexander W'.itt) ;is follows .500 grammei of oxalic wsid crysitals 
are mixfxl with 200 c.c, of oil of vitriol ; then 500 <r,c, of the 
epirit .'lie .ifldfd, the v/hole kept for a time at 30 C., and then 
aJlov/ed to «t,ind cold for tw'enty-foiir hour..'. 

'I'll'; hirge crop of oxalab; cry.it.ihs — partly {CiljbCjO,, p/artly 
Cfi,. i£ - C'/0.t— J s ixsparatcd from the JiViuor by pressure and subae- 


siiter ^kt'n decorn po.etd by distillation with 

'1 he aguftoiw alcohol thmi obtained k dehydrated by the well- 
knov/n inethoda used iii the prep-aration of ordinary absolute alcohol 
According to Kramer, a purer preparation than Wbhleria i-i 
obtairifal by extracting the methyl as fonniate instead of as oxalate. 

tf/Ji I/*!* t J /.'i I r,-. It... .If A i A t 1 .. f 


xjiirj uuiui- aif oz , i/ic oxxiJatc at JOr 
. i ^ pro|>(;r of tho tv/o methodic should bo 

iniiijitcly fiuj^crior to citber. What iiov/ follovz-i luuHtf in general bo 
iinucntood to refer to Wbhler'a prcparati'oji. 

I'urc inethyl-alcnhol ia a colourlc.-j.s liquid .similar in ibs 
general ]sropertit.a, in it.a Uhaviour to other chemically 
inert liquid.^, and in ita action aa a solvent to ordinary 
ab..olut<5 alcohol, from which, however, it differ.^ by the 
entire abaenco from it of all apirituoaa odour, A pre- 
paration which amelia of wood-.spirit may be condemned 
at once m-s impure. According to H. Kopp, its apeciflc 
gravity ia 0-8142 at 0" 0, and 0-7907 at le"--!. If the 
volume at T' be V, then (from 0" to GT) 

y - 1 -p -0001 ITlTp 1 -ac j /, lo- V-P 8-7il /. 10' V. 


The Isoiling point i.s G4°-6 to G.G""2, The tenaion-curve wa.a 
determined by Jtegnault and by fxindolt ; but the re.aulta 
of the two oh.iervera do not agree except (approximately) 
at l'~7G0 mm. Methyl-alcohol hma quite a charactcriatic 
tendency to “bump” badly rjn distillation, which, hov/ever, 
can he prevented by addition of a email fragment of tin- 
p,odium, which producea a feeble but aufficient current of 
hydrogen. It-sapecilieheat i.s -6713 ; latent heat of vapour, 
2G'-1 ; comljmstion heat, .0307 per unit v.-eight (Tavre and 
.Sillsermann), The refractive index for the i) (.sodium) 
ray i.s 1 -3370 J- -0013 for 10' -f 5' 0. (Dale and Gladstone). 

.Methyl-alcohol mixc-s with water in all proportion.s with 
contraction. 


.Siuo! Wohlcr’a (Jkxivcry a t.ihle for the .specific^ gravities of 
aqucou.s mcthyl-ahohohi hai htcii coiiiitructed experimentally by 
A, Dupre ; hut unfortunately hk alcohol boiled at 58''-7, and cori- 
i-cqucnlly mir-.t have been soinethiug dilfcrcnt from v/hat generally 
by till.! name, 

fn ita chemical rcaction.s methyl-alcohol, CM,,. OH, in 
very aimilar to ordinary (ctliyl) alcohol, C^Hj . OH, and 
con.serpicntly, in the same .sense as the latter, analogous to 
water, H.OH, Thas, for instance, metallic .sodium and 
poUi-ssium di.ssolvc in cither alcohol with evolution of 
hydrogen and' formation of ethylates or methylates of the 
alkali metals. Hxample — 

Gil/Jli -pN-a-CIIj . 0:fa-p Jiia . 


Tlie two methylates crystallize front the solution with 
crystal-alcohol, v/hich can ixt driven off in an atmo.sphcre 
of hydrogen by heat, without decornpo.sition of the salts 
thcmj;clves. Water at once dccorrqjo.ses them into caastic 
alkali and alcohol, OH, . Olla -f H . OH = NaOH + OIL, OH. 
Yet the reverse reaction takes place when the alcohol is 
treated yvith a large excess of caustic soda. 

The action of acids on methyl-alcohol is in general 
quite analogous to that on, for instance, caastic soda, with 
this irnjsjrtant difference, hov/cver, that what in the case 
of HnllO goes on so’ readily in aqueoas .solutions with 
CU...OH succeeds only under circumstances precluding 
the “accumulation of water. In these circurnstancc.s wo 
have, for instance, 


■ (1) cm -poll. CIIj- 11,0 -p 01. Oils; 

(2) (CAIMH i-On. CH3-IIsO-pCyi,02. CHj,' 

' ActiJc uef'L Acetic ether 


and so on with all monobasic acids, A dibasic acid XHII 
may act as (X)U.j or as (XH) . H ; thas, for instance. 


(3) fCbOdflil-pOH. Ciia-fljO-pCA. HCIf.,; 

^ Oxalic Ml-J. Jlcifiylczalicau-a 

(i) {a.O,;IJj-P20II. CH3-2lfj0 pe„0,. (CH3)3; 

^ ^ Metliri oxalate. 
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A tribasic acid forms two methyl acids and one neutral 
ether ; we have, for instance, 

(5) (From PO4H3); PO^CGHjlHa; P04(0H3)2H ; PO^CCHjlj. 

It would, however, he a great mistake to suppose that 
whether, for instance (Ex. 3 and 4), the monomethyl or 
the dimethyl compound is formed depends on the quantity 
of methyl-alcohol employed per unit of acid. This dejjends 
far more largely on other conditions, as will be illustrated 
in next paragraph. The methyl-salts of oxygen acids are 
called esters, in opposition to the chloride, bromide, iodide, 
sulphide, and oxide, wjiich are set apart as ethers. Broadly 
speaking, ethers are not, while esters are, readily decom- 
posed by water into their cogeners; but the nitrate 
CEta . NO3 behaves in this respect like an ether. 

Aciio 7 i with Sulphuric Acid. — Methyl-alcohol mixes with 
oil of vitriol with considerable evolution of heat and (always 
only partial) conversion of the two ingredients into methyl- 
sulphuric acid. Equal volumes of acid and alcohol give 
a good yield. To prepare pure methyl suliihates, dilute 
the mixture largely with water, avoiding elevation of 
temperature (which would regenerate the ingredients), and 
saturate ■with carbonate of baryta. FUter off the sulphate 
of baryta to obtain a solution of the pure methyl sulphate 
SO4 . CH3 . ba (where ba = -IBa = 1 eg.), from which this 
salt is easily obtained in crystals. From the baryta salt 
any other methyl sulphate is readily obtained by double 
decomposition with a solution of the respective sulphate ; 
the acid itself, for instance, by means of sulphuric acid. 
At higher temperatures the reaction between vitriol and 
methyl-alcohol results in the formation of methyl-ether, 
(0113)20, or of normal sulphate of methyl, (CH3).>S04. 
The ether is a gas condensable into a liquid which, under 
pressure of one atmosphere, boils at - 21° C. 

The gas dissolves in about ono tliirty-seventh of its volume of 
water ; far more largely iu alcohol and in ether; most abundantly 
in oil of vitriol, wdiich dissolves about six hundred times its 
volume of methyl-etlier -gas, thus affording a very handy means 
for storing up the gas for use. The solution needs only be diluted 
with its o^vn volume of water to be broken up into its components 
(Erlenmeyer). 

Liquefied oxide of methyl is now being produced on the 
manufacturing scale, and sold as a powerful refrigerating 
agent. One part of sulphuric acid is mixed ■\vith a little 
over one part of dehydrated wood-spirit, and the mixture 
heated to 125° to 128° C. (130° being carefully avoided), 
when methyl-ether goes off. "When the mixture is 
exhausted, more wood-spirit is added to the residue so as 
to re-establish the original specific gravity (of 1 -29), and 
the heating resumed, which again furnishes a supply of 
the gas, and so on. This proves that the process is not, as 
used to be supposed, one of mere dehydration, but a cycle 
of reactions analogous to those in the ordinary process of 
etherification, as ^o'wn by the equations : — 

(1) S04H2+CH30H=S04.HCH3 + H 30 . 

(2) SO4 . H . CH3 + H. 0 . CHj ^SOjHH + CH3 . 0 . CH3 . 

The ester, S04(CH3), though obtainable by distillation of the 
alcohol with 10 parte of vitriol, is more conveniently prepared from 
pure methyl-sulphuric acid by distillation in vacuum at ISO'-llO" 
p; thus:-2S04CH3.PI=S04H, + S04(CH3)2. It is a colourless 
hqmdj^sa^^hng^hke peppermint, specific gravity 1*327 at 18 °; it 

Chloride of methyl, GH3GI, readily produced by the action 
of hydrochloric acid gas and hot methyl-alcohol (preferably 
in the presence of chloride of zinc as an auxiliary dehy- 
drator), is a gas which, under ordinary pressure, condenses 
into a liquid at — 23 G. The gas, at ordinary temperatures 
(though very readily soluble in alcohol), is only sparingly 
absorbed by water, which, however, at 6° unites witlT it 
into a solid hydrate. Condensed methyl chloride has 
become an article of commerce, being largely produced 
from trimethylamine {vide infra) and used as a powerful 
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frigorific agent, as well as for the extraction of perfumes 
from'flowers. Eegarding nitrite of methyl, NO — 0 -— CHg, 
its interesting isomeride nitromethane, OgN — CH3, and 
nitrate of methyl, NO3CH3, we must refer to the hand- 
books of organic chemistry. 

- Iodide of methyl, CHg, is obtained by distilling methyl- 
alcohol “with hydriodic acid, which latter is best produced 
off-hand by addition to the alcohol of iodine and amorphous 
phosphorus. It is a colourless liquid of 2'269 specific 
gravity, boiling at 42°'5 C., insoluble in water. 

Organic Methyl-Esters. — ^The more volatile ones are in 
general easily obtained by distillation of the respective 
acid with methyl-alcohol, of -with methyl-alcohol and oil 
of vitriol (virtually SO4 . H . CH3) ; the less volatile 
ones more conveniently by passing hydrochloric acid gas 
into a methyl-alcoholic solution of the acid. "VVe have no 
space for the individual substances; but the salicylate 
C7H5O3 . CH3 may just be named as being the principal 
component of the essential oil of Gaultheria procumbens 
(wintergreen oil). 

Methylamines. — ^The general result of the action of 
ammonia on an ester is the formation of alcohol and acid 
amide. Example — 

(C3H3O)- 0-CH3 + HNH2=CH3 . oh -H C3H3O . NHj . 

Acetate of ineUiyl. Acetamide. 

With iodide of methyl this reaction is an obvious im- 
possibility ; what really takes place (as A. W. Hofmann, 
has shown for this and all analogous cases) is that the 
iodide unites ■with the ammonia into the HI compound 
HI . NH2CH3 of a base NHjCHj, which can be separated 
from the acid by distillation ■with caustic potash, and when 
thus liberated presents itself as a gas surprisingly similar 
(almost to identity) to ammonia. The analogy extends to 
the action on iodide of methyl, which, in the case of methyl- 
amine, NHoCHj, leads to the formation of dimethylamine, 
NH . (CHg)^ ; and from the latter again trimethylamine, 
N(CH3)3, can be prepared by a simple repetition of the 
operation. These three amines are closely analogous in 
their chemical character to ammonia, the points of- differ- 
ence becoming the more marked the greater the nmnber of 
(CH3 )’s in the molecule. Trimethylamine, having lost all 
its ammonia-hydrogen, cannot possibly act upon iodide of 
methyl like its analogues. What it really does is to unite 
■with the iodide into “iodide of tetramethyl-ammonium,”^ 
I.N(CH3)4, analogous to iodide of ammonium, INH4, ■'VC 
should say, if it were not the reverse, because the organic 
iodide (unlike its prototype, which is an ammoniiun 
compmmd only in theory), when treated "with moist oxide 
of silver (virtually with AgOH), really does yield a solution 
of a true analogue of caustic potash in the shape of 
hydroxide of tetramethyl-ammonium, N(CH3)4 . OH. 

In regard to the actual preparation of these several 
bodies, which is not so simple as might appear from our 
exposition of their mutual relations, we must refer to the- 
handbooks of organic chemistry. But -we must not omit 
to state that trimethylamine, which only the other day 
was never seen outside a chemical museum, is now being 
manufactured on a Jarge scale, and promises to play an 
important part in industrial chemistry. The waste liquors 
obtained in the distillation of alcohol from fermented beet- 
root molasses serve as a raw material for its preparation- 
These liquors, when evaporated to dryness and subjected 
to dry distillation, yield, besides tar and gases, an aqueous^ 
liquid containing large quantities of ammonia, acetonitrile, 
methyl-alcohol, and trimethylamine. This liquor is neutral- 
ized "ivith sulphuric acid, and distilled, when the nitrile- 
and the methyl-alcohol distil over, to be recovered by 
proper methods. From the mixed solution of the sulphates' 
of ammonia and trimethylamine the former is separated 
out as far as possible by crystallization ; the mother-liquor 
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is distilled wth lime ; the volatile bases are absorbed in 
hydrochloric acid ; the hydrochloric solution is evaporated; 
and the sal-ammoniac which comes out at first is, as far as 
possible, fished out. The last mother-liquor is evaporated 
to dryness, and in this form represents commercial 
trimethylamine hydrochlorate. It is this product which 
serves for the preparation of methyl chloride (vide stcpra), 
the process being founded upon the fact that a concentrated 
solution of the salt, when heated, breaks up 3HC1 . N(CH 3)3 
into 2 N(CH 3)3 trimethylamine-}- NHj. CH 3 HCI of 

liydrochlorate of monomethylamine and 20HoCl of methyl 
chloride. 

These processes are being carried out industrially by 
Vincent in France. But this base trimethylamine seems 
destined to do more than provide us wth a new refrigerat- 
ing agent. The attempt has been made — it would appear, 
with success — to utilize it for the preparation of pure 
carbonate of potash from native chloride of potassium, 
just as ordinary ammonia, in the famous ammonia-soda 
process, serves for the conversion of common salt into soda- 
ash. 

Methyl Cyanides. — There are two distinct bodies wliich, by com- 
position and by synthesis, are both CHa-l-NC; they are named 
“ acetonitrile ” (formerly called simply cyanide of methyl) and 
isocyanide of methyl or lucthylcacbamino respectively. 

Acetonitrile was discovered by Dumas in 1847. It may bo pre- 
pared by the distillation of a mixture of methylsulphato and of 
cyanide of potassium ; but is obtained more easily and in a purer 
state by distilling acetamide with phosphoric anliydride. Acetate 
of ammonia may bo used instead of the amide, but it does not work 
so well. 

CH3 . CO . 0(11 H J CH3 . CO . (NIL) CH, . CN 

Acetate of NIL Acetamide Nitrile 

- A (say). =. A - HjO , = A - 2H„0 . 

It is a colourless liquid of a pungent aromatic odour, with specific 
gravity '805 at 0°, and boils at 82^0. When heated with aqueous 
potash (at the wrong end of a condenser) it breaks up with for- 
mation of ammonia and acetate of potash. Whence wo conclude 
that the methyl is combined more dircotly with the carbon of the 
cyanogen, thus : 

NjC-CHa) -)-2H,0=.NH3-t-CH3. COOH. 

* Acetic add. 

This conclusion is supported by the action on the nitrile of nascent 
hydrogen, which leads to the formation of ethylamine, thus (llen- 
dius) : — 

NC— CH3 + 4II = H.3N— CTLCH3. 

EtliyUmlne. 

In either case we pass from a monocarbon to a dicarbon body, 
virtually from methyl to ethyl alcohol. 

The isocyanidq is prepare'd by heating iodide of methyl with 
cyanide of silver (CH3I ; 2NCAg) and ether in a .sealed-up tube to 
130“ to 140“, to produce the crystalline body AgNC-bNCCH3(and 
Agl). The double cyanide, when distilled with some water and 
cyanide of potassium, breaks up into its components, — the NCAg 
forming (NCl^AgK ; and the cyanide of methyl distils oyer. _ It is a 
colourless liquid, characterized by quite an unbearably irrigating and 
sickening smell. The specific gravity is '756 at 14“, the boiling point 
59“ C. It combines with hydrochloric acid into a crystalline salt 
which is readily decomposed by water into methylamine and formic 
acid. Whence we conclude that in this case the cyanogen is tied 
to the methyl by its nitrogen ; thus : — 

C{N— CH3} -p2H„0=.I-l . COOH -tNHa . CH3 . 

Formic acid. Mctliylamlne. 

The methyl here remains methyl, being sepamted by an N from the 
cyanogen-carbon, which latter passes into formic acid. 

We must not close this section without at least referring to 
the mct.liyl-phosiihincs, as being a set of bodies related to PH3 
(idiosphine) as the methylamines are to NH3 (ammonia), and similar 
to these in their chemical character, in so far as they are bases. 
The points of difference between the two series are of pretty much 
the saine sense as those between the tvyo prototypes. Thus, for 
instance, while trimethylamine N(OH3)3 is a strong base, but inert 
to oxygen gas, trimethylphosphine is a relatively feeble base, 
but ill contact with air greedily absorbs o.xygen with formation of 
an o.xide P(CH3)30, the like of which in the nitrogen series has no 
existence* 

Sulphur Compounds 0/ —Substances analogous to methyl- 
alcohol and methyl-ether respectively can be obtained by the dis- 
tillation of methyl sulxihate of potassium with strong solutions of 


the potassium sulphides KHS and K„S respectively. The body 
^ 7 V - I o,s methyl-mercaptane, the other (CH.d,S as 

i .Both are very volatUe stinking liquids 

Sulphide of methyl claims a special interest as being the stMting 
point for the preparation of an important class of bodies called 
trymethyl sulpbino compounds. The sulphide (CHaloS readily 
unites with the iodide CH.,I into crystals of iodide of trimethyl 
sulpliine, (0113)30 , 1, a substance which is closely analogous in its 
chemical character to the iodide of teti’amethyl-amnionium. Moist 
® ^^^’B'stanee, converts it into a strongly basic hydrate, 
OH, winch in its avidity for acids almost beats its analo"on 
in the nitrogen family. An investigation of its salts was published 
by Crum Brown and Blaikie. 

Me/hyl Mraeiudes.— Arseniferous bases constituted like n]ono- or 
di-inethylamiue (bodies such as AsHoCHa, analogous to NHa. CH3) 
do not seem to exist. Wiiat we do know of are — (1) a trimethyl- 
arsiuc and the iodide and the hydroxide of tetramethylarsonium, 
— As(CH 3)3, As(CH3)4l, and As(CH3),OH, — bodies discovered by 
Cahours and Riche; (2) a whole series of monomethylic bodies, 
AsfCIDXo (where X = C1, Br, orX2=0,S), discovered by Baeyerin 
■ 1857 ; (3) the kakodyle comppuiids, a series of bodies, As(CH3)2 . X 
or As(CH3).j. X.3, which were discovered and investigated by R. Bunsen 
in 1842. This great investigation marks an epocli in the history of 
organic chemistry, and our article would not be complete without at 
least a shortpunimary of its results. Bunsen started in his investiga- 
tion with a liquid which had been obtained by Cadet as early as 1760, 
by the dry distillation of equal parts of wliite arsenic and anhydrous 
acetate of potash, and which nobody cared to investigate because 
it emits fumes wliich liave an indescribably sickening smell and an 
intensity of poisonous action, compared with wliich that of white 
arsenic itself appears insignificant. It was reserved for Bunsen to 
iittaek this awful substance and force it to give an account of itself. 
Accoiding to Bunsen, Cadet’s liquid is substantially an oxide, 
(AsCjHs)^©, which has strongly basic properties, readily exchang- 
ing its 0 for Cl„, &c. To obtain the pure substance, the liquor is 
distilled with corrosive sublimate and hydrochloric acid, which in 
Uio first instance yields the pure muriate of the base As(CH3).3Cl, 
ill the form of a liquid volatile above 100“ into vapoui's which take 
fire spontaneously in air. From this chloride of kakodyle the pure 
oxide is obtained by distillation with caustic potash. The pure 
oxide emits no fumes; its specific gravity is 1'462; it boils near 
150°. A mixture of its vapour with air detonates at 50“ C. From 
the chloride again, Bunsen obtained the free radical kakodyle, 
(AsCjI'Da, by treatment with metallic zinc in a special apparatus, 
so constructed tliat all the several operations involved could he 
carried out without bringing the contents in contact with air, — 
a necessary precaution, because kakodyle is a liquid which takes 
fire in air spontaneously even at ordinary temperatures. Pure 
kakodyle is a lieavy colourless liquid boiling at about 170“ C., and 
freezing at - 6“. When c.xposed to oxygen or chlorine it suffers 
destructive combustion ; but on slow access of air it is oxidized into 
its oxide, (AsCjHj)^©, and kakodylic acid; with chlorine water it 
unites into the chloride which it came from ; it also unites directly 
with sulphur and other elements ; in short, it is e.xactly to kako- 
dyle compounds wliat potassium is to potash and potash salts, 
“a true, organic element,” as Bunsen himself put it. This dis- 
covery of Bunsen’s was greeted with an enthusiasm which it is 
dilHcidt in these days to realize. With us now, a radical is 
intrinsically a fiction ; it was different in 1842. By the isolation 
of kakodyle the “radical” notion suddenly rose from an unproved 
hypothesis to the rank of a theoiy based on experiment. Still, 
however much our theoretical notions may shift, Bunsen’s research 
will stand as a piece of monumental scientific work. 

Kakodylic acid. As . 0 . (CHala . OH, is most conveniently pre- 
pared from the oxide by addition of water and oxide of mercury, 
Il20-I-2Hg0 supplyingthe H3H-03 required for HAsCaHsloO. This 
is a crystalline monobasic acid, soluble in water. Unlike tlie 
kakodylides of tlie As. X^ type, it has no .smell, and is no very 
violent poison. It takes six grains of it to kill a rabbit. 

Metallic d/cf/tidcs.— Examples of these are— Sb(CH3)3; Sb(CH3)B; 
Mg(CH3)„ ; Zn(CH3)3 ; Pb(CH3)3; ARCHa).., ; 80(0113)4 . To give an 
idea of the chemical character of this interesting class of bodies we 
choosQ zinc-methyl as a representative example, and state briefly 
the chief points of its chemical history. Tliis body was discovered by 
Fi-aiikland in 1849. It Is prepared by boiling iodide of methyl over 
"ranulated zinc in a flask connected with an inverted condenser, and 
«) contrived otherwise that the contents are protected against access 
of moisture and oxygen. Under these circumstances the two in- 
gredients gradually unite into a non-volatile and solid compound 
IZn . (CH3). When this body is heated with more of iodide of 
methyl, it undergoes decomposition, with formation of wdide qt 
zinc and of dimethyl gas, I — Zn — CHj-f CHjI-qZuL-ffCHslj, 
which reaction to some extent takes place uiiavoidaljiy in tlie pre- 
paration of tho zinc salt, however great an excess of metal niay be 
taken. What survives needs only to be subjected to dry distillation 
(in the absence of air) to yield a distillate of zinc-methyl: 

2l — Zn — CH3 = Znij -I Zn(CH3)3 . 
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Zinc-metliyl is a colourless liquid of 1 -386 specific gr.wty at 10°‘5, 
whicb boils at 46“ C. ; in contact with air it takes fire. Water 
decomposes it at once into hydiute of oxide of zinc and marsh gas, 
Zn(CH 3 )j'=Zn(OH),+ 2 CH 3 H. Of other reactions the following 
may be named. ( 1 )' AMien digested nuth sodium, it j-ields a precipi- 
tate of metallic mnc, and a double compound of itself and sodium- 
methyl. This latter unites readily witii carbonic .acid into acetate 
of soda, NaGH 3 -t-CO,=CH 3 — GO-OiSra (Wanklyn). (2) With 
chloride of .acetyl it' forms acetone, Zn{CH 3 )j+ 2 GH 3 . CO. Cl= 
ZnCL-}- 2 C 0 (CH 3 ) 3 (l?reund). (3) Under somewhat different condi- 
tions* including the presence of an excess of Zn{CH 3 ),, a compound 
is produced which with water, yields tertiary butyl-alcohol (Boutle- 
row): 

C0(GH3)..-fZn(GH3)„=G(GH3)3. 0. ZnCHs^A; 

A -f 2H . OH = Zn(0H)2 - 1 - GH 4 + - OH . 

■ Tertiary .alcohol. (W. D.) 

j^IETRONOSIE, an instrument for denoting the speed 
at tvhicli a musical composition is to be performed. Its 
invention is generally, but falsely, ascribed to Johann 
Nepomuk Maelzel, a native of Eatisbon (1772-1838). It 
consists of a pendulum swung on a pivot ; below the pivot 
is a fixed weight, and above it is a sliding weight that 
regulates the velocity of the oscillations by the greater or less 
distance from the pivot to which it is adjusted. The silent 
metronome is impelled by the touch, and ceases to beat 
when this impulse dies ; it has a scale of numbers marked 
on the pendulum, and the upper part of the sliding weight 
is placed under that number which is to indicate the 
quickness of a stated note, as M.il. (ilaelzel’s Metronome) 
<= 1 = 60, or • = 72, or •^= 108, or the like. The number 60 

implies a second of time for each single oscillation of the 
pendulum, — numbers lower than this denoting slower, and 
higher numbers quicker beats. The scale at first ex- 
tended from 50 to 160, but now ranges from 40 to 208. 
A more complicated metronome is impelled by clock-work, 
makes a ticking sound at each beat, and continues its action 
till the works run down; a still more intricate machine 
has also a bell which is struck at the first of any number 
of beats willed by the person who regulates it, and so 
signifies the accent as weU as the time. 

The earliest instrument of the kind, a weighted pendulum 
of variable length, is described in a paper by Etienne LouIi6 
(Paris, 1696 ; Amsterdam, 1698). Attempts were also 
made by Eubrayg (1732) and Gabory (1771). Harrison, 
who gained the prize aw'arded by the English Government 
for his chronometer, published a description of an instru- 
ment for the purpose in 1775. Davaux (1784), Pelletier, 
Abel Burja (1790), and Weisko (also 1790) described 
their various experiments for measuring musical time. In 
1813 Gottfried Weber, the composer, theorist, and essayist, 
proposed a weighted ribbon graduated by inches or smaller 
divisions, which might be held or otherwise fixed at any 
desired length, and would infallibly oscillate at the same 
speed so long as the impulse lasted ; this, the simplest, is 
also the surest, the most enduring, the most portable, and 
the cheapest invention that has come before the rvorld, 
and one can but wonder that it has not been universally 
accepted. Stockel and ZmeskaU produced each an instru- 
ment ; and Maelzel made some slight modification of th.at 
by the former, about the end of 1812, which he announced 
as a now invention of his own, and exhibited from city to city 
on the Continent. It was, as nearly as c.an be ascertained, 
in 1812 that Winkel, a mechanician of Amsterdam, devised 
a plan for reducing the inconvenient length of all existing 
instruments, on the principle of the double pondidum, rock- 
ing on both sides of a centre and balanced by a fixed and a 
vari.able weight. Ho spent three years in completing it, 
and it is described and commended in the Eeport of the 
Ketherlnnds Academy 0 / Sciences, August 1 1, 1815. ilaelzcl 
thereupon went to akmsterdam, saw Winkel and inspected 
his invention, and, recognizing its great superioritj' to what 
he called his own, offered to buy all right and title to it. 
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Winkel refused, and so Maelzel constructed a copy of the 
instrument, to which he added nothing but the scale of 
numbers, took this copy to Paris, obtained a patent for it 
and in 1816 established there, in his o%vn name, a mami- 
factory for metronomes. "When the impostor revisited 
Amsterdam, the inventor instituted proceedings against 
him for his piracy, and the Academy of Sciences decided 
in Winkel’s favour, declaring that the graduated scale was 
the onl)' point in which the instrument of Maelzel differed 
from his. MaelzePs scale was needlessly and arbitrarily 
complicated, proceeding by twos from 40 to 60, by threes 
from 60 to 72, by foui-s from 72 to 120, by sixes from 120 
to 144, and by eights from 144 to 208. Dr Crotch con- 
structed a tim^measurer, and Henry Smart (the violinist, 
and father of the composer of the same name) made another 
in 1821, both before that received as Maelzel’s ^vas knomi 
in England. In 1882 James Mitchell, a Scotsman, made 
an ingenious amplification of the Maelzel clock-work, 
reducing to mechanical demonstration what formerly rested 
wholly on the feeling of the performer. Although 
“ Maelzel’s metronome ” has universal acceptance, the silent 
metronome and still more Weber’s graduated ribbon are 
greatly to be preferred, for the clock-work of the other is 
liable to be out of order, and needs a nicety of regulation 
which is almost impossible ; for instance, when Sir George 
Smart had to mark, the traditional times of the several 
pieces in the Dettingen Te Deum, he tested them by twelve 
metronomes, no two of which beat together. The value of 
the machine is exaggerated, for no living performer could 
execute a piece in unvaried time throughout, and no 
student could practise under the tyranny of its beat ; and 
conductors of music, nay, composers themselves, ndll give 
the same piece slightly slower or quicker on different 
occasions, according to the circumstances of performance. 

hlETSU, Gabriel, a Dutch painter of celebrity (born 
in 1630, died after 1667), is one of the few artists of 
renown in Holland whose life has remained obscure. 
Houbraken, who eagerly collected anecdotes of painters 
in the 18th century, n*as imable to gather more from the 
gossip of his contemporaries than that, as early as 1658, 
Metsu, at the age of forty-three, submitted to a dangerous 
surgical operation. The inference drawn by superficial 
readers from this statement has been that death immediately 
ensued. A more careful perusal would have shomi that 
Houbi-aken knew that Metsu had given lessons to De 
Iklusscher in 1665. ^ Local records now reveal that Gabriel 
was the son of Jacques Metsu, who lived most of his days 
at Leyden, where he was three times married. The last of 
these marriages was celebrated in 1625, and Jaconnna 
Garnijers, herself the widow of a painter, gave birth to 
Gabriel in 1630. Connected by both his parents with art, 
Metsu WTis probably taught first by his father and then by 
Gerard Dow. He probably finished his training under 
Eembrandt. So far back as 1648, but a few days earlier 
than Jan Steen, who is said to have painted his portrait, 
Metsu was registered in the painters’ corporation at Leyden; 
and the books of the guild also tell us that he remained a 
member in 1649. In 1 650 he ceased to subscribe, and works 
bearing his name and the date of 1653 give coimtenance to 
the belief that he had then settled at Amsterdam, where he 
continued his studies mider Eembrandt. His companions 
at the time would naturally bo Do Hooch and Van der 
Meer, whoso example ho soon followed when it came to Ins 
turn to select the class of subjects for which his genius 
fitted him. Under the influence of Eembrandt he pro- 
duced the 'Woman Taken in Adultery, a largo picture with 
the date of 1653, in the Louvre, in which no one would 
suspect the painter of high life or taverns were it not that 
his name is written at full length on the canvas. The 
artist who thus repeated the gospel subjects familiar to 
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general rising throughout Germany, he expressed in his 
despatches no distrust of the power of Austria to cope 
with Napoleon. This is the more singular because, 
after the disastrous issue of the campaign of 1809, 
Metternich seems to have taken .credit for having 
opposed the policy of war. Napoleon again captured 
Yienna ; the battle of 'Wagram was lost ; and after a long 
negotiation Austria had to purchase peace by the cession 
of part of Austrian Poland and of its Dlyrian provinces. 
Metternich, who had virtually taken Count Stadion’s place 
immediately after the battle of Wagram, was now installed 
as minister of foreign affairs. The first striking event 
that took place under his administration was the marriage 
of Marie Louise, daughter of the emperor Francis, to his 
conqueror Napoleon. To do justice to Mettemich’s policy 
it must be remembered that the alliance of Tilsit between 
France and Kussia was still in existence, and that Austria 
was quite as much threatened by the czar’s designs upon 
Turkey as by Napoleon’s onm aggressions. Metternich 
himself seems, in spite of his denials, to have been the real 
author of the family union between the houses of Hapsburg 
and Bonaparte, — a most politic, if not a high-spirited 
measure, which guaranteed Austria against danger from 
the east, at the same time that it gave it at least some 
prospect of security from attack by Napoleon, and enabled 
Metternich to mature his plans for the contingency of an 
ultimate breach between France and Russia. In 1812 this 
event occurred. Metternich, in nominal alliance with Napo- 
leon, sent a small army into southern Russia, allonfing it to 
be understood by the czar that the attack was not serious. 
Then followed the annihilation of the French invaders. 
While Prussia, led by its patriots, declared war against 
Napoleon, Metternich, with rare and provoking coolness, 
held his hand, merely stating that Austria would no longer 
regard itself as a subordinate ally, but would act with all its 
force on one side or the other. The result of this reserve 
was that Metternich could impose what terms he pleased on 
Russia and Prussia as the price of his support. The armies 
of these two powers, advancing into central Germany, 
proved no match for the forces with which Napoleon took 
the field in the spring of 1813 ; and the hard-fought battles 
of Liitzen and Bautzen resulted in the retreat of the allies. 
After the combatants had made an armistice, Met- 
temich tendered Austria’s armed mediation, requiring 
Prussia to content itseK with the restoration of its territory 
east of the Elbe, and leaving Napoleon’s ascendency in 
Germany almost untouched. Napoleon, after a celebrated 
interview with Metternich, madly rejected terms so favour- 
able that every Prussian writer has denounced Mettemich’s 
proposal of them as an act of bitter enmity to Prussia. 
On the night of the 10th of August the congress of Prague, at 
which Austria, as armed mediator, laid down conditions of 
peace, was dissolved. Metternich himself gave orders for 
the lighting of the watch-fires which signalled to the 
armies in Silesia that Austria had declared war against 
Napoleon. The battle of Leipsic and the campaign of 
1814 in France followed, Metternich steadily pursuing the 
policy of offering the most favourable terms possible to 
Napoleon, and retarding the advance of the allied armies 
upon the French capital Metternich had nothing of that 
personal hatred towards the great conqueror which was 
dominant both in Prussia and in England j on the contrary, 
though he saw vrith perfect clearness that, until Napoleon’s 
resources were much diminished, no one could be safe in 
Europe, he held it possible to keep him in check without 
destroying him, and looked for the security of Austria in 
the establishment of a balance of power in which neither 
Russia nor France should preponderate, while Prussia 
mould be strictly coi^ned within its own limits in northern 
Germany. The assistance of the Austrian army, which 


was no doubt necessary to the allies, had, so far as related 
to Prussia, been dearly purchased. When, at the beginninf' 
of 1813, Prussia struck for the freedom of Germany, its 
leading statesmen and patriots had hoped that the result 
of the war of liberation would be the establishment of 
German unity, and that the minor German princes, who 
had been Napoleon’s vassals since 1806, would be forced to 
surrender part of their rights as sovereigns, and submit to 
a central authority. This dream, however, vanished as 
soon as Austria entered the field as an ally. It was no 
part of Metternich’s policy to allow anything so revolu- 
tionary as German unity to be estabh'shed, least of all 
under the influence of Prussian innovators. He made 
treaties with the king of Bavaria and Napoleon’s other 
German vassals, guaranteeing them, in retmm for 'then- 
support against France, separate independence and sove- 
reignty when Germany should be reconstructed. Accord- 
ingly, though the war resulted, through Napoleon’s 
obstinate refusal of the terms successively offered to him, 
in the limitation of France to its earlier boundaries and in a 
large extension of Prussia’s territory, the settlement of 
Germany outside Prussia proceeded upon the lines laid 
down by Metternich, and the hopes of unity raised in 
1813 were disax)pointed. A German confederation was 
formed, in which the minor sovereigns retained supreme 
power within their own states, while the central authority, 
the federal diet, represented, not the German nation, but 
the host of governments imder which the nation was 
divided. Metternich even advised the emperor Francis of 
Austria to decline the old title of German emperor, dis- 
liking any open embodiment of the idea of German unity, 
and preferring to maintain the ascendency of Austria by 
a gentle pressure at the minor courts rather than by the 
avowed exercise of imperial rights. In this unprogressive 
German policy Metternich was completely successful 
His great opponent, Stein, the champion of German unity 
and of constitutional systems, abandoned his work in 
despair, and refused the useless post of president of the 
diet, which ilettemich, with a kind of gentle irony, offered 
to him. 

The second branch of ^lettemich’s policy in 1813-14 
was that which related to Italy. Following the old maxiins 
of Austrian statesmanship, Metternich aimed not only at 
securing a large territory beyond the Alps but at makwg 
the influence of Austria predominant throughout the Italmn 
peninsula. The promises of national independence which • 
had been made to the Italians when they were called upon 
to rise against Napoleon were disregarded. In the secret 
clauses of the first treaty of Paris the annexation of both 
Lombardy and Yenetia was guaranteed to Austria, and the 
rest of Italy was divided into small states as of old. 
Napoleon’s return from Elba led to the downfall of Murat, 
who had been allow-ed to retain the kingdom of Naples, and 
to the reimion of this country with Sicily, under the Bourbon 
Ferdinand. After the second overthrow of Napoleon, 
Metternich endeavoured to make every Italian sovereign 
enter into a league under Austria’s presidency, Ferdinand 
of Naples accepted the position of vassal, but the pope and 
the king of Sardinia successfidly maintained their inde- 
pendence. With the construction of the German federation, 
and the partial construction of an Italian federation, loth 
under Austria’s guidance, the first part of Mettenuchs 
career closes. He had guarded Austria’s interests with 
great skill daring the crisisof 1813 and 1S14. It was not 
his own faidt, but the faidt of ages, that Austria’s inter^ts 
were in antagonism to those of German and of Italian 
nationality. He thought as an Austrian, and as nothing 
else ; his task was to serve the house of Hapsburg, and this 
he did with signal ability and success. To denounce 
Metternich as a kind of criminal, according to the practice 
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have absolute monarchy restored. The proceedings of 
the congress at Laibach -were a farce. A letter was 
concocted by Metternich for King Ferdinand to send to 
hia subjects, informing them that the powers Avould not 
permit the constitution to exist, and that, in default of 
their submission, the allied courts would employ force. 

- The British Government, while protesting against the joint 
action of the three powders as an assumption of international 
sovereignty, w’as perfectly willing that Austria, as a state 
endangered by the Neapolitan revolution, should act on 
its omi account. Metternich, however, continued to treat 
the Neapolitan question as the affair of Europe, and 
mamtained his concert with Russia and Prussia. Early 
in 1821 an Austrian force, acting in the name of the allies, 
entered central Italy. The armies opposed to it col- 
lapsed, and the Austrians entered Naples on March 24. 
But in the meantime a revolution broke out in Pied- 
mont, which threatened to cut off the Austrians from 
their supports, and to raise all Italy against them. For a 
moment the bold action of Metternich seemed to have 
resulted in immense danger both to his own conservative 
policy and to the peace of Europe ; for it was believed that 
the Piedmontese revolution would be answered, not only 
by a general Italian movement, but by a rising against 
the Bourbons in France. The cloud, however, passed away. 
Order was quickly restored in Piedmont ; Lombardy was 
safely held by Austrian garrisons ; and the conclusion of 
the Italian difficulties, in which Metternich had played a 
very difficult part with great resolution and dexterity, was 
his complete and brilhant personal triumph. No statesman 
in Europe at this moment held a position that could com- 
jiare with his own. 

At the congress of Verona, held in 1822, the affairs of 
Spain were considered by the powers. In the end, the 
Spanish constitution was overthrown by a French invading 
army ; but, though the arm employed was that of France, 
the principle of absolutism which animated the crusade 
was that which Metternich had made his owai. A severe 
check, however, now met him in another quarter. Greece 
had risen against Turkish rule in 1821. The movement 
-was-essentially a national and a religious one, but Metternich 
treated it as a Jacobinical revolt against la^rful authority, 
— confusing, or affecting to confuse, the struggle for national 
independence with the shallow and abortive efforts of politi- 
cal liberalism in Italy and Spain, iletteruich’s attitude 
towards the Greeks was for some time one of unqualified 
hostihty. If, under the pressure of the Tilsit alliance, he 
had once been wiUing that Austria should join Russia in 
dismembering Turkey, he had now reverted to the principle 
of maintaining Turkey at all costs against a Russian 
advance southwards ; and he attributed the Greek move- 
jnent to the efforts of Russian agitators unauthorized by 
the czar. Elis deshe was that the sultan should deprive 
Russia of ah. possible cause for complaint as regarded its 
own separate interests, and so gain freedom to deal sum- 
marily with the Greeks. Metternich’s hopes failed, partly 
through the obstinacy of the Turks, partly through the 
wavering conduct of Alexander, and partly 'through the 
death of Castlereagh and the accession of Canning to 
power. It was in great part owing to Canning’s moral 
support that Greece ultimately became an independent 
state ; and the extraordinary violence of Metternich’s 
language whenever he mentions this English statesman 
marks only too rvell the opposite character of his aims. 
No politician has left a more damning record against 
himself than Metternich in his bigoted abusS of Canning. 
The Greek question, however, was only the first on whi^ 
the judgment of events was now beginning to declare itself 
against Metternich and all his principles. The French 
revolution of 1830 shattered the moral fabric which he 
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had so proudly inaugurated, and in great part himseli 
raised, in 1815. The accord that grew up between 
England and Prance now made any re\ival of the 
kind of presidency that he had once held in Europe 
impossible. He was indeed bold and rapid in' throw- 
ing troops into tlie papal territory wffien revolutionary 
movements broke out !here in 1831 and 1832, though war 
rvith France seemed likely to residt from this step. He 
was as unsparing as he had been in 1819 in suppuessiug the 
agitation which after 1830 spread from France to Germany; 
and the union of the three eastern courts was once more 
exhibited in the meeting of the monarchs which took place 
at Miinchengriitz in 1833, and in a declaration dehvered at 
Paris, insisting on their right of intervention against 
revolution in other countries. It was, however, the new 
czar of Russia, Nicholas, wffio was now' the real head of 
European conservatism; and the stubborn character, the 
narrow, unimaginative mind, of this prince made it 
impossible for Metternich to shape his purposes by that 
dehcate touch which had been so effective with his pre- 
decessor. But in Austria itself Metternich continued 
■without a rival. In 1835 the emperor Francis, with 
whom he had worked for nearly thirty years, died. 
Metternich, himself falling into the mental habits of old 
a"e, remained at the head of the state tiU 1848. The 
revolution of that year ended his political career. He 
resigned office with the dignity of demeanour w'hich had 
never failed him ; his life w’as scarcely safe in Vienna, and 
the old man came for a while to England, which he had 
not visited since 1794. Living on till June 1859, he saw 
every great figure of his earher life, and many that had ap- 
peared on the horizon since his own prime, pass away; and 
a few more months of life would have enabled him to see 
the end of that political order which it had been his life- 
work to uphold ; for the army of Napoleon ELL was crossing 
the Sardinian frontier at the moment when he died, and 
before a second summer had gone Victor Em manuel had 
been proclaimed king of Italy. 

Metternich w'as a diplomatist rather than a statesman. 
His influence was that of an expert manager of individuals, 
not of a man of great ideas. All his greatest work was 
done before fifty ; and at an age when most statesmen are 
in the maturity of their powers he had become tedious 
and pedantic. His private character was very lovable. 
He was an affectionate if not a faithful husband, a 
delightfid friend, and a most tender father. The e.x- 
cessive egotism which runs through his wTitings gives 
perhaps an impression of weakness which did not really 
belong to his nature. Drawn by a firmer pen, the scene 
in which he describes himself labouring in the German 
conferences of 1820, while his favomite daughter was dying 
in an adjoining room, would have been one of the most 
affecting things in political biography. The man who 
could so have worked and felt together must have possessed 
no ordinary strength of character, no common force of self- 
control. 

The collection of hletteinich’s wiitings published by his family 
under the title of Dcnkicurdigkciiai, along with kiench and 
English editions, contains letters and despatches of great value. 
The autobiography is not always trustworthy, and must be i ead w ith 
caution. Gentz’s correspondence is of first-rate importance for the 
years 1813-30. Original papers are also contained in various 
German works upon particular events or movements, as m 
Oncken for the negotiations of 1813 ; Welcker, Aegidi, Nauwerck 
for German affairs in 1819 and following years ; Prokesch von 
Osten for Eastern .affairs. ‘ (C. A. F.) 

METZ, the capital of German Lorraine, and one of the 
strongest fortresses in Europe, is situated at the confluence 
of the Moselle and the Seille, 80 miles to the north-w’est 
of Strasburg, and 190 miles to the east of Paris. It is 
the seat of a military governor, the judicial and administra- 
tive authorities of Lorraine, a Roman Catholic bishop>- 
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Protestant and Jewish consistories, and a chamber of com- 
merce, The general appearance of the to\\-n is quaint and 
irregular, but there are also many handsome modern streets. 
The Moselle flows through it in several arms, crossed by 
fourteen or fifteen bridges. In the south-west comer of 
the touTi is the esplanade, an extensive open space com- 
manding a fine view of the fertile “ Pays Messin ” around 
iletz. The most interesting of the ten city gates is the 
Porte d’Allemagne or Deutsches Thor, a castellated structure 
erected in 14J5, and still bearing traces of the siege of 
Charles V. Metz contains seven Eoman Catholic churches. 
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t\yo Protestant churches, and a synagogue. The cathedral 
•with huge pointed -windows, slender columns, and numerous 
flying buttresses, was begun in the 13th century, and 
finished in 1546, and belongs to the decadence of the 
Gothic style. The Gothic churches of St Vincent and St 
Eucharius, and the handsome garrison-church, completed 
in 1881, also deserve mention. Among secular buildings 
the most important are the large covered market, the 
to%vn-hall, the palace of justice, the theatre, the govemoPs 
house, and the various buildings for military purposes. 
The public library contains 35,000 volumes, including an 
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1. Palace of Justice. 2. Prefecture. S. Cathedral. 4. Town-HaU and Goremor's House. 


extensive collection of works relating to the history of 
Lorraine. In the same building is the museum, which 
contains a picture gallery, a numismatic cabinet, and a 
collection of specimens of natural history. Metz also 
posses-ses several learned societies and" charitable institu- 
tions, a gymnasium, three seminaries, and a military 
academy. The cemetery of Chambiiire contains the graves 
of 8400 French soldiers who died here in 1870. 

The commerce and industry of Metz have not yet 
entirely recovered from the blow inflicted by the ivith- 
drawal of French capital in 1871. The principal articles 
of manufacture are leather, coarse cloth and canvas, gun- 


powder, arms, needles, billiard tables, hats, and artificial 
flowers. There are several large iron-works in the neigh- 
bourhood. The trade of Metz is chiefly carried on in 
leather, timber, wine, brandy, liqueurs, beer, presented 
fruits, and hardwares. A large annual fair is held here. 
The ci-ril population of Metz, which in 1869 amounted 
to 48,066, sank in 1872 to 33,134. Since then it has 
steadily increased, and in 1881 was 43,275, about half 
of whom were Germans. The garrison of Metz consists 
of 10 000 men, or including the surrounding forts 
nearly 16,000. The total of 58,813 includes 17,000 Pro- 
testants and 1600 Jews, 
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Sislorj. — 3Ietz, the Gallic Divodumic, was the chief town of the 
lleJioniatrici, and was also called by the Eomans irediomatri(^ a 
name from which the present form has been derived by contraction. 
Cssir describes it as one of the oldest and most imTOrtant towns 
in GanL The Romans, recognizing its strategical imjwrtance, 
fortified it and snpplied it with water by an imposing aqueduct, 
the remains of which still eiist. Under the Roman emperors Metz 
was connected by military roads with Tool, Langres, Lyons, Stras- 
burg, Verdun, Rheims, and Treves. Christianity was introduced 
in the 3d century of our era. In the middle of the 5th century 
the town was plundered by the Hnns under Attila ; subsequently 
it came into the possession of the Franlts ; and in 512 it was made 
the capital of Austrasia. On the partition of the C'arolingian 
realms in 843 Metz fell to the share of the western Idngdoni as 
the capital of Lorraine. Its bishops, whose creation reaches back to 
the 4th century, now began to be very powerfuL Metz acquired 
the privileges of a free imperial town in the 12th century, and 
attained great commercial prosperity. In 1552 it fell into the 
hands of the French through treachery, and was heroically and 
successfully defended against Charles V. by the young duke of 
Guise. It now sank to the level of a French provincial town, and 
its jiopulation dwindled from 60,000 to 22,000 (16SS). At the 
]>eace of VTestphalia iletz, with Tool and Verdun, was fonnaUy 
ceded to France, in whose posses.=ion it remained for npwanls of 
two centuries. In August 1870 the successes of the German troops 
compelled Marshal Bazaine and the French army of the Rhine 
to Seek shelter behind the fortifications of Metz, which was forth- 
'.vitb subjected by the Germans to a rigorous blockade. After an 
investment of ten we-eks, during which not a single shot was fired at 
the town, Bazaine capitulated, surrendering to the victors an army 
of nearly 180,000 men, several hundred cannon, and an immense 
quantity of military stores of all kinds. By the peace of Frankfort 
in 1871 iletz was again united to the German empire, ilarshal 
Fabert and Generals Ciistine and Kellermann were natives of iletz. 

As a fortress iletz has always been of the highest impoftance, 
and it now ranks with Strasburg os one of the twq great bulwarks 
of the west frontier of Germany. The original town-walls were 
replaced by ramparts in 1550, and the ciudel was built in 1566. In 
1674 the works were reconstructed by the celebrated military 
en^neef Vauhan. Under Napoleon 111. the fortress was strength- 
ened to meet the demands of modem warfare, and since 1S71 the 
Grnnans have spared neither time nor money in completing and 
sajiplementing his plans. The present fortifications ol iletz con- 
sist of two lines — an inner circle of bastions and ramparts enclosing 
the city itself, and an outer circle of large detached forts on the 
snrrounding hills. The inner line is strengthened by two citadels, 
one of which is advanced as a tete-de-pont on tiie leit bank of the 
iloselle. The outer circle consists of nine or ten large forts, con- 
nected with each other by smaller forriScations and commanding 
all the approaches to the city. They form a large fortified camp 
with a circumference of 15 miles, within which are twelve villages 
and numerous counny-houses and farms. The most distant of 
the outlying forts is about Zh miles from the cathedral. Their 
names and positions may be seen on the anneied plan. Previous 
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ilEULEN, Astont Feascls tax dzh (1634—1690), 
was called to Paris about 1666 by Colbert, at the instance 
of Le Bran, to fill the post of battle painter to Louis XIV. 
Bom in 1634 at Brussels, he had at an early age eclipsed 
his master Peter Snayers, and the works executed by him 
for the king of France during the campaigns of Flanders 
(1667) 50 delighted Louis that from that date Yan der 
Meulen was ordered to accompany him in all his expedi- 
tions. In 1 673 he was received into the French Academy, 
and attained the grade of councillor in 1681. Lodged in 
the Ciobelins, richly pensioned, and loaded with honours, 
he died at Paris in 1690. Detached works from his hand 
are to be seen in various collections, but he is best repre- 
sented by the series of twenty-three paintings, mostly 
executed for Louis AJ.V., now in the Louvre. They show 
that he always retained his Flemish predilections in 
point of colour, although in other respects his style was 
modified by that of the French schqpL 
See Mem. inedii. Acad, de Peirdure, 1854 ; Descamps, Vies des 
Piintres FlaiTutTids. 

ilEURTHE-E'^ 'MOSELLE, a department in the north- 
east oLF”' *"6, to. 'n 1871 out of those parts of the 


old departments of Meurthe and Moselle which continued 
French, and deriving its name from the two principal rivers 
which water it. Prior to 1790 it belonged to ancient 
Lorraine, or to one or other of the bishoprics of Toni, Metz, 
and Verdun. It lies between 5’ 25' and 7“ o' E. long, 
and 48’ 25' and 49’ 5' N. lat., and is bounded on the E. 
by Alsace-Lorraine, on the X. by Belgium and the grand- 
dnehy of Luxemburg, on the W. by the department of 
Meuse, and on the S. by that of Vosges. 'The superficial 
area is 2020 square miles. Geologically 3Ieurthe-et- 
Moselle has five well-marked regions following each other in 
regular succession from east to north-west. On the frontier 
of Alsace are the Vosges mountains, of Trias sandstone 
(yres Yosgiens), with a maximum elevation of 3000 feen 
A narrow band of variegated .sandstone divides the Vosges 
from the second region, formed of shelly limestone, which 
extends as far as the Meurthe on the north and the Moselle 
on the west. The third region is formed by the variegated 
marls which cover the rich saline strata of the neighbour- 
hood of Nancy. The Jura limestones of the Lias and 
Oolite, to the north-west and west of the department, form 
the last two regions. Here there is a maximum elevation 
of 1400 feet, and the plateau of Briey stretches out towards 
that of the Ardennes. Between the Vo.-ges and the 
Ardennes the valley of the Moselle runs from south to 
north, forming the main artery of the dej^artment; the 
lowest level (570 feet) occurs where the river leaves it.- 
Only a small {jart of the drainage of Meurthe-et-JIoselle 
flows into the MeUsC. 'The Moselle runs north-west from 
its entrance into the dejjartment as far as Toni ; north-east 
from Toni to Frouard, where it receives its principal 
aSuent, the ileurthe, and becomes navigable ; north from 
Froimrd to Pagny-snr-Moselle, passing to Pont a Mousson. 
The principal affluents of the iloselle are the Madon and 
the Orne on the left, and on the right, besides the Meurthe^ 
the Seille, which in one p>art of its course forms the 
boundary of Alsace-Lorraine. ”1116 Meurthe, which flows 
j to the north-west from Eaon I’^tape to Frouard, passes on 
I to Baccarat, Luneville, St Nicholas, and Nancy, and is 
I swelled on the right by the Vezouse and the Sanon, and 
• on the left by the Mortagne. 'The princijjal tributary of 
, the ileuse within the department is the Chiers, which takes 
j its course by Longwy and Longnyon. Climatologically 
; Meurthe-et-Moselle belongs to the Vosgian region. Its 
] mean annual temperature is 52’ Fahr., being 2' Fahr. 

lower than that of Paris (which has the same latitude), 
i 'The thermometer in severe winters falls to 13' Fahr., 

J while in summer it reaches 100’ Fahr. .'This is to be 

■ accounted for by the general elevation of the depiartment, 
the proximity of the mountains, the arrangement of the 
valleys (which lie open towards the north), and the dis- 

. tance from the sea. 

More riian half of the department consists of cultutaolc land, one- 
; fourth of forests, and one-tenth of meadow land. In 1878 there 
I were 54,346 horses, more than 100,000 sheep, 85,000 pfigs, 74,000 
I cattle, 15,000 goats, 21,000 dogs, and 17,000 hives of bees. The 
j crops for the same year amonuted to 454,192 quarters of wheat, 
j 37,500 quarters of b^ley, 35,073 quarters of rye, 570,884 quartets 
; of oats, 9,079,125hushel3 of potatoes, ami 76,868 tons of beet-root. 

( Hops, tobacco, colza, hemp, and flax also occupy a considerable 
j area. The anumil yield of the vineyards (56square mQes in extent) 

. exceeds £900,000 ; the wines of Toul are the best. The most 
, common frmt {tees are the pear, the apple, the walnut, the cherry, 

I and the pinm. Of forest trees the oak and the wych-elm are meet 

■ “ *be west of the department, the beech and the fir in 
i Yosges. The French school of forestry has its seat at Nancy. 

I The metalinrgic indastrv is highly develoned, and has made verv 
I rapid progress rrithin the last few yearsf Even in 1872 there 
I was a consumption of 350,000 tons of coal, four-fifths of which 
, came Dom Saarbrnck, and the remaining fifth from Belgium. In 
; 1377 the iron ore obtained amounted to 1,000,000 tons, of which 

^^o-thir^ cams from the beds near Nancy, the remainder from 
n^ghbourhoed of Longwy. In 1880 the department jirodneed 
. a third of the pig-iron made in France (more than 5CO,000 tons). 
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In 1877_ the yield was 43,000 tons. Besides hlast-furnaces, forges, 
an'l rolling-mills, there are manufactories of files and boring tools, 
agricultural implements, and furniture. In the production of salt 
the department holds the first rank in France ; the salt-bearing 
tracts cover more than 150 square miles, the beds having a mean 
thickuessof 65 feet. The principal salt-working centres (St Nicolas, 
Varangeville, and Rosieres-au.x-Salines) lie between Nancy and 
Luneville ; the annual value of rock-salt and refined salt produced 
e.xceeds £500,000; subsidiary to this production is an important 
manufacture of soda .salts. The other chemical products are 
prussiate of potash, bone-black, wa-x-candles, soap, and matches. 
Stone quarrying and the manufacture of plaster and lime are also 
important branches of industry. The flint-glass manufactory of 
Baccarat, which employs nearly 1500 workmen, is well known ; 
that of plate-ghuss at Cirey (tvith 1000 workmen) produces plates 
of great size. The faience manufactories of Luneville, Touf, and 
Longwy are important. Mention may also be made of the 
manufacture of window-glass, watch-glasses, and drinking-glasses. 
The tobacco manufacture at Nancy employs 1000 workmen; tan- 
ning, glove-making, hat-making in felt and straw, wool-spinning, 
and the manufacture of army clothing are also carried on. Nancy 
is renowned for its embroidery, which is, however, diminishing 
in importance. It also possesses factories for cotton spinning 
and cotton stuffs, and for hosiery. The starch manufactories and 
the breweries, especially that of Tantonville, the largest in France, 
are highly productive. Nancj' also carries on distilleries, grain- 
mills, paper-mills, manufactories of pasteboard objects, and a large 
printing estiblishment. The commerce of the department is effec- 
tively served by 300 miles of railway (the principal line being tha"'. 
from Paris to Strasburg through Nancy), by a number of good roads, 
and by several navigable rivers and canals. The main waterway 
is formed by the canal between the Marne and the Rhine, which 
runs by Toni and Nancy, and traverses the department from west 
to east. This canal communicates with the Moselle, which is navig- 
able from Frouard downwards, and mth the new eastern camu, 
which reascenrls the Moselle as far as Spinal, and which is intended 
to unite the Meuse and the Moselle with the Sa&ne and the Rhone. 
The population of Jleurthe-et-JIoaelle in 1881 was 419,317 in- 
habitants. It constitutes the diocese of Nancy, has its court of 
appeal at Nancy, and forms a part of the district of the 6 th aiuiy 
corps (Chalons-sur-Marne). There are 4 arrondissements (Nancy, 
Briey, Luneville, and Toul), 29 cantons, and 697 communes. The 
capital is Nancy, and the other principal towns are Pont h ilousson, 
formerly the seat of a university ; Loug^vy (5004), a fortified place ; 
and Baccarat (6013), celebrated for its glass-works. 

ilEUSE, ilAESE, or ilA-VS, a river of France, Bel^um, 
and Holland, discharging into the North Sea or German 
Ocean, has a course (variously measured) of some 500 or 
550 miles, about 300 miles lying within France. Kising in 
,the department of Haute-ilame (1342 feet), at a point 
where the plateau of Langres borders on the Monts Faucilles, 
it follows a winding course, first from south to north, then 
to north-west, and afterwards to north, across the depart- 
ments of Vosges, Meuse, and Ardennes, passing by 
Neufchateau, Yaucouleurs, Commercy, )St Mihiel, Verdun, 
Sedan, ileziferes, and Givet. Naturally navigable below 
Verdun, it has been made so from Troussey, where it meets 
the canal which unites the Marne to' the Ehine, and from 
this point to Lidge it admits vessels of from 6 to 7 feet 
draught. After traversing a wide valley covered by green 
meadows, the ileuse, below Mdzieres, flows through narrow 
gorges confined between rocky walls 200 or 300 feet high, 
formed by tbe plateau of the Ardennes. The hills of the 
Argonne, by which it is hemmed in on its upper course, 
prevent, its receiving any important affluent before the 
Chiers and the Semoy, which both fall into it on the right 
in the Ardennes. At the point where it leaves France its 
ordinary volume is about 1000 cubic feet. In Belgium it 
runs picturesquely between the districts of Famenne and 
Condroz on the right, and those of Les Fagnes and Heshaye 
on the left. Above Dinant^ it receives the Lesse, whose 
valley is celebrated for its wonderful grottoes, and at the 
foot of the citadel of Namur it is joined on the left by its 
principal affluent, the Sambre, whose north-easterly direction 
it takes. It then takes its course through the busy valley 
in which Huy, Seraing, and Liege are situated, receiving 
the Ourthe on its right. Eesuming a northerly direction, 
then taking one to the north-west, and finally one to the 
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west, .the Meuse passes in front of the Dutch citadel of 
Maestricht to Eoermonde, so called from its confluence 
there with the Boer, and to Venlo, where the canal between 
the Meuse and the Scheldt begins. Flowing thence through 
an absolutely unbroken plain, it finally joins the Ehine, to 
which it gives its own name, although the volume of' its 
waters is twenty times less than that of the German river. 
It is at Gorcum that the 'VVaal, the first separate arm of 
the Ehine, brings to the Meuse two-thirds of the waters 
of that river. The Meuse soon after divides into two 
branches. While the Merwede flows due west, the southern 
arm falls into the Biesbosch, an estuaiy of the sea, formed 
four hundred and fifty years ago by an irruption of the sea 
over a country then cultivated and thickly peopled, and now 
the subject of attempts at reclamation. On reaching 
Dordrecht, where the river navigation and sea navigation 
meet, and where the rafts wluch come down from the 
Black Forest are broken up, the Meuse again divides into 
two arms. Tbe Old Meuse flows due west, while the 
northern arm joins the Lek, a second branch of the Ehine, 
and continues its course to Eotterdam. This is the most 
important branch of the estuary of the Meuse, and efforts 
are being made to regulate and deepen its channel by con- 
structing one of those grand canals in which the Dutch 
are so skilful. Schiedam and Vlardingen, both on the 
right, are the last places of importance on the hanks of 
the river. 

MEUSE, a department in the north-east of France, 
formed out of a part of Lorraine and portions of the Three 
Bishoprics, the Clermontais, and Champagne, derives its 
name from the river by which it is traversed from south 
to north. It lies between 4° 52' and 5° 50' E. long., and 
between 48° 25' and 49° 38' N. lat., and is bounded on 
tbe N. by Belgium and the department of Ardennes, on 
the E. by that of Meurthe-et-Moselle, on the S. by 
those of Vosges and Haute-Marne, and on the W. by 
those of Marne and Ardennes. Of its superficial area (2405 
square miles), about one-half belongs to the basin of the 
3Ieuse, which is enclosed to the east and west by the 
eastern and western Argonnes. On the north-east it is 
watered by the Orne, a tributary of the Moselle, and the 
Chiers, which runs by Montm^dy, and joins the Meuse a 
little beyond the northern limit of the department. The 
other h^ sends its waters to the Seine through the Aire, a 
tributary of tbe Aisne, both of which take their rise here, 
and by the Ornain, an affluent of the Saux, these two last 
being tributary to the Marne. The Meuse receives no 
important river in its course through this department. The 
highest elevation (1388 feet) occurs to the south-west, on 
the line of the ridge which separates the basin of the 
Meuse from that of the Seine. The heights gradually sink 
from south to north, but seldom fall below 1000 feet. The 
hills of the western Argonne similarly sink rapidly do^vn to 
the valley of the Saux, where the lowest level of the 
department (377 feet) is reached. The climate of Meuse 
is transitional between the region of the Seine and that of 
the Vosges; its 'winters are less severe than those of the 
latter, but it is not so temperate as the former. The mean 
annual temperature is 52° Fahr. As at Paris, the maximum 
cold is 9° Fahr.; the greatest heat rarely exceeds 95° 
Fahr. 

More than half the surface of the department consists of cultur- 
able lands, one-fourth of forest, one-tenth of meadow land. Tlie 
proportion of horses is larger than in any other French depart- 
ment, except La Manche. There are 53,800 horses, 90,000 cattle, 
145,000 sheep, 125,000 pigs, and nearly 30,000 beehives. Cereals, 
potatoes, and beet-root are the chief crops (in 1877 465,966 quarters 
of wheat, 104,660 quarters of barley, 585,355 quarters of oa^ 
7,677,-374 bushels of potatoes, besides pulse, hemp, and colza). Ine 
vineyards produced more than 6,600,000 gallons of \vine or "ooo. 
quality. The forests, which are xrrincipally of oak, are lach m 
game, as are the rivers in fish. The mineral wealth of the depart- 
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raont includes iron ore, good freestone, and fossil phosphates of lime. 
There are blast-furnaces, iron, copper, and bell foundries, wire- 
works, and manufactories of files, hardware, and edge tools. The 
cotton-spinning factories employ 15,000 spindles and 32,000 frames ; 
the woollen manufacture employs 5000 spindles, and some hundreds 
of persons are employed in the spinning and weaving of hemp,_llax, 
and jute. The glass-works (particularly the manufactory of painted 
window-glass, transferred after the war of 1870 from Metz to Bar- 
ic- Due), paper-mills, saw-inills, and flour-mills, as well as the 
manufactures of lime, tiles, and fire-bricks, are worthy of mention. 
Hosiery and embroider}' also give occupation to a great number of 
workshops, and the department is celebrated for its confectionery. 
Meuse contains more than 300 miles of railway,— the principal lines 
being that from Paris to Strasburg through Bar-lo-Duc and Com- 


mercy, that from Paris to Metz through Verdun, and the branch 
line to the Meuse. The chief waterways are the canal connectmg 
the Marne with the Rhine, and the canal of the Meuse ; the two 
together have a length of 146 miles. Thu population of the depart- 
ment in 1881 was 289,861,— a small number in proportion to 
its extent, and with a tendency to decrease. Ecclesiastically it 
forms tlie diocese of Verdun ; it has its court of appeal at Nancy, 
and constitutes part of the district of the army corps of Clidlons- 
sur-Mamc. There are 4 arrondissenicnts, — Bar-le-Duc, Comniercy, 
Montniddy, and Verdun, — 28 cantons, and 586 communes. Bar- 
le-Duc (population in 1881, 17,485) is the capital ; Comniercy 
has 5260 inhabitants and Jlontmedy 3000 ; St Mihiel (5915), on 
the Meuse, has good churches and some remarkable rocks, and is 
the scat of the departmental assize court. 


M E X 

I. ANCIENT MEXICO. 

T he name Mexico is connected with the name of the 
group of American tribes calling themselves Mexica 
(sing. Mexicali), or Azteca. The word is related to or 
derived from the name of the ilexican national war-god 
Me.xitl, better known as Huitzilopochtli. The Aztecs from 
the 12th century appear to have migrated from place to 
place over the mountain-walled plateau of Anahuac, the 
country “ by the water,” so called from its salt lagoons, and 
which is now known as the valley of Mexico. About 1325 
they founded on the lake of Tezcuco the permanent settle- 
ment of Mexico Tenochtitlan, which is still represented by 
the capital city Mexico. The name Mexico was given by 
the Spanish conquerors to the group of countries over 
which the Aztec power more or less prevailed at the time 
of the European invasion. Clavigero (Storia Antica del 
Messico, vol. i.) gives a map of the so-called “Mexican 
empire,” which may be roughly described as reaching from 
the present Zacatecas to beyond Guatemala ; it is notice- 
able that both these names are of Mexican origin, derived 
respectively from words for “ straw " and “ wood.” Eventu- 
ally Mexico and New Mexico came to designate the still 
vaster region of Spanish North America, which (till cut 
down by changes which have limited the modern republic 
of Mexico) reached as far as the Isthmus of Panama on 
the south and took in California and Texas on the north. 
Mexico in this wide sense is of high interest to the 
anthropologist, from the several native American civiliza- 
tions which appear within its limits, and which con- 
veniently if loosely group themselves round two centres, 
the Mexican proper and the Central American. 

When early in the 16th century the Spaniards found 
their way from the West India Islands to this part of the 
mainland of America, they came in view of nations cultured 
high above the level they had hitherto met with in the New 
World. Here were not rude and simple tribes like the 
islanders of the Antilles, but nations with organized armies, 
official administrators, courts of justice, high agriculture 
and mechanical arts, and, what struck the white men 
especially, stone buildings whose architecture and sculpture 
were often of dimensions and elaborateness to astonish the 
builders and sculptors of Europe. How a population of 
millions could inhabit a world whose very existence had 
been till then unknown to geographers and historians, and 
^ how its nations could have reached so high a grade of 
barbaric industry and grandeur, was a problem' which 
naturally excited the liveliest curiosity of scholars, and gave 
rise to a. whole literature. Hernandez and Acosta shared 
the opinion of their time that the great fossil bones found 
in Mexico were remains of giants, and it was argued that, 
as before the deluge there'were giants on the earth, there- 
fore Mexico was peopled from the Old World in ante- 
diluvian/ times. On the other hand the multitude of 
native American languages suggested that the migration 
to America took place after the building of the tower of 
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Babel, and Siguenza arrived at the curiously definite result 
that the Jlexicans were descended from Naphtuhim, son of 
Mizraim and grandson of Noah, who left Egypt for ilexico 
I shortly after the confusion of tongues. iVlthough such 
I speculations have fallen out of date, it is to be remembered 
I in their favour that they were stepping-stones to more valid 
, argument ; especially they induced the collection of native 
traditions and invaluable records of race.s, languages, and 
. customs, which otherwise would have been lost for ever, 
j Even in the present century Lord Kingsborough was led 
I to spend a fortune in printing a magnificent compilation of 
Mexican picture-writings and documents in his Anliqiiides 
I of Mexico by his zeal to prove the theory advocated by 
i Garcia a century earlier, that the ilexicans were the lost 
I tribes of Israel. 

j Beal information as to the nations of Mexico before 
j Spanish times is very imperfect, but not altogether want- 
I ing. It is derived partly from inspection of the natives 
1 themselves, their languages and customs, which may bo 
now briefly considered, before going on to the recollections 
handed down in the native picture-writings and oral tradi- 
tions. The’ remarks made by the accurate and experienced 
observer Alexander von Humboldt, who had seen more 
American tribes than almost any traveller, are still entitled 
to the greatest weight. He ' considered the native 
Americans of both continents to be substantially similar 
in race-characters. Such a generalization will become 
sounder if, as is now generally done by anthropolo- 
gists, the Eskimo with their xryramidal skulls, dull 
complexion, and flat noses are removed into a division 
by themselves. Apart from these polar nomads, the 
American indigenes group roughly into a single race 
or division of mankind, of course with local variations. 
If our attention is turned to the natives of klexico especi- 
ally, the unity of type will be fmmd particularly close. 
The native population of the plateau of Mexico, mainly 
Aztecs, may still be seen by thousands without any trace of 
mixture of European blood ; and the following description 
may give a fair idea of their appearance. i Their stature is 
somewhat low, estimated about 5 feet 3 inches, but they 
are of muscular and sturdy build. Measurements of their 
skulls show them mesocephalic (index about 78), or inter- 
mediate between the dolichocephalic and brachycephalic 
(narrow and wide skulled) types of mankind. The face is 
ovalj with low forehead, high cheek-bones, long eyes 
sloping outward towards the temples, fleshy lips, nose wide 
and in some cases flattish but in others aquiline, coarsely 
moulded features, with a somewhat stolid and gloomy 
expression. Thickness of skin, masking the muscles, has 
been thought the cause of a peculiar heaviness in the out- 
lines of body and face ; the complexion varies from yellow- 
brown to chocolate (about 40 to 43 in the anthropological 

^ References may be found in Bancroft, Native Maces of the Pacific 
States, vol. i. pp. 24, 573, 618, 646. 
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scale); cyea black; straight coarse glossy black hair; 
beard and moustache scanty. Among variations from 
thia type may be mentioned higher atature in some districts, 
and lighter complexion in Tehuantepec and elsewhere. If 
now the native .!Vmerican.s be compared with the races of 
the regions across the oceans to their east and west, it will 
be .aeen that their unlikcness is e.xtreme to the races east- 
ward of them, whether white Europeams or black .:ifrican.s. 
On the other liand they are considerably like the ilongoloid 
peoples of N^orth and East ^bsia (Icas so to the Polynesian-.); 
so that the tendency among anthropologists is now generally 
to admit a common origin, however remote, between the 
tribes of Tartary and of America. This original connexion, 
if it may be accepted, would .seem to belong to a long-past 
period, to judge from the failure of all attempts todi.-cover 
an affinit}' between the languages of America and Asia. 
At whatever date the Americans began to people America, 
they raust have had time to import or develop the numerous 
families of languages actually found there, in none of which 
ha:, community of origin been .-atisfactorily proved with 
any other language-group, at home or abroad. In ilexico 
it-^elf the languages of tlie Xahua nation.s, of which the 
Azttc L the be-st-known dialect, .=how no connexion of 
origin with the language of the Otomi tribes, nor either of 
thfce 'with the language,:, of the regions of the ruined cities 
of Central America, the Quiche of Guatemala and the ifaya 
of Yucatan. Indeed, vrithin the ilexican limits, there are 
various other languages which, so far as philological 
research can at pra-erit decide, are independent of one 
another. The remarkable phenomenon of nations so 
oimilar in bodily make but .so di-jtinct in language can 
Lardly be met except by ••juppo'.ing a long periwl to have 


intere.-5t to the question of Asiatic influence in America is 
that, though neither the evidence of features nor of language 
has substantiated it, there are details of ilesdcan civilization 
which are mo.st easily accounted for on the snppo.sition that 
they svere borrowed from Asia. They do not seem ancient 
enough to have to do svith a remote Asiatic origin of the 
nations of America, but rather to be results of comparatively 
modem intercourse between Asia and America, probably 
since the Cliri-stian era. Humboldt ( Fiie.s cfes Cordillefea, 
pi. xxiii.) compared the Merdcan calendar with that in use 
in eastern .tisia. The Mongols, Tibetans, Chinese, and 
other neighbouring nations have a cycle or series of tsvelve 
animals, viz., rat, bull, tiger, hare, dragon, serjjent, hor.se, 
goat, ape, cock, dog, pig, which may possibly be an imita- 
tion of the ordinary Babylonian-Greek zodiac familiar to 
our.-,elves. The Mongolian peoples not only count their 
lunar months by these sign.s, but they reckon the successive 
days by them, rat-day, bull-day, tiger-day, <tc., and also, 
by combining the twelve signs in rotation ivith the ele- 
ments, they obtain a means of marking each year in the 
sixty-year cycle, as the wood-rat year, the fire-tiger year, kc. 
This method is highly artificial, consisting, not in mere 
numbering, but in combining series of different terms so 
that the same combination does not recur till the end of 
the period. Thus the reappearance of its principle in the 
ilexican and Central-American calendar (see j) 212) is sug- 
gestive of importation from Asia. Humboldt also discussed 
the Mexican doctrine, represented in the native pictures, of 
four ages of the world belonging to w’ater, earth, air, and 
fire, and ending respectively by deluge, earthquake, tempfe>t, 
and conflagration. The resemblance of this to some 
versions of the Hindu doctrine of the four ages or yuga is 


elapsed since the country wa.s fir.st inhabited by the j of so remarkable a closeness as hardly to be accounted for 
anr^estors of people.-, whose language has since p)a.«sed into except on the hyimthesis that the Me.xican theology con- 
different forms. The original {.eopling of America may j tains ideas learnt from Asiatics. Among Asiatic points of 
well date from the time when there was continuous land , re-.emblance to which attention has since been called Ls 
between it and Asia. , the Me.xican belief in the nine stages of heaven and hell, 


It would not follow', however, tliat between these remote 
ages and the time of the discovery of the Hew World by 
CoUunbus no fre.',h immigrants can have reached America. 
We may put out of the que..tion the Scandinavian sea- 
ro'.erswho .-.ailwl to Greenland about the 10th century, and 
appear afterwards to have coa..te<l Hew England (see 
AiiKUic-t, voL i. p. 706), but do not seem to have found their 
w.iy far enough .southward for their visit to have any effect 
on 3Iexico. But at all times communication has been open 
from £a-.t A-?ia and even the .South .Sea islands to the west 
coast of .\merica. The importance of this is evident when 
we con.'.ider that Japanese junks now drift over by the 
ocean current to California at the rate of about one a year, 
often with .-.ome of the crew still alive (.see C. W. Brooks in 
Bancroft, vol. v. p. .51 ; Oierlnnll Monlldy, San Francisco, 
1B72, p. 3.63). Further north, the iVleutian islands offer 
a line of ea.ty -.ea pas.-nge, while in north-east Asia, near 
Behring’s Strait, live Chukchi tribes who cany on inter- 
cour.=e vrith the .tHnerican side ; the piresence of Jaskimo in 
thL part of Asia (see Hordenskidld, Toy. ofVeyayvol. ii.pp. 13, 
81) is .so plainly due to local migration that it Ls neglected 
in comparing the languages of the two continents. Asiatics 
such as .Japanese or Kurile Islanders, if they found their 
way in small numbers to America and merged into native 
tribes, might hardly leave de.scendants distinguLshable 
from the re.t of the population even in the first genera- 
tion, nor introduce their os'/n language. .Such assertions as 
tliat the Guatu.so.s of Costa Rica are a tribe with fair .skin 
and flaxen hair, and that Japanese words may be detected 
among the Indians of British Columbia, are e-xamples of 
eridence '.vhich may be v/orth further sifting ; but in an 
account like the present no proofs can be admitted imless far 
better authenticated than these. What gives a more solid 


an idea which nothing in nature would suggest directly to 
a barbaric people, but which corre.sponds to the idea 
of successive heavens and hells among Brahmans and 
Buddhists, who apparently learnt it (in common -with our 
o%vn ancestors) from the Babylonian-Greek astronomical 
theory of succe-'S-ive stages or concentric planetary .spheres 
belonging to the planets, ic. The Spanish chronicle.s 
also give accounts of a ^Mexican game called palolli, played 
at the time of the conquest with coloured stones moved 
on the .squares of a cro.-s-shaped figure, according to the 
throws of beans marked on one side ; the descriptions of 
this rather complicated game corre.spond clo.sely Mith the 
Hindu backgammon called pachisi (see Tylor in J(mr. 
Anthrop. Irut., vol. viii. p. 116).^ 

The native history of Mexico and Central America is 
entitled to more respect than the mere recollecrions of 
savage tribes, inasmuch as here memory was aided by 
something like written record. The Me.xican pictures so 
far apiproached writing proper as to set down legibly the 
names of persons and places and the dates of events, v/hile 
the rude drawings which accompanied these at least 
helpied the professional historians to remember the tradi- 
tions refieated orally from generation to generation. Thu.s 
actual documents of native iVztec histo ry, or copies of 

^ The api)cn(lix to Pre.-JCott’s Cowjuesl of contains an 

interesting summary of analogies between the civilization of Mexico 
and that of the Old World, but some of the arguments are very incon- 
clusive. One which ha.s been often cited turns on the likeness alleged 
hr yaxera between the Chinese language and that of the Otomi nation 
of Mexico (whose name survives in that of their to-svn Otomp^, now 
Otnmba). The examination of an Otomi grammar (such a-j ia‘-in£nU 
de la Grammaire Olhomi, Paris, 1803) vrill hoy. ever, 
philological reader that the resemblance is hardly of an amount to 
found a tlieory of a Chinese connexion upon- 
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them, are still open to the study of scholars, while after 
the conquest interpretations of these were drawn up in 
writing by Spanish-educated Mexicans, and histories 
formded on them with the aid of traditional memory were 
written by Ixtlilxochitl and Tezozomocj the most important 
of these picture-writings, interpretations, and histories may 
be found in Kingsborough’s AiUv£uities of Alexico. In 
Central America the rows of complex hieroglyphs to be 
seen sculptured on the ruined temples probably served 
a similar purpose up to the time of the Spanish invasion. 
The documents purporting to be histories, written down 
by natives in later times, thus more or less represent real 
records of the past, but the task of separating the preponder- 
ant mythical part from what is real history is of the utmost 
difficulty. Among the most curious documents of ^rly 
America is the Popol- Vuh or national book of the Quiche 
kingdom of Guatemala, a compilation of traditions rvritten 
dorvn by native scribes, found and translated by Father 
Ximenez about 1700, and published by Scherzer (Vienna, 
1857) and Brasseur de Bourbourg (Paris, 1861). This 
book, composed in a picturesque barbaric style, begins 
with the time whqn there was only the heaven with its 
boundaries towards the four winds, but as yet there was 
no body, nothing that clung to anything else, nothing that 
balanced itself or rubbed together or made a sound ; there 
was nought below but the calm sea alone in the silent 
darkness. Alone were the Creator, the Former, the Euler, 
the Feathered Serpent, they who give being and whose name 
is Gucumatz. Then follows the creation, when the creators 
said “Earth,” and the earth was formed like a cloud or a fog, 
and the mountains appeared like lobsters from the water, 
cypress and pine covered the hills and valleys, and their 
forests were peopled with beasts and birds, but these could 
not speak the name of their creators, but could only chatter 
and croak. So man was made first of clay, but he was 
strengthless and senseless and melted in the water ; then 
they made a race of wooden mannikins, but these were 
useless creatures mthout heart or mind, and they were 
destroyed by a great flood, and pitch poured down on them 
from heaven, those who were left of them being turned 
into the apes still to be seen in the woods. After this 
comes the creation of the four men and their wives who 
are the ancestors of the Quiches, and the tradition records 
the migrations of the nation to Tulan, otherwise called the 
Seven Caves, and thence across the sea, whose waters were 
divided for their passage. It is worth while to mention 
these few early incidents of the national legend of 
Guatemala, because their Biblical incidents show how 
native tradition incorporated matter learnt from the white 
men. Moreover, this Central- American document, mythical 
as it i.s, has an historical importance from its bringing in' 
names belonging also to the traditions of Mexico proper. 
Thus Gucumatz, “ Feathered Serpent,” corresponds in name 
to the Mexican deity Quetzalcoatl ; Tulan and the Seven 
Caves are familiar words in the Aztec migration-traditions, 
and there is even mention of a chief of Toltecat, a name 
plainly referring to the famed Toltecs, of whom further 
account will be given in their place in Mexican history. 
Thus the legends of the Popol- Vuh confirm what is learnt 
from comparing the culture of Central America and Mexico 
, proper, that, though the nations of these districts were not 
connected by language, the intercourse and mixture 
between them had been sufficient to implant in them much 
common civilization, and to justify the anthropologist in 
including both districts in one region. Historical value of 
the ordinary kind may be found in the latter part of the 
Popol- Vuh, which gives names of chiefs down to the time 
when they began to bear Spanish names, and the great city 
of (^uich^ became the deserted ruin of Santa Cruz. The 
Maya district of Yucatan has also some vestiges of native 


traditions in the manuscript translated by D. Pio Perez- 
(in Stephens, Incidents of Travel in Y'ucatan) and in the 
remarkable 16th century Pelacion de las Gosas de Yucatan- 
by Diego de Landa, published by Brasseur de Bourbourg 
(Paris, 1864). As in the Guatemala traditions, we hear 
of ancient migration from the Mexican legendary region 
of Tula ; and here the leaders are four famous chiefs or 
ancestors who bear the Aztec name of the Tutul-Xiu, which 
interpreted means “Bird-Tree.” Unfortunately for the 
historical standing of these four ancestors, there are in the 
Aztec picture-writings representations of four trees each 
with a bird perched on it, and placed facing the four 
quarters, which make it probable that the four Tutul-Xiu of 
tradition, in spite of the circumstantial detail of their wars 
and migrations, may be only mythic personifications of the 
four cardinal points (see Schultz-Sellack in Zeitsch.f. Ethn., 
1879, p. 209). Nevertheless, part of the later Maya records 
may be genuine, — ^for instance, when they relate the war 
about three centuries before the Spanish conquest, when the 
king of Chichen-Itza destroyed the great city of Mayapan. 
Though the names and dates of Central-American native 
kings have too little interest to general readers for traditions 
of them to be dwelt on here, they bring into view one im- 
portant historical point, that the wondrous ruined cities of 
this region are not to be thought monuments of a perished 
race in a forgotten past, but that at least some of them 
belong to history, having been inhabited U23 to the conquest, 
apparently by the very nations who built them. 

Turning now to the native chronicles of the Mexican 
nations, these are found to be substantial dated records 
going back to the 12th or 13th century, with some vague 
but not worthless recollections of national events from times 
some centuries earlier. These last-mentioned traditions, 
in some measure borne out by linguistic evidence of names 
of places, tribes, and persons, point to the immigration of 
detachments or branches of a wides 2 )rpad race speaking a 
common language, which is re 2 )resented to us by the 
Aztec, still a spoken language in Mexico. This language 
was called nahuatl, and one who spoke it as his native 
tongue was called nalmatlaeatl, so that modern anthro- 
pologists are following native precedent wlien they use the 
term Nahua for the whole series of peoples now under 
consideration.^ Earliest of the Nahua nations, the Toltecs 
are traditionally related to have left their northern home 
of Huehuetlapallan in the 6th century ; and, though this 
remote date cannot be treated as belonging to genuine 
history, there is other evidence of the real existence of the 
nation. Their name Toltecatl signifies an inhabitant of 
Tollan, “ land of reeds,” a place which, as has been already 
pointed out, appears elsewhere in the national traditions of 
this region, and has a' definite geogra2Jhical site in the 
present Tulan or Tula, north of the valley of Anahuac, 
where a Toltec kingdom of some extent seems to have had 
its centre. To this nation is ascribed not only the oldest 
but the highest culture of the Nahua nations; to them 
was due the introduction of maize and cotton into Mexico, 
the skilful workmanship in gold and silver, the art of build- 
ing on a scale of vastness still witnessed to by the mound of 
Cholula, said to be Toltec work ; the Mexican hierogly 2 Jhic 
writing and calendar are also declared to have been of 
Toltec origin. With the Toltecs is associated the mystcrio^ 
tradition of Quetzalcoatl, a name which presents itself in 
Mexican religion as that of a great deity, god of the air, 
and in legend as that of a saintly ruler and civilizer. His 
brown and beardless worshi 2 »per 3 describe him as of another 
race, a white man with noble features, long black hair and 
full beard, dressed in flowing robes. He came from TuUan 

* It should ba noticed that this word is not etymologically con- 
nected with the somewhat similar word Anahuac, of wliicli tlie mean- 
ing is given at page 206 . 
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or from Yucatan (for the stork-a differ widely), and dvvelt 
twenty ycara ainong fheni, teaching men to follow his 
auatero and virtuoua life, to liate all violence and .war, to. 
sacrifice no men or be;wt.s on the alUirs, hut to give mild 
ofrering-s of bread and liowers and perfumes, and to do 
penance by the votaries dmwing blood with thorns from 
their own bodies. Legend tell.s .stories of his teaching men 
picture-writing and the calendar, and ako the artistic work 
of the silversmith, for which Cholula was long famed ; but 
at last he departed, .some .‘cvy towards the unknown land of 
'L’lapallan, but others to Coatzacualco on the Atlantic coast 
on the coniines of Central America, where native tradition 
.still kcep.1 up the divine names of Gucumatz among the 
Quiches (.^ee p. *208) and Cukulcan among tlie Mayji,s, the.se 
name.s having the .-'.uno me;ining sm Quetrsdcoatl in Aztec, 
viz., “ L’e,itherud SerpenL" Xative tradition held that 
when Quetralcoatl ruiched the Atlantic he .sent back his 
companions to tell the Cholu!an.s that in a future age his 
bretlircn, white men and bearded like him.self, .should land 
there from the se.a where the sun ri.se.s, and come to rule 
the country. That there is a Kcsis of reality in the Toltec 
trmlifion.s is .diown by the word tntUcutl having become 
among the later Aztecs a .siik'-tantive ."ignifying an artkt 
or .skilletl craft-iinan. It is further related by the .Me.xican 
hi.storians that the Toltec nation all but perished in the 
llth century by ye^irs of drought, famine, and pe.itilenoe, 
a few only of the .lUrvivors remaining in the laml, while the 
re.it migrated into Yucatan and fJiiatemala, where, as ha.s 
been alre.idy pointetl out, their name is commemorated in 
local records. After the Toltecs came the C'hichimec.s, 
wlioio name, derived from chichi, “tlog," i.s applietl to 
many rude tribes; the Chichimecs here in (piestion are 
raid to luve come from Ama<iuemec.m under a king named 
Xolotl, namra which being Aztec imply that the nation 
w“.ui N.ahu.i; at any rate they appear iifterwards a.s fu.iing 
with more culture(l Xahua nations in the neighUmrhood 
of Tezcuco. La.illy is reconled the .Me,tican immigration j 
of the seven nation.^, Xfwhimika, C'halca, Te])antca, 
Acfdhim, Tlahuica, Thucuilteca, Aztcca. This chuwificiition 
of tlie Xahuatlac tribes hms a meaning and value. It is 
true that Aztlan, the land whence the Aztecs traced their 
name and .source, cannot be identilial by gcograpliers, while 
the .story of the .separation of tlie seven nations at tlie place 
called Chicomoztoe or Seven Caves looks like national legend 
rather than real hLitory'. But the later .stages of the long 
.Aztec migration .seem historical, and tlie map of Mexico 
.still .shows the names of several .settlements recorded in the 
curioms migration-map publishwl by Gemelli Careri {Giro 
ild ifoiuhj, Akiiice, 1728) and commented on by Tlumboldt; 
among these local names are Tzonipanco, “ place of skulls," 
now Zumpango in the nortli of the .Mexican valley, and 
Cbapultepec, “grifcslnuiper hill," now a suburb of the city’ 
of .Mexico itself, wliero the Aztecs are recorded to have 
celebrated in 119.0 the festival of tying up the “bundle of 
years " and beginning a now cycle. The Aztees moving 
from place to place in Anahiuic found little welcome from 
the Naliua peoples already settled there, v/ho.ie own history 
wtis indeed one of inces.sant jealousy and quarrel. One of 
the first clear events of the Aztec arrival is their being 
made triljutarj’ by the Tepanecs, in who.se service or 
alliance they began to manifest their warlike prowess in 
the fight near Tepeyacac, where now .stands the famous 
shrine of Our Lady of Ouadalupc. Thus they overcame in 
arms the Acolhuas, their superiors in civilization, who had 
made Tezcuco a centre of prosperity and imi)rovement. 
By the 13th century the Aztecs by their ferocity had 
banded their neighbours together against them ; some 
were driven to take refuge on the reedy lake^ shore at 
Acoculeo, while others were taken as captives into 
Culhuacan, The king of this district was Coxcoxtii, 


who.ie name has gained nu undeserved reputation even in 
Lurope 08 “ Coxcox, the Mexican Noah,” from a scene in 
the native [licture-writing where his name appears together 
with the figure of a man floating in a dug-out tree, which 
has been mistaken even by Humboldt for a represen- 
tation of the Me.xican deluge-myth. Coxcoxtii used 
the help of the Aztecs against the Xochiinilco people, 
l)Ut his owji nation, horrified at their bloodthirsty sac- 
rifice of prisoners, drove tliem out to live for years in 
want and misery on the islands and swamps of the 
great salt lagoon, where they are raid to have taken to 
making their chinampaa or floating gardens of mud 
heaped on rafts of reeks and bru.sh, which in later times 
were so remarkable a feature of Me.xico. As one of the 
Aztec chiefs at tlio time of the founding of their city was 
culled Tenoeh, i.e., “Stone-cactu.s,” it is likely that from 
liim was derived the name Tenochtitlan or “Stone-cactus 
place.” AVritten a.s this name i.s in pictures or rebus, it ' 
probably suggested the invention of the well-known legend 
of a prophecy that the war-god’s temple should be built 
where a prickly pear wa.s found growing on a rock, and 
perchetl on it an eagle holding a serpent ; this legend is 
still commemorated on the coins of Alexico. Me.\ico- 
Tenochtitlan, founded about 1325, for many years after- 
wanls probably remained a cliLster of hut.s, and the higher 
civilization of the country was still to be found among the 
other nations, e.spccially among the Acolhuas in Tezcuco. 
The wars of tins nation with tlie Tepanecs, which went on 
into the 15th century, were merely destructive, but larger 
effects arose from the e.xpeditions under the Culhua king 
Acamapichtli, where tlie Aztec warriors were prominent, 
and which extended far outside the valley of Anahuac, 
Especially a foray southward to Quaulmahuac, now Cuer- 
navaca, on the watershed between tlie Atlantic and Pacific, 
caused the bringing of goldsmiths and other craftsmen home 
to Tenochtitlan, wliich now began to rise in arts, the Aztecs 
laying aside their rude garments of aloe-fibre for more 
costly clothing, and going out as traders for foreign 
merchandise. In the l-lth century the last gi-eat national 
struggle took place. The Acolhuas had at first the 
advantage, but Ixtlilxocliitl did not follow up the beaten 
Aztecs but allowed them to make peace, whereupon, under 
profe.s.sion.s of submi-ssion, they fell upon and racked the 
city of Tezcuco. The next king of Tezcuco, Nezahualcoyotl, 
turned the course of war, when Azcapuzalco, the Tepanec 
stronghold, was taken and the inhabitants .sold as slaves by 
the conquering Acolhuas and Aztecs ; the jilace thus de- 
graded became afterwards the great slave-market of Mexico, 

In this war wo first meet with the Aztec name Moteuezoma, 


ifterwards so famous in its Spanish form Montezuma. 
About 1 130 took place the triple alliance of the Acolhua, 
iVztcc, and Tepanec king.s, whose capitals were Tezcuco, 
Mexico, and Tlacopan, the latter standing much below the 
itlier two. In fact the Aztecs now became so predominant 
;liat the rest of native history may be fairly called the 
Aztec period, notwithstanding the picturesque magnificence 
ind intellectual culture which made Tezcuco celebrated 
mder Nezahualcoyotl and his son Nezahualpilli. AVhen 
;lie first .Moteuezoma was crowned king of the Aztec.s, the 
Mexican sway extended far beyond the valley plateau of 
ts origin, and the gods of conquered nations around had 
;heir .shrines set up in Tenochtitlan in manifest inferiority 
;o the temple of Huitzilopochtli, the war-god of the Aztec 
lonquerors. The rich region of Quaulmahuac became 
.ributary ; the Jliztec country was invaded southward to 
,ho Pacific, and the Xicalanca region to what is now Vera 
>uz. It was not merely for conquest and tribute that the 
ierce Mexicans ravaged the neighbour-lands, but they had 
L stronger motive ' than either in the desire to obtain 
nultitudes of prisoners whoso hearts were to be torn out 
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'by the sacrificing priests to propitiate a pantheon of gods 
-who well personified their bloodthirsty worshippers. Tlie 
'desire for war-captives as acceptable victims is related to 
have brought about an almost incredible agreement among 
nations of the hlexican alliance, that they should from 
time to time fight battles among themselves in order to 
provide prisoners for the altars. Thus there was something 
of the character of a religious war in the expedition made 
in 1469 under Axayacatl as far down the isthmus as 
Tehuantepec, whence the Mexican army came back with 
loads of rich plunder and thousands of captives, and the 
later ravaging of the Totonac region as far as the Atlantic, 
when the inhabitants were taken for sacrifice and their 
land recolonized by Aztecs. Ahuitzotl left the Aztec 
empire (as it is often somewhat ambitiously called) at the 
height of apparent power, but the cruel oppression of the 
subject regions had made their life almost unbearable, and 
the second Moteuezoma, coming to a rule already liable to 
break up from within, weakened it still more by upholding 
the class of chiefs or nobles against the common people 
who as warriors and traders had in great measure made 
the prosperity of the allied nations. The ^Mexicans had 
long tried to subjugate the stubborn little nation of Tlax- 
callan (Tlascala), which had obstinately held out, though so 
hemmed in that for years the people lived without salt, this 
being no longer to be had from the sea-coast. Moteuezoma 
made a last effort to crush them, but in vain, and when 
the Spaniards came they were there as ready-made allies 
planted on the high road to Mexico. From the date when 
the festival of the new cycle was first celebrated in 
Chapultepec six 52-year periods had passed when in 1507 
the new fire symbolizing the beginning of a now cycle 
was kindled for the last time on the breast of a human 
victim. Rumours of the coming of the Europeans may 
have before this date spread from Cuba, but in 1517 
Cordova touched in Yucatan, and in 1518 Grijalva was 
on the east coast of Mexico, and the Aztecs first met the 
white men, in whom they saw, partly with hope and partly 
\vith fear, the fulfilment of the prophecy that Quetzalcoatl 
should one day return. With the Spanish conquest under 
Hernando Cortes (see Cortes) the native history of Jlexico 
comes to an end. 

Civilization. 

Govern- While the prairie tribes of America lived under the loose 

ment. sway of chiefs and councils of old men, the settled nations of 
Mexico had attained to a somewhat highly organized government. 
This may be seen by the elaborate balance of power maintained in 
the federation of Mexico, Tezcuco, and Tlacopan, wliero each king 
was absolute in his own country, but in war or other public interests 
they acted jointly, with powers in something like the proportion in 
which they divided conquered lands and spoil, which was two-fiftlis 
each to Mexico and Tezcuco and one-fiftn to Tlacopan.' The suc- 
cessor of the Aztec king was customarily a chosen brother or nephew, 
the eldest having the first claim unless set aside as incompetent, 
and having to be a tried warrior; this mode of succession, which has 
been looked on as an elaborate practical device for securing practical 
advantages, seems rather to have arisen out of the law of choice 
among the descendants of the female line, found in American tribes 
of much lower culture. Something like this appears in the .succes- 
sion of kings of Tezcuco and Tlacopan, which wont to sons by the 
principal wife, who was usually of the Aztec royal family. . The 
Mexican chronicles, however, show instances of the king’s son suc- 
ceeding, or of powerful chiefs being elected to the kingship. The 
term republic is sometimes used to describe the little state of 
Tlascala, but this was in fact a federation of four chiefs, with an 
assembly of nobles. In the Zapotec district the IViyatao or high- 
priest of Zopaa was a divine ruler before whom all piostratcd them- 
selves with faces to the ground ; he was even too sacred to allow 
his foot to touch the earth, and was only seen carried in a litter. 
Palaces, The accounts given by the Spanish and native Mexican writers of 
&c. the courts and palaces of the native kings must be taken with some 
jeserve, from the tendency to use descriptive terms not actually 
untrue, but which convey erroneous ideas taken from European 
architecture ; thus what are called columns of porphyry and jasper 
supporting marble balconies might perhaps be better described as 
piers carrying .slabs, while the apartments and terraces must have 
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been more remarkable for number and extent than architectural 
gmiuleur, being but low one-storied buildings. The principal 
palace of Mexico consisted of hundreds of rooms and halls ranged 
round three open squares, with women’s apartments, granarie.s 
storehouses, menageries, aviaries, of such extent that one of the 
companions of Cortes records having- four times wantlercd about 
till he was tired, without seeing the whole. Not less remark- 
able was the palace of Tezcuco, surrounded with its groves and 
jileasure-garduns ; and, though now hardly anything remains of the 
buildings above ground, the neighbouring hill of Tezcotzinco still 
has its stone steps and terraces ; and the immense embankment 
carrying the aqueiluct-channel of hewn stone which supplied water 
to basins cut in the solid rock still remains to prove that the chron- 
iclers’ descriptions, if highly-coloured, were at any rate genuine. Till 
the last century the gigantic figures of Axa3'acatl .md his son Jlonte- 
zuma wero to be seen carved in the por2)hyry hill of Chapultepec, 
but these as well as the hanging gardens have been destroyed, and 
only the groves of ahuchucte (eyjiress) remain of the ancient beauties 
of the place. That iu the palace gardens flowers from the tierra 
caliento were transplanted, and water-fowl bred near fresh and salt 
pools lit for each kind, that all kinds of birds and beasts were kept 
ill well-appointed zoological gardens where there were homes even 
for alligators and snakes, — all this testifies, not merely to barbaric 
ostentation, but to a cultivatiomof natural history which was really 
beyond the European level of the time. From the jialaces and re- 
tinues of thousands of servants attached to the royal service may bo 
inferred at once the despotic power of the Mexican rulers and the 
heavy taxation of the people ; in fact some of the most remarkable 
of the picture-writings are tribute-rolls enumerating by hundreds 
and thousands the mantles, ocelot-skins, bags of gold-dust, bronze 
hatchets, loads of chocolate, &c. , furnished periodically by the tow ns. 

Below the king was a numerous and powerful class of nobles, the 
highest of whom {tlaioani) were great vas.sals owing little more than 
homage and tribute to their feudal lord, while the natural result 
of the unruline.ss of the noble class was that the king to keep them 
in check incrcascil their numbers, brought them to the capital as 
councillors, and balanced their influence by military and household 
officers, and by a rich and powerful merchant class. The nobles 
not only had 2>rivileges of rank and dignity, but substantial power 
over the plebeian or peasant class {macc/iualli), who submitted to 
much the same oppression and extortion at their hands as was 
customary in the Old World. The tenures of land in Mexico were 
those generally appearing in barbaric countries where invasion and 
military despotism have encroached on but not totally superseded 
the earlier tribal laws. Tlio greatest estates belonged to the king, 
or had been granted to military chiefs whose sons succeeded them, 
or were the endowments of temples, but the calxmlli or village 
community still survived, and each freeman of the tribe held and 
tilled his portion of the common lands. Below the freemen were 
the slaves, who were war-captives, persons enslaved for punishment, 
or children sold by their parents. Prisoners of war were mostly 
doomed to sacrifice, but other classes of slaves were mildly treated, 
retaining civil rights, and their children wore born free. 

The superior courts of law formed part of the palace, and there Justice, 
wero tribuu.als in tho principal cities, over each of which presided a 
supremo judge or cihiiacoatl, who was irremovable, and whose 
criminal decisions not even the king might reverse ; he appointed 
tho lower judges and heard .appeals from them ; it is doubtful 
whether he judged in civil cases, but both kinds of suits were heard 
in the court below, bj' the tlacatecatl qnd his two associates, below 
whom wero the ward-magistrates. Lands were set apart for the 
maintenance of tlie judges, and indeed nothing gives a higher idea 
of the elaborate civilization of Mexico than this judicial system, 
which culminated in a general court and council of state presided 
oyer by tbe king. The laws and records of suits were set down in 
picture-writings, of which some arc still to be seen ; sentence of 
death was recorded by drawing a line with an arrow across the 
portrait of the condemned, and the chroniclers describe the barbaric 
solemnity with which the king passed sentence sitting on a golden 
and jewelled throne in the divine tribunal, with one hand on an 
ornamented skull and the golden arrow in tho other. Among tho , 
resemblances to Old-IVorld law was tho use of a judicial oath, tbe 
\yitncss toucliing the ground with his finger and putting it to his 
lips, thus swearing by Mother Earth. Tne criminal laws were of 
extreme severity, even petty theft being punished by the thief being 
enslaved to., the person he had robbed, while to steal a tobacco 
pouch or twenty ears of corn was death ; he who pilfered in tho 
market wa# then and there beaten to death, and he who insulted Xipe, 
the god of the gold- and silver-smiths, by stealing his precious metal, 
was skinned alive and sacrificed to the offended deity. 'Though 
aloe-beer or “pulque” was allowed for feasts and to invalids in 
moderation, and old people over seventy seem to be represented 
in one of the picture-writings^ as having liberty of drunkenness, 
young men found drunk were clubbed to death and young women 
stoned. Such a Draconian standard prevailing, it is hardly needful 
to enumerate the special penalties of such offences as witchcraft, 
fraud, removing landmarks, adultery, &c., which differed as to 
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whctlicr the criminal had. Ids heart cut out on the altar, his head 
crushed between two stones, &c. ; while even lesser punishments 
were harsh, such as that of slanderers, whose hair was singed with 
a pine-torch to the sc.alp. 

Based on conquest as the Aztec kingdom was, and with the 
craving for warlike glory fostered by the most bloodthirsty religion 
the world ever saw, it follows tliat the nation was above all other 
Xiursuits organized as a fighting comniuidty. To be a tried soldier 
was the road to honour and office, and the king couhl not be en- 
throned till he had with his own hand taken captives to be 
butcliercd on tin! war-god’s altar at his coronation. 'Ihe common 
soldiers were promoted for acts of daring, and the children of chiefs 
were regularly trained to war, and initiated by being sent into 
battle with veterans, with whose aidthex’outh took his first prisoner, 
but his future rise depended on how manj- captives he took un- 
aided in fight with warlike enemies ; by such feats he gained the 
dignity of wearing coloured bbukets, tassels, and lip-jewels, and 
re.ached such military titles as that of “guiding c.igle.” The 
Alexican military co.stumcs are to be seen in the picture-writings, 
where the military orders of princes, eagles, and tigers are known 
by their braided hair, eagles' beaks, and spotted armour. The 
common soldiers went into battle brilliant in savage war-paint, but 
those of higher rank had helmets like birds and beasts of prey, 
armour of gold and silver, wooden greaves, and especially the 
idiatpilli, the quilted cottou tunic two fingers thick, so serviceable 
as a jirotection from arrows that the Spanish invaders were ghul to 
adopt it. Tiio archers .shot well and with strong bows, though their 
arrows were generally tipiicd only with stone or hone ; their shields 
or targets, mo.itly round, were of ordinary barbaric fonns ; the 
spt-ars or javelins bad heads of obsidian or bronze, and were some- 
times hurled with a spear-thrower or allatl, of which pictures and 
specimens still u.xist, showing it to ho similar in principle to those 
used by the .Australians and Eskimo. The most characteristic 
weapon of the ile-vicans was lha mtqita/iuiil or “ hand-woo<i,” a 
club set with two rows of large sharp olhidiau flakes, a well- 
directed blow with which would cut down man or horse. These 
two last-mentioned weapons have the look of highly-ilevciopcd 
savage form.s, while on the other hand the military organization was 
in some respects equal to that of an iAsLatic nation, with its 
regular coinii.'iuies commanded each by its captain and provided 
with its standarcL The armies were very large, an expedition often 
consisting of several divisions each numbering eight tiiousand men, 
but the tictic-s of the commanders were quite rudimeiiLary, consist- 
ing merely of attack by arrows and javelins at a distance, gradu- 
ally closing into a liand-to-Iiand figlit witli clubs and spears, with 
an occasional feigned retreat to draw the enemy into an ambuscade. 
Fortification w.as welt under.stooil, as may still be seen in the 
remains of w.alled and escarped strongiiolds on liills and in steep 
ravines, while lagoon-cities like .Mexico liad tlio water approaches 
defended by tleets of boats, and the causeways protected by towers 
and ditclies ; even after tlie town was entered, tho pyramid- 
temples with their surrounding walls Were forts caiiablc of stubborn 
resistance. It was held unrighteous to invade another nation with- 
out a solemn embassy to wani their chiefs of the miseries to which 
they exposed themselves by refusing tho subrai-ssion demanded, and 
this again wati followed by a declaration of war, but in Mexico as 
in other more cultured countries this act of national morality degene- 
rated into a ceremonial farce, where tribute was claimed from some 
neighbouring nation, or an Aztec god was offered to be worshipi)cd 
in their temples, in order to pick a quarrel as a pretext for an 
invasion alreatly jjlanned to .sati.sfy tho soldiers with lands and 
plunder, and to meet the priests’ incessant demands for more human 
Kicrifices. 

Among tho accounts of the .Mexican religion are some passages 
referring to the belief in a sui»remc deity. The word Icotl, god, has 
been thought in some cases to bear this .signification, but its me.ining 
is tliat of deity in general, and it is applied not only to the sun- 
god but to very inferior gods. It is related that Ifczabualcoyotl, 
the poet-king of Tezcuco, built a nine-storied temple with a starry 
roof above, in honour of the invisible deity called 'Tloquenahu.'ique, j 
“he who is all in himself," or Ipalnomoan, “ bo by wliomwe live,” 
who liad no image, and was propitiated, not by bloody sacrifices, but 
by incense and flowers. Those who adopt the opinion of A.siatic 
admixture in Jlexican culture will use it to account for this remark- 
able religious phenomenon, less easily accounted for by native 
development, while also the appearance of a rival deity of evil, 
bearing the name of Tlacatecolotl, or “man-owl,” is mysterious. 
These divinities, however, seem to have bad little or no place in the 
jiopnlar faith, which was occupied by polytheistic gods of more 
ordinary barbaric typo. Tezcatlipoca was held to be the highest of 
these, and at the festival of all the gods hw footsteps were expected 
to appear in the flour strewn to receive this sign of their coming. 
He was plainly an ancient deity of tho race, for attributes of many 
kinds are crowded togetlier in him, and he was prayed to in inter- 
minable formulas for help in war and for health and fortune, to 
deliver the nation from a wicked king, or to give pardon and strength 
to the penitent who had confessed his sins and been purified by wash- 


ing. Between him and Qnetzalcoatl, the ancient deity of Cholnla 
there had been old nvalry, as ip related in legends of Quetolcoati 
coming into the land to teach men to tiU the sofl, to work nietds, 2 
? ''f f-^te ; the two gods pl.ayed their famous mateli 

at tho hall-game, and 1 ezcathpoca, in tlie guise of a hoary-headed 
sorcerer, persuaded the sick and weary Qnetzalcoatl to drink the 
magic pulque that sent liim roaming to the distant ocean, where 
he embarked m his boat and disappeared from among men These 
deities are not easily analysed, but on the other hand Tonatiuh and 
Alctztli, the sun and moon, stand out in thedistinctest personality 
as nature ifociSj and the traveller still sees iii tlie hu^e adolie pyraniid.s 
of Teotihuacan, with their sides oriented to the four quarters an 
evidence of the importance of their worship. The war-god Huitzilo- 
pochtli,_ of whom one legend relates a supernatural conception in 
the ancient Tullan, while another story declares him to have been 
(like the Chinese war-god) a deified warrior-chief, was the teal head 
of the Aztec pantheon ; his idol remains in Alexico, a huge block of 
basalt on which is sculptured on the one side his hideous personage, 
adorned with the hnmraing-bird feathers on the left hand which 
signify his name, whOe the not less frightful war-goddess Teoyao- 
raiqui, or “divdnc-war-death,” occupies the other side. Centeotl, 
the goddess of the all-nourishing maize, was patroness of the earth 
and mother of the gods, wliile Afictlanteuctli, lord of dead-land, 
ruled over the departed in the dim under-world. Numbers of 
lesser deities presided over classes of society, events, and occupations 
of life, such as Tlazolteotl, goddess of pleasure, worshipped by 
conrtcsan.s, Tczcatzoncatl, god of strong drink, whose garment in grim 
irony clothed the drunkard’s corpse, and Xipe, patron of the gold- 
smiths. Below these were the usual crowd of nature-spirits of hills 
and groves, wliose shrines were built by the roadside to receive ofler- 
ings from pas-sers-by. Tho temples were called tcocalli ox “god’.s 
house,” and tlie teoeallis of the greater deities rivalled in size 
as tlicy rcsenihlcd in form the temples of ancient Babylon. They 
were pyramids on a square or oblong base, rising in successive 
terraces to a small summit-platform. The groat teocalli of 
Iluitzilopoclitli in the city of Afexico stood in an immense 
square, whence radiated the four principal thoroughfares, 
its courtyard being enclosed by a square, of which the stone 
w.ill, called tho coatepantli or serpent-wall from its sculptured 
serpents, measured nearly a giiarter of a mile on each side. In 
the centre, tlie oblong pyramid of nibble cased with hewn stone 
and cemented, 375 x 300 feet at tho base, and rising steeply in five 
terraces to the height of 86 feet, showed conspicuously to the city 
the long processions of priest.s and victims winding along tlie 
terraces and uji tlie comer flights of steps. On the paved platform 
were three-story tower temples in whose ground-floor stood the stone 
images and altars, and before that of the war-god the green stone of 
sacrifice, liumiied so as to bend upward the body of the victim that 
tho priest might more easily slash open the breast ivith his obsidian 
knife, tear out tlie heart and liold it up before the god, while tho 
captor and liis friends were waiting below for the carcase to ho 
tumbled down the steps for them to carry home to be cooked for tlie 
fc.ast of victory. Before the shrines reeking with the stench of 
slaughter, the eternal fires were kept burning, and on the platform 
stood the huge drum covered ivith snakes’ skin, whose fearful sound 
was heard for miles. From the terrace could be seen seventy or 
more other temples within the enclosure, with their images and 
blazing fires, and tlie tzompanlli or “skull-place,” where the skulls 
of victims by tens of thousands were skewered on cross-sticks or 
built into towers. There also might he seen the flat circular 
tcvwJacall or “ spiiidle-stono,” where captives armed with wooden 
weapons were allowed the mockery of a gladiatorial fight against 
•well-armed champions. The great pyramid of Cholnla with 
its hemispherical temple of Qnetzalcoatl at the top, now an 
almost shapeless hill surmounted by a church, was_ about thrice 
as long and twice as high a.« the teocalli of Afexico. A large 
fraction of the Alexican population were set apart as priests or 
attendants to the services of the gods. The rites performed were 
such as are found elsewhere, prayer, sacrifice, processions, dances, 
ciiants, fasting and other austei-ities, but there are some peculiari- 
ties of detail. ° Prayers and other formulas have been copied down 
by Sahagun and other chroniclers, of endless prolLxity, hut not 
without occasional touches of pathos. The following are a few 
sentences from a prayer to Tezcatlipoca, interceding for the poor : 

“ 0 our lord, protector most strong and compassionate, invisible 
and impalpable, thou art the giver of life ; lord of all, and lord 
of battles, I present myself here before thee to say some few words 
concerning the need of the poor people, the people of none estate or 
intelligence. . . . Know, 0 Lord, that thy subjects and servants 
suffer a sore poverty, that cannot be told of more than that 
it is a sore poverty and desolateness. The men have no garments 
nor the women to cover themselves with, but only rags rent in 
every part that let the wind and cold in. . . . If they be 
chants, they now sell only cakes of salt and broken pepper ; the 
people that have something despise their wares, so that they go out to 
sell from door to door and from house to house ; and _when they sell 
nothing they sit down sadly by some fence or wall, or in some comer, 
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their lips and gnawing their nails for the hunger that is in 
them, they look on one side and the other at the mouths of those who 
pass by, hoping peradventure that one may speak some word to them. 
0 compassionate God, the bed on which they lie is not a thing to rest 
■npon, but to endure torment in ; they draw a rag oyer thom at 
night and so sleep. ... 0 our Lord, in whose power it is to give 
allcontent, consolation, sweetness, softness, prosperity, and riches, for 
thou alone art lord of all good, have mercy upon them, for they are 
tliy servants. ... I supplicate thee that thou wilt lift up their 
heads with thy favour and aid, that thou wilt see good that they 
enjoy some days of prosperity and tranquillity, so that tliey may 
sleep and kiuiw repose, having prosperous and peaceable days of 
life. . . . Should this nation, for whom I pray and entreat thee to 
do them good, not understand what thou hast given, thou canst 
take away the good and pour out cursing, so that all evil may come 
upon tJiem, and they become poor, in need, maimed, lame, blind, 
and deaf ; then indeed they shall w.aken and know the good th.at 
they had and have not, and they shall call upon thee and lean 
to\rard thee ; but thou will not listen, for in the day of abundance 
they would not understand thy goodness towards them.’’ These 
prayers seem essentially genuine ; indeed there was no European 
model from which they could have been imitated ; but at the same 
time it must bo remembered that they come down in Spanish writ- 
ing, and not untouched by Spanish influence, as in one passage 
where there is a mention of sheep, an animal of course unknown to 
the native Mexicans. As to sacrifice, maize and other vegetables were 
offered, and occasionally rabbits, quails, &c. ; but, in the absence of 
cattle, human sacrifice was the chief rite, and cannibalism prevailed 
at the feasts. Incense was constantly used, especially the copalli 
(copal) well known to us for varnish ; little terra-cotta censers are 
among the commonest of Mexican antiquities. Long and severe 
religious fasts were customary at special seasons, and drawing blood 
from the arms, legs, and body, by thrusting in aloe thorns, and 
passing sharp sticks through the tongue, was an habitual act of 
devotion recalling the similar jiractices of devotees in India. Tho 
calendar of religious festivals for the ^yhole course of tho Mexican 
year has been preserved. Eaph 20-day period had one or more 
such celebrations. In tho month of the “ diminishing of w.aters” 
the rain-gods or Tlalocs were propitiated by a procession of priests 
with music of flutes and trumpets carrying on plumed litters infants 
with painted faces, in gay clothing with coloured paper wings, to 
be sacrificed on the mountains or in a whirliiool in tho lake. It is 
said that the people wept as they passed by; but if so this may have 
been a customary formality, for the religion of these nations must 
have quenched all human sympathy. In the next month the god 
Xipe-totec, already mentioned, had'his festival called the “flaying of 
men ” from the human victims being flayed, after their hearts were 
torn out, for young men to dress in their skins and perforin dances 
and sham fights. The succeeding festival of Camaxtli was marked 
by a severe fast of the priests, .after which stone knives were pre- 
pared with which a hole was cut through the tongue of each, and 
numbers of sticks passed througli. For the great festival of Tez- 
catlipoca, the handsomest and noblest of the captives of the year 
had been chosen as the iucarnate representative of tho god, and 
paraded the streets for public adoration dressed in aii embroidered 
mantle with feathers and garlands on his head and a retinue like a 
king; for the last month they married him to four girls representing 
four goddesses ; on the last day wives and pages escorted him to the 
little temple of Tlacochcalco, where he mounted the stairs, breaking 
an earthenware flute against each step ; this was a .symbolic fare- 
well to the joys of the world, for as he reached the top ho was 
seized by the priests, his heart torn out and held up to tho sun, 
his head spitted on the tzompantli, and his body eaten as sacred 
food, the people drawing from his fate the moral lesson that riclics 
and pleasure may turn into poverty and sorrow. . The manner of 
the victim’s death in these festivals afforded scope for variety; they 
dressed them and made them dance in character, threw them into 
the fire for the fire-god, or crushed them between two balanced 
stones at the harvest-festival. The ordinary pleasures of festivals 
were mingled with all this, such as dances in bea.st-ma.sks, sham 
fights, and children’s games, but the type of a religious function 
was a sickening butchery followed by a cannibal feast. 

The Mexican priesthood, being the educated class, were much 
concerned svith the art of picture-writing, svhich they had developed 
to a stage quite above the rude figures of the American hunting- 
tribes, and used systematically as a means of recording religious 
festivals and legends, as well as keeping calendars of years and 
recording the historical events which occurred iu them. Facsimiles 
of several of these interesting documents, with their translations, . 
may bo seen in Kingsborough. On inspecting these it will be seen 
that their main principle is pictorial. Gods are represented with their 
appropriate attributes, — the fire-god hurling his spear, the moon- 
goddess with a shell, &c. ; the scenes of human life are pictures of 
warriors fighting with club and spear, men paddling in canoes, women 
spinning and weaving, &c. An important step towards phonetic 
writing appears, however, in tho picture-names of places and persons. 
The simplest fonns of these depict the objects signified by the name. 
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as where Chapnltcpec or “gi-asshopper-hill ” is represented by a grass- 
hopi>er on a hill, or a stone with a cactus on it stands for Tenoch 
or “stone-cactus,” the founder of Tenochlitlan. 'Fhe system had, 
however, risen a stage beyond this when objects were drawn 
to represent, not themselves, but the syllables forming their , 
names, as where a trap, an eagle, a pricker, and a hand are put to- 
gether not to represent these objects, but in order that the syllables 
of their names mo-quauh-zo-ina should spell the word iloquauh- 
zoma (see Aubih’s introduction to Brasseur, HUt. ila .Vexique, 
vol. i. p. Ixviii.). Tho analogy of this to the'' manner in which the ' 
Egyptian hieroglyphs passed into phonetic signs is remarkable, 
and writing might have been invented anew in Jlexico had it not 
been for the Spanish conquest. Tho Aztec numerals, which were 
vigesimal or reckoned by scores, were depicted by dots or circles 
up to 20, which was represented by a flag, 400 (a score of scores) 
by a feather, and 8000 (a score of scores ot scores) by a purse ; but 
for convenience these symbols might bo halved and quartered, so 
that 534 might be shown by one feather, one quarter of a feather, 
one flag, one-half of a fl.ig, and four dots. Tho Jlexican calendar 
depended on tho combination of numbers with picture-signs, of 
which the four principal were the rabbit, reed, flint, house — 
tochtli, acatl, lecpatT, calli. Tho cycle of 52 years was reckoned by 
combining these signs iu rotation with numbers up to 13, thus: — 

1 rabbit, 2 reed, 3 flint, 4 house, 5 rabbit, 6 reed, ic. By accident • 
this calendar may bo exactly illustrated with a modem pack of 
cards laid out in rotation of tho four suits, .as, ace of hearts, 2 of 
spades, 3 of diamonds, 4 of clubs, 5 of hearts, 6 of spades, kc. In 
the Jlexican ritual calendar of the days of the year, the same method 
is carried further, the series of twenty day-signs being combined 
in rotation with numbers up to 13 ; as this cycle of days only 
re.achc.s 2G0, a series of nine other signs are affixed in addition, to 
make up the 365-day year. It is plain that this rotation of signs 
served no useful purpo.se whatever, being less convenient than 
ordinary counting such as the Mexicans employed in their other 
calendar already mentioned, where tho 20-day periods had each a 
name like our months, and their days had signs in regular order. Its 
historical interest depends on its resemblance to the calendar-system 
of central and eastern Asia, where among ilongols, Tibetans, 
Chinese, &c., series of signs are thus combined to reckon years, 
months, and days; for instance, tho Mongol cycle of 60 yeais is 
recorded by the zodiac or series of 12 signs — mouse, bull, tiger, ic., 
combined in rotation with the five male and female elements— lire, 
earth, iron, water, wood; as “ male-fire-bull ” year, &c. This 
comparison is worked out in Humboldt’s Vues des CordilUrcs, 
as evidence of Mexican civilization being borrowed from Asia. 
Naturally tho Jlexican calendar-system lent itself to magic in the 
same way as the similar zodiac-signs of the Old liYorld, each 
pei-son’s fate being affected by the qualities of the signs he was 
born under, and the astrologer-priests being called in to advise on 
every event of life. Of all Mexican festivals tho most solemn 
was that of the xiuhmolpilli, or “ j’ear-binding,” when the 52- 
ycar cycle or bundle of years came to an end. It was believed 
that tho destruction of the world, which after the Hindu manner 
the Jlexicans held to have already taken place three or four time.';, 
would happen again at the end, of a c 3 'cle. As the time diow 
near, the anxious population cleansed their houses and put out all 
fire, and on the last daj' after sunset the priests, dressed in the garb 
of gods, set out in procession for the hill of Huixachtla, there to 
watch for the .approach of the Pleiades to the zenith, which gave 
the auspicious signal for the lighting of tho new fire. The finest 
of the captives was thrown down and fire kindled on his breast by 
the wooden drill of the priest ; then the victim’s heart was torn out, 
and his body flung on the pile kindled with the new flame. The 
people watching from their flat housetops all the country round 
saw with joy the flame on the sacred hill, and hailed.it with a 
thank-olferiiig of drops of blood drawn from their ears with sharp 
stone-flakes. Swift runners carried burning brands to rekindle tho 
fires of the land, the sacred fire on the teocalli of the w.ar-god 
blazed up again, and the people began with feasting and rejoicing 
the new cycle. 

Mexican education, at any rate that of the upper class, was .a 
S3’stematic discipline much under the control of religion, which tion. 
here presents itself under a more favourable light. After the 
birth of a child, the tonalpoiihqiii or “sun-calculator” drew its 
horoscope from the signs it was born under, and fixed the time for 
its solemn lustration or baptism, performed b 3 ' the nurse with \ 
appropriate^ prayers to tlie gods, ivhen a toy shield and bow' were 
provided if it was a boy, or a toy spindle and distaff if it was a girl, 
and the child received its name. An interesting picture-writing, to 
be seen in Kingsborough, shows the details of the boy’s and girl’s 
education, from tho early time when three small circles over Uie 
child show it to bo three years old, and a drawing of half a tortilla 
or corn-cake shows ’its allowance for each meal ; as they grow older 
the lads are seen beginning to carry burdens, paddle the canoe, 
and fish, while the girls learn to spin and weave, grind maize, and 
cook,_ — good conduct being enforced by punishments of increasing 
severity, up to pricking their bodies with aloe- thorns and holding 


\NCIK.N’T.] 


MEXICO 


20 } 


;hi,'ir facts over burning chillis. The schools were extensive buihl- 
ugs attached to the temples, where from an early ago boys and 
prls were taught by the iiricsts to sweep the. sanctuaries and keep up 
;ho s,acred lircs, to fa.st at proper seasons and draw blood for penance, 
lud where they received moral teaching in long and verbose formulas, 
riiose fit for a .soldier’s life were tr.aine(l to the u.so of weapons 
ind sent early to learn the hardships of war; children of craftsmen 
vere uiiially taught by their fathers to follow their trade; .and for 
he childrc-n of nobles there was elaborate instruction in history, 
>icture-writing, astrology, religious doctrines, and laws. Marriages 
lepended much, .xs they do still in the blast, on comparison of the 
loroscope.s of the p.iir to ascertain if their birth-signs were com- 
i.atible. Old women were employed as go-between.s, and the 
n.arri.ige^ ceremony was conducted by a priest who after monil 
xhormtions united the young couple by tying their garments 
ogether in .a knot, after which they walked seven times round the 
ire, c-'istiug incense into it ; after the performance of tiie marriage 
eremony the pair entered together on a four days' fast and 
Mitianco before the marriago was completed. The funeral rites 
if the Mexicans arc best .seen in the eeiemonies at the death of a 
ring. The corpse laid out in state ss'.xs jirovided by the priest with 
•‘.jug of water for his journey, and with bunches of cut papers to 
pa-i-. him .stifely througii each ilangerof the road — the place where 
the tivo inoiiumins strike together, the road guarded by the great 
snake and the great alligator, the eight deserts and the eight 
liilLs; they gave him g.armeiits to protect him from the cutting 
wind, and buried a little dog by his side to carry him acro.is the 
nine waters. Then the royal body w.is invested in the mantles of 
his patron-gods, esiiccially that of the war-god, for Mexican kings 
were warriors ; on_hi.s_ face was placed a mask of turquoise mo.saic, 
and a green ch.alchihuitc-stoao as a heart between his tips. In older 
times the dead king w.is buried on a throno with his property and 
dead attendants lound him. ilut after cremation came in a 
mourning proce.s.sion of .servants and chiefs carried tlio body to the 
funeral jiyre to Ixi burnt by tbe demon-dres.ied priests, after wbich 
the erowd_ of wives and slavirf were exhorted to serve their lord 
faithfully in tho next world, were sacrificed and their bodies Imriit. 
Commoji jicopic would not thus he provided witli a ghostly retinue, 
hut their simpler funeral ceremonies wcre.xs far as they went similar 
to those of their monarch. 

• The staple food of tlio Mexieins before tho comiuest h.as continued 
i with comparatively little change among the native r.ace, and ha.s 
oven been adopted by those of Eurupeau hlood. Maize or Indian 
corn wa.s cultivated on patehes of ground where, as in the Hindu 
jui/t, the trees ami hu-shes were Ininit and the seetl planted in the 
soil manured by tho .ashes. .V sharp-jioiuted planting slick, a 
wooden shovel, and a broiize-bladed hoe called a cctiU weie the 
simple implements. The -Mexic.ins understood digging channels 
for irrigation, esjiecblly for the cultivation of the crtcu/nmt/, fioiii 
which they taught the Europeans to prepare the beverage chocoUntl", 
these native names p.assed into Eiiglwh as tiie wonis cacao, or cocoa, 
and chocolate. Other vegetables adopted from .Mexico are the toiiiata 
(lonmll) and the diiHi, used as liavouriiig to native dishes. The 
maize was ground with a stone roller on tliegrimling stone or victlall, 
still known over. Spani-sh America as the nicl/Ur', nnd the meal baked 
into thin oval caKes called by Aztecs tUixcalli, and by Spaniards 
lortilla, wbich re.->emble the chapati of India and the oat-cake of 
Scotland- Tlie ilexicans were also .skilful makers of earthen pots, 
in wbich were cooked the native lieans e.'dled by the Spanish /riyo/ra, 
and file various savoury stews still in vogue. Tlie juice extracted 
by tapiiing the great aloe before liowering w.as fermented into 
an iiitoxiiating drink about tlie strcngtli of beer, octli, by tlie 
g Sjianiards called jiulqti'. Tobacco, smoked in leaves or cane-pipes 
or taken as niiiilF, was in U-se, eei»ecially at feasts. It is related that 
in old times Mexican clothing was of skins or woven aloe and palm 
fibre, but at the time of tbe eonqiie.st cottmi was largely cultivated 
ill tlic hot lands, spun with a spindle, and woven in a nidimenfary 
loom without a shuttle into tbe mantles and breech-cloths of the 
men and the chemises and skirts of tho women, g.irmeiits often of 
fine texture and embroidered in colours. Oniaments of gold and 
silver, and jewels of poli.shcd qiurtz and green cbalcbihuite were 
worn, — not only the earn and nose but tbe lijis being j/ierced for 
ornaments. Tbe artificers in gold and silver melted the rnctals by 
means of a reed-blowpipe and cast them solid or hollow, and were 
also skilled in Iiammereil work and chasing, as some fino .siiecimeiis 
remain.to show, though tlie famous animals modelled with gold and 
silver fur, feathers, and scalies have disappeared. Iron was not 
known, hut copper and tin ores weic mined, and the metals com- 
bined into bronze of much tbe same alloy as in tbe Old World, of 
wJiich hatchet blades and other instruments were made, though 
their use had not .sujicnjeded that of obsidian and other sharp stone 
flakc.s for cutting, shaving, kc, 3Iet;ds had pa.ssed into a currency 
for trading purjio.ses, esjiecially quills of gold-du.st and T-shaped 
jiiece.s of copper, while cocoa-beans furnisbed ^mall change. The 
vast size of the market-.sqnarcs with tlieir surrounding portico.s, and 
the iiiiportance of the caravans of merchants who traded with_ other 
nations, show' tljat mercantile had risen into some proportion to 


military interests, ^or w.is the wealth and luxury of Mexico and Art and 
surroiiiiding regnons without a correspomling development of art pastime 
1 he stone sculptures such as that remaining of Xochiiilco, which is ^ 
figured by Humboldt, as well as the ornamented woodwork, feather- 
mats, and vases, are not without urti-stic merit. The often-cited 
poems attributed to ^ezaliualcoyotl may not he ipiite genuine but 
at any rate poetry had risen above tlie barbaric level, while tho 
iiieiitioii of ballads among tho people, court odes, and the chantaof 
temple choirs would indic.itca vocal cultivation above that of the 
instrumental niu.sic of drums and horns, pipes and whistles, the 
latter often of jiottery. Solemn and gay dances were frequent, and 
a .sport called the bird-dance excited the admiration of foreigners 
for the skill and daring with which groups of perfonners dressed as 
biriLs let themselves down by rojie.s wound round the top of a high 
mast, so as to ily whirled in eiicles far above tlie ground. Tno 
ball-game of the ilexicans, called llachlli, was, like tennis, the pas- 
time of princes and nobles ; special courts were built for it, and tho 
ball of iiidia-rubiier (perhaps the fiist object in wbicli Europeans 
became .acquainted with this valuable material) might not be touched 
by the bands, Imt wa.s driven against the walls by blows of the knee 
or elbow, shoulder or buttock. The favourite gameofpatoffilias been 
already mentioned for its similarity to the pachid of modern India. 

The_ accounts given by Spanish writers of the Central Americans Central- 
in their state after the Siianish conquest are very scanty in com- American 
[larisoii with the voluminous descriptions of Azb'c life. They bring culture, 
out perfectly, however, the fact of clo.-,e connexion between the two 
civilizations. Some Central-Ainerican peoples were actually Mexican 
in tlit-ir language and culture, e.sjieeially the I’ijdls of Guatemala and 
a large part of tbe poimlatioii of A'icaragiia, but these were dcscend- 
ajits.of Aztecs or allied peoples who in the comparatively modem 
times of Aztec power invaded and colonized these distant countric.s 
(see Iluscliiiiann, Aztek, Ortmamcn, viii., ix.). With regard to the 
Ceiitral-Americaii natioms proper, especially the Mayas of Yucatan 
and tho Quiches of Guatemala, who dwelt in tho cities and wor- 
shipped in the temiilc.s of Chieheii-Itza and Uxmal, IMlenque and 
Cfqaii, the problem of Aztec connexion is deeper and obscurer. 

How clo.-iely related these nations were in institutions to tlio 
Mexicans appears, not only in their lusiiig tho same peculiar weapons, 
such as the spear-tlirower and the toothed club or nmquahuitf, but 
ill the similarity of their religious rites, such as diawing blood from 
their bodies as an act of jicnance, and sacrificing human victims by 
cutting o[)cn the breast and tearing out the heart; the connexion is 
evident in such special jioints as the ceremony of marriage by tying 
together the garments of the couple, or in holding an oilender’s face 
over hurning cliillis as a punishment ; the native legends of Central 
America make mention of the royal ball-jday, which was the same 
as tlie Mexican game of tlaehtli already mentioned. At the s-amo 
time many of the Central-Amcriean customs ditfereil from the 
Mexican ; ihus in Yucatan we find tho custom of the youths .sleeping 
ill a great bachelor’s liouse, an arrangement common in variou.s 
parts of the world, but not in Jlexico ; the same remark ajqdies to 
the ilaya exogamous law of a man not taking a wife of his own 
family name (see Diego de Landa, Itchicion de Yiicatan, ed. 

Bras-ieur do liuuibourg, p. 110), which does not correspond with 
.Mexie.iii eu.stom. We have the means of comparing the personal 
apjaaiaiice of the Jlexicans -ami Central Americana by their por- 
traits on early seulptures, vases, kc. ; and, tliough there docs not 
appear any clear distinction of race-type, tho extraordinary back- 
Hloping foreheads of such figures as tliose of the bas-reliefs of Palcnoiie 
prove that the custom of ilattening tbe .skull in infancy prevailed 
III Central America to an extent riuite beyond any such habit in 
ilexico. It is from the mined cities now buried in the Ceiitral- 
Aiiicrican forests that wo gain tlio best information as to the nations 
who built them. The notion sometimes propounded _ that these 
famous cities were ofgreat antif|uity and the work of extinct nations 
lias no .solid evidence ; some of them may have been already aban- 
doned before the conquest, but others were inhabited, and by the 
ancestors of the Jndians who now build their mean Iiuts and till 
their patchc.s of maize round the relies of the giander life of their 
ancestors. In comparing tlic.se ruins through the districts of 
Yucatan, Chiapa.s, Guatemala, and Honduras, it is evident that, 
thomdi they are not the work of a single nation, but of two or more 
hi"h^ distinct in language, yet these nations had the great bond 
of'a common system of pictorial or written characters. One spcci- _ 
men of a Central-Ainerican in.scription rn.ay give a general idea of 
them all, whether it be from tho sculptured fagmh of a temple 
sketched by Cathenvood, or from the paiiited deerskin called the 
Dresden Codex (reproduced in Kiiig.sliorough),_or from the chapter 
of Dic"o de Landa wheic he professes to explain and translate the 
characters themselves. The.se consist of combinations of face.s, circles, 
lines, kc., an’.inged in compartments in so complex a iiianiier that 
hardly two arc found alike. How they convoyed their meaning, , 
iiow far they pictorially represented ideas or spelt words in the 
dilferent languages of the countrj', is a question not yet answered 
in a complete way; Lauda’s description (p. 320) gives a table of a 
number of their elements as phonetically representing Jetters or 
syllables, but, though there may be a jiartial tnith in his rules, they 
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are too insufliciont or too erroneous to serve for any general decipher- 
inont. Most of what has been written on this ontieinf' subject is 
worthless, but a promising atteni|)t has been wade by E. a. Holden, 
who has analysed the combined iigurcs into their elementary lints 
.{First Annual Feport of Bureau of Ethnology, Suiithsoniau Insti- 
tution, 'Washington, 1881 ; see also Cliarencey, Melanges de Philologie 
ct de FaUographie Americaincs, Paris, 1883). One point as to tho 
Central- American characters is clear, tliat part of them arc calendar- 
signs recording dates. From the accounts given by Lauda and other 
writeis it is plain that the Central-American calendar, recltoiiing 
the year in twenty-eight periods of thirteen days, was tho same in 
its principle of combining signs as that of Mc-vico hero mentioned 
at page 212. Tho four leading Maya signs called kan, m ulue, ix, cauae 
corresponded in their position to the four A^tcc signs rabbit, reed, 
flint, house, but the meanings of tho Jlaya signs are, unlike the 
Aztec, very obscure. A remarkable feature of tho Ccntial-Amcrican 
ruins is the freiiuency of truncated pyra\nids built of hewu stone, 
with flights of slops up to tho temple'built on tho platform at top. 
Tho resemblance of these structures to tho old descriptions and j)ic- 
tures of tho Me.\ican tcocallis is so striking' that this name is habitu- 
ally given to them. Tho tcocallis built oy tho Kahna or Sk-.vican 
nations have been mostly destroyed, but two remain at Ifuatusco 
andTusapan (figured in Bancroft vol. iv. pp. -Mfl, Ifiil), which bear 
a strong rescinblauco to those of Palcmpic. On tho whole it is not 
too mucli to say that, in suite of dilfercuccs in style, tho best means 
of judging wliat the temules and palaces of Jle.xico were like is to 
be gained from the actual ruins in Central America. On the other 
hand, there are features in Central-American architcctui-u wliich 
scarcely appear in Jle.vicau. Thus at U.xmal there stands on a 
terraced mound the long narrow building known as the governor's 
house (Casa del Gobernador), 322 feet long, 39 feet wide, 26 feet 
high, built of rubble stone and mortar faced with square blocks of 
stone, tho interior of tho chambcr.s rising into a sloping roof formed 
by courses of stonework gradually overlaitping in a “ false arch."’ 
The same construction is scon in the buildings forming the sides of 
a quadrangle and bearing the eiiually imaginary name of tho 
nunnery (Casa do Monj-as); tho resemblance of tho interior of one 
of its apartments to an Etruscan tomb luis often been noticed (see 
Fergusson, Histortj of Architecture, vol. i. ; Viollet-le-Duc, in 
Charnay). Attempts to trace tho architecture of Central America 
to direct derivation from Old-World types have not been successful, 
while on tho other hand its decoration shows proof of original inven- 
tion, espeeially in tho iniitiitions of woodwork which, as the above- 
mentioned architects have pointed out, pa.sscd into sculptured 
ornament when the material of coustrucLiou became stone. instead 
of wood. Thus the architectural remains, though they fail actually 
to solve the historical problem of the high culture of the nations 
round the Gulf of Mexico, throw much light on it when their 
evidence is added to that of religion and customs. Whether Jlcxican 
civilization was a barbaric copy of that which flourished in tho now 
deserted Central-American cities, or whether tho nations who built 
these cities themselves raised to a higher level a civilization derived 
from Mexico, two things seem probable, — first, that the civilizations 
of Mexico andCentral America were iiervaded by a coninion influence 
in religion, art, and custom ; second, that this common element 
shows traces of the importation of Asiatic ideas into America. 

Amonff works of leferonco on tlio .inciciit liistoryund civilization of Mexico 
and Central America may bo mentioned H. H. Bancroft, The A’offre liaees of the 
Pacific Stales of Xorih America, London, 1S75-0 (contains tlio most comploto 
summary, witli reteroacos to original autliorilies) ; Urassour do Bouibouri;, 
Histoire des Nations Cioilisies da Atexique et de I'Ame'rique'Cealrale, Paris, 
1857-59 (a valuable colloctloa of materials, but tlio autlior’s own views arc inostly 
fanciful); Prescott, llistonj of the Conquest of ifexico-, Clavigero, 5fforia rinfica 
del ifessico, Cesena, 1780 (contains tlio snbsUncc of earlier writers, sucli as 
Goraara, Tcjrqueraada, Acosta, BoturinI, die.), for special topics -.—Lord Kinns- 
borouRh, Antiguitiei o/ J/exiVo, London, 1831-18 (contains facsimiles and Intcr- 
pietations of picture-writings, the native chronicles of I.xtill.\ochitl and Tciozo- 
moc, a reprint of Saliagun, Ac.); A. von Humboldt, Vues des CordWires. et 
hfnnumens des Peuples Indigenes de lAme'rique, Paris. 1810 (Mexican civilization, 
liicture-wiiting, calendar, Ac.L Travels and descriptions of antiquities, ,S:c.;— 
Dnpaix (in Kingsborough); O Nebel, Vioje Pintoresco y Arqueoldgico sol/re ta 
liepiblica Ilejkana. Paris. 183D; F, do Waldeck, Voyage Pittoresque et Archeo- 
logique dans la Province d Yucatan, Pans, 1838, and Patenque el Autres Ituim-s. 
Purls, 1800 ; D. Cliarnay, Cites et Humes A lue'ricames, avec te.xtc parViojlet-lc-liuc, 
i\iris, 1803; J. L. Stephens, Incidents oj Travel in Central America, Ac., New 
York. 18-0; Incidents of Travel in Yucatan, Xew York, 1858; Brantz Mayer, 
Alertco, New loik, 1851; Tylor, Anahuae, or Mexico and the Mexicans, London, 
ISbl, Ac. (E. B. T.) 

Plate I.‘ II. THE REPUBLIC OF MEXICO. 

Mexico, Aztec Jilexitli} (Estados Unidos de Mexico), 

. is a federal republic in North America, bounded N. by 
the United States (California, Arizona, and New Mexico), 
E. by Texas and the Gulf of Mexico, S. by Guatemala and 

^ In this, as in allotber^Aztec names, then: (ory) represents the English 
sound^ sA; hence Mexiili and Mexico should he properly pronounced 
Meshitli, Meshico. But they do not appear to have ever been so pro- 
nounced by the Spaniards, who naturally gave to the x its ordinary 
Spanisa sound of the Geriuan ch. 


British Honduras, where the boundary lines are still partly 
uiideterniined, W. by the Pacific Ocean, Lying between 
33“ and 15“ N. lat. and 87“ and 117“ W. long., Mc.xico 
stretches about 1950 miles north-north-west and south- 
south-east, with a mean breadth of -iOO miles, varying 
from about 1000 in 26“ N. to 130 at the narrowest 
part of the Tehuantepec isthmus. It has a coast-line of 
nearly 6000 miles, — about -1200 on tho Pacific and 1600 
on the Atlantic. The seaboard is little varied either 
by deep inlets, bold headlands, broad estuaries, or large 
islands. On the west side arc tho vast Gulf of California, 
in outline somewhat resembling tho Bed Sea, and so named 
by some of tho early navigators, and the open Bay of 
Tehuantepec, besides the smaller inlets of Acapulco and 
San Bias, forming two of the finest harbours in the world, 
-and almost the only safe ones in the republic. On the 
cast side the coast is mostly beset by lagoons and sand- 
banks, with no good havens, CainpiSche, Vera Cruz, Tampico, 
and iiatamoras being all little better than open roadsteads 
c.xposed to tho fierce “ nortes,” or north-easterly gales, that 
sweep the Gulf of Jlexico for a great jiart of the year. Of 
headlands tho most prominent are Capes S. Lucas and 
Palmas at the south extremity of Lower California, Cor- 
rientes south from San Bias, and Catoehe in the north- 
east of Yucatan. Besides this peninsula, which projects 
north-north-cast, the only other is that of Lower California, 
which projects south-south-east parallel to the mainland. 
The islands are few in number, and all of insignificant size, 
the most noteworthy being Tiburon and Angel de la Guards 
in tho Gulf of California, tho uninhabited Eevillagigedo 
group in tho Pacific, and Cozumel off the Yucatan coast, 
Mexico comprises altogether twenty-seven confederate 
states, one territory, and the Ecderol District, with areas, 
populations, and chief towns as under — 
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Since the appearance of A. von Humboldt’s classic Physical 
work on iVew Spain, as Mexico was called in the colonial fcatM^s. 
times, this region has continued to be regarded as forming 
a main link in the vast chain supposed to stretch across 
the entire length of the .American continent from Cape tajjjs. 


^ These figures, in the absence of scientific surveys and a tniat- 
worthy census, are necessarily more or less approximate. The areas 
are those of Ripley and Dana, based on A. Garcia Cuba’s Carla geo- 
grajica (Mexico, 1874); the populations of the states and capitals .-ire 
the estimates of Emiliano Busto in his Estadistica de ta Mepublica 
Mexicana (Mexico, 1880). A writer in the Times of December 7, 
1882, estimates the whole population at 12,000,000, much too high a. 
figure. 




VOL. XVI. 






113 


L I ' F 0 R J\fn 




30 


ilK ? 

%inPt t 




i'rll 


«? 



105 


%V^i^QA''U7. 


^c-Jros 


yti 




-"-^^/o / -»•>, \«,?j *'^‘''oi2fo 

Sj V < * *’^i’cdra 




•''i’/^re.w 


26 



'^V 






''■•iofc. 


'^■Gctjrt 








fkm*‘ 




..rL 


.iSZuii,] 



Y^ 




20 




Ew^Wiiniea, CO-8-l de^^e 


KUoinotros. III- 3-1 



trra £x.V?u//<x 
JeSaiuta, 


6«JI Jrts 3r,uiS"*'“'» J-iiL,:.3'.'S2J-». 


‘iE^jIre* 




■PJ" ^•oruUone. 


Sa.tUa^ige4a IsLind^ UJangin^ ta ih£ 
SL'Ut. of Colhna^ar^ jUu£jAd, dhaut 230 ZRUs 
S,hy\V:afCjpe S.Cuaz.s,utLji,'i9*W.hFy.'Ui:V: 


micMi^rtrea 




110 


Lon^. "Vrest of Grocinr; 


ENCYCLOP/tOIA BRI 









'-At- A / ^/'i-‘n->- - WM / 

* A/r-V^ \\ 

;'iivo~rirEoy/ 



, 'vl Hunattco It. 

>iij 

<^^t'iivc^i:'ia 3 ^ - 7 ^ 

\iyru.'-/<^ii.‘'h>'.>*f\T^ 3 u ‘ ,w 
I ‘“‘‘I < 

'^^/./ ! r^' lr '^r^ !. •ffpC^sj (q ^/ii2rrJuAtr4il 


t t t [ !. '‘(i,Car^sl ?!/ J// Jrr ^t/A tr.t/ 

hl-i^ii {ij.,^‘q^ Jpsn I y 

r ., I IhaSU/irt tV VV , (y 

ft U^nnitrJf C.ffi'frJ^i^ JarUMfJ/f 


ityr/wMi 




^aif/AhMlft i y'^ f^/ru/txt 

.4werJa.(. y^i y ^ny-’jrcf^ \ /A \ \ \U* Tu/iuafuiti. 

</ 5 ^\ W(l tJ^t,ojJ 

.// runA/:,^ 

^Xccha Tl* ^'.I'll 

C’'! X X V. - .jtlC '■-"*>* 


Tr» 3 .x.= C,.€.U— •°’’ ■■ 


Jintnrjttl * 


t Jlncrat^ 

V 


f^inruu Ci^J* 


Jaiuue j^fpun, 


t/v zi 2 )Teco V 


Jh tnjulat ♦. 




•jrcasOyt 

Ciuni'CchTv^ p J,/ 

C a. Ill P C c he h j-y Mbopiy • ' '_ 

c '*«% i ''-5 


a pX 7 ?fJi^o , , 

■'it ^ 

ir •^"“‘"‘■y/ iw^/ 

Ssd'si^^^-irepr, ,; 1 M .u)|»-^ 

S -fesJ” y (^•'■' 


'I r V' > V - IliS^-</ 






Jntanui U 


75 ~H ^-IP"-*' 




?J,nb<.y'.. l"y 


* 1 ^ TmTicIl- I 








V i- r muUfjjy^ /w 

u " liS> 




!•, MlA 






% 0 N l> I' ''" '‘’ 


itA •iiiirii EDirioii 


-* A.^ fc t/tfta 







216 


MEXICO 


[liKI'UlJLIf;. 


flow tlirougli the profound rocky gorges or barrancas, as 
they are here called, which form a characteristic feature of 
the Mexican table-lands.^ On the east side some of these 
barrancas, here running mostly west and cast, attain depths 
of 800 to 1000 feet in the unfossiliferous limestones of 
that region ; and oven on the west coast the IJe Beltran 
canon is flanked by sheer rocky walls over 500 feet high. 
Hence the rivers are almost useless for irrigation purposes, 
and available as means of communication only for short 
distances in their lower reaches, where they flow through 
the narrow alluvial strips of level coast-lands to the sea. 
Even the Rio Grande del hTorte, which is bj’ far the 
largest, 'and which forms the frontier line between Mexico 
and Texas, is navigable by large vessels only for a few 
miles above its port of Matamoras. The Rio Gmndc do 
Santiago, the largest on the Pacific aide, is almost everj'- 
where obstructed by falls and rapids. On this coast the 
ne-xt in importance is the ilcrcala, or Rio do las Balsa.s, 
which, like the Panuco, ^Uvarcdo, Coatzacoalas, Grijalva, 
and Usumacinta flowing to the Gulf of ^Mexico, is subject 
to sudden freshets during the rains. 

At this season the waters which find no seaward outlet 
are collected in the deprcs.siona of the plateaus, where 
extensive tracts remain flooded for .several mouths at a 
time. But these lacustrine basins of the Anahuac and 
Chihuahua table-lands, standing at elevations of from -1000 
to 7000 feet, are, by evaporation under semi-tropical suns, 
rapidly reduced to their normal level. The diminished 
size of the Anahuac lakes shows that since the comiuest a 
steady i>rocess of desiccation luis been going on, due prolv 
ably to the reckless destruction of the u[)land forests by 
the European settlers. None of these lakes are of great 
size except Lake Ohaj)ala, which is traver.scd by the Rio 
Grande do Santiago, and has a reputed area of about 1300 
.square miles. Amongst those of the plateau c.si)ecially 
noteworthy for their magnificent .scenery arc Tezcuco and 
Chaleo, in whose sjjarkling waters are reflected the sur- 
rounding volcanic peaks and extinct cniters of the .tVnahuac 
table-land, with a background formed by the Cordilleras, 
whose snon-y summits rise here and there high above the 
dark pine forests of the lower slopes. 

Geology In the higher ranges the prevailing formations are 
and granites, which seem also to form the foundation of the 
minerals, plateaus, above which rise the traj)s, basalt.s, mineral- 
bearing porphyries, and more recent lavas. Hence Lyell’s 
theory that Mexico consisted originally of granitic ranges , 
with intervening valleys subsequently filled up to the level ! 
of the plateaus by subterranean eruptions. Igneous rocks 
of every geologic epoch certainly to a large extent form the . 
.superstructure of the central plateau. But the Jlexican 
table-land seems to consist mainly of metamorphic forma- 
tions, which have been partly upheaved, partly inter- 
penetrated and overlaid by igneous masses of all epochs, 
and which are chiefly represented by shales, greywacke, 
greenstones, silicious schists, and especially unfossiliferous 
limestone. All these formations are alike remarkable for 
the abundance and variety of their metalliferous ores, such 
as silver, silver-glance, copper, and gold. Gneiss and 
micaceous schists prevail in Oajaca and on all the southern 
.slopes facing both oceans. But the highest ranges are 
formed mainly of plutonic and volcanic rocks, such as 
granites, .syenites, diorites, mineral-bearing trachytes, 
basalts, porphyries, obsidian, pearlstone, sulphur, pumice, 
lavas, tufa, and other recent volcanic discharges. Obsidian 
(itztli) was the chief material formerly used by the natives 


^ “ Near the mpuntaiu ranges, from which tlie water after heavy 
r.'iins rushes down iit^irummerable forest streams, these ravines are 
■ filled with incredible rapidifyas high as 30 feet, — the torrent importing 
(sve) trees and bearing away rocks with a thundering noise and 
irresistible power ” (EgloSstein, p. 22). 


in the manufacture of their cutting implements, a.s .shown 
by the quarries of the Cerro de his Navaja.s (“ Knife Cliff”) 
near Eimapan. Vast deposits of pumice and the purest 
sulphur are found at Huichapa and in many of the craters. 
But immeasurably the most valuable rocks are the 
argentiferous porphyries and schist.s of the central plateaii 
and in Sinaloa, unle.-vs they are destined to lie rivalled by the 
auriferous deposits of Sonora.- Horizontal and stratified 
rocks, of extremely limited extent in the south, are largely 
developed in -the northern .states, and chalk becomes very 
prevalent towards the Rio Grande and Rio Gila valleys. 
To this chalk and to the band.stones are j/robably to l»e 
referred the sandy jflains which cover vast tracts in North 
Mexico, .stretching thence far into New Mexico and Te.\as. 
Here the Bolson de Mapimi, a vast rocky wiltlerne.s.s 
Adiabited only by wild tribes, occupie.s a space of perha[)S 
50,000 riipiare mile.s in C'oahuila ami parts of the .surround- 
ing .states. 

None of the horizontal layers seem to be very rich in 
ores, which arc found mainly in the metamorphic, pala;ozoie, 
and hypogene roeks of Durango, Chihuahua, and the !>outb. 
Apart from Sinaloa and Sonora, which are now known to 
contain va.st stores of the precious metal.s, nearly all the 
historical mines lie on the -south central plateau at eleva- 
tions of from 5500 to 9500 feet. A line drawn from 
the capital to Guanajuato, and thence northwanhi to 
the mining town of Guadaliqie y Calvo in Chihuahua, 
ami .southwards to Oajaea, thus cutting the main axis 
of uidieaviil at an angle of -ly', will intersect probably the 
riche.st known argentiferou.s region in the whole world. 
The central group of mines in the three mineral districts 
of Guanajuato, Zacatcca.s, and Catorze (San Luis I'otosi), 
which have yielded more than half of all the .silver hitherto 
found in Mexico, lie between 21“ and 21* 30' N., within au 
area of about 1 3,000 .square mile.s. Here the Veta Madre 
lode of Guanajuato alone produced il501,000 between 
155G and 1803, besides £10,000 of gold. 'Ihis metal, 
however, occurs chiefly, not on the plateau in ussociatipu 
with silver, but on the sloiies facing the Pacific, and 
a[iparently in grcate.st abundance in Sonora, near the 
auriferous region of New California. In recent times over 
half of the silver [iroduced in the whole world has been 
supplied by Jlexico, and the total yield of the precious 
metals between 1537 and 1880 was as under — 


■ ! Gold. 

bib er. 

Tural. 

1537 to 1821 1 £U, 000,000 

1821 to 1880 i 10,000,000 

£118,000,000 

180,000,000 

£432,000,000 

190,000,000 

Tot.al j £21,000,000 

£598,000,000 

£622,000,000 


Of other minerals the mo»t inqiortant are copjier, found 
in a pure statu near the city of Guanajuato, and associ- 
ated with gold in Chihuahua, Sonora, Guerrero, Jalisco, 


- On the general character and lUatribution of the igneous forniatious 
Von Egloffstein remarks: “Intimate relations' eii-st between the 
metalliferous ami iion-metalliferou.s iiorjiliyries, Tlie metalliferous jior- 
pliyry is less frequent, but constitutes the most important formation, 
bearing the precious metals, . . . embracing the rich lodes of Eeal-del- 
Monte, Paclmca, Clhico, Capula, and S.-iut.-i Ro-ui, all of great richness 
and magnitude. They further fonn the mineral districts of Augan- 
gueo, Oro, Huautla, Jtc., and p-irt of the mountains of Zimapau luid 
Istapa-del-Oro. The lodes found in this porphyry are clnaracterued 
by their magnitude and the consistency of the ores they contain. . . ■ 
The richest ores of native silver and sulphuret, chloride, and oxide of 
silver are found in the lodes of Real-del-Monte, Pachuca, and Santa 
l{os,a. . . . The gold seetns to exist in small particles in the meta- 
iiiorphic jxirphyry mountains, whence it is carried by the rains to the 
valleys as the rocks become disintegrated ” (pp. 6-8). 

^ Times correspondent, December 7, 1882. Guanajuato seems to be 
j still the greatest producer, yielding iroiii £1,500,000 to £1,750,000 
yearly, altliougli the great Valenciana mine is Hooded, and of the hun- 
j dred opened only fifty-two arc now worked (Geiger). 
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Miclioacan, and elsewhere; iron in immense masses in 
ilichoacan and Jalisco, and in Diu’ango, where the Cerro 
del Mercado is a solid mountain of magnetic iron ore ; lead 
associated with silver, especially in Oajaca; tin in 
Michoacan and Jalisco ; sulphur in many craters ; platinum 
recently found in Tlaxcala and Hidalgo ; cinnabar also 
recently in Morelos and Guerrero ; “ steppe salt " in the 
sandy districts of the north; “bitter salt” at Tepeyac; 
coal in limited quantities at various points; bismuth in 
many parts; marble, alabaster, gypsum, and rock-salt in 
great abundance throughout the plateau and the sierras. In 
1882 there were' open altogether 569 mines: — 5-il silver, 
11 gold, 4 copper, 4 lead, 3 salt, 2 coal, and 1 mercury.* 
limate Intersected about midway by the Tropic of Cancer, 
id and stretching across seventeen of latitude, 

Mexico, from its position alone, necessarily enjoys a great 
diversity of climate. But from its peculiar configuration 
this feature is affected far more by the relief of the land 
than by its distance from pole or equator. This is esiieci- 
ally true of the more fertile and populous section lying 
Avithin the torrid zone, Avhere three distinct climatic regions 
are distinguished, not according to their horizontal, but 
according to their vertical position. The temperature 
falling steadily with the elevation of the land, which here 
rises rapidly from sea-level to nearly 18,000 feet above 
the surrounding waters, the low-lying coast-lands, up to 
about 3000 feet on the scarps and terraces of the central 
plateau, are comprised within the first zone of tierras 
caltenies, or “hot lands.” Within this zone are included 
all the sandy and marshy tracts fringing the Gulf of 
Me.xico, the lower slopes facing eastwards and exposed to 
the hot and moist Avinds from the Caribbean Sea, and most 
of Yucatan and the Tehuantepec isthmus, besides the 
narrow strip between the uplands and the Pacific which 
broadens northwards along the east side of the Gulf of 
California. Here the mean temperature varies from 77° 
to 82° Fahr., seldom falling below 60°, but often rising to 
105°, and in the sultry districts of Vera Cruz and Acapulco 
to 110°. The extreme north-Avestern parts of this region 
come almost Avithin the rainless zone, and the Californian 
peninsula itself is subject to excessive droughts, rendering 
it almost uninhabitable. But farther south the climate 
on both seaboards may be described as humid, hot, and 
extremely unhealthy, especially for Europeans. YelloAv 
fever and black vomit are here endemic. But these 
scourges are at least compensated by a magnificent tropical 
vegetation and extensive virgin forests abounding in 
A'aluable timbers, dyeAvoods, and medicinal and other 
useful jdants. Of the 114 species of trees and cabinet 
Avood-s, 17 of oil-bearing ^slants, and over 60 of medicinal- 
plants and dyewoods indigenous to Mexico, and often 
differing specifically from kindred varieties in Central 
and South America, by far the larger part are repre- 
sented in the tierras calientes. Amongst the most im- 
portant of these forest j^Iants are mahogany, rosewood. 


' Lorenzo Castro, Jfexico in 1882. According to this authority the 
total yield of the Mexican mines between 1637 and 1880 was 
£776,276,000, Avhile another estimate based on a report of the 
Mexican mint gwes it at £930,786,000. Of this a large amount has 
been coined in Mexico, where there Avere eleven mints atAVork in 1876, 
Avith a total annual yield of about £5,000,000. The total coinage 
since the coniiucst has been estimated as high as £600,000,000, not 
more than 5 per cent, of this being gold. AATth regard to coal, the ex- 
istence of Avhich in Mexico has been recently denied by Mr BigeloAv in 
Harper's Marjazine, official returns for 1882 give a list of over tAventy 
places Avliero it has been found, though noAvhere as yet in large quan- 
tities. Petrolenra also appears to be very abundant in several 
localities. Among.st other natural products mention should be made 
of amber, found on the Yucatan coast. Mineral springs are very 
numerous everywhere on the plateaus and terrace-lands. The most 
famous are El Peiion and N. Seiiora de Guadelupe near tbe'caintal, 
and Aguas Calientes farther north. 
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copal, caucho (india-rubber), jalap, sarsaparilla, and vanilla 
Here also maize, supplying the staple food of the people' 
yields prodigious returns, multiplying from tAvo hundred 
to four hundred fold, and affording tAvo, three, and even 
four successive crops Avithin the year. Bice, indigo, cotton 
tobacco, and coffee all thrive Avell, Avhile sugar, cocoa, the 
banana, and several varieties of beans are largely cultivated. 
The tobacco of Vera Cruz and Tabasco, the coffee of Colima 
and the cocoa of Oajaca and Chiapas are of unrivalled 
e.xcellence. 

^ To the “hot lands” succeed in vertical position the 
tierras temipladas, or “temperate lands,” which comprise 
all the higher terraces and the central plateaus themselves 
betAA'een about 3000 and 8000 feet. With a mean tempera- 
ture of from 62° to 70° Fahr., and oscillating betAveen 
such moderate extremes as 50° and 86°, this region enjoys 
one of the very finest climates on the globe. The Puebla 
and Anahuac table-lands are described by enthusiastic 
travellers as “ terrestrial Edens," Avith a perennial spring 
symbolized by the evergreen oak, cedars, and many 
analogous plants, Avhich here attain their greatest perfec- 
tion. The transition from the loAver zone is often very 
gradual; and, Avhile endemic fevers cease altogether at 
altitudes of 2700 and 2800 feet, the tropical flora invades 
many parts of the terrace lands, and even of the plateaus 
to heights of 4000 and 5000 feet.^ A certain uniformity 
is thus imparted to the Mexican landscape by the Avide 
range of the maize, Avheat, tobacco, vine, coffee, and other 
[flantations, as Avell as by the palms, evergreens, mango, 
olive, orange, lemon, yucca, and an endless variety of the 
cactus family, one species of Avhich forms hedges 20 feet 
high on the Anahuac uplands. The central zone is on the 
Avhole drier than the southern loAvlands, although the 
scarps facing seaAvards are often wrapped in the fogs and 
mists of the intercepted moisture-charged atmospheric 
currents. The heaviest recorded rainfall (90 to 100 inches) 
occurs in the healthy Huatusco district of Vera Cruz, at 
an altitude of 4380 feet. 

In the highest zone of tien'as frias, or “cold lands,” 
embracing all the highlands from about 8000 feet upAvards, 
the rainfall is five times less than on the tierras templadas. 
Hence snoAv rests throughout the year only on the four 
most elevated peaks of Popocatepetl, Orizaba, Nevada de 
Toluca (15,000 feet), and Ixtaccihuatl. Characteristic 
both of the tierras frias and templadas is the maguey 
(Agave mexicana), Avhose fruit is edible, and Avhose 
fermented juice has from time immemorial supplied the 
famous pulrgue, or national beverage of the Mexicans. 
From the fibre of the heniquen, an allied species, is pro- 
duced the “ Sisal hemp ” of commerce, Avhich has in recent 
years become the staple export of Yucatan. 

Speaking generally, the four seasons are clearly marked 
north of 28° N. lat. only. South of that parallel they 
merge in the estacion de las agms, or rainy season, from 
May to October, and the estacion seca, or dry season, Avhich 
prevails for the rest of the year. The rains generally 
begin on the east coast, gradually moving westAvards. In 
the Pacific the moist atmospheric currents are deflected 
northAvards, Avhence the striking contrast betAveen the 


* On the Amilpas plateau, Avhich stretches south of Popocatepetl at 
ameanheightof 6000to6400 feet, “coffee, sugar, and indigo areculti- 
vated, and most of the tropical fruits grow luxuriantly ” (Egloffstein, 
p. 17). The same .authority gives the limits of vegetation in this 
region at 12,814 feet, and the snoAv-line at 14,960 feet. He observes 
that “ nothing is more surprising to the traveller than the varieties of 
climate under this zone, Avhich vary according to the different elevations 
above the sea. In a few hours Ave descended from the cold regions of 
the fir and the oak, on the heights of Ozumba, to a hot climate, tierra 
calienU, where Ave found the most luxuriant vegetation, passing in 
that short time through successive change.s of the most diversified 
species of tree.s, plants, birds, insects ” (p. 22). 
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til.-- re^Jar ck-r;:y rJT-pr.--55C'l, arid thiir mona.-.Un‘-, -.ritli 

ail other aUj-erjiuoa'i eook.-ia.-tica! vtruciarte, appiopriited hy thi 
htate, puring the I2.it j-ears American Proteiiarit miadori.! 
Lave cLiimcj] .lorne jurtLil ruo&tES, and the ao-calSed “ Ciiurth of 
JcitLi/' an Tindtaominational body of n .eomervh'it oriMiral tyjie, ‘ 
ha,-} found a namber of a/lherenlv, e-jpecLally on the Ananaac tabJe- 
lani Kut the Indioj braroj, or uncivilized 8}xjri;jiriei, eveiyarhere ' 
follow the old spirit worship, while the Chriithinriy of the Phlclto | 
i 5 little more tlian a cloak for the continuons practice of the former | 
Aztec lieathenLim. Tiic jiomp of the Itoman ritual Is 'iupplemenUd 
bj- the fea=ti of the national worshiii, and the Pa;^in dciti'-s of the 
ol i cult arc .jtill rcpfe-cut*<l by the .s-iinti of the I'oman calendar.* 

Mexico con.ititute.i at pr&.-.cnt a confederation of 
ctatfe-i inodeUeei on that of the Xorth-Arnerican Union, 
and adrninLtere/l according to the con.atitution of 1857 a.=> 
amended in 1873-7 1. By ]>opuIar suffrage are cho-.en the 
president, the upper hoix-.e (fifty-two mernl>er.s), and the 
supreme judiciary for four yeans, and the lower hou-.e (two 
hundrerl and twenty-aeYen meml/enp for two years. The 
senate, abolLibed in 1853, wa.s reitorerl in 1874, and 
the chief ja-itice i.s ex ojjlcio Yuce-president. The federal 
states, which are divided into a number of adrairiLitrative 
districts, enjoy full autonomy in all local matters, Tlie 
.several comctitutions are mcxlelied on that of the central 
government, and like it comprl-.e three departments — 
legl-.lative, executive, and judiciaL Each .state is repre- 
•sented in the federal congrei.i in the j>ro{>ortion of one 
member for every- 80,000 inhabitant-, and in the I'fMeral 
senate by two member.! elecbM by .luffrage in tke local 
congre.!.s, zUl external affairs and queAion-s of general 
intere-.t are r&erved for the central government, Tlie 
couititution as now e-itahllihed thui repre-ents in theory 
the complete overthrow of medievalhm, and the ab.-elute 
triumph of the new ideas -which in the Old Vi'orld are 
still in so many place., ntruggling for the ascendency. 

It is this ntruggls between privilege and popular 
rights tltat lends its human intere-t to the other.vl-.e 
monotonous record of unra-,l,te'l opprt-,-ion and aj/i/arently 
aimle',.s revolution-s wliich characterize the early and the 
later periods of Mexican liL-.tory, from theoverthro'w of the 
native rule down to the pra-A-nt day. The early or colonial 
P^eriod cover» exactly three hu.adrwl year,, — from the death 
xn 1521 of Ouaternozin, ba,t of the Aztec emperor,, to the 
withdrawal of the la,t Sx./anl,h -viceroy, Don Juan OTlonoju, 
in 1821. During the,e three centurie., the attitude of the 
ma-,.yas -was one rather of niiilen .,ubml--!ion than of active 
re,l,tanee to grinding oppra-..,ion. By the Sp^nl-h Goveni- 
ment Me.xico -was looked on merely as a va,t mebaIJiferous 
region, to be jea!ou,ly guarded agaia,t foreign intru,ion 
and -worked exclu,ively for the benefit of the crown. The 
native.s were evangelized chiefly for the purj/O.-.e of lajing 
employed as /-lavas above and below ground, and thus was 
introduced from the Wfc,t India, the /5y.,tem of reparlt- 
miertifM, or dl,tributiori of the aborigina, on the lilantatioas 
ami in the rninas. But, while this .sy.,te,m proved fatal to 
the natives of Cul^ and Hayti, -where it Irad to be rej^Iaced 
by negro labour, the hardier j>opiilation.s of the zinahuac 
plateau .,ucce.„fully ra,l,ted its blighting influenca-. It 
proved in fact more dl-a.,trous to the ox/pra-.,-A>r than to the 
op/pra-.-e/L In tho-,e day, Sp/ain -was commonly comp/ared 
to a .sieve, never the richer for all the boundla-,s wealth 
diawn from the Xew V.'or!d. But the aborigines derived 
at lea,t Muia advantage from contact and j/artial fu.,ion 
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with a people of superior culture. Thl, iu,ion, which ma-/ 
U r^mrd^l as the chief outcome of the f^lonial adminf- 
■stration, has contributed to the formation of the nraient 
exc^lingly complex ilexican natioriality, in which the 
Indian continues to be the p/redorninating element, Takim^ 
tim whole p>opuIation at less tlian ten inillioa,, it, ethnical 
dL,tnbution ap/p>5ars to be at pre-ent a, under;— 

1. Fall-blood IrnlLij, 5 z/y, 

2. Jfe,tizoe> (fwlf-caste Indhri, and v.liitci z'ooolooo 

3. Crjolfes ('.rhitfes of Spanhh dfe-/e;rit) I’.CbO KO 

4. Gachaj.ines® (.Sjjarnard, by birth) ' 50/jOO 

5. Otoer European., and Arnericari.s U'i’obO 

G. Full-bloo/1 v! (/A 

7, Zariibo, or “Chinos” (Iri<]rj-Africari,3 45'000 

'6. Ifnlattoes (Earafrizan,; 5 ,VjOO 

UmJer the Sp/anlsh administration, which wa, marked on 



* Oa the ge.ceral state of religion in Ifszioo Bate, well remark,: — 
“ITje olnoated cla-,ie, conform to the oatwanl ceremonies an-dordi- 
im-vce, of the charch, v/hile i;.v.'ar'ily believieg little or .'.othmg of ita 
dogma;. Ti.e lov/er grader, of society are, on the other lian'l, 
in t.he most grovelling /.aper-tition, ir.tensi.Ce'i by ma.ny tra/iitional 
Is'iian remini'Xrenoe.,- Tiiia .section of the commaiiity yield, a blind 
obedie.coe to the clergy, notr,-ith.-,tan<lix!g the severs law, vi-ii?i /vnirii 
the Govenimeat ha, endearonre/l to con./iteinct the ii.flce.cce: of the 
prie-.t,. Even *0 recently a, 1374 a genuine ca^; of '.liteh-bammg 
occarred in Herioo," — CtntroX Ajrxrica, y. 31, 


■Tffysltj 

from the hthrnus of Panama to Vancouveri.s I-land’. 
Antonio de Mendoza, ap,p/ointed in 1535 after government 
by avAiencuix had proved a .signal failure, -wa, the first of 
.sixty-four viceroy/S who rulerl -/ath a!mo,t autocratic p/ower, 
but .scarcely any of -whom has left a name in hi.-.tory, Don 
Juan de Amifia (1722—34) is mentioned as having been the 
only native American among them, and Don Juan V, 0, 
Pacheco (1780-01) had at lea,t the merit of betraying 
;-Atrne regard for the soe-ial welfare of bis subject-. Under 
him a regular px/lice, the ligliting and draining of town.^, 
and other municipal improvements were introduced. 

But down to the early years of the prfe,erit centurj' all 
emoluments in church and .,tate, rno.,t of the large planta- 
tion.-, of the mints, and of the commerce of the country, 
continued to be monopolised l>y the privileged gachupines, 
whom the creolts and me,tizoe.s had already U-gun to regard 
as alien-s. Hence the fir,t reactionary rno'/ements, .stimulated 
by Xapgjleon’.s dej/o.sition of King Ferdinand and arre.,t of 
tlie -viceroy Hurrigaray in 1808, -were aimed rather again.,t 
odioas cla,s dLtinctions and the intoltnable opipre.--sion of 
thezc alieri., than against the ab-.tract rights of the >Sp>anl,h 
crown. The long .smouldering .spJrit of di-.content at last 
broke into open revolt in 1810 at Guanajuato, under the 
leader.,hip> of Don Miguel Hidalgo. After hi, defeat and 
execution in 1811, the .struggle was continued by Morelo.s, 
who, like Hidalgo, was a prie-,t, and shared hi, fate in 
1815, But he h^ already called a r;ational as-.embly at 
Chilp-anzincx), and by thl, IxKiy Mexican indep/endence was 
for the fir,t time p/roclairned in 1813, A guerilla warfare 
kep,t the riational .spirit alive till a fresh .stirnulo., -was 
^ven to it hy the Sj/anlsh revolution of 1820, Under 
the leadership of the “ Liberator ” Iturbide, Mexican inde- 
p/endence -wa, again proclaimed on February 24, 1821, and 
the .-.ame year the cajdtal waa surrendered by ODonoju, 
the Ia-,t of the -viceroy.,. But even after the revolt had 
thus been cro'wned -with succe--5 a change of 'perzoa'tiel 
rather than of .system -/vas contemplated ; nor was Iturbide 
proclaimed empAiror until the ilexican crosm had been 
d^eclirievl by a royal prince of Spain, 

zUmost .simultaneou,Iy with this event the republican Pvrk/i &f 
.standard had been raised by Santa Anna at Yera 
(December 1822), Thus the nation had no sooner got rid " 
of foreign rule than it became tom by internal dl«eu,ion. 

But henceforth the .straggle is not .so much again,: the 
j/ri'vilege<l cla-^-As as between Conservative and Liberal 
p/rincirdfcs, — the former repre-Anted chiefly by the church 
and the sup/enstitious p/zpulace, the latter by the more 
enlightened but not lass tin.,crapulou3 sections of the corn- 
lannity. From both the Indios Eravo.s, that Is, aboat a 
third of the whole population, hold entirely aloof, and take 

! ad'vanta;£e of the public dl-orders to continue their aggras- 

* ■ ■ 

i * Frc-ia tbs Aztec OtUz/Jinn, csztaar; aUv kasvra as 
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sive warfare against all alike. ^ Events now follow in quick 
succession, and as many as three hundred successful or 
abortive revolutions are recorded during the brief but 
stormy life of Mexican national independence. ^ But amid 
the confusion of empires, republics, dictatorships, and 
military usurpations, succeeding each other with bewilder- 
ing rapidity, the thoughtful student will still detect a steady 
progress towards the ultimate triumph of those Liberal 
ideas which lie at the base of true national freedom. A 
brief tabulated summary of the more salient incidents in 
this eventful struggle must here suffice : — 

1821-23. Mexican independence acknowledged by Spain ; regency 
under Iturbide, who (1822) is elected hereditary constitu- 
tional emperor; in December Santa Anna proclaims the 
republic in Vera Cruz. 

1823-24. Provisional Government; Iturbide abdicates; e.xilcd, 
withdraws to London, but returning is shot (1824). 

1824. First Liberal constitution, — “Acta Constitutiva dc la Federa- 
cion Mexicana,” then comprising nineteen states and five 
territories; first president D. Felix Victoria, known as 
“Guadalupe Victoria." 

1828-30. Contested presidencies of Pedraza, Guerrero, and Busta- 
mente. 

1835. Reaction of the church party; constitution of 1824 .abolished ; 

the confederate states fused in a consolidated republic under 
Santa Anna as president, but practically dictator. 

1836. Texas refusing to submit secedes, defeats and captures Santa 

Anna. 

1837. Santa Anna returning resumes office. 

1839. Bravo’s brief presidency followed by much anarchy. 

1841-44. Santa Anna's first dictatorship with two others. 

1844. Constitution restored with Santa Anna president ; banished 

same year, he is succeeded by Canalize. 

1845. Herrera president ; disastrous war with United States to 

recover Texas. 

1846. Santa Anna again president. 

1848. Treaty of Guadalupe ; California and New Mexico ceded to 
United States. 

1853, Santa Anna’s second dictatorship; treaty of Mcsilla (negotiated 
by Gadsden) ceding extensive territory to United States and 
reducing lilexico to its present limits ; great financial embar- 
rassment ; ‘ ‘ Plan of Ayutla” ; flight of Santa Anna followed 
by universal chaos. 

1855. Provisional Government under President Comonfort. 

1856. Constitutional convention ; radical reforms ; rupture with 

Spain. 

1857. Liberal constitution of March 11 ; suspended December 1; 

Comonfort dictator ; tlie reaction supported by the church, 
large part of the army, and all Conservatives ; opposed at 
Vera Cruz by Vice-president Benito Juarez at the head of the 
“Puros,” or advanced Liberals; the “War of Reform" 
begins, and lasts till 1860. 

1858-59. In the capital Comonfort is deposed by Zuloaga, who 
abdicates in favour of Miramon, general of the Conservative 
forces ; but, declining the presidency, Miramon restoies 
Zuloaga ; British legation violated ; in Vera Cruz the 
United States envoy MacLean acknowledges Juarez, who 
introduces further Liberal measures. 

1860. Capitulation of Guadalajara ; flight of Miramon from the 

capital ; triumph of the Liberals. 

1861. Triumphal entry of Juarez into the capital ; further mdical 

reforms ; marriage declared a civil contract ; celibacy and 
ecclesiastical tribunals suppressed ; confiscation of church 
' property valued at £75, 000, 000 and over a third of the soil ; 

final separation of church and state; Spain, France, and 
England urge claims for losses of their subjects resident in 
Mexico ; convention of London ; intervention of the allies, 
who occupy Vera Cruz in December. 

1862. England and Spain withdraw, their claims having been 

settled by negotiation ; war continued by France. 

1863-64. The capital occupied by the French ; Louis Napoleon 
dreams of a universal fusion of the Latin races ; offers the 
Mexican imperial crown to the Austrian archduke Ferdinand 
Maxirnilian, ^vho accepts, and arrives in June 1864. 

1867. After diverse issues the French withdraw ; Alaximilian, 
abandoned to his fate, is captured and shot at Queretaro 
(June 19). 

' In December 1882 a party of seventy-five Mexicans and Americans 
were massacred in the state of Cliilmaiiua by a band of Bravos. 

" Between 1821 and 1868 the form of government was changed ten 
times; over fifty persons succeeded each other as presidents, dictators, 
or emperors; both emperors were shot, Iturbide in 1824, Maximilian 
in 1867, and according to some calculations there ocoiured at least three 
hundred pronunciamientos. 
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1867-69, Various pronunciamientos by Santa Anna and others. 
1871-72. Juarez president ; he dies in office July 1872 ; succeeded 
by his secretary Lerdo de Tejada. 

1873-74. The Liberal constitution of 1857, which had been twice 
suspended (1858-60 .and 1863-67), is now largely amended 
and continues to be henceforth the organic law of Mexico.’ 
1876. Tejada succeeded by Porfirio Diaz. 

1880. Manuel Gonzalez, reigning president 

Since 1869 the Liberal party has succeeded in preserving peace at 
home and abroad, while establishing democratic institutions on a 
firm basis. A. v. Humboldt’s gloomy anticipations^ have not been 
realized, and for the first time in its chequered history Mexico may 
look forward with some confidence to a bright future. The plague 
spot is the uncivilized Indian element. But with boundless natural 
resources at its dispos.al, a wise administration may hope to over- 
come that difficulty, and gradually effect a complete fusion of the 
antagonistic racial elements. 

Literature . — J. Frost, History of Mexico and its IFari, %vltU addenda by A. 
Hawkins, New Oilcans, 18S2; T. U. Brocklcliurst, Zfexico To-day^ London, 1882: 
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Revoluciones, Paris, 1838; E. K. 11. von Richthofen, Die poUtischen Zitsldude der 
Republik Mexico, Ueilin, 1854-59; \V. 11. Prescott, History of the Conquest oj 
Mexico^ New York, 1847 ; E. 3IiIhlcnpfordt, Schilderung der Rep. Mexico, besonders 
in Deziehung ntff Geographic, Ethnoyraphie, und Statistik, H.inovcr, 1844; A. R. 
ThUmnicI, Mexico und die Mexicaner in phy%ischer, sociaUr^.und poHtischer Iltzit' 
hung, Eilangcn, 1848; Br.mtz ifaycr, Mexico as it uas and as it i.% New York, 
1S44, and Mexico, Aztec, Spanish, and Republican, Hartford, 1853; F. W. von 
Egloffstein, Contributions to (he Geology and (he Physical Geography of Mexico, 
New York, 1864 ; J. C. BuUiaini, Le Mexigue, Pails, 1830; ifadame C. [Calderon] 
de lu B. [Barca], Life in Mexico, Ac,, with pref.icc by W. If. Prescott, Londm, 
1843; A. M. Gilllani, Travels over the Table-lands and Cordilleras of Mexico, Pliil- 
odeiphla, 1846; A. von Hiimbohlt, Vues des CordiVkres et monumenls dcs peuples 
indighnes de IWmifrique, Paris, 1810, and Versuch Uber den politischen Zuitandd4i 
Konigreichs Neii-Spanien, TUbingen, 1609-13 (French cd., Pails, 1811); illgucl 
Lerdo de Tejadu, Comercio exterior de Mexico desde la Conquista hasta hoy, 
Mexico, 1853 ; John ifaegregor. Slates of Mexico (commci cial tai iffs, Ac.), London, 
1846; Anales del Ministerio de fomaito, colonizacion, industria, y comercio de la 
Republica Mexicana y reperlorio de noticias sobre eieneias, arles, y estadisiica 
naeionat y estratgera, iluxlco, 1851-55; Memoria sobre el estado de la agricullura 
y industria de la Republica, que la direccion general de estos ramos presenia al 
Oobierno Supremo, Ac., ifexico, 1843-16; Don SInriano Galvez, Industria jYaeionaf, 
Mexico, 1845, and Estatutoorganicode la RepublicaMexieana, Malco, 1857; II. W. 
Bates, Central America, Ac., with ethnological appendix by A, H. Keane, London, 
1878; Surveys of the French Corps Expddltlonnnlrc embodied in the Carte du 
Mexigue, with accompanying monograph by M. Nlox, Paris, 1873. Other largo 
and more or less trustworthy maps aie— A. G. Ciibn, Carta Geogi’afea, Jlexlco, 
1874; The Library Map of Mexico, Chicago, 18S2; Humboldt, Atlas G^ographigue 
et physique du Royaumc de la Houvelle Espagne, Paris, 1811 ; Mapa de los Estados 
Unidos de Mexico, Ac., published by J. Distumell, New Yoik, 1847; Brud, Carte 
gindrale des Jitats-Unis Mexicains, Paris, 1825; XT. Kiepert, Mexico, Texas, und 
Californitn, Weimar, 1847 ; F. dc Gerolt y C. de Berghes, Carta geognosfiea delos 
principales distritos minerales del Estado de Mexico fonnada sobre obsercaciotiet 
astron., baromelr., y mineral., 3Icxlco, 1827; the large physical and geological 
maps accompanying Von Egloffstcin’s abOYC*quotcd work; and a good relief map 
in F. Ratzcl’s Aus Mexico, Breslau, 1878, (A. II. K.) 

III. THE CITY OF MEXICO. 

Mexico, the capital formerly of the Aztec empire and of 
the Spanish colony of hTew Spain, and now of the republic, 
state, and federal district of Mexico, stands on the Anahuac 
plateau, 7524 feet above sea-level, 2i miles from the south- 
west side of Lake Tezcuco (Texcoco), the lowest and largest 
of six basins filling the deepest depression in the hill-encircled 
Mexican valley. Situated in 19° 25' 45" N. lat. and 99° 7' 
W. long., it is 173 miles by rail from Vera Cruz on the 
Atlantic, 290 from Acapulco on the Pacific, 285 from Oajaca, 
863 from Matamoros on the United States frontier. Mexico 
is the largest and finest city in Spanish America, forming 
a square nearly 3 miles both ways, and laid out with perfect 
regularity, all its six hundred streets and lanes running at 
right angles north to south and east to west, and covering 
within the walls an area of about 10 square miles, avith a 
population (in 1880) of 230,000. Most of the inhabitants 
are pure-blood Indians or mestizoes; but the foreigners, 
chiefly French, English, Germans, Americans, and Spaniards, 
monopolize nearly all the trade, and as capitalists, hankers, 
merchants, and dealers enjoy an .influence out of all 
proportion to their numbers. A large portion of the 
natives are mendicants or vagrants, and the distinctly 
criminal element (26,470 in 1878) is kept in order by a 
police force of 1320 men; yet in that year there were as 
many as 5370 knife-attacks and 3250 robberiesT The 

^ Consulted shortly before his death as to the future prospects of 
Mexico, with whicli his name was so intimately associated, Humholdt 
ventured to prophesy that “die Vereinigten Staaten werden esansich 
reissen und dann selbst zerfallen.” 
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broad, well-jiaved, and gas-lit streets present a picturesque 
appearance with their quaint two- and three-storied stone 
houses gaily painted in white, red, yellow, or green, and 
terminating everywhere with a background of rugged 
sierras or sno^vy peaks w'hich, owing to the bright atmo- 
sphere at this elevation, seem quite close, although really 
30 or 40 miles distant. All the main thoroughfares con- 
verge on the central Plaza de Armas (Plaza Mayor, or 
Main Square), w'hich covers 14 acres, and is tastefully laid 
out with shady trees, garden plots, marble fountains, and 
seats. Here also are grouped most of the public buildings, 
towering above which is the cathedral, the largest and 
most sumptuous church in America, which faces the north 
side of the plaza on the site of the great pyramidal teocalli 
or temple of Huitzilopochtli, titular god of the Aztecs. 
This edifice, which w-as founded in 1573 and finished in 
1657, at a cost of £400,000 for the walls alone, forms a 
Greek cross 426 feet long and 203 Avide, with twm great 
naves and three aisles, twenty side chapels, and a magnifi- 
cent high altar supported by marble columns, and sur- 
rounded by a tumbago balustrade Avith sixty-two statues of 
the same rich gold, silver, and copper alloy serving as 
candelabra. The elaborately carved choir is also enclosed 
by tunibago railings made in Macao, weighing 26 tons, and 
valued at about £300,000. In the interior the Doric style 
prevails, Renaissance in the exterior, Avhich is adorned by a 
fine dome and tAvo open toAA'ers 218 feet high. At the foot 
of the left toAA'er is placed the famous calendar stone, the 
most interesting relic of Aztec culture. The east side of 
the plaza is occupied by the old viceregal residence, now 
the National Palace, Avith 675 feet frontage, containing 
most of the Government offices (ministerial, cabinet, treasury), 
military headquarters, archives, meteorological department 
Avith observatory, and the spacious hall of ambassadors Avith 
some remarkable paiutings by iliranda and native artists. 
North of the National Palace, and apparently forming 
portions of it, are the post-office and the national museum of 
natural history and antiquities, Avith a priceless collection 
of Mexican remains. Close to the cathedral stands the 
Monte de Piedad, or national paAvnshop, a useful institu- 
tion, endowed in 1744 byTerreros with £75,000, and noAV 
possessing nearly £2,000,000 of accumulated funds. 
Facing the cathedral is the Palacio Municipal (city hall), 
252 feet by 122, rebuilt in 1792 at a cost of £30,000, and 
containing the city and district offices, the corporation jail, 
and the lonja, or merchants’ exchange. Around the 
Plaza San Domingo are grouped the convent of that 
name, said to contain vast treasures buried Avithin its AA^aUs, 
the old inquisition, noAv the school of medicine, and the 
custom-house. In the same neighbourhood are the church 
of the Jesuits and the school of arts, “an immense Avork- 
shop, including iron and brass foundries, carriage and cart 
mending, building and masonry, various branches of joinery 
and upholstery Avork, and sUk and cotton hand-Aveaving ” 
(Brocklehurst). Other noteworthy buildings are the 
national picture gallery of San Carlos, the finest in 
America, in Avhich the Florentine and Flemish schools are 
AA^ell represented, and Avhich contains the famous Las 
Casas by Felix Parra; the national library of St Augustine, 
with over 100,000 volumes, numerous MSS., and many rare 
old Spanish books; the mint, AA'hich since 1690 has 
issued coinage, chiefly silver, to the amount of nearly 
£400,000,000 ; the Iturbide hotel, formerly the residence 
of the emperor Iturbide ; the Mineria, or school of mines, 
wdth lecture-rooms, laboratories, rich mineralogical and 
geological specimens, and a fossil horse 3 feet high of the 
Pleistocene period. OiAung to the spongy nature of the 
soil, the Mineria and many "other structures^ have- settled 
out of the perpendicular, thus often presenting irregidar 
lines and a rickety appearance. Among the twenty 
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scientific institutes mention should be made of the Gecna- 
phical and Statistical Society, whose meteorological depart- 
ment issues charts and maps of unsurpassed excellence. 

Besides the chief market south of the National Palace there are 
three others, all Avell stocked with meat, fish, and especiaUy 
vegetables, fruits, and flowers grown mainly on the cJiinaivpas or 
floating gardens of Lakes Chaleo and Xochimilco. These wardens 
which were far more numerous in the Aztec times, are fomed by 
placing layers of turf on the matted aquatic vegetable growths to a 
height of 2 or 3 feet above the water, and securing them by Ion"' 
willow poles driven through them to the bottom, where they take 
root. They form plots 100 to 200 feet long by 20 to 100 broad, and 
are firm enough to support the huts of the cultiv'ators. From the 
still e.xtant illuminated tribute-rolls it appears that the Aztec 
rulers deriv-ed a large share of the taxes from these gardens, n-hich 
at tliat time also covered the brackish Avaters of Lake Tezcuco. 

Before I860 half of the city consisted of churches, convents, and 
other ecclesiastical structures, most of ivhicli have been sequestrated 
and converted into libraries, stores, warehouses, and even stables, 
or pulled down for ewie improA-ements. Nevertheless there still 
remain fourteen parish and thirty other churches, some of large size 
with towers and domes, and their number has now been increased 
by sLx Protestant churches including the Anglican cathedral in 
San Francisco Street. This is the leading thoroughfare, and is 
rivalled- in splendour only by the new Cinco de Jlayo Street running 
from the National Theatn to the cathedral. 

The city is supplied by two monumental aqueducts, from Chapul- 
tepec and the south-west, with good water at the rate of gallons 
per Jay per inhabitant. 

Its industries ai-e A-aried but unimportant, consisting chiefly of 
gold and silver AVork, coarse glazed and unglazed pottery of peculiar 
form and ornamentation, paper, feather-woik remarkable for its taste 
and beautiful designs, toys, rosaries, crucifixes, religious pictures, 
lace, and some AA'eaving. 

Mexico enjoys an equable climate, witha temperature varying from 
70° to 50° F., but rendered unhealthy by the e.xhalations from the 
lakes and the bad drainage. The death-rate in 1876 Avas 59 per 
1000, and 15 in 1 87 8, pneumonia being most fatal (12 per cent, of the 
total). Standing at the lowest level of a lacustrine valley, IlOO 
square miles in extent, and comjdetely encircled by hills Avith no 
natural outlet, the city has alivays been subject to floodings from 
the overfloAV of the neighbouring freshwater Lakes Zumpango and 
Xaltocan on the north and Xochimilco and Chaleo on tlie south, 
AA-hich, in the 17th century, laid the AA'hole district under water in 
1607, ami again for five years from 1629 to 1631. To remedy the 
evil the engineer Slartiuez began in 1607 the gi-eat cutting 13 miles 
long through the Nochistongo hill in order to draAv off the 
discliarge of Lake Zumpango, tlie highest in the valley, to the river 
Tula, a tributary of the Panuco, floAA'ing to the Atlantic. This work, 
Avhich cost the lives of 70,000 natives, was completed in 1789; but the 
result AA’as not satisfactory, and the city is still often flooded. 

The chief public promenades are the Alameda, planted AA'ith 
stately- beeches ; the Vega, skii ted by the Vega Canal, and adorned 
Avith the colossal bust of Guatemozin, the last of the Aztec em- 
perors ; the Paseo de la Kiforma, a fine aA-euue 3 miles long running 
south to the famous castle of Chapultepec, a place intimately asso- 
ci.ated Avith the names both of Montezuma and Maximilian. The 
present castle, erected in 1785 by the viceroy Galvez on the site of 
Montezuma’s palace, commands a superb view of the city and sur- 
rounding district, and is approached by avenues of gigantic 
cypresses {Cuprcsstis dislkha) dating from Aztec times, growing to a 
height of 120 feet, and measuring from 30 to 40 feet round the stem. 
Other good roads Avith horse or steam trams lead to Taeubaya and 
the “Noche Triste” tree, Avbere Cortes is tmditioually supposed to 
have rested after the disastrous retreat from Mexico on the night of 
June 30, 1520, to the pleasant summer suburb of Taeubaya, and to 
the renowned shrine of Our Lady of Guadalupe, 3 miles to the east on 
the border of Lake Tezcuco. Here stands the most famous church 
in Mexico, erected to commemorate the legendary apparitions of the 
Madonna to the Indian Juan Diego in December 1531, and still 
visited by thousands of julgrims or sightseers. 

Mexico dates either from the year 1325 or 1327, Avhen the .4ztecs 
after long Avanderiugs OA-er the plateau Avere directed by the oracle 
to settle at this spot. For here had been Avitnessed the auspicious 
omen of an eagle perched on a nopal (c.ictus) and devouring a snake. 
Hence the original name of the city, Tenochtitlan (nopal on a 
stone), changed afterwards to ilexico in honour of the Avar god 
Mexitli. "With the progress of Aztec culture the place rapidly im- 
proved, and about 1450 the old mud and rush houses Avere renlaced 
by solid stone structures erected partly on piles amid the islets of 
Lake Tezcuco, and grouped round the central enclosure of the gn;.it- 
teocalli. The city- had reached its highest splendour on the arrival 
of the Spaniards in 1519, Avhen it comprised from 50,000 to 60,000 
houses, Avith perhaps 500,000 inhabitants, and seemed to Cortes, 
“like a thing of fairy creation rather than the AVork of mortal 
hands” (Prescott). It Avas at that time about 12 miles in circum- 
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fereuce, every where intersected by canals, and connected with the 
mainland by six long and solidly constructed causeways, as is clearly 
shown by the plan given in the edition of Cortes’s letters published 
at Nuremberg in 1524 (reproduced in vol. iv. of H. H. Bancroft’s 
History of tlic Pacific Slates, San Francisco, 1833, p. 280). After 
its almost total destruction in November 1521, Cortes employed 
some 400,000 natives in rebuilding it on the same site ; but since 
then the lake seems to have considerably subsided, for although 
still 50 sc^uare miles in extent it is very shallow, and has retired 


miles from the city. During the Spanish rule the chief event was 
the revolt of 1692, when the municipal buUdings were destroyed. 
Since then Mexico has been the scene of many revolutions, and 
after the battle of Chapultepec (September 13, 1847) the city was 
held by the United States troops till the treaty of Guadalupe, 
May 1848, But since the disorders ending with the death of 
Maximilian it has turned to peaceful ways, and has become a great 
centre of civilizing influences for the surrounding semi-barbarous 
peoples. (A. H. K.) 


ilEYERBEER, Giacomo (1791-1S63), first known in 
Germany as Jakob Meyer Beer, was born at Berlin on 
September 5, 1791,^ of a wealthy and talented Jewish 
family. His father, Herz Beer, was a banker ; hjs mother, 
Amaiie {7iee "Wulf), was a woman of high intellectual- 
culture ; and two of his brothers distinguished themselves 
in astronomy and literature. He studied the pianoforte, 
first under Lauska, and afterwards under Lauska’s master, 
Clementi. When seven years old he played Mozart’s Con- 
certo in D Minor in public, and at nine he was pronounced 
the best pianist in Berlin. For composition he was placed 
under Zelter, whose lessons were soon exchanged for those 
of Bernard Weber, then director of the Berlin opera, by 
whom he was introduced to the Abb6 Vogler. Struck by 
his brilliant talent, Vogler invited him to Darmstadt, and 
in 1810 received him into his house, where he formed an 
intimate friendship \vith Karl Maria von Weber, who, 
though his senior by eight years, shared the daily lessons 
he received from the abb4 in counterpoint, fugue, and 
extempore organ-playing. At the end of two years the 
grand-duke appointed Meyerbeer composer to the court. 
His early works, however, were far from successful, — ^his 
first opera, Jephtka’s Gelubde, failing lamentably at 
Darmstadt in 1811, and his second, Wirtli -and Gast 
{Alimelek), at Vienna in 1814. These checks discouraged 
liim so cruelly that he feared he had mistaken his vocation. 
Nevertheless, by advice of Salieri, he determined to study 
vocalization in Italy, and then to form a new style. But 
at Venice he was so captivated by the style of Rossini that, 
renouncing all thought of originality, he produced a suc- 
cession of seven Italian operas — Itomilda e Gostanza, 
Semh-amide riconosciuta, Edouardo e Ci'istina, Emma di 
Roshirgo, Margherita dl Anjou, VEsule di Granata, and R 
Crodato in Egitto — which all achieved a success as brilliant 
as it was unexpected. Against this act of treason to Ger- 
man art Weber protested most earnestly ; and before long 
Meyerbeer himself grew tired of his defection, though the 
success of R Crodato was so great that he was crowned 
upon the stage. An invitation to Paris in 1826 led him 
to review his position fairly 'and dispassionately, and he 
could not conceal from himself the fact that he was wast- 
ing in imitation powers which, rightly used, might make 
his name immortal. For several years after this he pro- 
duced nothing in public ; but, in concert with Scribef he 
planned the work which first made known the reality of his 
transcendent genius— his first French opera, Robert le 
Diable. This gorgeous drama was produced at the Grand 
Op4ra in 1831, and received with acclamation. It was the 
first of its race; a grand romantic opera, abounding with 
scenes of startling interest, with situations more powerfully 
^amatic than any that had been attempted either 
7 . or Rossini, with mysterious horrors and 

chivalric pomp, and with ballet music such as had never 
yet been heard, even in Paris. Its popularity exceeded all 
previous expectation j yet for five years after this signal 
triumph Meyerbeer app^red before the public ,n6 nmra 
IVe cannot doubt that his motive for, this retirement was 
the determination to produce something greater still; and 


• ^ Or, according to some accounts, 1794. 


in some respects his next opera, Les Ruguenots, really was 
greater, though it fell short of the deep romance which ren- 
dered Robert U Diable so incomparably captivating. 

The first performance of Les Hugueyiots took place in 
1836. In gorgeous colouring, in depth of passion; in con- 
sistency of dramatic treatment, and in careful delineation 
of individual character, it is at least the equal of Robei-t le 
Diable. In two points only did its interest fall short of 
that inspired by the earlier work. Meyerbeer had shown 
himself so great a master in - his treatment of the super- 
natural that one regretted the unavoidable omission of 
that powerful element in his second grand opera; and, 
more important still, the fifth act of Les Rugueivots was so 
arranged by the librettist as to render effective musical 
treatment impossible. The substitution of a noisy fusillade 
for a legitimate dramatic situation was fatal to the antici- 
pated climax. The music which accompanies this division 
of the work is necessarily inferior to all that precedes it. 
The true interest of the drama culminates at the close of 
the fom’th act, when Raoul, leaping from the window, 
leaves Valentine fainting upon the ground. The spectator 
needs not to be told that the former ^vill be shot down the 
moment he arrives in the street, or that the latter ivill 
mourn for him to the end of her days. Neither musically 
nor dramatically does anything more remain to be said ; 
and therefore it is that those who quit the theatre when 
the curtain falls for the fourth time carry away with them 
a far more perfect ideal than those who remain to the end. 

After the production of Les Hug 7 ienx>ts'TAsjeihseT again 
retired from public view, and spent many years in the pre- 
paration of two of his greatest works — the greatest of all 
except the 'two we have already mentioned — DAfidcame 
and Le Propkete. The libretti of both these operas were 
furnished by Scribe ; and both were subjected to countless 
changes of detail before they satisfied the composer’s 
fastidious taste; in fact, the story of L’Africaine was 
more than once entirely reivritten. 

Meanwhile Meyerbeer accepted the appointment of 
kapellmeister to the king of Prussia, and spent sorae 
years at Berlin, where he produced Ein Feldlager in 
Scldesien, a German opera, • in which the matchless 
canta trice Jenny Lind made her fust appearance in 
Prussia, with unprecedented success. Here also he com- 
posed, in 1846, the overture to his brother Michael’s drama, 
Struensee. But his chief care at this,- period was bestowed 
upon the -worthy presentation of the works of others. He 
be^n by .producing his dead friend Weber’s Euryanthe, 
with scrupulous, attention to the composer’s original idea. 
With equal; unselfishness he procured the. acceptance, of 
Riensi and Der Fliegende Hollander, the first two operas 
of Richard W^gfier, who, then languishing in poverty and 
exile, would, but, for him, 'have- found it impossible to 
obtain a. hearing in Berlin. With Jenny- Lind as prime 
donna and Meyerbeer as conductor, the ''opera flourished 
brilliantly in the Prussian .capital; but the anxieties of 
this thankless period . materially shortened the composer’s 
life., 

Meyerbeer produced Le Propkete at Paris in 1849;' 
and, if it did not at first create so great a sensation as Les 
Huguenots, this was simply because it needed to be better 
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botli men and women, are shorter and darker- complexioned 
than the Chinese, their faces also are rounder and their 
features sharper. In disposition, too, they are very unlike 
their civilized neighbours. They are brave, passionate, 
suspicious, revengeful, and indifferent to cold and hunger ; 
they are free and easy in their manners, and are as noisily 
joyous as the Chinese are grave and sedate. 

They are divided into between forty and fifty clans, cacli of which 
is distinguished by a name which is generally derived either from 
some physical characteristic, or from some custom, or from the 
habitat of the clan, as, for e.xaniple, “The Black Miau,” “the 
narrow-headed Miau,” so named from their manner of dressing 
their hair, “the six- valley Miau, " &c. Among these clans there 
exist wide differences of culture, some being in no way removed 
from savages, while others who have been brought under the influence 
of Chinese civilization show themselves apt and ready learners. 
Very few of them, so far as is known, possess any written records. 
The Yaou-jin, or Goblin clan, are said to have hooks, which, though 
they are now unable to read, they still regard with reverent awe. 
“ The barbarous characters ” used in these books are, according to a 
Chinese writer, “like knotted worms, and are utterly unintelligible. ” 
The Ko-los also are said to be a lettered clan, but for the most part 
the Miautse content themselves with conveying information and 
preserving records by means of notched sticks. Their language as 
well as their ethnic characteristics prove them to bo closely related to 
the Siamese, Anamese, Cambodians, and the inhabitants of Hainan ; 
in fact they form part of the race which is spread over the whole of 
south-eastern Indo-China. Their social customs are as widely 
dill'erent as their appearance is from those of the Chinese. The 
widest latitude is given to the youth of both se.xes in the choice of 
their husbands and wives. As among the hill tribes of Chittagong, 
the selection is commonlymade on the mountainside, where on moon- 
light nights in the “ leaping month " the young men and maidens 
meet to sing or to play at ball, or to dance round the “devil’s staff” 
(Anglice, Maypole), and to choose their partners forlife. Amongsome 
clans the “couvade" is an established custom. Their funeral rites 
vary according to the districts, those living within reach of the influ- 
ence of the Chinese having adopted their customs, while those more 
remote still hang their dead in baskets from trees, or lay them in the 
ground and disinter them yearly to wash their bones. In dress they 
are fond of bright colours, and commonly wear loose but short 
jackets, sometimes with and sometimes without trousers. The men 
wear turbans wound round their hair, which is raised above the 
head in the shape of a spiral shell, and the women either don a 
kind of cap, or dress their hair in the shape of a ram’s horn. For 
many years the relations of the Miautse with the Chinese Govern- 
ment have been generally of a peaceable natui'e, and in the Peking 
Gazette of April 1881 there was published a new system of 
government by which it is hoped that the incorporation of the 
mountaineers into the empire may become more real and complete. 

See Sfe(cAe5o/Wi«.1/iau-(.««,tianslatcd by E.C. lii idgm.-m ; J. EUklng, Wie J/iViii- 
Iti Tribes, their History, anil “Quaint customs in Kwei-cliow," Cornhill Magazine, 
January 1872. 

MIC AH is the short form of a name which in 

various modifications — Mlcaidhu, Mlcdiehu, Micdidh — ^is 
common in the Old Testament, expressing as it does a 
fundamental point of Hebrew faith : Who is like Jehovah ? 
The name was borne among others by the Danite whose 
history is given in Judg. xvii. sq., by the prophet who 
opposed Ahab’s expedition to Kamoth-Gilead (1 Kings 
xxii.), and by the subject of the present article, the con- 
temporary and fellow-worker of Isaiah, whose name is 
prefixed to the sixth in order of the books of the minor 
prophets.! 

It is at once apparent that the book of Micah divides 
itself into at least two distinct discourses, chap. vi. 1 
forming a new commencement ; and from what we know 
in general of the compilation of the prophetic collection we 
cannot at once determine whether the second discourse, 
which has no title, is to be ascribed to the author of the 
immediately preceding prophecy, or is to be regarded as an 
independent and anonymous piece. To decide this question, 
if it can be decided, we must begin by a separate study of 
the earlier chapters to which the title in Micah i. 1 directly 
belongs. These again fall into two parts. Chaps, i.— iii. 
(with the exception of two verses, ii. 12, 13) are a predic- 

! A ebnfuaiou between the two prophets of the name has let! to the 
lusertiou in the Massoretic text of 1 Kings xxii. 28 of a citation from 
Micah i. 2, riglitly absent from the LXX. 


tion of judgment on the sins of Judah and Ephraim. In 
a majestic exordium Jehovah Himself is represented as 
coming forth in the thunderstorm (comp. Amos i. 2) from 
His heavenly palace, and descending on the mountains of 
Palestine, at once as witness against His people, and the 
executer of judgment on their sins. Samaria is sentenced 
to destruction for idolatry ; and the blow extends to Judah 
also, which participates in the same guilt (chap. i.). But, 
while Samaria is summarily dismissed, the sin of Judah is 
analysed at length in chaps, ii. and iii., in which the pr02)het 
no longer deals with idolatry, but with the corruption of 
society, and particularly of its leaders — the grasping 
aristocracy whose whole energies are concentrated on 
devouring the poor and depriving them of their little 
holdings, the unjust judges and priests who for gain 
wrest the law in favour of the rich, the hireling and 
gluttonous prophets who- make war against every one 
“ that putteth not into their mouth,” but are ever ready 
with assurances of Jehovah’s favour to their patrons, the 
wealthy and noble sinners that fatten on the flesh of the 
poor. The prophet speaks with the strongest personal 
symjjathy of the sufferings of the peasantry at the hands 
of their lords, and contemplates with stern satisfaction the 
approach of the destroyer who shall carry into exile “the 
luxurious sons” of this race of petty tyrants (i. 16), and 
leave them none to stretch the measuring line on a field in 
the congregation of Jehovah (ii. 5). The centre of corrup- 
tion is the capital, the city of Zion, grown great on the 
blood and wrongs of the provincials, the seat of the cruel 
princes, the corrupt judges and diviners. For their sake, 
he concludes, Zion shall be plowed as a field, Jerusalem 
shall lie in ruins, and the temiffe hill return to jungle 
(iii. 12). 

The situation thus sketclied receives its elucidation from 
the data supplied by the title (i. 1) and confirmed and 
rendered more precise by a remarkable passage in Jeremiah. 
According to the title Micah flourished in the reigns of 
Jotham, Ahaz, and Hezekiah; according to Jeremiah 
(xxvi. 18 sq.) the prophecy of the destruction of Jerusalem 
just cited was spoken under Hezekiah, and bore fruit in 
the repentance of king and people, by which the judgment 
was averted. The allusion beyond doubt is to Hezekiah’s 
work of religious reformation (2 Kings xviii. 4 sq.). It is 
hardly possible to separate this reformation from the influ- 
ence of Isaiah, which did not become practical in the 
conduct of the state till the crisis of Sennacherib’s invasion; 
and the conclusion that Hezekiah was not from the first a 
reforming king, which is forced on us by many passages of 
Isaiah, is confirmed by the prophecy of Micah, which, after 
Hezekiah’s accession, still represents wickedness as seated 
in the high places of the kingdom. The internal disorders 
of the realm depicted by Micah are also prominent in 
Isaiah’s prophecies ; they were closely connected, not only 
with the foreign complications due to the a 2 )proach of the 
Assyrians, but \vith the break-up of the old agrarian 
system within Israel, and with tbe rapid and uncompen- 
sated aggrandisement of the nobles during those pro- ^ 
sperous years when the conquest of Edom by Amaziah 
and the occupation of the port of Elath by his son 
(2 Kings xiv. 7, 22) placed the lucrative trade between- 
the Mediterranean and the Ked Sea in the hands of 
the rulers of Judah. On the other hand the democratic 
tone which distinguishes Micah from Isaiah, and his 
announcement of the impending fall of the capital (the 
deliverance of which from the Assyrian a 2 )fiears to Isaiali 
as the necessary condition for the 27reservation of the seed of 
a new and better kingdom), are explained by the fact that, 
while Isaiah lived in the centre of affairs, ilicah was a 
Morasthite or inhabitant of Moresheth Gath, a place near 
the Philistine frontier so unimportant as to be mentioned. 
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only in Micali i. 14.^ Tlie provincial prophet sees the 
capital and the aristocracy entirely from the side of a man 
of the oppressed people, and foretells the utter ruin of both. 
But this ruin does not present itself to him as involving 
the captivity or ruin of the nation as a whole; the 
congregation of Jehovah remains in Judoea when the 
oppressors are cast out (ii. 5) ; Jehovah’s words are still 
good to them that walk uprightly ; the glory of Israel is 
driven to take refuge in Adullam, as in the days when 
David’s band of broken men was the true hope of the 
nation, but there is no hint that it is banished from the 
land. Thus upon the prophecy of judgment we naturally 
expect to follow a prophecy of the redintegration of 
Jehovah’s kingship in a better Israel, and this we find in 
ii. 12, 13 and in chaps, iv., v. Both passages, however, 
present difficulties. The former seenis to break the pointed 
contrast between ii. 11 and iii. 1, and is therefore regarded 
by Ewald as an example of the false prophecies on which 
the wicked rulers trusted. The thought, however, is one 
proper to all true prophecy (corap. Hos. i. 11 [ii. 2], Isa. 
xL. 11 sq., Zeph. iii. 14, Jer. xxxi. 8), and precisely in 
accordance with chaps, iv., v., even in the details of expres- 
sion and imagery." It is indeed possible that these verses 
are a separate oracle of Micah, which did not originally 
stand in its present connexion. The sequence of thought 
in chaps iv., v., on the other hand, is really difficult, and 
has given rise to much complicated discussion,^ There is a 
growing feeling among scholars that iv. 11-13 stands in 
direct contradiction to iv. 9, 10, and indeed to iii. 12. 
The last two passages agree in speaking of the capture of 
Jerusalem, the first declares Zion inviolable, and its capture 
an impossible profanation. Such a thought can hardly be 
hlicah’s; even if we resort to the violent harmonistic process 
of imagining that two quite distinct sieges, separated by a 
renewal of the theocracy, are spoken of in consecutive 
verses. An interpolation, however, in the spirit of such 
passages as Ezek. x.xxviii., xxxix., Joel iii. [iv.], Zech. xiv., 
is very conceivable in post-exilic times, and in connexion 
with the grooving impulse to seek a literal harmony of all 
prophecy on lines very diflierent from the pre-exilic view 
in Jer. xxvi., that predictions of evil may be averted by 
repentance. Another difficulty lies in the words “and 
thou shalt come even to Babylon” in iv. 10. Micah 
unquestionably looked for the destruction of Jerusalem as 


well as of Samaria in the near future and by the Assyrians 
( 1 . 9), and this was the judgment which Hezekiah’s repent 
ance averted. If these words, therefore, belong to the 
original context, they mark it as not from Micah’s hand ■ 
but it is easy to see that they are really a later gloss. The 
prophetic thought is that the daughter (population) of Zion 
shall not be saved by her present rulers or defensive 
strength ; she must ■ come down from her bulwarks and 
dwell in the open field ; there, and not within her jiroud 
ramparts, Jehovah will grant deliverance from her enemies. 
This thought is in precise harmony with chaps, i.-iii., and 
equally characteristic is what follows in chap. v. Micah’s 
opposition to present tyranny expresses itself in recurrence 
to the old popular ideal of the first simple Davidic kingdom 
(iv. 8) to which he had already alluded in i. 15. These 
old days shall return once more. Again guerilla bands 
(nnj'nn) gather to meet the foe as they did in the time 
of Philistine oppression. A new David, like him whose 
exploits in the district of Micah’s home were still in the 
mouths of the common people, goes forth from Bethlehem 
to feed the flock in the strength of Jehovah. The kindred 
Hebrew nations are once more united to their brethren of 
Israel' (comp. Amos ix. 12, Isa. xvi. 1 sq,). The remnant 
of Jacob springs up in fresh vigour, inspiring terror among 
the surrounding peoples, and there is no lack of chosen 
captains to lead them to victory against the Assyrian foe. 
In the rejuvenescence of the nation the old stays of that 
oppressive kingship which began with Solomon, the strong- 
holds, the fortified cities, the chariots and horses so foreign 
to the life of ancient Israel, are no more known; they 
disappear together with the divinations, the soothsayers, 
the idols, the ma^^ebas and asheras of the high places 
Jehovah is king on Mount Zion, and no inventions of man 
come between Him and His people. 

The elements of this picture, drawn so largely from the 
most cherished memories of the Judmans, could not fail to 
produce a wide impression, especially when the invasion of 
Sennacherib, although it spared Jerusalem, fulfilled in the 
most striking way a great part of Micah’s predictions of 
judgment. Of this we have evidence, not only in Jer. xxvi., 
but in the political and religious ideas of the book of 
Deuteronomy. The picture of the right king (Deut. xvii. 
14 sq.) and the condemnation of the high-places alike 
follow the doctrine of Micah. 


^ That Micah lived in the Shepliela or Judean lowland near the 
Philistine country is.clear from the local colouring of i. 10 sq., where 
a number of places in this quarter are mentioned together, and their 
names played upon in a way that could hardly have suggested itself 
to any hut a man of the district. The paronomasia makes the verses 
difficult, and in i. 14 none of the ancient versions recognizes More- 
sheth Gath as a proper name. The word Morasthito {MCrashti) was 
therefore obscure to them ; but this only gives greater weight to the 
traditional pronunciation with 0 in the first syllable, which is as old 
as the LXX., and goes against the view, taken by the Targum both on 
Micah and on Jeremiah, and followed by some modonis (including 
Eoorda), that Micah came from Mareshah. When Eusebius places 
WapaffBet near Eleutheropolis it is not likely that he is thinking of 
Mareshah (Maresa), for ho speaks of the former as a village and of the 
latter as a ruin 2 miles from Eleutheropolis. Jerome too in the 
Mpit. Paidm (JSp. cviii.), speaking as an eye-witness, distinguishes 
Morasthim, with the church of Micah’s sepulchre, from Jlaresa. This 
indeed was after the pretended miraculous discovery of the relics of 
'Mic.ah in 385 a.d. ; but the name of the village which then existed 
{Preef. in Mich.) can hardly have been part of a pious fraud. 

2 The figure of the shepherd gathering a scattered flock certainly 
does not presuppose a total captivity, as Stade (Z. f. AT. IV., i. 161 
sq.) .argues. 

^ See, besides the commentaries, Noldekeinthe Bibel-lex., iv. 214; a 
-p.aper by Oort and two by Kuenen in Theol. Tijdsch., 1872; Well- 
hausen-Bleek, Einleitung,. p. 426; Stade, l.c., and ibid., iii. 1 sq. 
Stade goes so far as to make the whole of Micah iv., v. presuppose the 
exile, and to find still later additions in iv. 5-10., v. 6, 6 fv. 4, 5]. 
Giesebrecht, Thcol. LZ., 1881, col. 443 sj., rejects chap. iv. only. 
The arguments cannot be here cited at length, but they are tacitly 
kept in view in what follows. 


A difficulty still remains in the opening verses of chap. iv. 
licah iv. 1-3 and Isa. ii. 2-4 are but slightly modified recensions 
f the same text, and as Isa. ii. is older than the prophecy of Micah, 
rhilo on the other hand Micah iv. 4 seems the natural completion 
f the passage, it is common to suppose that both copy an older 
irophet. But the words h.ave little connexion with the context in 
saiah, and may be the quotation of a copyist suggested by ver. 5. 
)n the other hand it has been urged that the passage belongs to a 
ater stage of prophetic thought than the 8th century B.C. There 
3 , however, no real difficulty in the idea that foreign nations shall 
eek Law and arbitrament at the throne of tho king of Zion (comp, 
he old prophecy Isa. xvi.); and the mention of the temple as the 
eat of Jehovah’s sovereignty may be illustrated by Isa. yi., where the 
LcavcDly palaCG (ilicuh, i. 3) is at least pictured in the likeness of the 
emple on Zion. At the same time the Jerusalem of Micah iv. 8 
3 the Jerusalem of David not of Solomon, tho ideas of iv. 1-4 do 
lot reappear in chap, v., and the whole prophecy would perhaps bo 
iiore consecutive and homogeneous if jv. 6 (where the dispersed and 
ho suffering are, according to chap, ii., the victims of domestic not 
if foreign oppression) followed directly on iii. 12. _ 

■The sixth chapter of Micah presents a very different situation 
com chaps, i.-v. Jehovah appears to plead with his people for then- 
ins but the sinners are no longer a careless and oppressive ansto- 
rac’y buoyed up by deceptive assurances of Jehovah’s help, by pro- 
ihecies of wine and strong drink ; they .are bowed down by a 
eli"ion of terror, wearied with attempts to propitiate an .migrj' Goa 
,y countless offerings, and even by the sacrifice of the first-born, 
ileantime the sub.stance of true religion— justice, charity, ana a 
tumble walk with God— is forgotten, fraud and deceit reign in all 
lasses, the works of the house of Ahab are obse^ed ("'ophip M 
srei^n gods). Jehovah’s judgments are giultiplicd ag.ainst the 
ind”and the issue can be nothing else thanite^^l desolation. All 
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these marks fit exactly the evil times of iranasseh as described in 
2 Kings xxL Chap. viL 1-6, in which the public and private cor- 
ruption of a hopeless age is bitterly bewailed, obviously belongs to 
the same context (comp. voL xiii. p. 415). ilicah may very well 
have lived into llanasscm’s reign, but the title in i. 1 does not cover 
a prophecy which certainly falls after Hezekiah's death, and the 
style nas nothing in common with the earlier part of the book. It 
is therefore prudent to regard the prophecy, with Ewald, as anony- 
mous. Ewald ascribes the whole of cnaps. vL, vii. to one author. 
Wellhausen, however, remarks with justice that the thread is 
abruptly broken at viL 6, and that verses 7-20 represent Zion as 
already fallen before the heathen and her inhabitants as pining in 
the darkness of captivity. The hope of Zion is in future restora- 
tion after she has patiently borne the chastisement of her sins. 
Tlien Jehovah shall arise mindful of His oath to the fathers, Israel 
shall be forgiven and restored, and the heathen humbled. The faith 
and hope which breathe in this passage have the closest affinities 
with the book of Lamentations and Isa. xl.-lxvi. 

We have seen tliat tlio text of MIcah has suffered from redactors ; it Is also not 
free from vertiai corruptions which make some placea very obscure. The LXX. 
bad many readings different from the present Hebrew, but their text too was far 
from sound. Of commentaries on Micali, that which deals most fully with the 
question of the text is Uoorda's Latin work, Leyden, 1860. The most elaborate 
book on Micah Is Casparl’s (.XT<ber ilicha den ilorasthiten und seine prophelisehe 
Sdirift, Christiania, 1351-52). In English Pocock's Commentary (2d ed., 1692) 
and Cheyns’s dficah (1SS2) arc to bo noted. Sco also the Uteratnie on the mtaov 
prophets fa general cited under Hosea, and W. R. Smith’s Prophets of Israel 
(1832). (W. R.S.) 

MICHAEL “who is like Godi") appears in the 

Old Testament as a man’s name, sjmonymous with Micaiah 
or Micah. In the book of Daniel the same name is given 
to one of the chief “ princes ” of the heavenly host, the 
guardian angel or “prince” of Israel (Dan. x. 13, 21 ; xii. 
1), and as such he naturally appears in Jewish theosophy 
as the greatest of all angels, the first of the four who 
surround the throne of God (see G^vbriel). It is as 
guardian angel of Israel, or of the church, the true Israel, 
that Michael appears in Jude 9 and Eev. xii. 7, In the 
■Western Church the festival of St Michael a'nd All Angels 
(ilichaelmas) is celebrated on September 29th j it appears 
to have grown out of a local celebration of the dedication 
of a church of St Michael either at Mount Garganus in 
Apulia or at Rome, and was a great day by the beginning 
of the 9th century. The Greek Church dedicates 
November 8 to St Michael, St Gabriel, and Ail Angels. 

MICHAEL, the name of several Byzantine emperors. 

MiCHiVEL L (Rhangabe) was an obscure nobleman 
who had married Procopia, the daughter of Nicephorus I., 
and been made master of the palace ; his elevation to the 
throne was due to a revolutionary movement against his 
brother-in-law Stauracius, who reigned only two months 
after the death of Nicephorus on the battlefield (812). 
Elected as the tool of the bigoted orthodox party in the 
church, Michael diligently persecuted the Iconoclasts on 
the northern and eastern frontiers of the empire, but 
meanwhile allowed the Bulgarians to ravage a great part 
of ilacedonia and Thrace ; having at last taken the field 
in the spring of 813, he was defeated near Bersinikia, and 
Leo the Armenian was saluted emperor in his stead in the 
following summer, ilichael, after having been compelled 
to become a monk, was permitted thenceforward to live 
unmolested in the island of Prote, where he died in 845. 

Micilvel n. (The Stammerer), a native of Amorium 
in Phrygia, ivas of humble origin, and began life as a 
private soldier, but rose by his talents and assiduity to the 
rank of general. He was one of those who had favoured 
the election to the throne of his old companion in arms 
Leo_ the iVrmenian in 813, but, detected in a conspiracy 
.against the government of that emperor, had been sentenced 
to death in December 820 ; his partisans, however, suc- 
ceeded in assassinating Leo on the morning of Christmas 
Day, and called ilichael from the prison to the throne. 
The principal features of his reign (820-829) were a pro- 
tractccl struggle (of nearly three years) against his brother 
general, Thomas, who aimed at the throne, the conquest 
of Creto by the Saracens in 823, and the beginning of their 
attacks upon Sicily (827). Cionciliatory on the whole 
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in his policy towards the image worshippers (his own 
sympathies were iconoclastic), he incurred the wrath of the 
monks by entering into a second marriage with Euphro^me, 
daughter of Constantine VI., who had previously taken 
the veiL He died in October 829, and was succeeded by 
Theophilus his son. 

Michael m. (The Drunkard) was the grandson of 
Michael the Stammerer, and succeeded his father Theophilus 
when only three years of age (842). Until his majority 
at the age of eighteen the affairs of the empire were 
managed by the empress-regent his mother Theodora ; his 
education was shamefully neglected, and it was during this 
period that Michael formed the disgraceful personal habits 
which are indicated by his surname. In 861 Michael, 
together with his uncle Bardas, undertook an expedition 
against the Bulgarians, which resulted in the conversion of 
the Bulgarian king, who thenceforth bore the Christian 
name of Michael. The emperor had been less successful 
in the campaign which he led in person against Omar of 
Melitene in 860, but in 863 his uncle Petronas gained an 
important victory over the Saracens in Asia Minor. The 
year 865 was marked by the first appearance of the Russians 
in the Bosphorus. Michael was assassinated in his palace 
in 867 by Basilius the Macedonian, whonf he had associated 
with himself in the empire in the previous year. 

Michael TV. (The Paphlagonian) owed his eleva- 
tion to- Zoe, daughter of Constantine IX., the last of 
the Macedonian dynasty; this princess was married to 
Romanus HI., but becoming enamoured of Michael, her 
chamberlain, she poisoned her husband and married her 
attendant (1034). Michael, however, being of a weak 
character and subject to epileptic fits, possessed the supremo 
power only in name, and was a mere instrument in the 
hands of his brother, John the Eunuch, who had been first 
minister both of Constantine and Romanus. John’s 
diplomacy was successful in keeping the Arabs in the 
archipelago and Egypt quiet for some time, and he was 
at last able to secure a victory for the imperial arms at 
Edessa in 1037. The attempt to recover Sicily in the 
following year with the help of the Normans was less pro- 
sperous, and in 1040 the island wholly ceased to he a 
Byzantine province. About the same time, the Bulgarians 
having overrun Macedonia and Thrace, and threatening 
Constantinople, the indolent and infirm emperor, to the 
surprise alike of friends and foes, put himself at the head 
of the army, and not only drove the enemy beyond the 
frontier, but followed them into their own territory. He 
died, shortly after his triumph, on December 10, l041. 

Michael Y. (Calaphates or The Caulker), nephew 
and successor of the preceding, derived his surname from 
his father Stephen, who had originally' followed the occu- 
pation of a caulker of ships. He owed his elevation 
(December 1041) to his uncle John, whom along with Zoo 
he almost immediately banished; this led to a popular 
tumult and his dethronement after a brief reign of four 
months (April 1042). He lived for many years afterwards 
in the quiet obscurity of a monastery.' 

Mich.vel 'VL (The 'Warlike) was already an old man 
when chosen by the empress Theodora as her successor 
shortly before her death in 1056. His government was 
feeble in the extreme, and he was at last compelled to 
abdicate by Isaac Comnenus, who had defeated his army in 
Phrygia (August 1057). Ho also spent the rest of his life 
in a monastery. 

iliCH.iEL "VII. (Ducas or Parapinaces) was the eldest 
son of Constantine XL Ducas, by whom along with his 
brothers Andronicus 1. and Constantino XII. he was 
invested with the title of Augustus ; this joint succession 
took place in 1067, but in 1071 it suited the jiolicy of ^ho 
uncle Joannes Caisar to make ilichael solo emperor. For 
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this position Mchael, whose “character was degraded, 
rather than ennobled, by the virtues of a monk and the 
learning of a sophist,” was by no means fitted, and at 
length two generals of the name of Nicephorus, sumamed 
Bryennius and Botaniates, simultaneously rebelled against 
him in 1078 ; with hardly a struggle he resigned the purple 
and retired into a monastery, where he afterwards received 
the title of archbishop of Ephesus. 

Michael YJJLL (Palseologus), bom in 1234, was the 
son of Andronicus Palseologus Comnenus and Irene 
Angela the granddaughter of Alexius Angelus, emperor 
of Constantinople. At an early age he rose to distinc- 
tion, and ultimately became commander of the French 
mercenaries in the employment of the emperors of 
Nicsea. A few days after the death of Theodore Lascaris 
n. in 1259, Michael, by the assassination of Muaalon 
(which he is believed but not proved to have encouraged), 
succeeded to the guardianship, shared TOth the patriarch 
Arsenius, of the young emperor John Lascaris, then a lad 
of only eight years. Aftenvards invested -with the title of 
“despot,” he was finsiUy proclaimed joint-emperor, and 
crowed alone at Niciea on January 1, 1260. In the 
following yeaj (July 1261) Constantinople fell into the 
hands of the Caasar Alexius Strategopulus, and Michael, 
having got himself crowned anew in the church of St 
Sophia, caused his boy colleague to be blinded and sent 
into banishment. For this last act he was excommunicated 
by Arsenius, and the ban was not removed until six years 
afterwards (1268), on the accession of a new patriarch. In 
1263 and 1264 respectively Michael, with the help of 
Urban IV., concluded peace with Villehardouin, prince of 
Achaia, and Michael, despot of Epirus, who had previously 
been incited by the pope to attack him ; the friendly inter- 
vention had been secured by a promise on the emperor’s 
part to help forward the reunion of the Eastern and 
Western churches. In 1269 Charles of Sicily, aided by 
John of Thessaly, again made war with the alleged purpose 
of restoring Baldwin to the throne of Constantinople, and 
pressed ilichael so hard that ultimately, yielding to the 
importunities of Gregory X., he caused the deputies of the 
Eastern church to attend the council of Lyons (1274) and 
there accept the “filioque” and papal supremacy. The 
union thus brought about behveen the two churches was, 
however, extremely distasteful to the Greeks, and the 
persecution of his “schismatic” subjects to which the 
emperor was compelled to resort weakened his power so 
much that ilartin IV. was tempted to enter into alliance 
with Charles of Anjou and the Venetians for the purpose 
of reconquering Constantinople. The invasion, however, 
failed, and Michael so far had his revenge in the “ Sicilian 
Vespers,” which he helped to bring about. He died in 
Thrace in December 1282, and was succeeded by his son 
Andronicus n. 

iliCHAEL IX. (Pakeologus) was the son of Andronicus 
H., and was associated with him on the throne from 1295, 
but predeceased him (1320). 

;iIICHAELIS, JoHAHN David (1717-1791), one of 
the most influential scholars and teachers of last centu^, 
belonged to a family which had the chief part in main- 
taining that solid discipline in Hebrew and the cognate 
languages which distinguished the university of Haile in 
the period of Pietism. Johann Heinrich Michaelis (1668— 
1738) was the chief director of Francke’s Collegium 
Orientale Theologicum, a practical school of Biblical and 
Oriental philology then quite imique, and the author of an 
annotated Hebrew Bible and various exegetical works of 
reputation, especially the Adnotationes uheriores in Hagio- 
graphos, 1720. In his chief publications J. H. ilichaelis 
had as fellow-worker his sister’s son Christian Benedict 
Michaelis (168'0-1764), the father of Johann David, who 
# * 
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[ was likewise influential as professor at HaUe, and a verv 
soimd scholar, especiaUy in Syriac. J. D. Michaelis was 
tramed for academical life tmder his father’s eye. Halle 
w^ not then the best of universities ; a narrow theological 
spirit cramped all intellectual activity, and the eager viva- 
cious youth, already distinguished by a love for realities and 
a distaste for small pedantries, found much of the teaching 
wearisome enough. He acquired, however, a good know- 
ledge of the Latin classics, — Greek, he tells us, was hardly 
taught at all, and his knowledge of Greek literature was 
gained by his own reading in later years, — learned all that 
his father could teach, and was influenced, especially in 
philosophy, by Baumgarten, the link between the old 
Pietism and Sender, while he cultivated his strong taste for 
history under Ludwig. In the ivinter-semester 1739-40 
he qualified as university lecturer. One of his disserta- 
tions was a defence of the antiquity and divine authority 
of the vowel points in Hebrew. His scholarship still 
moved in the old traditional lines in which no further pro- 
gress was possible, and he was also much exercised by 
religious scruples, the conflict of an independent mind with 
that submission to authority at the expense of reason 
encouraged by the type of Lutheranism in which he had 
been trained. A long visit to England in 1741-42 lifted 
him out of the narrow groove of his earlier education. In 
passing through Holland he made the acquaintance of the 
great Schidtens, whose influence on his phdological views 
^was not immediate, but became all-powerful a few years 
later, England offered to him no such commanding per- 
sonal influence, and he was not yet able to turn to profit 
the stores of -the great libraries, but his personality was 
strengthened by contact ivith a larger life, and his theo- 
logical views were turned aside from the pietistic channel. 
Michaelis never ceased to regard himself as essentially 
orthodox, though he did not feel able fully to subscribe 
the Lutheran articles, and more than once declined on this 
account to be professor of theology. But his views 
acquired a distinctly rationalistic complexion, and the 
orthodoxy of his Gottingen lectures and publications on 
dogmatic (delivered from a phdosophical chair) is of a very 
washed-out kind. His really useful work, however, lay in 
other directions ; the change of his theological views was 
important because it relieved him from trammels that 
hampered the free course of his development as a scholar. 
From England Michaelis went back to Halle ; but he felt 
himself out of place, and in 1745 gladly accepted an 
invitation to Gottingen as privat-docent. In 1746 he 
became extraordinary, in 1750 ordinary, professor, and in 
Gottingen he remained till his death in 1791. In the first 
years of his new position Michaelis passed through a second 
education. In the young and intellectually vigorous 
Georgia Augusta he came under the powerful personal 
influence of such men as Gesner and Haller. His intellect 
was active in many directions ; universal learning indeed 
was perhaps one of his foibles. Literature — modern as 
well as ancient — occupied his attention ; one of his works 
was a translation of four parts of Clarissa] and transla- 
tions of some of the then current English paraphrases on 
Biblical books manifested his sympathy ivith a school 
which, if not very learned, attracted hun by its freer air. 
His Oriental studies were reshaped by diligent perusal of 
the works of Schultens ; for the Halle school, ivith all its 
learning, had no conception of the principles on which a 
fruitful connexion between Biblical and Oriental learning 
can be established. His linguistic work indeed was always 
hampered by the lack of MS. material which is felt in his 
philological writings, e.g., in his valuable &upplemenia to 
the Hebrew lexicons (1784-92).^ He coidd not become 

I By a strange fortune of ^var it ^va3 the occupation of Gottingen by 
the French in the Seven Years’ War, and the friendly relations he 
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sucli an Arabist as Eeiske; and, tbougli for many years the 
most famous teacher of Semitic languages in Euroiie, he 
had little of the higher philological faculty, and neither his 
grammatical nor his critical work, highly praised as it then 
was, has left a permanent mark, with the exception perhaps 
of his text-critical studies on the Peshito,^ His tastes Avere 
all for reafia— history, antiquities, especially geography 
and natural science ; in his autobiography he half regrets 
that he did not choose the medical profession. Here he 
found a field hardly touched since Bochart, in whoae foot- 
steps he followed in the Spicilerjiurn geograpldiz Uehrxwuni 
exterx post Bocliartum (1769-80). To hi.s impulse aa’C OAve 
the famous Eastern expedition of Von Haven, Forskfil, and 
Niebuhr. He prepared the instructions for their journey, 
and drew up a series of questions and elucidations to guide 
their researches, Avhich place in strong relief his compre- 
hensive grasp of all that was then knoAsm of the East, and ; 
the keen delight in the knowledge of tangible and natural 
things, paired Avith a sober and patient judgment, Avhich 
Avas his chief intellectual characteristic. The best part of 
this knowledge AA-as turned to the profit of Biblical study ; i 
in his exegetical AAritings, for example, one of the main 
featmes is what Avao then the noveltj' of illustrations from 
Eastern travel. In spite of his doctrinal Avritings — AA'hich 
at the time made no little noise, so that his Compendium 
of Dogmatic (1760) aa-os confiscated in SAveden, and the 
knighthood of the North Star AA-as aftenA'ards given him in 
reparation — it AA-as the natural .-jide of the Bible that really 
attracted him, and no man did more to introduce the 
modem method of studying HebrcAV antiquity as an 
integral part of ancient Eastern life. . The permanent ! 
influence of hia works indeed has not been great, and many 
of them are noAV hardly readable ; for, Avith all his historic 
tastes and learning, he had no large historic conceptions, 
and, what is closely akin to this defect, was singularly 
deficient in imagination and poetic sympathy. But the > 
vivacity of his mind, his manysidedness, hLs singularly | 
attractive though discursive method of lecturing, and 
above all his poAA'er of feeling and inspiring intere,it in 
every kind of fact, AA-as a potent stimulus much needed in 
the Germany of that age, and did not soon die. Different 
as the three men are, there is a true historic ne.xus betAA'een 
the three great Gottingen Orientalists, ilichaelis, Eichhorn, j 
and EAvald. 

The personal character of Jlichaelis can be read betAveen the lines I 
of his autobio-paphy AAith the aid of the other material, collected j 
by the editor Ha-sscncamj) (/. D. Michmlis Lclcnstjcschrcibuna, tc., 
1793). To understand the secret of his enormou, iuduence, it is 
not enough to read his books, noAA- for the most part dull enough i 
to us ; vre must see the upright Aivacious laboriou, man, AAith a 
good deal of AAorldly prudence and a good deal of temper, much 
absorbed in his manifold academic actiA-ities in the uniA-ersity and • 
Koyal Society of Gottingen, yet ever full of interest in the larger 
Avorld, and of shreAvd judgments and liA-ely talk, AA-ith a strong sen,e 
of his rights and dignity, 3'et Avith a good and AAann heart ; shining 
especially in the lecture-room, Avhere he dealt forth knoAvledge Avith 
discursive hand from a full store, displajdug the methods as Avell as ! 
the results of his all-sided research, not A'ldthout a touch of the A'anitj' i 
of the polyhistor, and loving to leaA-e the chair under a storm of 
applause at a parting bon-mot AA'hich he acknoAA'ledgcd at the door 
triumph. The same A'olurne contains a 
full list of his ATorks.^ Besides those already- mentioned it is .suffi- 
cient to refer to hi, Xcav Testament hUrodudion (the first edition, 
1/50, preceded the full development of his poAvers, and is a very 
mfferent book from_ the later editions), his reprint of LoAA-th'o 
Prwl^ioncs AAUth impiortant additions (1758-S2), his German 
translation of the Bible AA'ith notes (1773-92), hi, OrienlaliscJie ’ 
u.U Excgdiuhs BibliotM: (1775-85), and yciic O. and E. Eib. ! 
(i'S^91), his Jlosauches JUdit (1770-71), and his edition of ! 
Castles Ljmcoii Syriacum (1787-83). His LiUerarischer BHef- 
(1791— 96) contains much tliat is interesting for the history 
of learning in his time. (AV. E. S.) 

foTuibd Avith the officers, that procured him the Paris MS. from '/rhich 
he edited Abulfeda's description of Egjyit. 

^ C'ar/B in Adus Aposlolorvm Syriacos, 1755. 


illOHAUD, Joseph (1767-1839), French, hutoriau 
and publicist, Avas born of an old family on June 19, 1767, 
at Albens, Savoy, was educated at Bourg-en-Bres-Ae, and 
afterAvards engaged in literary Avork at Lyons, Avbere the 
events of 1789 fiivst called into activity the dislike to 
revolutionary principles Avhich manifested itself throughout 
the rest of his life. In 1791 he Avent to Paris, where, not 
Avithout danger, he took part in editing ceveral royalist 
journals. In 1794 he started La Quotidienne, for his con- 
nexion Avith AA'hich he AA'as arre.sted after the 13th of 
A’'end(;miaire; he succeeded in escaping his captors, hut Ava.s 
sentenced to death par coatumace by tbe military counciL 
HaA’ing resumed the editorship of his neAA'spaper on the 
establishment of the Directory, he Avas again proscribed on 
the 18th of Emetidor, but at the close of tAvo years 
returned to Paris Avhen the consulate had superceded the 
Directory. HLs Bourbon sympathies led to a brief 
imprisonment in 1800, and on his release he for the time 
abandoned journalism, and began to write or edit books. 
Along Avith his brother and tAvo colleagues he publLhed in 
1806 a Biographie moden).e, ou diclionnaire des hornmes 
qui se sontfait un noiu en Europe dejjuis 1789, the earliest 
Avork of it, kind; in 1808 the first volume of his Hisloire 
des Croisades aj/peared, and in 1811 he originated the 
Biographie Universelle. In 1814 he resumed the editor- 
ship of the Quotidienne, and in the same year wa.s elected 
Academician. In 1815 his brochure entitled Hisloire des 
quinze Semaines ou le dernier regne de Bonaparte met 
AA'ith extraordinary success, pa.‘-sing through tAA-enty-ceven 
editions Avithin a very short time. His political services 
Avere noAV reAvarded AA-ith the croaa of an officer in the Legion 
of Honour and the modest poat of king’s reader, of Avhich 
last he Avas depriA'cdin 1827 for hav-ing oppoaed PeyTonnefs 
“Loi d’Amour” again., t the freedom of the prea.,'. In 
1830-31 he travelled in Syria and Egypt for the purpoae 
of collecting additional materials for the Hidoire des 
Croisades’, his corrcapondence Avith a felloAV explorer, 
Poujoulat, consisting practically of discussions and eluci- 
dations of various important points in that Avork, Avas 
afterAA'ards published {Correspondance d’Orient, 7 vol.s., 
1832-35). Tlie BUjliothhpue des Croisades, in four 
volumes more, contained the “ pieces justificatives ” of the 
Hisloire. ilichaud died on September 30, 1839, at Passy, 
AA'herc his home had been since 1832. His Hisloire des 
Croisades AA-as published in its final form in six A'olumea in 
1841 under the editorship of his friend Poujoulat (9th ed., 
AA'ith appendix, by Huillard-Brcholles, 1856). ilichaud 
along AA'ith Poujoulat also edited and in part Avrote Houielle 
Collection des Jlemoires pour servir d UHisioire de France, 
32 vols., 1836-44. See Sainte-Beuve, Causeries du 
Lundi, vol. aIL _ 

3IICHAUX, A-We (1746-1802), a French botanht, 
best knoAV-n tor his Avorks on the flora of North America 
and as a botanical traveller. In 1779 he spent some time 
botanizing in England, and in 1780 he exj/lored Auvergne, 
the Pyrenees, and the north of Sjiain. In 1782 he was. 
sent by the French Government on a botanical mission to. 
Per.,ia. His journey began unfavoinubly, as he aass 
robbed by Arabs of all his equipments except his books 
but he gained influential support in Persia, haA-ing cured 
the shah of a dangeroAis illness. After tAvo years he- 
returned to France with a fine herbarium, and also intro- 
duced numerous Eastern plants into the botanic gardens^ 
of France. In'1785 he Avas sent by the French GoA'ern- 
ment to North America, and travelled through Canada, 
Nova Scotia, and the United States a.s far Avest as the= 
ilissLsippi. The outbreak of the French Eevolution 
deprived him of means to continue his AA’ork in America, 
and in 1796 he returned to France. He AA-as shipAvrecked, 
and lost mo.,t of his collections on the voyage. In 1806 
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he went to Madagascar to investigate the flora of that 
island, and died there in 1802. His work as a botanist 
was chiefly done in the field, and he added largely to what 
was previously known of the botany of the East and of 
America. He also introduced many plants into Euro- 
pean botanic gardens. He wrote two valuable works on 
Horth-American plants, — the Histoire des cMnes de 
VAmh-ique Septentrioiiale (1801), with 36 plates, and the 
Flora Boreall-Ameiicana (1803), 2 vols., with 51 plates. 

MICHAUX, Fe.in(J0is AitdeA (1770-1855), son of the 
preceding, was, like his father, employed by the French 
Government to explore the forests of North America mth 
a view to the introduction into France of trees valuable 
for their wood or other products. He was very success- 
ful in carrying out this object. He published in 1810-13 
a Histoire des Arbresforestieres de VAmerique Septentnonale, 
in 3 vols., with 156 plates, a work full of information on 
the characters, uses, distribution, and other points of 
interest in the various species. In 1817—19 a translation 
of it appeared under the title JVorth American Sylva. 
He also wrote a Voyage a Vouest des Monts Alleghanys, 
1804, besides articles in scientific magazines. 

MICHELANGELO (1475—1564). Llichelangelo Buon- 
arroti, best known simply as Michelangelo, the last and most 
famous of the great artists of Florence, was the son of 
Ludovico Buonarroti, a poor gentleman of that city, and of 
his wife Francesca di Neri. Ludovico was barely able to 
live on the income of his estate, but made it his boast that 
he had never stooped to add to it by mercantile or mechani- 
cal pursuits. The favour of the Medici procured him em- 
ployment in some minor offices of state, and in the autumn 
of 1474 he was appointed resident magistrate of Caprese, 
in the Casentino, for a period of six months. Thither he 
accordingly repaired wth his family, and there, on March 
6, 1475, his second son Michelagniolo or Michelangelo was 
born. Immediately afterwards the family retimned to 
Florence, and the child was put to nurse with a marble- 
worker’s wife of Settignano. His mother’s health had 
already, it would seem, begun to fail; at all events in 
about two years from this time, after she had borne her 
husband two more sons, she died. While still a young 
boy, Michelangelo determined in spite of his father’s 
opposition to be an artist. He had sucked in the passion, 
as he himself used to say, mth his foster-mother’s milk. 
After a sharp struggle, his stubborn ^vill overcame his 
father’s pride of gentility, and at thirteen he got himself 
articled as a paid assistant in the workshop of the brothers 
Ghirlandaio. Domenico Ghirlandaio, bred a jeweller, had 
become by this time the foremost painter of Florence. In 
his service the young Michelangelo laid the foundations 
of that skill in fresco -with which twenty years afterwards 
he confounded his detractors at Kome. He studied also, 
like all the Florentine artists of that age, in the Brancacci 
chapel, where the frescos of Masaccio, painted some sixty 
years before, still victoriously held their o^vn; and here, in 
a quarrel with an ill-conditioned fellow-student, Torrigiani, 
he received the blow of which his face bore the marks to 
his dying day. 

Though Michelangelo’s earliest studies were directed 
towards painting, he was by nature and predilection much 
more inclined to sculpture. In that art he presently 
received encouragement and training under the eye of 
an illustrious patron, Lorenzo dei Medici. On the 
recommendation, it is said, of Ghirlandaio, he was trans- 
ferred, before the term of his apprenticeship as a painter 
had expired, to the school of sculpture established by 
Lorenzo in the Medici gardens. Here he could learn to 
match himself against Ms great predecessor, Donatello, one 
of whose pupils was the director of the school, and to com- 
pare the works of that master and his Tuscan contemporaries 
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with the antiques collected for the instruction of the scholars 
Here, too, he could listen to discourses on Platonism and 
steep himself in the doctrines of an enthusiastic philosophy 
which sought to reconcile mth Christian faith the lore and 
the doctrines of the Academy. Michelangelo remained a 
Christian Platonist to the end of his days ; he was also 
from his youth up a devoted student of Dante. His 
powers of mind and, hand soon attracted attention, and 
' secured him the regard and favour of his patrons in spite 
of his rugged, unsociable exterior, and of a temper which 
at best was but a half-smothered volcano. 

Michelangelo had been attached to the school and house- 
hold of the Medici for barely three years when, in 1492, 
his great patron iTorenzo died. Lorenzo’s son Piero dei 
Medici inherited the position, but not the qualities, of his 
father; Florence soon chafed under his authority; and 
towards the autumn of 1494 it became apparent that 
disaster was impending over him and his adherents. 
Michelangelo was constitutionally subject to dark aud 
sudden presentiments : one such seized him now, and, 
\vithout awaiting the popular outbreak which soon followed, 
he took horse with two companions and fled to Bologna. 
There, being now in his twentieth year, he was received mtli 
kindness by a member of the Aldovrandi family, and on 
his commission executed two figures of saints, and one of 
an angel, for the shrine of St Dominic in the church of St 
Petronius. After about a year, work at Bologna failing, 
and his name having been included in his absence on the 
list of artists appointed to provide a new hall of assembly 
for the Great Council of Florence, Michelangelo returned 
home. The strange theocracy established by Savonarola 
was now in force, and the whole character of civic life at 
Florence was for the time being changed. But Michelangelo 
was not left -without employment. He found a friend in 
another Lorenzo, the son of Pierfrancesco dei Medici, for 
whom he at this time executed a statue of the boy St John. 
Having also carved a recumbent Cupid in imitation of the 
antique, it was suggested to him by the same patron 
that it should be so tinted and treated as to look like a 
real antique, and sold accordingly. Without increasing 
the price he put upon the work, Michelangelo for amuse- 
ment lent himself to the counterfeit, and the piece was then 
actually sold for a large sum to a Koman collector, the 
cardinal San Giorgio, as a genuine work of antiquity, — the 
dealer appropriating the profits. When presently the 
cardinal discovered the fraud, he caused the dealer to 
refund ; but as to Michelangelo himself, it was represented 
to the young sculptor that if he went to Eome, the amateur 
who had just involuntarily paid so high a tribute to his 
skill would certainly befriend him. He set forth accord- 
ingly, and arrived at Kome for the first time at the end of 
June 1496. Such hopes as he may have entertained of 
countenance from the cardinal San Giorgio were quickly 
dispelled. Neither did the banished Piero dei Medici, who 
also was now living at Kome, do anything to help him. 
On the other hand Michelangelo won the favour of a 
Koman nobleman, Jacopo GaUi, and through him of the 
French cardinal Jean de Villiers de la Grolaie, abbot of 
St Denis. From the former he received a commission for 
a Cupid and a Bacchus, from the latter for a Pietd, or 
Mary lamenting over the body of Christ,— works of which 
probably all thbee, the last two certainly, are preserved. 

Michelangelo’s stay in Eome at this time lasted five 
years, from the summer of 1496 till that of 1501. The 
interval had been one of extreme political distraction at 
Florence. The excitement of the French invasion, the 
mystic and ascetic regimen of Savonarola, the reaction 
which led to his overthrow, and finally the external wars 
and internal dissidences which preceded a new settlement, 
had all created an atmosphere most unfavourable to art 



230 


M I C H E LA N G E L 0 


iTevertlieless Ludovico Buonarroti, wlio in tlie troubles of 
1494 bad lost a small permanent appointment be held in 
tbe customs, and bad come to regard bis son Michelangelo 
as tbe mainstay of bis bouse, bad been repeatedly urging 
him to come borne, 

A spirit of family duty and family pride was tbe ruling 
principle in all Michelangelo’s conduct. During tbe best 
years of bis bfe he submitted himself sternly and without 
a murmur to pinching hardship and almost superhuman 
labour for tbe sake of bis father and brothers, who were 
ever selfishly ready to be fed and helped by him. Having 
now, after an illness, come homo in 1501, Michelangelo 
received tbe request from tbe cardinal Francesco Picco- 
lomini to adorn with a number of sculptured figures a 
shrine abeady begun in tbe cathedral of Siena in honour 
of tbe most distinguished member of bis bouse. Pope 
Pius n. Four only of these figures were over executed, 
and those not apparently, or only in small part, by tbe 
master’s baud. A work of greater interest in Florence 
itself bad diverted him from bis engagement to bis Sienese 
patron. This wa^‘ tbe execution of tbe famous colossal 
statue of David, popularly known as tbe Giant. It was 
carved out of a huge block of marble on which another 
sculptor, Agostino d’Antonio, bad begun unsuccessfully to 
work forty years before, and which bad been lying idle 
ever since. Michelangelo bad here a difficult problem before 
him. Without much regard to tradition or the historical 
character of bis hero, be carved out of tbe vast but cramped 
mass of material a youthful, frowning colossus, which 
amazed every beholder by its freedom and science of execu- 
tion, and its victorious energy of expression. iUl the best 
artists of Florence were called in council to determine on 
what site it should be set up, and after much debate the 
terrace of the Palace of the Signory was chosen, in prefer- 
ence to the neighbouring Loggia dei Lanzi. Here accord- 
ingly the colossal David of jJIichelangoIo took, in the month 
of May 1 504, the place which it continued to hold ever after- 
wards, until ten years ago, in 1873, it was removed for 
the sake of protection to a hall in the Academy of Fine 
Arts. Other works of sculpture by the same indomitable 
hand also belong to this period: among these another 
David, in bronze, and on a smaller scale ; a great rough- 
hewn St Matthew begun but never completed for the 
cathedral of Florence ; a Madonna and Clvild executed on 
the commission of a merchant of Bruges j and two un- 
finished bas-reliefs of the same subject. 

Neither was Michelangelo idle at the same time as a 
painter. Leaving disputed works for the moment out of 
sight, he in these days at any rate painted for his and 
Eaphael’s common patron, Angelo Doni, the Holy Family 
now in the Ufiizi at Florence. And in the autumn of 
1504, the year of the completion of the David, he received 
from the Florentine state a commission for a work of 
monumental painting on an heroic scale. Leonardo da 
Vinci had been for some months engaged on his great 
cartoon of the Battle of Anghiari, to be painted on the 
wall of the great hall of the municipal council. The 
gonfaloniere Soderini now procured for Michelangelo the 
commission to design a companion work. Michelangelo 
chose an incident of the Pisan war, when the Florentine 
soldiery had been surprised by the enemy in the act of 
bathing ; he dashed at the task with his accustomed fiery 
energy, and had carried a great part of the cartoon to 
completion when, in the early spring of 1505, he broke 'off 
the work in order to obey a call to Rome which reached 
him from Pope Julius H. His unfinished cartoon showed 
how greatly Michelangelo had profited by the example of 
his elder rival, Leonardo, little as, personally, he yielded 
to his charm or could bring himself to respond to his 
courtesy. 'The work of Michelangelo’s youth is for the 


most part comparatively tranquil in character. His early 
sculpture, sho-wing a degree of science and perfection un- 
equalled since the antique, has also something of the 
antique serenity. It bears strongly the stamp of intel- 
I lectual research, but not by any means that of storm or 
strain. In the cartoon of the Bathers, he on the other 
hand appropriated and carried further the mastery, which 
Leonardo had first asserted, over every variety of violent 
action and every extreme of energetic movement. In it 
the qualities afterwards proverbially associated rvith 
Michelangelo— his furia, his terribilitd,, the tempest and 
hurricane of the spirit which accompanied his unequalled 
technical mastery and knowledge — &st found expression. 

With Jlichelangolo’s departure to Eomo early in 1505 the first 
part of his artistic career may bo said to end. It will bo convenient 
hero to recapitulate its principal results in'sculpturo and painting, 
both those preserved, and those recorded but lost. 

SouLiTuiiE.— Florence, 1480-91. Head of a Fawi, National 
Museum, Florence (?). Condivi describes Slichelangelo’a first essay 
iu sculpture as a head of an aged faun with a front tooth knocked out, 
this latter point having been an afterthought suggested by Lorenzo 
dei hicdici. The head is commonly identified with one in the 
National Sluseum at Florence, which, however, bears no marks of 
Michelangelo’s style, and is iu all prob.ability spurious. Hadonna 
Seated 0)1 a Step, Casa Buonarroti, Florence. Tliis bas-relief is a 
genuine e-vaniplo of Michelangelo’s early work in the Jtedicean 
school under Bertoldo. It is c.xecutcd in low relief in imitation of 
the teclinical stylo of Donatello ; but the attitudes and characters 
of the figures, and the long-drawn, somewhat tormented fol^ of 
drapery, recall rather the manner of Jacopo della Quercia. Ce/i- 
tauro»iacIita, Casa Buonarroti. A fine and unquestionably genuine 
work in full relief, of probably somewhat later date than the last- 
mentioned ; Michelangelo has followed the antique iu his con- 
cei>tion and treatment of the nude, but not at all in the arrange- 
ment of the subject, which occum frequently in works of ancient art. 

Bolognoj 1494-95. Knccliwj A)igel, supporting the shrine of 
St Dominic. 'I'his is the figure, with crisp hair, short resolute 
features, and drapery clinging to show the limbs, on the right- 
hand side of the spectator ns ho fronts the altar. The prettier 
and more engaging figure at the opposite end was long taken to 
bo Miehelangolo’a work, but is really that of Niccold dell’ Area. 
Michelangelo also finished tho figure of St Petronius on the cornice 
of the same altar, begun by the same Niccold, and executed one of 
St Proculus which has perished. 

Florence, 1495-9C. St John in tha Wilderness, Berlin Museum. 
During the year between Michelangelo’s return from Boloma and 
his first departure to Rome ho e.vecuted, as has been narrated above, 
a statue of S. Giovanniuo for Lorenzo di Pierfrancesco dei MedicL 
This had for centuries been supposed lost,_ when in 1874 it wm 
declared to have been found in tne possession of Count Gualandi- , 
Rossalmiui at Pisa. Vehement and prolonged discussions arose 
as to the authenticity of the work, and at last it was bought for 
the Berlin Museum, where its genuineness is with apparently good 
reason maintained. Tho stripling saint stands luiked but for a 
skiu about his loins, holding a honeycomb in his left hand_ and 
lifting to his mouth a goat’s lioru full of honey with his nght. 
Restoration of an antique group of Racchiis and Ampelns, Ulfizi 
Gallery, Florence. This interesting restoration of an antique torso, 
by tho addition of a head, the lower pxirt of tho legs, and tho acce^ory 
figure of an attendant genius, a plinth, and mask, is not one of the 
works traditionally ascribed to ilicholangclo; but has lately, and 
as it seems rightly, been claimed for him on internal evidence. 
Recumlent Cupid, bought by tho cardinal San Giorgio as an 
antique. This work, which played an important iiart iu Michel- 
angelo’s history, is unfortunately lost. 

Romo, 1495-1501. Kneeling Cupid, South Kensington Museum, 
London. This beautiful statue of an athletic youth kneeling on 
tho right knee, looking over his right shoulder, .with the right 
baud lowered and the left raised, and having a quiver on the 
ground beside him, is acknowledged on internal _ grounds as an 
early work of Michelangelo. There is some ambiguity about the 
character and action of tho personage; but tho work is usually 
identified with tho Cupid which Michelangelo is recorded to have 
executed at this time for Jacopo Galli. Bacchus and Young Faun,^ 
National Museum, Florence. This is unquestionably tho “ Bacchus 
commissioned by tho same patron. The finely-framed but soft- 
limbed youthful god, his weight supported^ somewhat staggeringly 
on the loft leg, holds up a wine cup in his right hand, and with his 
loosely-hanging left hand holds a cluster of grapes, at which a 
child-faun standing a little behind him grasps ^aud nibbles. The 
surface highly finished and polished, as in tho Berlin St John. 
Virgin Lamenting the Bead Christ, St Peter’s, Rome. This group, 
executed for tho French abbot of St Denis, is tlie finest of all 
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Michelangelo’s early sculptures, and one of the finest of his life. 
It still recalls the ideals of some of the earlier Tuscan masters, 
especially Jacopo da Quercia ; but the execution is of a mastery 
and nobility unprecedented in Italian art. The Virgin, in drajiery 
of magnificent design, with her left knee somewhat raised and her 
right hand slightly extended, sits holding on her lap the dead 
Christ, — a figure of splendid frame and modelling as well as of 
admirable pathos and dignity in expression. 

Florence, 1501-6. Four Saints decoraling the Shrine of Pim 11. , 
in the cathedral of Siena. These figures represent the only part 
which ilichelangelo ever completed of his contract with the car- 
dinal Piccolomini and his heirs. They are evidently carried out by 
the hand of pupils only. Vtrffin and Child, Liebfrauenkirche, 
Bruges. This pleasing CTOup has been since the days of Albert 
Diirer attributed to Michelangelo, and bears the manifest stamp 
of his design, though its execution may be partly by inferior 
hands. It is placed close to the tombstone of a member of the 
Moscheroni (or Moskeron) family. IVe know that Michelangelo 
executed at this time, for one of this very family, a work which the 
ancient biographers describe as having been in bronze, — a medal- 
lion in that metal, says explicitly Vasari; but it is probably really 
the marble group in r^uestion. Virgin and Child, Royal Academy, 
London. This beautiful unfinished circular relief is identified with 
one recorded to have been executed by the master for Taddeo 
Gaddi Virgin, and Child, National Museum, Florence, — a similar 
relief, also unfinished, originally ordered by Bartolommeo Pitti 
Youthful David, Academy of Arts, Florence. Of this colossal 
work, which in spite of its scale and subject has still, in grace 
of pose and style, a considerable artistic affinity with the earlier 
Bacchus and St John, enough has been said. Figure of David, 
a small statue in bronze. Several extant works have been pointed 
out as probably identical with this lost statue ; but the claims of 
none have been generally acknowledged. 

Painting. — Holy Family, Uffizi, Florence. This circular picture, 
painted for Angelo Doni, and mentioned by the earliest biographers, 
IS the only perfectly well-attested panel-painting of 3Iichelangelo 
which exists. His love of restless and somewhat strained actions is 
illustrated by the action of the Madonna, who kneels on the ground 
holding up the child on her right .shoulder ; his love of the nude 
by the introduction (wherein he follows Luca Signorelli) of some 
othenvise purposeless undraped fibres in the background. Virgin 
and Child with Four Angels, National Gallery, London. This 
unfinished painting, marked by great grace as well as severity of 
feeling and design, was formerly attributed to Domenico Ghirlandaio, 
but is now commonly held to be the earliest extant picture by Alichel- 
angelo. Of his manner, especially in the design and treatment of the 
drapery, it bears evident marks ; but the execution seems like that 
of some weaker pupil or companion, perhaps Bidolfo Ghirlandaio 
or GranaccL Entombment of Christ, National Gallery, London. 
This picture, also unfinished, has in like manner been much con- 
testei Its composition is unfortunate ; weaker hands have dis- 
figured some portions of the work ; but the extraordinary excellence 
of other portions, and the grandeur of some of the actions, 
render it probable that the work is one begun and afterwards 
abandoned by Alichelangelo himself. Cartoon of the Battle of 
Anghiari. Of this famous lost work (begun, though apparently 
not completed, in the period now engaging us) the only authentic 
record is contained in tivo early engravings, one by Marcantonio 
and the other by Agostino Veneziano. An elaborate drawing of 
many figures at Holkham Hall, well known and often engraved, 
seems to be a later cento destitute of real authority. 

llichelangelo had not been long in Eome before Pope 
Julius devised fit employment for him. That capacious 
and headstrong spirit, on fire with great enterprises, had 
conceived the idea of a sepulchral monument to com- 
memorate his glory when he should be dead, and to be 
executed according to his own plans while he was still 
living. He entrusted this congenial task to Michelangelo. 
The design being approved, the artist spent the -winter of 
1505-6 at the quarries of Carrara, superintending the 
excavation and shipment of the necessary marbles. In the 
spring he returned to Eome, and when the marbles arrived 
fell to -with all his energy at the preparations for the work. 
For a while the pope followed their progress eagerly, 
and was all kindness to the young sculptor. But presently 
his disposition changed. In Michelangelo’s absence an 
artist who was no friend of his, Bramante of Urbino, had 
been, selected by Julius to carry out a new architectural 
scheme, commensurate -with the usual vastness of his con- 
ceptions, namely the rebuilding of St Peter’s church. To 
the influence and the malice of Bramante Michelangelo 
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attributed the unwelcome in-vitation he now received to 
interrupt the great work of sculpture which he had just 
begun, in order to decorate the Sixtine chapel -with frescos. 
Soon, however, schemes of war and conquest interposed to 
divert the thoughts of Julius, not from the progress of his 
own monument merely, but from artistic enterprises 
altogether. One day ilichelangelo heard him say at table 
to his jeweller that he meant to spend no more money on 
pebbles either small or great. To add to the artist’s dis- 
comfiture, when he went to apply in person for payments 
due, he was first put ofi from day to day, and at last 
actually rath scant courtesy dismissed. At this his dark 
mood got the mastery of him. Convinced that not his 
employment only but his life was threatened, he suddenly 
took horse and left Eome, and before the messengers of 
the pope could overtake him was safe on Florentine 
territory. Michelangelo’s flight took place in April 1506. 
Once among his own people, he turned a deaf ear to all 
overtures made from Eome for his return, and stayed 
throughout the summer at Florence, how occuj»ied we are 
not distinctly informed, but apparently, among other 
things, on the continuation of his great battle cartoon. 

During the same summer Julius planned and executed 
the -victorious military campaign which ended in his 
imopposed entry at the head of his army into Bologna. 
Thither, imder strict safe-conduct and promises of renewed 
favour, Michelangelo was at last prevailed on to betake 
himself. Julius received the truant artist kindly, as indeed 
between these two volcanic natures there existed a natural 
afBnity, and ordered of him his own colossal likeness in 
bronze, to be set up, as a symbol of his conquering 
authority, over the principal entrance of the church of St 
Petronius. For the next fifteen months SEchelangelo 
devoted his whole strength to this new task. The price 
at which he imdertook it left him, as it turned out, hardly 
any margin to subsist on. Moreover, in the technical art 
of metal casting he was inexperienced, and an assistant 
whom he had summoned from Florence proved insubor- 
dinate and had to be dismissed. Nevertheless his genius 
prevailed over every hardship and difficulty, and on the 
21st of February 1508 the majestic bronze colossus of 
the seated pope, robed and mitred, with one hand grasping 
the keys and the other extended in a gesture of benedic- 
tion and command, was duly raised to its station over the 
church porch. Three years later it was destroyed in a 
revolution. The people of Bologna rose against the 
authority of Julius ; his delegates and partisans were cast 
out, and his effigy hurled from its place. The work of 
ilichelangelo, after being trailed in derision through the 
streets, was broken up and its fragments cast into the 
furnace. 

Meanwhile the artist himself, as soon as his work was 
done, had followed his reconciled master back to Eome. 
The task that here awaited him, however, was after all not 
the resumption of the papal monument, but the execution 
of the series of paintings in the feixtine chapel which had 
been mooted before his departure. Painting, he always 
averred, was not his business ; and he entered -with 
mismving and reluctance upon his new undertaking. 
Desliny, however, so ruled that the work thus thrust upon 
him rem’ains his chief title to glory. His history is one of 
indomitable wiE and almost superhuman energy, yet of will 
that hardly ever had its way, and of energy continually 
at war -with circumstance. The only work which in all his 
life he was able to complete as he had conceived it was 
this of the decoration of the Sixtine ceiling. The pope 
had at first proposed a scheme including figures of the 
twelve apostles only. Michelangelo would be intent with 
nought so meagre, and furnished instead a d^ign ot many 
hundred figures, embodying all the history of creation and 
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of the first patriarchs, with accessory personages of prophets 
and sibyls dreaming on the new dispensation to come, and, 
in addition, those of the forefathers of Christ. The whole 
was to be enclosed and divided by an elaborate framework 
of painted architecture, with a multitude of nameless human 
shapes supporting its several members or reposing among 
them, — shapes mediating, as it were, between the features 
of the inanimate framework and those of the great dramatic 
and prophetic scenes themselves. Slichelangelo’s plan was 
accepted by the pope, and by May 1508 his preparations 
for its execution were made. Later in the same year he 
summoned a number of assistant painters from^ Florence. 
Trained in the traditions of the earlier Florentine school, 
they were unable, it seems, to interpret Michelangelo’s 
designs in fresco either with sufficient freedom or sufficient 
uniformity of style to satisfy him. At any rate he soon 
dismissed them, and carried out the remainder of his 
colossal task alone, except for the necessary amount of 
purely mechanical and subordinate help. The physical 
conditions of prolonged work, face upwards, upon this vast 
expanse of ceiling were adverse and trying in the extreme. 
But after four and a half years of toil the task was 
accomplished. Michelangelo had during its progress been 
harassed alike by delays of payment and by hostile intrigue. 
The absolute need of funds for the furtherance of the 
undertaking had even constrained him at one moment to 
break off work, and pursue his inconsiderate master as far 
as Bologna. His ill-Avishers at the same time kept casting 
doubts on his capacity, and vaunting the superior powers 
of Raphael. That gentle spirit would by nature have been 
no man’s enemy, but unluckily Michelangelo’s moody, self- 
concentrated temper prevented the two artists being on 
terms of amity such as might have stopped the mouths of 
mischief-makers. Once during the progress of his task 
Michelangelo was compelled to remove a portion of the 
scaffolding and exhibit what had been so far done, when 
the effect alike upon friends and detractors was overwhelm- 
ing. Still more complete was his triumph when, late in 
the autumn of 1512, the whole of his vast achievement 
was disclosed to view. 

The main field of the Sixtino ceiling is divided into four larger 
alternating with five smaller fields. The following is the order of the 
subjects depicted in them: — (1) the dividing of the bght from the 
darkness ; (2) the creation of sun, moon, and stars, and of tho 
herbage ; (3) the creation of the waters; (4) the creation of man; 

(6) the creation of woman ; (6) the temptation and expulsion ; 

(7) an enigmatical scene, said to represent the sacrifice of Cain and 
Abel, but rather resembling tho sacrifice of Noah ; (8) the deluge ; 
(9) tho drunkenness of Noah. Tho figures in the last three of these 
scenes are on a smaller scale than those in tho first six. In numbers 
1, 3, 6, 7, and 9 the field of tho picture is reduced by the encroach- 
ments of the architectural framework and supporters. These sub- 
jects are flanked at each end by tho figure of a seated prophet or 
sibyl alternately ; two other prophets are introduced at each ex- 
tremity of tho series, making seven prophets and five sibyls in all. In 
the angles to right and left of tho prophets at the two extremities 
are tho Death of Goliath, tho Death of Judith, tho Brazen Ser- 
pent, and tho Punishment of Haman. In tho twelve lunettes 
above the windows, and the similar number of triangular vaulted 
spaces over them, are mysterious groups, or p.airs of groups, of 
figures, which from Slichelangelo’s own time have usually been 
known as Ancestors of Christ. Tho army of nameless architectural 
and subordinate figures is too numerous to bo hero spoken of. 
The woih represents all tho powers of llichelangelo at their best. 
Disdarning all tho accessory allurements of tho painter’s art, ho 
has concentrated himself upon tho exclusive .delineation of tho 
human form and face at their highest power. His imagination 
has conceiv'ed, and his knowdedge and certainty of hand have enabled 
him to realize, attitudes and combinations of unmatched variety 
and grandeur, and countenances of unmatched expressiveness and 
power. But he has not trusted, as ho came later to trust, to science 
and acq^uired knowledge merely, neither do his personages, so far 
M they did afterwards, transcend human possibility or leave tho 
facts of actual life behind them. In a word, his sublimity, often 
m oxce^ of the occasion, is here no more than equal to it ; more- 
over It is combined with tho noblest elements of grace and even of 
tenderness. As for tho intellectual meanings of his vast design, 
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over and above those which reveal themselves at a first glance or 
by a bare description, — they are from the nature of tho case in- 
exhaustible, and can never be perfectly defined. Whatever the 
soul of this great Florentine, the spiritual heir of Dante, with 
the Christianity of the Middle Ago not shaken in his mind, but 
expanded and transceudentalized, by the knowledge and love of 
Plato, — whatever the soul of such a man, full of sui^pressed tender- 
ness and righteous indignation, and _ of anxious questionings of 
coming fate, could conceive, that Michelangelo has e.xpressed or 
shadowed forth in this great and significant scheme of paintin" 3 . 
Tho details it must remain for every fresh student to interpretin 
his own manner. 

The Sixtine chapel was no sooner completed than 
Michelangelo resumed work upon the marbles for the 
monument of Julius. But four months only had passed 
when Julius died. His heirs immediately entered (in the 
summer of 1513) into a new contract with Michelangelo 
for the execution of the monument on a reduced scale. 
What the precise nature and extent of the original design 
had been we do not know, but the new one was extensive 
and magnificent enough. It was to consist of a great 
quadrilateral structure, two courses high, projecting from 
the church wall, and decorated on its three unattached sides 
with statues. On the upper course was to be placed the 
colossal recumbent figure of the pope under a canopy, 
and beside it mourning angels, with prophetic and 
allegoric personages at the angles, — sixteen figures in 
all. The lower course was to be enriched %vith twenty- 
four figures in niches and on projecting pedestals : — in 
the niches. Victories trampling on conquered Provinces ; 
in the pedestals, Arts and Sciences in bondage. The 
entire work was to be completed in nine years’ time. 
Dhring the next three years, it would seem, Michelangelo 
brought to completion three at least of the promised 
figures, and they are among the most famous of all exist- 
ing works of the sculptor’s art, — namely, the Moses now 
in the church of S. Pietro in Vincoli at Rome and the 
two “ Slaves ” at the Louvre. 

The Moses, originally intended for one of the angles of the upper 
course, is now placed at the level of the eye, in the centre of the 
principal face of the monument as it was at last finished, on a 
deplorably reduced and altered scale, by Michelangelo and his 
assistants in his old age. The prophet, heavily bearded and draped, 
with only his right arm bare, sits with his left foot drawn back, 
his head raised and turned to the left with an expression of in- 
dignation and menace, his left hand laid on his lap and his right 
grasping the tables of the law. Tho work, except in one or two 
places, 13 of the utmost finish, and the statue looks like one of the 
prophets of the Sixtine ceiling done in marble. The “Slaves” at 
the Louvre are youthful male figures of equally perfect execution, 
nude but for tho band wliich passes over the breast of one and the 
right leg of tho other. One, with his left hand raised to his head 
and his right pressed to his bosom, and his eyes almost closed, 
seems succumbing to the agonies of death; the other, with his arms 
bound behind his back, looks upwaid still hopelessly struggling. 
There is reason to believe that all three of these figures were finished 
between 1513 and 1516. The beginnings of other figuies or groups 
intended for the same monument are to be found at Florence, where 
they were no doubt made and then abandoned some years later, — 
viz., four rudely blocked figures of slaves or prisoners, in a grotto 
of tho Boboli gardens, and the so-called Victory in the National 
Museum, an unfinished group of a combatant kneeling on and 
crushing to death a fallen enemy; with these may bo associated 
a wax model known as Hercules and Cacus in the South Ken- 
sington Museum, and the figure of a crouching man at St Peters- 
burg. 

By this time (1516) Michelangelo’s evil star was again 
in the ascendant. Julius II. had been succeeded on the 
papal throne by a Medici under the title of Leo X. The 
Medici, too, had about the same time by force and fraud 
re-established their sway in Florence, overthrowing the free 
institutions that had prevailed there since the days of 
Savonarola. How on the one hand this family were the 
hereditary friends and patrons of hlicheiangelo; on the 
other hand he was a patriotic son of republican Florence; 
so that henceforward his personal allegiance and his 
political sympathies were destined to be at conflict. Over 
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much of his art, as has been thought, the pain and per- 
plexity of this conflict have cast their shadow. For the 
present the consequence to him of the rise to power of the 
Medici was a fresh interruption of his cherished work on 
the tomb of Julius. Leo X. and his kinsmen insisted that 
Michelangelo, regardless of all other engagements, must 
design and carry out a great new scheme for the enrich- 
ment of their own family church of San Lorenzo in 
Florence. The heirs of Julius on their part showed an 
accommodating temper, and at the request of Leo allowed 
their three-years’-old contract to be cancelled in favour of 
another, whereby the scale and sculptured decorations of 
the Julian monument were again to be reduced by nearly 
a half. Unwillingly Michelangelo accepted the new com- 
mission thus thrust upon him for the church fa 9 ade at 
Florence; but, having once accepted it, he produced a 
design of combined sculpture and architecture as splendid 
and ambitious in its way as had been that for the monu- 
ment of Julius. In the summer of 1516 he left Eome for 
Carrara to superintend the excavation of the marbles. 

Michelangelo was now in his forty-second year. Though 
more than half his life was yet to come, yet its best 
days had, as it proved, been spent. All the hindrances 
which he had encountered hitherto were as nothing to 
those which began to beset him now. For the supply of 
materials for the facade of San Lorenzo he had set a firm 
of masons to work, and had himself, it seems, entered into 
a kind of partnership with them, at Carrara, where he knew 
the quarries well, and where the industry was hereditary 
and well understood. When all was well in progress there 
under his own eye, reasons of state induced the Medici 
and the Florentine magistracy to bid him resort instead 
to certain new quarries at Pietrasanta, near Serravallc in 
the territory of Florence. Hither, to the disgust of his old 
clients at Carrara and to his own, Michelangelo accordingly 
had to transfer the scene of his labours. Presently he found 
himself so impeded and enraged by the mechanical difficulties 
of raising and transporting the marbles, and by the disloyalty 
and incompetence of those with whom he had to deal, that 
he was fain to throw up the commission altogether. The 
contracts for the fagade of San Lorenzo were rescinded in 
March 1518, and the whole magnificent scheme came to 
nothing. Michelangelo then returned to Florence, where 
proposals of work poured in on him from many quarters. 
The king of France desired something, from his hand to 
place beside the two pictures he possessed by Eaphael. 
The authorities of Bologna wanted him to design a fagade 
for their church of St Petronius ; those of Genoa to cast a 
statue in bronze of their great commander, Andrea Doria; 
Cardinal Grirnani begged hard for any picture or statue he 
might have to .spare ; other amateurs importuned him for 
so much as a pencil drawing or sketch. Lastly his friend 
and partisan Sebastian del Piombo at Eome, ever eager to 
keep up, the feud between the followers of Michelangelo 
and those of Eaphael, besought him on Eaphael’s death to 
return at once to Eome, and take out of the hands of the 
dead master's pupils the works of painting still remaining 
to be done in the Vatican chambers. Michelangelo complied 
with none of these requests. All that we know of his doing 
at this time was the finishing a commission received and 
first put in hand four years previously, for a full-sized 
statue of a nude Christ grasping the Cross. This statue, 
completed and sent to Eome in 1521 (with some last touches 
added by subordinate hands in Eome itself), stands now in 
the church of Sta Maria sopra Minerva ; there is little in 
it of the Christian spirit as commonly understood, although, 
in those parts which Michelangelo himself finished, there 
is extreme accomplishment of design and workmanship. 

The next twelve years of Michelangelo’s life (1522-34) 
were spent at Florence, and again employed principally in 


the service of his capncious and uncongenial patrons, the 
Medici. The plan of a great group of monuments to 
deceased members of this family, to be set up in their 
mortuary chapel in San Lorenzo, seems to have been formed 
and preparations to have been made by Michelangelo for 
its execution, as early as 1519. It was not, however, until 
1524, after Leo X. had died, and his successor Adrian VI. 
had. been in his turn succeeded by another Medicean pope’ 
Clement VIL, that any practical impulse was given to the 
work. Even then the impulse was a wavering one. First 
Clement proposed to associate another artist, Sansavino, 
with Michelangelo in his task. This proposal being on 
Michelangelo’s peremptory demand abandoned, Clement 
next distracted the artist with an order for a new archi- 


tectural design, — that, namely, for the proposed Medicean 
or “Laurentian” library. When at last the plans for the 
sepulchral monuments took shape, they did not include, as 
had been at first intended, memorials to the founders of 
the house’s greatness, Cosimo and Lorenzo the Magnificent, 
or even to Pope Leo X. himself, but only to two younger 
members of the house lately deceased, Giuliano, duke of 
Nemours, and Lorenzo, duke of Urbino. Michelangelo 
brooded long over his designs for this work, and was still 
engaged on its execution — his time being partly also taken 
up hy the building plans for the Medicean library — when 
political revolutions interposed to divert his industry. In 
1527 came to pass the sack of Eome by the Austrians, 
and the apparently irretrievable ruin of Pope Clement. The 
Florentines seized the occasion to expel the Medici from 
their city, and set up a free republican government once 
more. Naturally no more funds for the work in San 
Lorenzo were forthcoming, and Michelangelo, on the 
invitation of the new signory, occupied himself for a 
while with designs for a colossal group of Samson and 
the Philistihes, to be wrought out of a block of marble 
which had been rough-hewn already for another purpose 
by Baccio Bandinelli, Soon, however, he was called to 
help in defending the city itself from danger. Clement and 
his enemy Charles V. having become reconciled, both alike 
were now bent on bringing Florence again under the rule of 
the Medici. In view of the aiiproaching siegb, Michelangelo 
was appointed engineer-in-chief of the fortifications. He 
spent the early summer of 1529 in strengthening the 
defences of San Miniato; from July to September he was 
absent on a diplomatic mission to Ferrara and Venice. 
Eeturning in the middle of the latter month, he found the 
cause of Florence hopeless from internal treachery and 
from the overwhelming strength of her enemies. One of 
his dark seizures overcame him, and he departed again 
suddenly for Venice. Not cowardice, but despair of his 
city’s liberties, and still more of his own professional pro- 
spects amid the turmoil of Italian affairs, was the motive 
of his departure. For a while he remained in Venice, 
negotiating for a future residence in France. Then, while 
the siege was still in progress, he returned once more to 
Florence; but in the final death-struggle of her liberties he 
bore no part. When in 1530 the city submitted to her 
conquerors, no mercy was shown to most of those who had 
taken part in her defence. Michelangelo believed himself 
in danger with the rest, but on the intervention of Baccio 
Valori he was presently taken back into favour and 
employment by Pope Clement. For three years more he 
still remained at Florence, engaged principally on the com- 
pletion of the Medici monuments, and on the continuance of 
the Medicean library, but partly also on a picture of Leda 
for the duke of Ferrara. > 


10 statues of the Medici monument take rank beside the Moses 
the Slaves as the finest work of Michelangelo s central time 
ulpture ; moreover, though some of the 
constitute as actually e.xecuted a complc^ scheme, iney 
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consist of a Madonna and Child (left imperfect because the marble 
was short in bulk), and of the two famous monumental groups, each 
consisting of an armed and seated portrait-statue in a niche, with 
two emblematic figures reclining on each side of a sarcophagus 
below. The portraits are treated not realistically but typically. In 
that of Lorenzo seems to bo typified the mood of brooding and 
concentrated inward thought preparatory to warlike action ; in 
that of Giuliano, the type of alert and confident practical survey 
immediately preceding the moment of action. To this contrast of 
the meditative and aetive characters corresponds to some o.xteut a 
contrast in the emblematic groups accompanying tlio portraits. At 
the feet of the Duko Giuliano recline the shapes of Night and Day, — 
the former a female, the latter a male personification,— the former 
sunk in an attitude of deep but uneasy slumber, the latter (whoso 
head and face are merely blocked out of the marble) lifting himself 
in one of wrathful and disturbed awakening. But for hlicholangolo’s 
unfailing grandeur of style, and for the sense which his works con- 
vey of a compulsive heat and tempest of thought and feeling in the 
soul that thus conceived them, both these attitudes might be charged 
with extravagance. As grand, but far less violent, are those of the 
two companion figures that recline between sleep and waking on 
the sarcophagus of the pensive Lorenzo. Of these, the male figure 
is known as Evening, and the female os ilorning (Crcj)Uscolo and 
Aurora). In Michelangelo’s originiil idea, figures of Earth and 
Heaven were to bo associated with those of Night and Day on the 
monument of Giuliano, and others of a corresponding nature, no 
doubt, with those of the Sloming and Evening Twilight on that of 
Lorenzo ; these figures afterwards fell out of tlie scheme. Michel- 
angelo's obvious and fundamental idea was, as some words of his 
own record, to exhibit the elements, and the powers of earth and 
heaven, lamenting the death of the princes ; it is a question of 
much interest, but not to bo discussed here, what other ideas of 
a more personal and deeper kind m.ay have conllictcd or come into 
association with those, and found expression in these majestic 
works of art, whereof no one who looks upon them can cscax)e the 
spell. ' 

jVIiclielangelo liad never ceased to bo troubled by the heirs 
and executors of Julius, as well as by his own artistic cou- 
Boience and ambition, concerning the long-postponed comple- 
tion of the Julian monument. Agreement after agreement 
had been made, and then from the force of circumstances 
broken. In 1532, on the completion of the I*Iedicean monu- 
ments at Florence, he entered into a now and what he firmly 
meant to be a binding contract to complete the work, on a 
scale once more very greatly reduced, and to set it up in the 
church of S. Pietro in Vincoli in Romo. But once more 
the demands of the pope diverted his purpose. Clement 
insisted that ilichelangelo must complete his decorations 
of the Sixtine chapel by painting anew tho great end 
wall above the altar, adorned until then by frescos of 
Perugino. The subject chosen was the Last Judgment, 
and jMichelangelo began to prepare sketches. For tho 
next two years he lived between Romo and Florence, and 
in the autumn of 1534, in his sixtieth year, settled finally 
and for the remainder of his life at Rome. Immediately 
afterwards Pope Clement died, and -vvas succeeded by a 
Farnese under the title of Paul III. Even more than his 
predecessor, Paul insisted on claiming the main services of 
Michelangelo for himself, and forced him to let all other 
engagements drift. For the first seven years after tho 
artist’s return to Rome, his time was principally taken up 
with the painting of the colossal and multitudinous Last 
Judgment. This being completed in 1541, he was next 
compelled to undertake two more great frescos, one of the 
Conversion of Paul and another of the Martyrdom of Peter, 
in a new chapel which the pope had caused to be built in 
the Vatican, and named after hunself Capella Paolina. 

Tbe fresco of the Last Judgment in the Sixtine chapel is probtibly 
the most famous single picture in the world. In it Slichelangelo 
snows more than ever tlie omnipotence of his artistic science, -and 
the fiery daring of his conceptions. The work exhibits the 
athletic unclothed human form in every variety and extremity of 
hitherto unattempted action and predicament. But of moderation, 
of beauty and tenderness, it is almost entirely devoid. 
Whether from the complexion of his own thoughts, and the 
sxvct 'indignatio that was native to his breast, or from the influ- 
^ce of the passionate and embittered theological temper of tho 
Michelangelo has here neglected tho consolatory aspects of 
i-hnatianity, and ’insisted on its terrific aspects almost exclusively. 
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Neither in the qualities of colour and execution is the work, so far 
as tho condition of either admits comparison, comparable for charm 
to the earlier and far more nobly-inspired frescos of the ceilino’. 
It is to these, and not to the Last Judgment, that tho student must 
turn if ho would realize what is best and greatest in the art of 
ilichelangelo. 

Tho frescos of tho Paulino Chapel are on thoir part in part so 
injured as to bo hardly susceptible of useful study or criticism. 
In thoir ruined state thoy bear oyidenco of tho saiuo tcmlencies tliat 
made tho art of Michelangelo in its latest phase so dangerous 
an c.xamplo to weaker men, — tho tendency, that is, to seek for 
energy and violence of action both in place and out, for “terrible- 
ncss” qaand mime, and to design actions not by help of direct 
study from nature, but by scioutilie deduction from tJie abstract 
laws of structure and inovomcnt. At best these frescos can never 
have been happy examples of Miehelungulo’s art. 

During tho fifteen years (153'i-49) when Michelangelo 
was mainly engaged on these paintings, he had also at 
lost been enabled to acquit himself, although in a manner 
that can have been satisfactory to none concerned, of his 
engagements to tho heirs of Julius. Once more the 
iniiuenco of the pope had prevailed on them to accept a 
compromise altogether to their disadvantage. It was 
agreed that tho Moses executed thirty years before should 
bo tho central figure of tho new scheme ; assistants were 
employed to carvo two smaller flanking figures of female 
personifications; and tho three were in 1545 set up in S. 
Pietro in Vincoli in combination with an architectural 
structure of rich but incongruous design. During tho 
same years the long-pent human elements of fervour and 
tenderness in ilichelangclo’s nature had found vent and 
utterance such as they had never found before. He had 
occasionally practised poetry in youth, and there are signs 
of some transient love-passage during his life at Bologna, 
But it was not until towards his sixtieth year that the 
springs of feeling were fairly opened in the heart of this 
solitary, this masterful and stern, life-wearied and labour- 
hardened man. Towards that age we find him beginning 
to address impassioned sonnets, of which the sentiment is 
curiously comparable to that e.xpressed in some of Shake- 
speare’s, to a beautiful and gifted youth, Tommaso CavalierL 
Soon afterwards ho made the acquaintance of the pious, 
accomplished, and high-souled lady, Vittoria Colonna, mdow 
of tho Marquis Pescara. For twelve years until her death, 
which happened in 1547, her friendsliip was tho great solace 
of Michelangelo’s life. On her, in all loyalty and reverence, 
he poured out all the treasures of Ids mind, and all his im- 
prisoned powers of tenderness and devotion. He painted 
for her a crucifixion of extraordinary beauty, of which many 
imitations but not tho original have come down to us. She 
was tho chief inspirer of his poetry, — in which, along with 
her praises, the main themes are tho Christian religion, the 
joys of Platonic love, and the power and mysteries of art. 
Michelangelo’s poetical stylo is strenuous and concentrated 
like the man. He wrote with labom' and much self-correc- 
tion ; we seem to feel him flinging himself on the material 
of language with the same overwhelming energy and 
vehemence, — the same impetuosity of temperament, com- 
bined with the same fierce desire of perfection, — mth 
which contemporaries describe him as flinging himself on 
the material of marble. 

And so tbe mighty sculptor, painter, and poet reached 
old age. An infirmity which settled on him in 1544, and 
the death of Vittoria Colonna in 1547, left him broken in 
health and heart. But his strength held on for many a 
year longer yet. His father and brothers were dead, and 
his family sentiment concentrated itself on a nephew, 
Leonardo, to whom he showed unremitting practical Idnd- 
ness, coupled with his usual suspiciousness and fitfulness 
of temper. In almost all his relations the old man con- 
tinued to the end to manifest the same loyal and righteous 
heart, accompanied by tbe same masterful, moody, and 
estranging temper, as in youth. Among the artists of 
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tte younger generation he held a position of absolute 
ascendency and authority ■ nor was his example, as we 
have said, by any means altogether salutary for them. 
During the last years of his life he made but few 
more essays in sculpture, and those not successful, but 
was much employed in the fourth art in which he ex- 
celled, that of architecture. A succession of popes de- 
manded his services for the embellishment of Rome. 
For Paul HU. he built the palace called after the name of 
the pope’s family the Farnese. On the death of Antonio 
da San Gallo he succeeded to the onerous and coveted 
office of chief architect of St PeteFs Church, for which he 
remodelled all the designs, living to see some of the main 
features, including the, supports and lower portion of the 
great central dome, carried out in spite of all obstacles 
according to his plans. Other great architectural tasks on 
which he was engaged were the conversion of a portion of 
the Baths of Diocletian into the church of Sta Maria degli 
Angeli, and the embeUishment and rearrangement of the 
^eat group of buildings on the Roman Capitol At length, 
in the midst of these vast schemes and responsibilities, the 
heroic old man’s last remains of strength gave way. He 
died on the threshold of his ninetieth year, on the 18th of 
February 1564. 

For the bibliography of Michelangelo, which is extensive, seethe 
useful though very imperfect compilation of Passerini, Bibliograjia 
di ificliclawjelo Buonarroti, &c., Florence, 1875. The most import- 
ant works, taken in chronological order, are the following: — P. 
Giovio, supplement to the fragmentary Bialogus de viris lUteris 
illusiribus, written soon after 1527, first published by Timboschi, 
Sloria della. Letteratura italiana, Modena, 1871; G. Vasari, in 
Vito degli piit ccccllenti architcttori, piltori, o scuUori, &c., 
Florence, 1550; A. Condivi, Vita, di Michelangelo Buonarroti, 
1553; this account, for which the author, a pupil and friend of the 
master’s, had long been collecting materials, was much fuller than 
that of Vasari, who made use of it in rewriting his own life of 
Michelangelo for his second edition, which appeared after the 
master's death (1568). The best edition of Vasari is that by Mila- 
nesi, Florence, 1878-83; of Condivi, that by Gori and Marietto, Pisa, 
1746. The first additions of importance were published by Bottari, 
Baccolta di leltcre sulla pittura, &c.. Home, 1754 (2d ed., by 
Ticozzi, Milan, 1822); the next by Gaye, Carteggio incdito, 1840. 
Portions of the correspondence preserved in the Buonarroti archives 
were published by Guasti in his notes to the Mime di Michelangelo 
Buonarroti, 1863, and by Daelli in Carte Michelangclcsche inedite, 
JilUan, 1865. Complete biographies of Michelangelo had been 
meanwhile attempted by J. Harford, London, 1857, and with 
more power by Hermann Grimm, Lcben Michelangelo’s, Hanover 
(5th ed., 1879). A great increment of biographical material 
was at length obtained by the publication, in the four hundredth 
year after Michelangelo’s birth, of the whole body of his letters 
preserved in the Buonarroti archives, — Leitere di Michelangelo 
Buonarroti, ed. G. ililanesi, Florence, 1875. This material was 
first employed in a connected narrative by A. Gotti, Vita di Michel- 
angelo, Florence, 1875. Next followed C. Heath "Wilson, Life and 
Works of Michelangelo Buonarroti, Florence, 1876, the technical 
remarks in which, especially as concerns the fresco-paintings, are 
valuable. Lastly, the combined lives of Michelangelo and Baphael 
by Professor A. Springer in Dohme’s series of Kunst u. Kunstlcr, 
Leipsic, 1878, contain the best biography of the master which has 
yet appeared. Of the poems of Michelangelo the best edition is 
that already referred to, — G. Guasti, Rime di Michelangelo Buonar- 
roti, 1863; in earlier additions the text had been recklessly tampered 
with, and the rugged individuality of the master’s style smoothed 
down. An edition with German translations was published by 
Hasenclever, Leipsic, 1875; for the English student the translations 
by Mr J. A. Symonds, in Sonnets of Michelangelo and Cam- 
panella, London, 1878, are invaluable. (S. 0.) 

- MICHELET, JuxES (1798-1874), one of the most 
voluminous and remarkable writers of France, and one 
v?ho only lacked a keener power of self-criticism to make 
him one of the greatest, was born at Paris, August 21, 1798. 
He belonged to a family which had Huguenot traditions, 
and which was latterly occupied in the art of printing. His 
father was a master printer, but seems not to have been 
very prosperous, and the son at an early age assisted him 
in the actual work of the press. A place was offered him 
in the imperial printing office, but his father was able to 
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send him to the famqus CoUdge or Lycde Charlemamie 
where he distinguished himself. He passed the university 
examination in 1821, and was shortly after appointed to a 
professorship or rather mastership of history in the Colldge 
RoUin. Soon after this, in 1824, he married. The period 
of the Restoration and the July monarchy was one of the 
most favourable to rising men of letters of a somewhat 
scholastic cast that has ever been known in France and 
Michelet had powerful patrons in Yillemain, Cousin’ and 
others. But, though he was an ardent politician (having 
from his childhood embraced republicanism and a peculiar 
variety of romantic free-thought), he was first of all a man 
of_ letters and an inquirer into the history of the past. 
His earliest works were school books, and they were not 
written at a very early age. Between 1825 and 1827 he 
produced divers sketches, chronological tables, &c., of 
modern histo^. His Precis of the subject, published in 
the last-mentioned year, is a sound and careful book, far 
better than anything that had appeared before it, and 
written in a sober yet interesting style. In the same year 
he was appointed maitre de conferences at the Bcole 
Hormale. Four years later, in 1831, the Introduction ct 
VHistoire Universelle showed a very different style, exhibit- 
ing no doubt the idiosyncrasy and literary power of the 
writer to greater advantage, but also displaying the peculiar 
visionary qualities which make ilichelet the most stimulat- 
ing but the most untrustworthy (not in facts, which he 
never consciously falsifies, but in suggestion) of all 
historians. The events of 1830 had unmuzzled him, and 
had at the same time improved his prospects, and put him 
in a better position for study by obtaining for him a place 
'in the Record Office, and a deputy-professorship under 
Guizot in the literary faculty of the imiversity. Very 
soon afterwards he began his chief and monumental work, 
the Histoire de France, which occupied him for about forty 
years, and of which we shall speak presently. But he 
accompanied this with numerous other works, chiefly of 
erudition, such as the (Euvres Choisies de Vico, the Memoires 
de Luther ecs'its par luluieme, the Origines du Droit 
Fran^ais, and somewhat later the Proces des Templiers. 
1838 was a year of great importance in Michelet’s life. 
He was in the fulness of his powers, his studies had fed 
his natural aversion to the principles of authority and 
ecclesiasticism, and at a moment when the revived activity 
of the Jesuits caused some real and more pretended alarm 
he was appointed to the chair of history at the College de 
France. Assisted by his friend Quinet, he began a violent 
polemic against the unpopular order and the principles 
which it represented, a polemic which made their lectures, 
and especially Michelet’s, one of the most popular resorts 
of the day. He published, in 1839, a History of the 
Roman Republic, but this was in his graver and earlier 
manner. The results of his lectmes appeared in the 
volumes Le Pretre, la Femme, et la Famille and Le Peuple. 
These books do not display the apocalyptic style which, 
borrowed to a certain though no very great extent from 
Lamennais, characterizes Michelet’s later works, but they 
contain in miniature almost the whole of his curious ethico- 
politico-theological creed — a mixture of sentimentalism, 
communism, and anti-sacerdotalism, supported by the most 
eccentric arguments, but urged with a great deal of 
eloquence. The principles of the outbreak of 1848 were 
in the air, and Michelet was not the least important of 
those who condensed and propagated them : indeed his 
original lectures were of so incendiary a kind that the 
coiuse had to be interdicted. But when the actual revolu- 
tion broke out IVIichelet, unlike many other men of letters, 
did not attempt to enter on active political life, and merely 
devoted himself more strenuously to his literary work. 
Besides continuing the great history, he undertook and 
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carried out, during the years between the downfall of Louis 1 
Philippe and the final establishment of Napoleon III., an 
enthusiastic Histoire de la Revolution Fraiu^ise. Despite 
or because of its enthusiasm, this is by no means ilichelet’s 
best book. The events were too near and too well known, 
and hardly admitted the picturesque sallies into the blue 
distance which make the charm and the danger of his 
larger work. In actxial picturesqueness as well as in general 
veracity of pictmre, the book cannot approach Carlyle’s ; 
while as a mere chronicle of the events it is inferior to haK 
a dozen prosaic histories older and younger than itself. 
The coup dlkat lost Hichelet his place in the Eecord Office, 
as, though not in any way identified with the republic 
administratively, he refused to take the oaths to the 
empire. But the new regime only kindled afresh his 
republican zeal, and his second marriage ('with Mademoiselle 
AdMe Malairet, a lady of some literary capacity, and of 
republican belongings) seems to have further stimulated 
his powers. "While the history steadily held its way, a 
crowd of extraordinary little books accompanied and 
diversified it. Sometimes they were exiianded versions of 
its episodes, sometimes what may be called commentaries 
or companion volumes. In some of the best of them 
natural science, a new subject with ilichelet, to which his 
%vife is believed to have introduced him, supplies the text. 
The first of these (by no means the best) was Les Femmes 
de la Resolution (1854), in which ilichelet’s natural and 
inimitable faculty of dithyrambic too often gives way to 
tedious and not very conclusive argument and preaching. 
In the next, L’Oiseau (1856), a new and most successful 
vein was struck. The subj ect of natural history was treated, 
not from the point of view of mere science, nor from that 
of sentiment, nor of anecdote, nor of gossip, but from that 
of the author’s fervent democratic pantheism, and the 
result, though, as was to be expected, unequal, was often 
excellent. U Insects, in the same key, but duller, followed. 
It was succeeded by V Amour (1859), one of the author’s 
most popular books, and not unworthy of its popularity, 
but perhaps hardly his best. These remarkable worlm, 
half pamphlets half moral treatises, succeeded each other 
as a rule at the twelve months’ interval, and the succession 
was almost unbroken for five or six years. F Amour was 
followed by La Femme (1860), a book on which a whole 
critique of French literature and French character might 
be founded. Then came La 2Ier (1861), a return to the 
natural history class, which, considering the powers of the 
■writer and the attraction of the subject, is perhaps a little 
disappointing. The next year (1862) the most striking 
of all Michelet’s minor works. La SorciAre, made its 
appearance. Developed out of an episode of the history, 
it has all its author’s peculiarities in the strongest degree. 
It is a nightmare and nothing more, but a nightmare of 
the most extraordinary verisimilitude and poetical power. 

This remarkable series, every volume of which was at 
once a work of imagination and of research, was not even 
yet finished, but the later volumes exhibit a certain fall- 
ing off. The ambitious Bihle de VEumanit'e (1864), an 
historical sketch of religions, has but little merit. In La 
Montague (1868), the l^t of the natural history series, the 
tricks of staccato style are pushed even farther than by 
Victor Hugo in his less inspired moments, though — as is 
inevitable in the hands of such a master of language as 
Michelet — the effect is frequently grandiose if n(^ OTand. 
A os I’ih (1869), the last of the string of smaller books 
published during the author’s life, is a tractate on educa- 
tion, vvritten with ample knowledge of the facts and ■with 
all ilichelets usual sweep and range of view, but with 
vhibly declining powers of e.xpres 3 ion. But in a book 
publ^ed posthumously, Le Banquet, these powers reappear 
at their fullcot. The i)ictm'e of the industrious and 
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famishing populations of the Biviera is (whether true to 
fact or not) one of the best things that ilichelet has done. 
To complete the list of his miscellaneous works, two collec- 
tions of pieces, ■written and partly published at different 
times, may be mentioned. These are Les Soldats de la 
Revolution and Legesides B'emocratiques du Ford. 

The publication of this series of books, and the comple- 
tion of his history, occupied ilichelet during both decades 
of the empire. He lived partly in France, partly in Italy, 
and was accustomed to spend the -winter on the Biviera, 
chiefly at Hyeres. At last, in 1867, the great work of his 
life was finished. As it is now published it fills nineteen 
volumes. The first of these deals with the early history 
up to the death of Charlemagne, the second with the 
flourishing time of feudal France, the third "with the 13th 
century, the fourth, fifth, and sixth with the Hundred 
Years’ War, the seventh and eighth with the establishment 
of the royal power under Charles VII. and Louis XI. The 
16th and 17th cenriuies have four volumes apiece, much 
of which is very distantly connected with French history 
proper, especially in the two volumes entitled Renaissance 
and Reforme. The last three voliunes carry on the histoiy 
of the 18 th century to the outbreak of the Be volution. 
The characteristics which this remarkable history shares 
■with Michelet’s other -works will be noted presently. At 
present it may be remarked that, as the mere division of 
subjects and space would imply, it is planned on very 
original principles, ilichelet was perhaps the first 
historian to devote himself to anything like a picturesque 
history of the Middle Ages, and his account is still the 
most -vivid though far from the most trustworthy that 
e.xists. His inquiry into manuscript and printed authorities 
was most laborious, but his lively imagination, and his 
strong religious and political prejudices, made him regard 
all things from a singularly personal point of view. 
Circumstances which strike his fancy, or furnish convenient 
texts for bis polemic, are handled at inordinate length, 
■while others are rapidly dismissed or passed over altogether. 
Yet the book is undoubtedly the only history of France 
which bears the imprint of genius, and in this respect it is 
not soon likely to meet a rival. 

Uncompromisingly hostile as Michelet was to the empire, 
its downfall and the accompanying disasters of the country 
once more stimulated him to activity. Not only did he 
■write letters and pamphlets during the struggle, but when 
it -was over he set himself to complete the vast task which 
his two great histories had almost' covered by a History oj 
the Nineteenth Century. He did not, however, live to carry 
it further than Waterloo, and the best criticism of it is 
perhaps contained in the opening words of the introduction 
to the last volume — “ I’age me presse.” The new republic 
was not altogether a restoration for Michelet, and his 
professorship at the College de France, of which he con- 
tended that he had never been properly deprived, was not 
given back to him. He died at Hyferes on the 9th of 
February 1874, and an unseemly legal strife between his. 
representatives took place as to his funeral. 

The literary characteristics of 3Iichelet are among the most 
clearly marked and also among the most peculiar in French litera- 
ture. A certain resemblance to Lamennais has been already notc-d, 
and to this may be added an occasional reminiscence of the manner 
of Bossuet. But in the main ilichelet, even in the minor details of 
style, is quite original and individual. His sentences and paragraphs- 
are as different as possible in construction and rhythm from the- 
orderly architecture of French classical prose. A very frequent 
device of his (somewhat abused latterly) is the omission^ of the 
verb, which gives the sentence the air of a continued interjection. 
Ebewhero he breaks his phrase, not finbhing the regular clau.se 
at alL In these points and many others the resemblance to bis 
contemporary Carlyle b very striking ; and, different as were 
them points of view, their manners of seeing were by no means 
unlike. Hbtoiy to ilichelet b aluays picturesque; it b a series 
' of tableaux. Allusion has been already made to the singular jier- 
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Hpective in which these tableaux are drawn, a perspective so strange 
that a reader unacquainted with the actual size and relation of the 
objects represented is certain to be deceived. Nothing indeed is 
further from Jlichelet’s purpose than deceit. Although a strong 
republican, an ardent anti-sacerdotalist, and a patriot of fanatictS 
enthusiirsm, he is always scrupulously fair as far as ho understands 
what he is doing. For instance, his hatred for England and 
Englishmen is one of the most comically intense passions in litera- 
ture. He is never tired of exclaiming against their diabolical pride, 
their odious jealousy of France, their calculating covetousness, and 
so forth. In his excited imagination the long drama of European 
history is a kind of conflict of Ormuzd and Ahriman, in which 
, France, it is needless to say, plays the first part and England the 
second. Yet he is never unfair to English fortitude and coolness, 
never (after the childish fashion of some of his countrymen) slturs 
over English victories, and often expresses genuine admiration 
(mixed, it is true, with a shudder or two of aversion) for the master- 
ful ways and constantly advancing prosperity of the English people. 
So, with all his dislike to the priesthood, he never is chary of praise 
to pope or monk whenever it can fairly be given, and, with all his 
republicanism, he is never weary of worshipping the heroism of a 
great king. But his poetical fashion of dealing with events, his 
exaggeration of trivial incidents into great facts of history, his fixed 
ideas, especially in reference to the intellectual and social condition 
of mediajval times, the evils of which ho enormously exaggerates, 
and his abiding prejudices of a general kind combine to distort his 
accounts in the strangest fashion. A laborious person might pick 
out of coutcmporaiy authors a notable collection of erroneous views 
of which Michelet is not so much the author as the suggester, for it 
is when his brilliant exaggerations are tom from their context and 
set down in some quito other context as sober gospel that they are 
most misleading to those who do not know the facts, and most 
grotesque to those who do. This is especially the case in regard to 
literature. Michelet began his great work too early to enjoy the 
benefit of the resurrection of old French literature which has since 
taken place ; and though his view of that literature partakes of the 
amorous enthusiasm wnich colours Ms view of everything French, 
it is astoundiugly incorrect in detaih The most remarkable passage 
of all perhaps is the passage in his Itemissance relating to EabelaS, 
Konsard, and Du Bellay, a passage so widely inconsistent not only 
with sound criticism but with historic fact that the author(a very rare 
thing with him) makes a kind of half apology for it elsewhere. Of 
the work of the age of chivalry' proper, the chansons do gestes, the 
Arthurian romances, the early lyrics and dramas, he evidently knew 
but little, and chose to subordinate what ho did know to Ms general 
theories of the time. Even much later his praise and blame, though 
transparently honest, are quite haphazard. Unless, therefore, the 
reader be gifted with a very rare faculty of applying the “ grain of 
salt ” to what he reads, or unless ho be well acquainted with the 
actual facts before coming to Jlichclet’s version of them, he will 
almost certainly be misled. But despite this gr<avo drawback 
(which attends all picturesque history) the value of Michelet merely 
as an historian is immense. Not only are his separate tableaux, 
the wonderful geographical sketch of France in the beginning of 
the book, the sections devoted to the Templars, to Joan of Arc, to 
the Renaissance, to the Camisards, almost unequalled, but the in- 
spiriting and stimulating effect of his work is not to be surpassed. 
If his reconstruction is often hazardous and conjectural, sometimes 
definitely and demonstrably mistaken, and nearly always difficult 
to adjust entirely to the ascertained facts, it is always possible in 
itself, always instinct with genius, and always life-like. There are 
no dead bones in Michelet ; they are if anything only too stirring 
and lively. These criticisms apply equally to the minor books, 
though these are necessarily fuller of the authoFs somewhat weari- 
•sorne propaganda, and less full of brilliantly painted facts. The 
great fault of Michelet as of not a few other modern authors is the 
comparatively improvised and ephemeral character of too much of 
his work. His immense volume is, much of it, mere brilliant 
pamphleteering, much more mere description equally brilliant but 
equally liable to pass. N evertheless he is (especially in French, the 
language pur excdlcnce of measured and academic perfection) so 
characteristic and singular a figure in his turbid eloquence and 
fitful llasMng insight that ho is never likely to lose a place, and a 
notable one, in literary history. 

Almost all Michelet’s works, the exceptions being his translations, 
compilations, he., are published in uniform size and in about fifty 
volumes, partly by Marpon and Flammarion; partly by Calraann 
Levy. (G. SA.) 

illCHELL, JoHif, an eminent English mp of science 
of the 18th century. He received his university education 
at Queen’s College, Cambridge. His name appears 
fourth in the Tripos list for 1748-49 ; and in 1755 he wm 
moderator in that examination. He was fellow of his 
college, and became successively Woodwardian professor 
of geology (in 1762) and rector of ThornhiU in Yorkshire. 


He was elected a member of the Koyal Society in the same 
year as Henry Cavendish (1760). He died in 1793. in 
1750 he published at Cambridge a small work of some 
eighty pages, entitled A Treatise of Artificial Magnets, in 
which is shown an easy and expeditious method of making 
tlmm superior to the best natural ones. Besides the descrip- 
tion of the method of magnetization which still bears his 
name, this work contains a variety of acute and accurate 
magnetic observations, and is particularly distinguished by 
a lucid exposition of the nature of magnetic induction. 
He is now best known as the original inventor of the torsion 
balance, which afterwards became so famous in the hands 
of its second inventor Coulomb. MicheU described it in 
his proposal of a method for obtaining the mean density 
of the earth. He did not live to put his method into 
practice; but this was done by Henry Cavendish, who 
made, by means of IVIicheU’s apparatus, the celebrated 
determination that now goes by the name of Cavendish’s 
experiment {Phil. Trans., 1798). 

Micholl’s other contributions to science are — “ Conjectures con- 
cerning the Cause and Observations upon the Phenomena of Earth- 
quakes,” Phil. Trans., 1700 ; “ Observations on the Comet of 
January 1760 at Cambridge,” Ib., 1760 ; “A Recommendation of 
Hadley’s Quadrant for Surveying,” Ib., 1765 ; “ Proposal of a 
Method for measuring Degrees of Longitude upon Parallels of the 
Equator,” 76., 1766 ; “An Inquiry into the Probable Parallax and 
Magnitude of the Fixed Stars,’^ 76., 1767 ; “ On the Twinkling of 
the Fixed Stars,” 76., 1767 ; “On the Means of Discovering the 
Distance, Magnitude, he., of the Fixed Stars,” 76., 1781. 

MICHELOZZI, Michelozzo (1391-1472'!), was a 
Florentine by birth, the son of a tailor, and in early life a 
pupil of Donatello. He was a sctilptor of some ability in 
marble, bronze, and silver. The statue of the young 
St John over the door of the Duomo at Florence, opposite 
the Baptistery, is by him ; and he also made the beautiful 
silver statuette of the Baptist on the altar-frontal of Sah 
Giovanni. Michelozzi’s great friend and patron was Cosimo 
I. dei Medici, whom he accompanied to Venice in 1433 
during his short exile. While at Venice, Michelozzi built 
the library of San Giorgio Maggiore, and designed other 
buildings there. The magnificent Palazzo dei Medici at 
Florence, built by Cosimo, was designed by him ; it is one 
of the noblest specimens of Italian 15th-century architec- 
ture, in which the great taste and skill of the architect has 
combined the delicate lightness of the earlier Italian Gothic 
mth the massive stateliness of the Classical style. With 
great engineering skill Michelozzi shored up, and partly 
rebuilt, the Palazzo Vecchio, then in a ruinous condition, 
and added to it many important rooms and staircases. 
When, in 1437, through Cosimo’s liberality, the monastery 
of San Marco at Florence was handed over to the Dominicans 
of Fiesole, Michelozzi was employed to rebuild the domestic 
part and remodel the church. For Cosimo I. he designed 
numerous other buildings, mostly of great beauty and 
importance. Among these were a guest-house at J erusalem, 
for the use of Florentine pilgrims, Cosimo’s summer villa 
at Careggi, and the strongly .fortified palace of Cafagiuolo 
in Mugello. For Giovanni dei Medici, Cosimo’s son, he 
built a very large and magnificent palace at Fiesole. In 
of Vasari’s statement that he died at the age of 
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sixty-eight, he appears to have lived till 1472. He is 
buried in the monastery of San Marco, Florence. Though 
skilled both as a sculptor and engineer, his fame cluefly 
rests on his architectural works, which claim for him a 
position of very high honour even among the greatest names 
k the great 15th-century Florentines. 

MICHIGAN, one of the States of the American Union, Plato II. 
situated in the region of the great lakes. It lies betw^n 
41° 42' and 47° 32' N. lat., and 82“ 24' and 90 31 W. 
long., the centre of the State being 670 miles north of i^sfc 
from New York, the nearest point on the seaboard, ihe 
area is 58,915 square miles. The State consists of two 
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natural divisions, known as the Upper and the Lower but in sweeping across the open waters of Lake Michigan 
Peninsula. The Upper or Northern Peninsula is bounded they are so far softened as to make the climate much 
on the U., E., and S. by Lakes Superior, Huron, and milder than that found in the same latitude on the western 
ifichigan, and on the W. by the river St Mary and the side of the lake. This peculiarity is specially favourable to 
State of Wisconsin. The Lower Peninsula is bounded on the growth of fruits. Peaches are ^own successfully along 
the W., H., and E. by Lakes Mchigan, Huron, St Clair, the 45th parallel, and figs thrive in the open air inlat. 42V. 
and Erie, and the St Clair and Detroit rivers, and on the The modifying influence of the lake winds also gives gr^t 
S. by the States of Ohio and Indiana. The general contour variety to the flora. The predominant woods are oak, maple, 
of the Lower Peninsula approaches that of a horse-shoe, beech, elm, ash, cherry, hickory, walnut, basswood, and pine, 
with an average width of about 200 miles from east to All these grow luxuriantly in the vast forests of the State, 
west and a length of about 300 miles from north to south, and afford an abundant supply of the best timber. There are 
Its surface gradually rises in gentle rmdulations from the 165 species of trees and shrubs indigenous to iBchigan; 
surrounding lakes to an elevation of about 400 feet above and the entire flora of the State makes a list of 1634 
Lake Huron, no point reaching an altitude of more than species. ' 

600 feet. The Upper Peninsula is much more rugged in Cereals mid Fruits . — ^The most important crop of Michigan 

contour and surface, at some points reaching an elevation is wheat, and the average yield per acre, as shown by the 
of about 1100 feet. The territory was originally covered latest census, is greater than that of any other State in the 
with forests, with only here and there a small open prairie. Union. The acres sown in 1879 %vere reported as 1,822,749, 

It abounds in fine inland lakes, with areas varying from and the amount produced as 35,532,543 bushels. Thi^e 
a few acres to several miles. The rivers are not large figures show that ilichigan is fourth in rank of the wheat- 
enough to be navigable, but they afford ample water-power, producing States, the number of bushels grown being 
and are particularly valuable for floating dorvn the logs of exceeded by the crops of Illtnois, Ohio, and Indiana. In 
the lumbering districts. ' The coast-line of the State is not 1879 the yield in bushels of the other principal cereals is 
less than about 1600 miles in length ; and along the whole shown by the following figures : — Indian com, 32,461,452 ; 
of this distance vessels of 2000 tons may pass without oats, 18,190,793; barley, 1,204,316; rye, 294,918; buck- 
losing sight of land. wheat, 413,062; clover seed, 313,063; pease, 538,332. 

Geologveal Formaiion . — The Lower Peninsula occupies ' The crop of potatoes in the same year was 8,025,475 
the central part of a great basin, the borders of which bushels, and the hay amoimted to 1,051,115 tons. Of 
extend to the east as far as London, Ontario, and to the the fruits gro^vn in the State apples are the most important, 
west as far as Madison, Wisconsin. Within these limits ; and these are believed to be unsurpassed in excellence in 
the traveller starting in any direction from the centre of any country in the world. The sales in 1880 were I 
the State encounters successively the outcropping edges 4,834,936 bushels, a considerable quantity going to tlea’ 
of older and older strata. The whole series has been markets of Europe. Hext in importance is the peach C;fop, 
likened to a nest of wooden dishes ; it embraces not annually gathered from more than fifty of the counties of 
only the Laurentian and Hvuonian systems but also the State. In 1880 the peach orchards were reported as 
the numerous groups that go to make up the Silurian,' covering 12,908 acres, and the fruit sold as amydnting to 
the Devonian, the Carboniferous, and the Quaternary 413,418 bushels. The long coast-line of Lak^^ Michigan 
systems. These several formations are covered almost affords easy access to market even for the mos-i perishable 
universally with a drift of finely comminuted and triturated fruits. Besides the facilities thus afforded, fthe railroa^ 
rock, borne thither by moving glaciers and floating that now thread the State, ivith an aggregipe length in 
icebergs, or washed to its present position by currents March 1882 of 4332 miles, afford abunckint means of 
of water, while the surface was still submerged. This rapid transportation. As the fruit belt exten ds from north 
loose material varies in thickness, sometimes extending to to south more than 200 miles, the danger nf disastrous 
a depth of 200 or 300 feet. While the lower formations competition in the markets is obviated by prolongation of 
contain almost inexhaustible deposits of copper, iron, the season of ripening. At the meeting of the State 
gypsum, and salt, the surface soil is pre-eminently fertile, Horticultural Society held in 1881 it was reported that 
uniting all the mineral constituents necessary for the most the average value of the peach crop per acre was above 
luxuriant growth of plante. There are limited areas of $125. The ten volumes of the yrarwacifoiw if the State 
light and somewhat sterile drift soil ; but even these Horticultural Society published since its orgaiization in 
have shown themselves under proper treatment to be 1870 show that the development of fruit culnre within 
capable of gelding a rich vegetation. For the most the last decade has been much more rapid tian in any 
part the drift soil is composed of a mixture of clay other State. 

irith ^nd and gravel. It is easily cultivated, is retentive Lumber . — ^The timber produce in ilichigan is f superior 

of moisture, and is sufficiently porous to prevent the injury quality, and the amount is so great that about wo-thirds 
of crops by excessive rains. ' of the best lumber sold in Hew York, Philadeihia, and 

Climate and Fatural Products . — ^The mean temperature Boston go out from its milla The logs are boue along 
of Lansing, the capital of the State, as determined by the lakes, rivers, and small watercourses to the lOoms of 
observations extending through eighteen years, is 46°-71 mills situated at convenient points, where the imber is 
Fahr., or about the same as that of Berlin, During the sawed and shipped for the different markets of tl world, 
summer months the mean temperature is nearly the same as Of these manufacturing districts those knoivnas the 
that of Vienna ; in the winter it is nearly that of Stockholm. Saginaw, the Grand River, and the Muskegon valvs are 
The annual rainfall during the eighteen years previous to the most important. The Saginaw receives the wars of 
1882 was about 31 inches. This is very evenly distributed the Tittabawasse, the Cass, the Flint, the Shiawae, the 
throughout the year, though a little more than half the Bad, the Pine, the Chippewa, the Tobacco, anc their 
amount falls in the five months from May to October, numerous tributaries, draining a vast region that stime 

The average snowfall in the centre of the State is about 4 an undiminished supply of pine. The forests of the wtern 

feet, though it is seldom that more than 12 inches lie on the parts of the State are easily accessible by the Grand iver 

ground at any onetime. The winter temperature is much and its tributaries, while those still farther ^ 

modified by the open water of the adjacent lakes. The natural outlet through the numerous streams tha o\^i o ^ 

severe winds are commonly from the west and north-west ; Lake Jlichigan. On the banks of these watercoursecre r 
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some of tlie largest and finest mills of the -world. In 1854, 
•when the first effort was made to collect statistics of this 
industry, it was found that there were only sixty-one milk 
in operation, and that the entire annual product was only 

108.000. 000 feet. Eighteen years later, in 1872, it was 
estimated that the annual product was not less than 
2,560,000 feet of oak, 12,700,000 of staves, 300,000,000 
lath, 400,000,000 shingles, and 2,500,000,000 of sawed 
pine. The number of saw-mills had already reached about 
1500, the number of persons employed 20,000, and the 
capital represented §25,000,000. In 1881 the manufacture 
of pine lumber amounted to 3,919,500,000 feet, the value 
of which exceeded §60,000,000. The aggregate value of 
the forest products of the State was estimated in 1881 
to have reached more than §1,000,000,000. Forestry 
Bulletin, No. 6, issued December 1, 1881, estimated the 
amount of standing white pine of merchantable quality at 

35.000. 000.000 feet, and the amount of standing hard 
wood at 700,000,000 cords. Besides these amounts, the 
same authority estimates the amount of hemlock at 

7.000. 000.000 feet, with 7,000,000 cords of bark, and an 
aggregate of 70,000,000 of cedar and tamarack. It is 
probable that before many years 'the hard wood produced 
by the State will approach in value the figures representing 
the value of the pine now sent to the markets of the world. 
It is probable that Slichigan for many years to come will 
maintain its precedence as a lumber-producing State. 

Mineral Besources . — Of the mineral products of Michigan 
the most important is iron. As early as 1842 the report 
of the first State geologist, Dr Douglas Houghton, called 
attention to the presence of hmmatito ore, though for a 
considerable time after this it was not found in such 
quantities as to make it certain that mining could be made 
profitable. Before 1860, however, it became known that 
iron in the Upper Peninsula not only existed in vast 
quantities, but also that it was of superior quality. From 
that time iron-mines were rapidly developed, xmtil in 
1881 they had come to exceed in value, though not in 
amount, even the products of Pennsylvania. In 1880 
the product was 1,834,712 tons, with a value at the mines 
of §6,034,648, as against the yield in Pennsylvania of 
2,185,675 tons, Avith a value of §5,517,079. The product 
of Slichigan in 1882 was 2,948,307 tons of ore, with a 
market value of about .§25,000,000. The Slichigan 
minerals are of extraordinary richness, — 62 ’9 per cent, 
being the average of the first-class ores, while the furnace 
boolm often show a much higher yield. 

Next in importance to the iron-mines are those of copper. 
These are also situated in the Northern Peninsula, in the 
mountain range of trappean rocks which crown the point 
of land extending northwards into Lake Superior. This 
secondary peninsula or cape, known as Keweenaw Point, 
rises to an average height of about 600 feet above the lake, 
the highest pinnacles reaching nearly double that altitude. 
This point contains what are believed to be the richest 
copper-mines ever discovered ; the metal is not found as 
an ore, but as -virgin copper almost chemically pure. It 
has only to be separated from its rocky matrix, when it is 
ready for the market. The largest of the copper-mines, 
that at Calumet, has built up an industry which employs 
2000 men, and its total product of refined copper in 1882 
was no less than 50,770,719 lb, or one-eighth of the 
annual production of copper in the world. In quality the 
copper of the Lake Superior district is such that it com- 
mands the highest price at home and abroad. Its tenacity 
is remarkable, and therefore it is eagerly sought after for 
cartridges by all the great military powers. In 1882 the 
copper-mines paid dividends amounting to §2,900,000, — 
making an aggregate of §28,248,000 since they were 
opened. 


Within a few years the salt-works of Michigan have also 
come to exceed those of any other State in the Union 
The first weU was sunk in 1859-60, but in 1882 the pro^ 
duction was found to have exceeded that of the famous 
works in New York, and to have amounted in that year 
to no less than 3,204,921 barrels. The extraordinary 
development of this industry is due to several causes. A 
careful system of inspection by State authority has kept 
its salt unsurpassed in purity. The salt basin is not only 
accessible by navigable waters, so as to have the advantage 
of cheap transportation, but the weUs are situated in the 
great lumber-producing districts, and the manufacture is 
thus carried on at very small expense, in connexion 
•with the saw-miUs. The power is furnished by the same 
engines, the exhausted steam is used for the evaporation 
of brine during the day, and during the night evapora- 
tion is still carried on by means of refuse wood and saw- 
dust, while the staves for barrels are made from rejected 
timber. By this system the best quality of salt is obtained 
at a minimum expense. The chief reservoir of salt is the 
series of sandstones and shales constituting the Waverly 
group. This salt-producing rock covers no less than about 
8000 square miles, and it is safe to presmne that the supply 
is inexhaustible. The average depth of the wells is about 
800 feet, but in some localities wells sunk to nearly 2000 
feet have been remunerative. Important salt-works have 
recently been developed in the western part of the State. 

There are also certain other minerals of considerable 
importance. Deposits of gypsum, easily accessible, prac- 
tically inexhaustible in quantity, and superior in quality, 
are found in several localities both in the eastern and in 
the western parts of the Lower Peninsula. In the outskirts 
of Grand Kapids the deposit crops out at the surface, and at 
an average depth of from 40 to 70 feet extends over an 
area of 10 or 12 square miles. The rock is easily quarried, 
and is either ground for use as a fertilizer or calcined into 
plaster of Paris. The deposits of coal are supposed to 
cover about 8000 square miles, but as yet the product 
at any one point has not been very considerable. In 
quali^ the coal is highly bituminous, and is not sufficiently 
pure to be useful for smelting or for the manufacture of 
gas. For these reasons the stock of coal in the State is 
practically untouched. If future explorations and experi- 
ments should make these deposits available, a new era in 
the manufacture of iron will be the result. At present 
the coal for smelting the Lake Superior ores is brought 
chiefly from Ohio and Pennsylvania. Quarries of lime- 
stone and of sandstone have been opened in various parts 
of the State. The bro^vn stone of the Upper Peninsula is 
of excellent quality, and is capable of receiving a high 
finish. The supply is inexhaustible, and the accessibility 
of the quarries by water gives promise of a thriving 
industry. The grindstones taken from the Huron county 
quarries are of superior quality, and the slates found in 
unlimited quantities on the shores of the Huron Bay are 
unsurpassed in point of durability and colour. Clays and 
sands of commercial value are found in great abundance. 
Though the manufacture of glass is yet in its infancy, 
sands in large quantities have been discovered in Monroe 
county suitable for the manufacture of plate glass of excel- 
lent quality. Brick and tile clays are found in all parts of 
the State. Though native silver has been found in small 
quantities in the Upper Peninsula, the systematic mining 
of this metal has not yet been carried on with successful 
results. The Beport of the commissioner of mineral- 
statistics for 1882 shows that, except as to coal, Michigan 
is the foremost of all the States in mineral wealth. 


Fisheries.— Iho geographical position of Michigan e.xplains the 
lot that its fresh-water fisheries are the most productive in the 
inited States. The most important varieties of fish are lake-trout, 
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sturgeon, bass, pickerel, kening, brook-trout, grayling, and wliite- 
fisli. General laws for the protection of fish liave been passed ; and 
a fish commission has been maintained for some years for the 
purpose of propagating the best varieties and planting them in 
waters adapted to their natural development. Up to the close of 
1880 the commissioners had planted-about 80,000,000 young white- 
fish, 1,000,000 silver eels, 1,000,000 lake-trout, 2,000,000 salmon, 
and 500,000 brook-trout, besides smaller numbers of shad, grayling, 
pike, and bass. Excellent results have followed, especially in the 
multiplication of white-fish, salmon, and eels. In 1879 the total 
“take ” was 24,013,100 lb, of which 12,902,250 lb were wliite-fish, 
the most valuable lake-fislf known to epicures and to commerce. 
During winter large quantities preserved by freezing are taken to 
Eastern markets, where they are readily sold at a high price. 

Eiucaticmal Institutions . — As early as 1785 the law of congress 
which provided for the sale of lands north of the Ohio river reserved 
for the support of public schools “section 16” of each township. 
This fundamental law devoted to educational purposes one-thirty- 
sixth of all the lands of that vast domain known as the north- 
western territory. The “ordinance^ of 1787,” by which this 
territory was organized, further provided that “schools and the 
means of education shall for ever be encouraged.” In 1826 this 
congressional action was supplemented by a grant to Michigan of 
two townships of land for the founding and support of a university. 
When Michigan became a State in 1837, its educational policy took 
definite form. The constitution provided, not only that the grant 
of “section 16” should be devoted exclusively to the support of 
schools of the primary grade, but also that the State and not each 
township should be the custodian of the lands so appropriated. 
The constitution expressly provided that the jiroceeds from the 
sale of “school lands” should be held by the State as a perpetual 
fund, the interest of which should be annually applied to the sup- 
port of primary schools. The lands devoted to school purposes in 
Michigan under these provisions .amounted to 1,077,209 acres, of 
which, in September 1881, 675,000 acres had been sold. On the 
sum realized by these sales, $3,095,679, the State pays interest at 
7 per cent., and the resulting income, amounting to §216,645, is 
annually distributed to the schools. This source is supplemented 
from local taxes, so that in 1881 the total sum realized from aU 
sources for the primary schools was §3,644,778. 

The schools organized under State law are known as graded and 
imgraded. In the small districts where the schools are under the 
charge of but one or two teachers, grading is impracticable. Of 
ungraded districts there were in 1881 6120, attended by 219,570 
children, while the graded schools were 404 in number, witlx an 
attendance of 162,043. The school census includes all children 
between the ages of five and twenty, amounting in 1881 to 518,317, of 
whom there was an average attendance of 391,401. To all children 
of school age the public schools are free, though a fee may be re- 
quired for advanced studies in the high schools. The immediate 
administration of the schools is entrusted to school officers elected 
annually by the tax-payers of the individual districts. The State 
constitution requires that a free school shall be in session at least 
three months of every year in each district. In districts of more 
than 30 and less than 800 children, the law requires at least five 
months of school; while in districts of more than 800 children, 
the session must be not less than nine months in length. In the 
graded schools the division is into primary schools, grammar schools, 
and high schools, each of these divisions retaining the scholar 
ordinarily four years. At the end of the course the student is ready 
for the university, to which, under certain restrictions provided by 
the university iteelf, he is admitted on diploma from the high 
school. The university of Michigan, situated at Ann Arbor, was 
first opened for instruction in 1841. It now (1883) consists of the 
department of literature, science, and the arts, the department 
of medicine, the department of law, the college of homoeopathic 
medicine, the school of pharmacy, the college of dental surgery, 
and the school of political science. Connected with the medical 
departments are the State hospitals. In 1881-82 there were 86 
officers of instruction and 1534 students. The total income for the 
year 1879-80 from Federal grant. State grants, and fees was 
§231,339. The general control of the university is placed in the 
hands of eight regents elected by popular suffrage at the biennial 
spring elections, two regents being chosen at each election. The 
normal school, situated at Ypsilanti, and generously supported by 
the State, may be said to complete the school system. 

CluiTitdbl& and Eefomuiiory Institutions. — A. school for the deaf, 
dumb, and blind, instituted under an Act passed in 1848, is situated 
at Flint, about 60 miles north-west of Detroit ; in February 1882 it 
had 249 pupils. In 1879 a distinct school for the training of the 
blind was established at Lansing. The “State public school for 
dependent and neglected children’’ is devoted to the systematic 
education of such children as otherwise would have to be maintained 
in the county poorhouses. The pupils are divided into “families” 
of about thirty each, and are cared for in separate cottages, each 
cottage being under the charge of a “cottage manager.” The 
school receives dependent children of sound health, and free from 
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contagious disease ; and it is made the duty of the officers having 
cliarge of the poor to send all such children between the ages of 
three and twelve to it. This institution, the pioneer of its kind, 
and one of the most useful of charitable schools, is situated at Cold- 
water, 132 miles south-west of Detroit. In February 1882 there 
were 320 children and 21 officers and teachers. The “Eeform 
School” at Lausing is designed to reclaim juvenile offenders who 
have been convicted of some offence. A farm of 224 acres connected 
with the school is, in considerable part, tUled by the boys. The 
number of inmates in February of 1882 was 325. A similar school 
at Adrian has recently been instituted for girls. There are State 
asylums for the insane at Kalamazoo (715 patients) and Pontiac 
(499 patients). The legislature of 1881 provided for the establish- 
ment of an additional asylum in one of the northern counties of the 
Lower Peninsula. 

Population . — In 1837 the State had 174,647 inhabitants. The 
numbers according to the different census returns from 1840 are 
given in the following table : — 


Census, 

Total 

Males. 

Females. 

Density per 
Square OliJe. 

1840 

212,207 

113,788 

93,479 

3-77 

1850 

397, C5 4 

209.897 

187.757 

7-07 

18CO 

749, i 13 

394,C94 

354,419 

12-11 

1870 

1.184,0.79 

617,745 

566,314 

20-01 

1880 

1,C3C,9J7 

862,078 

774,250 

27-80 


At the last census 388,508 of the inhabitants were of foreign birth, 
97,346 being natives of the United Kingdom, 89,085 Germans, and 
16,445 Scandinavians. In point of population the State, which 
was twenty-third in 1840, now stands ninth in the Union. 

The following are the principal cities in the State, with popu- 
lation at the census of 1880: — Detroit, 116,340 ; Grand Eapids City, 
32,016; Bay City, 20,693; East Saginaw City, 19,016; Jackson 
City, 16,105; Muskegon City, 11,262 ; Saginaw' City, 10,525; Port 
Huron, 8883; Flint City, 8410; Lansing (the State capital), 
8319 ; Ann Arbor, 8061 ; Adrian City, 7849 ; Battle Creek, 7063; 
Manistee, 6030 ; West Bay City, 6397 ; Alpena City, 6163 ; 
Ishpeming, 6039. 

History and Government. — ^The State of Michigan is part of the 
territory that was first settled by the French, and until the fall of 
Canada into the hands of the British after the middle of the 18th 
centuiy was under the government of New France. The territory 
was explored by Jesuit missionaries in the f/th century; but, 
although it was known at an early period that the lands were 
of exceptional excellence, very little progress was made in develop- 
ing the resources of the territory until after the completion of 
the first half-century of the American Union. The surveyors 
employed by tho general government to inspect the lands and 
report as to their fitness for settlement by the soldiers of the war 
of 1812 appear to have derived their impressions almost exclusively 
from the low lands in the south-eastern corner of the territory. The 
'report, accordingly, was not favourable ; and consequently the tide 
of immigration that had already begun to set in flowed steadily 
past Michigan into the territories farther west. It was largely for 
this reason that tho early development of Indiana, Illinois, Iowa, 
and “Wisconsin was somewhat more rapid than that of Michigan. 
But gradually the false impressions concerning tho soil and climate 
were dispelled ; and within the past few years the increase of the 
population and the growth of wealth have been very rapid. 
In 1851 the valuation of the State for purposes of taxation (which 
excludes much valuable property) was §30,976,270; in 1861, 
§172,055,808 ; in 1871, §630,000,000; at 1881, §810,000,000. 
The State constitution, adopted in. 1837 at the time of admission 
to the Union, has been modified in some minor particulars ; but in 
most respects it remains unchanged. The governor is elected for 
two years, with no restriction as to re-election. The legislature 
meets biennially in the first week of January, and usually continues 
in session till May. Tlie supreme court consists of four judges 
chosen by popular vote for terms of eight years, one being elected 
every second year. Judges have been so frequently re-elected that 
the office may be said to bo practically a permanent one, with a 
provision for termination in case of need. The State is divided into 
twenty-two judicial districts, in each of which a circuit court sits for 
the tnal of causes of original juri^iction, and of causes appealed 
from the justice courts. The judges of the circuit courts are also 
elected by popular suffrage. On political questions voting is open 
to all naturalized citizens of the male sex more than twenty-one 
years of age unless prevented by some natural disqualification. At 
school meetings the right of suffrage is extended so as to include 
tax-payers of either sex. 

j Authorities. — Frederick llorley, Michigan and its Resources, compiled under 
authority of the State, 2d ed., Detroit, 1882; Walling's Atlas of Michigan, 
\ tciih an Account of the Topography, Climate, and Otology of the State, by .Olex. 
j Wlnchcll, I/D.D. ; James V. Campbell, Outlines of the Political History of 
Michigan; Reports of the Secretary of the State Pomological Society of Michigan 
from 1871 to 1880 ; Report of the Commissionerof Education forWSOi Portyfifth 




241 


M I C — M I 0 
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Cico/o'/icu/ Survc); of the State of SPichigan. 
IbGj-bO. Ivols. ; Spfcial Report of Cominisiionev of Mineral StatUties^ Jliircli 
IbbJ ; torcstry liuUetins for J88L - - (C. k. A.) 


illCHIGAN, Lake. Seo St Lawrence. 
illCHIGAN CITY, a town of the United States, in 
Laporto county, Indiana, on the south-east shore of Lake 
ilichigan, -10 miles east-south-east of Chicago. As a 
lake-port and a junction for several railroads, it is a 
place of considerable prosperity. It is the largest lumber- 
market in the State, and one of the largest in the west, 
and has numerous manufacturing establishments. The 
northern State prison (with 577 convicts at the close of 
1880) is one of the principal buildings. The poimlation 
increased from 3985 in 1870 to over 10,000 in 1883. 

MICHMASH the scene of one of the 

most striking episodes in Old Testament history (1 Sam. 
xiv., comp. vol. xii. p. 403), was a jdace in Benjamin, 
about 9. Roman miles north of Jerusalem (Ononi., ed. Lag., 
p. 280). Though it did not rank as a city (Josh, xviii. 
21 sq.), ilichmash was recolonized after the exile (Nch. xi. 
31), and, favoured by the possession of excellent wheat- 
land (Jfi'S/inci, Men. viii. 1), was still a very large village 
(Ma;iyxds) in the time of Eusebius. The modern Makhnids 
is quite a small place. 


Thu liLstorieal intereat of Jlicliiiiaali i.s connected with tho 
strategical importance of tho position, commanding the north side 
of tho Paa.a of ilichinash, wliich in.ado it the hcaucinnrtor.a of the 
Philistines and tho centre of their forays in their attempt to quell 
tho lirst rising under Saul, as it was also at a later date the head- 
quarters of Jonathan the llasmomcan (1 ilac. ix. 73). From 
Jerusalem to Mount Ephraim there are two main routes. Tho pre- 
.sent caravan road keeps tho higli ground to tho west near tho water- 
shed, and avoids tho Po-ss of Miehmash altogether. But another 
route, tho imporUincu of wliich in antiquity may bo judged of from 
Isa. X. 28sy., led southwards from Ai over an undulating plateau to 
Michmaah. Thus fur tho road is easy, but at ilichmash it descends 
into a very steep ami rough valley, which has to bo crossed before 
reiiscending to tleba.* At tho bottom of tho valley is tho Pass of 
Ilichmash, a noble gorge with preoiiiitous craggy sides. On tho 
north tho crag is crowned by a sort of plateau slojiing backwards 
into a round-topped hill. ThLs little plateau, about a niilo east of 
tho nrosent village of ilakhmas, seems to have been the post of 
tho Philistines, lying close to tho centre of tho insurrection, yet 
possessing unusually good communication with their establishments 
on Mount Ephraim by way. of Ai and Bethel, and at tho same time 
commanding tho routes leading down to the Jordan from Ai and 
from ilichmash itself. 


AIICKIEWICZ, Ad.vji (1798-1855), Polish poet, was 
born in 1798, near Nowogroclek, in the present government 
of ilinsk, where his father, who belonged to the schlachta 
or lesser nobility, had a small property. Tho poet was 
educated at the university of Vilna; but, becoming 
involved in some political troubles there, ho was forced 
to terminate his studies abruptly, and was ordered to live 
for a time in Russia. Ho had already published two small 
volumes of miscellaneous poetry at Vilna, which had been 
favourably received by the Slavonic ijublic, and on his 
arrival at St Petersburg he found himself admitted to the 
leading literary circles, where he was a great. favourite both 
from his agreeable manners and his extraordinary talent 
of improvisation. In 1825 he visited the Crimea, which 
inspired a collection of sonnets in which we may admire 
both the elegance of the fhythm and the rich Oriental 
colouring. The most beautiful are The Storm, Balcchi- 
serai, and Grave of the Countess Potoclca. 

In 1828 appeared his Konrad Wallenrod, a narrative 
poem describing the battles of knights of the Teutonic 
order with the heathen Lithuanians. Here, under a thin 
veil, Mickiewicz represented the sanguinary passages of 
arms and burning hatred which had characterized the long 
feuds of the Russians and Poles. The objects of the poem, 
although evident to many, escaped the Russian censors, 

> So Isa. X. 28 describes tho invader as leaving his lieavy baggage 
at Michmaah before pushing on through the pass. 


and It was suffered to appear, although the very motto 
taken from Machiavelh, was significant ; “ Dovete adunque 
sapere come sono duo generazioni da combattere 
bisogna essere volpe _o leone.” After a five years’ exiie’in 
Russia the poet obtained leave to travel ; he had secretly 
made up his mind never to return to that country or Poland 
so long as it remained under the government of the 
Muscovites. Wending his way to Weimar, he there made 
the acquaintance of Goethe, who* received him cordially, 
and, pursuing his journey through Germany, he entered 
Italy by the Spliigen, visited Milan, Venice, and Florence, 
and finally took up his abode at Rome. There he wrote 
the third part of his poem Bsiady, the subject of which is 
the religious commemoration of their ancestors practised 
among Slavonic nations, and Pan Tadeusz, his longest 
poem, by many considered his masterpiece. A graphic 
picture is drawn of Lithuania on the eve of Napoleon’s 
expedition to Russia in 1812. In 1832 Mickiewicz left 
Rome for Paris, where his life was for some time spent 
in poverty and unhappiness. He had married a Polish 
lady, Selina Szymanowska, who became insane. In 1840 
he was appointed to the newly founded chair of Slavonic 
languages and literature in the College de France, a post 
which he was especially qualified to fill, as he was now 
tho chief representative of Slavonic literature, Poushkin 
having died in 1837. He was, however, only destined to 
hold it for a little more than three years, his last lecture 
having been given on the 28th of May 1844. His mind 
had become more and more disordered under the influence 
of religious mysticism. His lectures became a medley of 
religion and politics, and thus brought him under the censure 
of tho Government. A selection of them has been published 
in four volumes. They contain some good sound criticism, 
but the philological part is very defective, for Mickiemez 
was no scholar, and he is obviously only well acquainted 
with two of the literatures, viz., Polish and Russian, the 
latter only till the year 1830. A very sad picture of the 
declining days of Mickiewicz is given in the memoirs of 
Herzen. At a comparatively early period the unfortunate 
poet exliibited all the signs of premature old age ; poverty, 
despair, and domestic affliction had wrought their work 
upon him. In 1849 he founded a French newspaper. 
La Tribune des Peuples, but it only existed a year. The 
restoration of the French empire seemed to kindle his 
hopes afresh ; his last composition is said to have been a 
Latin ode in honour of Napoleon III. On the outbreak 
of tho Crimean War he was sent to Constantinople to assist 
in raising a regiment of Poles to take service against the 
Russians. He died suddenly there in 1855, and his body 
was removed to France and buried at Montmorency. 


Mickiewicz is held to have been tho greatest Slavonic poet, with 
he exception of Poushkin. Unfortunately in other parts of Europe 
le is but little known; ho writes in a very difficult language, and 
me which it is not the fashion to learn. There were both pathos 
nd irony in the expression used by a Polish lady to a foreigner, 
‘ Nous avons notre Mickiewicz h nous. ” He is one of the best pro- 
lucts of tho so-called romantic school. Tho Poles had long 
■roaned under the yoke of tho classicists, and the country was full 
f legends and picturesque stories which only awaited the coming 
loet to put them into miape. Hence the great popularity 'luiopS 
lis countrymen of his ballads, each of them being connected with 
ome national tradition. Besides Ko?irad WalUnrod and Pan 
V^cusz, attention may be called to the poem, urasyna, winch 
[escribes the adventures of a Lithuanian chieftainess against the 
:cutoiiie knights. It is said by Ostrowski to have uispired the 
irave Emilia Plater, who was the heroine of tho rebellion ot 
nd after having fought in the ranks of the insmgents, found a 
Tavo in the forests of Lithuania. A fine vigorous Oriental piece is 
ikn/s. Very good too are the odes to Youth and to the his- 
orian Lelewol ; the former did much to stimulate the efforte of the 
>olcs to shake off their Russian conquerors. It is enough to say 
if Mickiewicz that he has obtained tho proud position of the repre- 
entative poet of his country ; her customs, her superstitions, her 
listory, her struggles are reflected in his woik^ ^ 
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MICKLE, "WiLLiAJi Juiiiirs (1734-1788), son of the 
minister of Langliolm, Dumfriesshire, holds a respectable 
place among the imitative minor poets of the 18th century. 
He wrote a poem on Knowledge — carefully versified, 
pointing a moral on the vanity of intellectual pride — 
at the age of eighteen, entered into business as a brewer 
at his father’s request and against his own inclinations, 
soon became bankrupt, went to London on outlook for 
work as a man of letters, solicited patronage in vain, 
earned a living hardly by writing for magazines, made 
some impression in 1765 by “a poem in the manner of 
Spenser” called the Concubine (afterwards Syr Martyn), 
was appointed corrector to the Clarendon Press, and finally 
took a place among the leading poets of that very barren 
time by a translation of the Ltisi^ of Camoens into heroic 
couplets (specimen published 1771, whole work 1775), 
So great was the repute of the work that when ilicUe — 
appointed secretary to Commodore Johnstone — visited 
Lisbon in 1779 the king of Portugal gave him a public 
reception. As a translator of Camoens Mickle has been 
superseded, but he aimed, not at close rendering of the 
original, but at making a poem which should be worthy of 
a permanent place in English literature. This ambition 
he was not capable of fulfilling, though he had great 
fluency and vigour. It may be doubted whether the 
fashionable forms which he imitated were the best suited 
to his natural gifts. He shows delight in lively action, a 
sense of dramatic effect, and, in the Goncvhine, the sub- 
stance of which might have been conceived by Crabbe, 
considerable fulness of detail in coarse realistic painting. 
Certainly, if the Scottish poem There ’$ nae luck aboot the 
hoose was Mickle’s, he mistook his medium. Scott read 
and admired ilickle’s poems in his youth, and, besides 
founding Kenilworth on the ballad of Cumnor Hall, was a 
good deal influenced by him in style. Mickle’s prose is 
lively and vigorous. 

MICROMETER, an instrument generally applied to 
telescopes and microscopes for measuring small angular 
distances with the former or the dimensions of small 
objects with the latter. 

Before the invention of the telescope the accuracy of 
astronomical observations was necessarily limited by the 
angle that could be distinguished by the naked eye. The 
angle between two objects, such as stars or the opposite 
limbs of the sim, was measured by directing an arm 
furnished with fine “ sights ” (in the sense of the “ sights ” 
of a rifle) first upon one of the objects and then upon the 
other, or by employing an instrument having two arms 
each furnished wth a pair of sights, and directing one 
pair of sights upon one object and the second pair upon 
the other. The angle through which the arm was moved, 
or, in the latter case, the angle between the two arms, was 
read off upon a finely graduated arc. With such means no 
very high accuracy was possible, iirchimedes concluded 
from his measurements that the sun’s diameter was greater 
than 27' and less than 32' ; and even Tycho Brahe was so 
misled by his measures of the apparent diameters of the 
sun and moon as to conclude that a total eclipse of the sun 
was impossible.! Maestlin in 1579 determined the relative 
positions of eleven stars in the Pleiades (Historia Ccelestis 
Lucii Baretti, Augsburg, 1666), and Winnecke has shown 
(Monthly Kotices R. A. S., vol. xxxix. p. 146) that the 
probable error of these measures amounted to about 
± 2 '.- 


! Grant, Sistonj of Physical AsCronomy, p. 449. 

_ = This is an astonishing accuracy when the difficulty of the objects 
13 considered. Few persons can see with the naked eye— much less 
measure— more tlian sir stars of the Pleiades, although all the stars 
nn^^ed by Maestlin have been seen with tho naked eye by a few 
individuals of exceptional powers of eye-sight. 


The invention of the telescope at once extended the 
possibilities of accuracy in astronomical measurements. 

The planets were .shown to have visible disks, and to be 
attended by satellites whose distance and position angle 
relative to the planet it was desirable to measure. It 
became, in fact, - essential to invent a “ micrometer ” for 
measuring the small angles which were thus for the first 
time rendered sensible. There is now no doubt that 
William Gascoigne, a young gentleman of, Yorkshire, was 
the first inventor of the micrometer. Crabtree, a friend of 
his, taking a journey to Yorkshire in 1639 to see Gascoigne, 
writes thus to his friend Horrocks. “ The first thing Mr 
Gascoigne showed me was a large telescope amplified and 
adorned TOth inventions of his own, whereby he can take 
the diameters of the sun and moon, or any small angle in 
the heavens or upon the earth, most exactly through the 
glass, to a second.” The micrometer so mentioned fell 
into the possession of Mr Richard Townley of Lancashire, 
who exhibited it at the meeting of the Royal Society held 
on the 25th July 1667. 

The principle of Gascoigne’s micrometer is that- two Gas- 
pointers; having parallel edges at right angles to the coigne’s 
measuring screw, are moved in opposite directions sym- 
metrically with and at right angles to the- axis of the 
telescope. The micrometer is at zero when the two edges 
are brought exactly together. The edges are then separated 
till they are tangent to the opposite limbs of the disk of 
the planet to be measured, or till they respectively bisect 
two stars, the angle between which is to be determined. 

The symmetrical separation of the edges is produced and 
measured by a single screw ; the fractions of a revolution 
of the screw are obtained by an index attached to one end 
of the screw, reading on a dial divided into 100 equal 
parts. The whole arrangement is elegant and ingenious. 

A steel cylinder (about the thickness of’ a goose-quill), 
which forms the micrometer screw, has two threads cut 
upon it, one-half being cut mth a thread double the pitch 
of the other. This screw is mounted on an oblong box 
which carries one of the measuring edges ; the other edge 
is moved by the coarser part of the screw relatively to the 
edge attached to the box, whilst the box itself is moved 
relatively to the axis of the telescope by the finer screw. 

This produces an opening and closing of the edges 
symmetrically with respect to the telescope axis. Flam- 
steed, in the first volume of tho' Historia Ccelestis, has 
inserted a series of measurements made by Gascoigne 
extending from 1638 to 1643. These include the mutual 
distances of some of the stars in the Pleiades, a few observa- 
tions of the apparent diameter of the sun, others of the 
distance of the moon from neighbouring stars, and a great 
number of measurements of the diameter of the moon. Dr 
Bevis (P/«7. Trans., 1773, p. 190) also gives results of 
measurements by Gascoigne of the diameters of the moon, 
Jupiter, Mars, and Yenus -with his micrometer. 

Delambre gives® the following comparison between the re- 
sults of Gascoigne’s measurements of the sun’s semi-diameter 
and the computed results from modern determinations ; — 

Gascoigne. Conn. d. Temps. 

October 25 (o.s.) 16' 11" or 10" 16' 10"-0 

„ 31 „ 16' 11" 16' ll"-‘l 

December 2 ,, 16' 24" 16' 16"'S 

Gascoigne, from his observations, deduces the greatest 
variation of the apparent diameter of the sun to be 35"; 
according to the Gonnaissanee des Temps it amounts to 
32"'3.® 'These results prove the enormous advance attained 
in accuracy by Gascoigne, and his indisputable title to the 
credit of inventing the micrometer. 

Huygens, in his Systema Saturnium (1659), describes 
a micrometer with which he determined the apparent 


® Delambre, Hist. Ast. Modeme, vol. ii. p. 590. 
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diameters of tlio principal planets. He inserted a slip 
of metal, of variable breadth, at the focus of the tele- 
scope, and observed at rvhat part it c.vactly covered the 
■ object Under e.vamination ; knowing the focal length of the 
telescope and the width of the slip at the point observed, 
ho thence deduced the apparent angular breadth of the 
object. The Harquis ifalvasia in his Ephcmeriiks (Bologna, 
1062) describes a micrometer of his oam invention. At 
the focus of his telescope he placed fine silver wires at right 
angles to each other, which, by their intersection, formed 
a network of small squares. The mutual distances 
of the intersecting wires he determined by counting, with 
the aid of a pendulum clock, the niunber of seconds 
required by an equatorial star to pass from web to web, 
wliile the telescope was adjusted so that the star ran parallel 
to the wires at right angles to those under investigation.^ 
In the Phil. Trans., 1607, No. 21, p. 373, Auzout gives 
the rcault-s of some measures of the diameter of the sun 
and moon made by himself, and this communication led to 
the letters of ilr Townley and Dr Bevis above referred to. 
The micrometer of Auzout and Picard rvas provided with 
silk fibres or silver u’ires instead of the edges of Gascoigne, 
but one of the silk fibres remained fl.xed while the other 
w:i3 moved by a screw. It is beyond doubt that Huygens 
independently discovered that an object placed in the 
common focus of the two lenses of a Kepler telescope 
appears as distinct and well-defined as the image of a 
distant body; and the micrometers of ifalvasia, Auzout, 
and Picard are the natural developments of this discovery. 
Gascoigne was killed at the battle of Marston iloor on 
the 2d July lO-l-l, in the twenty-fourth year of his age, and 
his untimely death was doubtless the cause that delayed 
the publication of a discovery which anticipated, by twenty 
years, the combined work of Huygens, "Malvaison, Auzout, 
and Picard in the same direction. 

.iVs the powers of the telescope were gradually developed, 
it was found that tlic finest hairs or filaments of silk, or 
the thinnest silver wires that could be drawn, were much 
too thick for the refined purposes of the astronomer, as 
they entirely obliterated the image of a star in the more 
powerful telescopes. To obviate tins difficulty Professor 
Felice Fontana of Florence {Sayrjio del real (jalinelto di fisica 
e di storia TUtturale, 1755) first proposed the use of spider 
webs in micrometers,- but it was not till the attention of 
Troughton had been directed to the subject by Rittenhonse 
that the idea was carried into practice.^ In 1 81 3 Wollaston 
proposed fine platinum wires, prepared by surrounding a 
platinum wire with a cylinder of silver, and drawing out 
the cylinder with its platinum axis into a fine wire.* The 
surrounding silver was then dissolved by nitric acid, and 
a platinum wire of extreme fineness remained. But 
experience soon proved the superiority of the spider web ; 
its perfection of shape, its lightness and elasticity, have 
led to its universal adoption. 

Beyond the introduction of the spider lino it is unneces- 
sary to mention the various steps by which the Gascoigne 
micrometer assumed the modern forms now in use, or to 
describe in detail the suggestions of Hooke,*' Wren, 
Smeaton, Cassini, Bradley, ilaskelyne, Herschel, Arago, 

* J/em. Acad, dea Sciences, 1717, p. 78 sq. 

- In 1782 {Phil. Trans., vol. Ixxii, p. 103) Sir W. Herschel 
writes; — “I have in vain attempted to find lines suinciently thin to 
extend them across the centres of the stars, so that their thickness 
might ho neglected.” It is a matter of regret that Tontaua’s sugges- 
tion was unknown to him. 

* Quekett in his Treatise cm the Microscope ascribes to Eamsden the 
practical introduction of tbo spider web in micrometers. The evidence 
appears to be in favour of Troughton. 

* Phil. Tra-ns., 1813, pp. 114-118, ^ 

s Dr Hooke made tlte important improvement on Gascoignes 

micrometer of substituting parallel hairs for the parallel edges of its 
original construction (Hooke’s Posthumous Worita, p. 497). 
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Pearson, Bessel, Struve, Dawes, &c., or the successive 
productions of the great artists Ramsden, Troughton 
Fraunhofer Ertel, Simms, Cooke, Grubb, Clarke, and 
Repsold. It will be sufficient to describe those forms with 
which the most important work has been done, or which 
have survived the tests of time and experience. 

Before astronomical telescopes were mounted parallactically, the Position 
mcMurcinent of position angles was seldom attempted. Indeed, angles, 
lu tuose uays, the difficulties attached to such measures, and to the 
nicMurcment of distances with the filar micrometer, were exeeed- 
rugty great, and must have taxed to the utmost the skill and patience 
or the observer. Por, on account of the diurnal motion, the direc- 
tion of the axis of the telescope when directed to a star is always 
changing, so that, to follow a star with an altazimuth mounting, 
the observer requires to move continuously the two handles which 
give slow motion in altitude and azimuth. 

Sir William Herschel was the first astronomer who measured SerscheVa 
position angles ; the instrument ho employed is described in Phil, instru- 
Trans., 1781, vol. Ixxi. p. 500. It was used by him in his earliest ment. 
observations of double stars (1779-83); but, even in his matchless 
hands, the measurements were comparatively crude, because of the 
di/Iiculties he had to encounter from the want of a parallactic mount- 
ing. In the case of close double stars he estimated the distance in 
terms of the disk of the components. For the measurement of wider 
stars ho invented his lamp-micrometer, in which the components 
of a double star observed with the right eye were made to coincide 
with two lucid points placed 10 feet from the left eye. The distance 
of the lucid points was the tangent of the magnified angles sub- 
tended bj' the stars to a radius of 10 feet. This angle, therefore, 
divided by the magnifying power of tho telescope gives the real 
angular distance of the centres of a double star. With a power of 
460 tho scale was a quarter of an inch for every second. 

The Modern Filar Micrometer. 

When equatorial mountings for telescopes became more general, 
no filar micrometer was considered complete which was not fitted 
with a position circle.® Tho use of the spider line or filar 
micrometer became universal ; tho methods of illumination were 
improved ; and micrometers with screws of previously unheard-of 
fineness and accuracy were produced. These facilities, coupled 
with tho ivide and fascinating field of research opened up by Sir 
William Hcrsclicl’s discovery of the binary character of double stars, 
gave an impulse to micrometric research which has continued 
unabated to tho present time. A still further facility was given to 
tho nso of tho filar micrometer by the introduction ot clock- 
work, which caused tho telescope automatically to follow the diurnal 
motion of a star, and left tho observer’s hands entirely at liberty.^ 

'i'ho modern filar micrometer has now assumed forms of five types. Classiiica' 

Type A. — ilicromctcrs in which there are two webs, each mov- tion of 
able by a fine screw with a divided head. This is the usual English micro- 
form of filar micrometer, meters. 

Type B. — ilicroraeters in which one weh is movable by means 
of a fine screw with a divided head, and tho other by a_ screw 
without a divided head. Tho latter screw, in ordinary use, is only 
omidoycd to change tho coincidence-reading of tho two webs, for 
eliminating the errors of the micrometer screw. This is tho ordi- 
nary German fonn of micrometer as originally made by Fraunhofer 
and since by ilcrz, and employed by the Struves and other principal 
Continental astronomers down to the present day. 

Type 0. — A similar form of micrometer to B, except that the 
coincidence-point cannot he changed, — there being no second screw 
to alter the position of the fixed web. 

Type il,— A micrometer somewhat similar in general construction 
to form B, o.xcept that, in addition to means of changing the zero 
point, there is a screw head by which a fine movement can bo given 
to tho whole micrometer box, in tho direction of the axis of the 
micrometer screw. This is the modern form of micrometer as con- 
structed by Eepsold. . 

Type E —Micrometers fitted with two eye-pieces for measunng 
an'des larger than the field of view of an ordinary oye-picee. 

The micrometer of typo A is duo to Troughton ; it is represented Trough-^ 
in figs. 12 3. Fig. 1 is a horizontal section in tho diiection ot tons nia. 
the axis of the telescope. The eye-piece ah consists of two piano- micro- 
convex lenses a, b, of n early the same focal length, and with the two meter. 

0 Herschel and South (Phil. Trans., 1824, part Hi. p. 10) claim 
that tho micrometer by ’Troughton, fitted to their 6-feet eqiiatonal 
telescope, is tho first position micrometer constructed capaWo ol 
measuring position angles to 1’ of arc, ^ 

^ So far as we can ascertain, the first telescope of largo mze driven 
by clockwork was the 9-inch equatorial made for Struve at Dorpat by 
Fraunhofer; it was completed in 1825. The original idea appears 
to bo duo to Passement (Mlm. Acad., Paris, 1746). In 1757 he pre- , 
sonted a telescope to the king, so accurately driven by clockwork that 
it would follow a star all night long. 
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convex sides facing each other. They are placed at a distance apart 
loss than the focal length of a, so that the wires of the micrometer, 
which must be distinctly seen, are beyond b.^ The eye-piece slides 
into the tube cd, which screws into the brass ring ef, through 
two openings in which the oblong frame, containing the micrometer 
slides, passes. These slides are shown in fig. 2, and consist of 
brass forks J: and I, into which the ends of the screws o and are 
rigidly fitted. The slides are accurately fitted so_ as to have no 
sensible lateral shake, but yet so as to move easily m the direction 
of the greatest length of the micrometer box. _ Motion is communi- 
cated to the forks by female screws tapped in the heads and n 



acting on the screws o and p respectively. Two pins q, with 
spiral springs coiled round them, pass loosely through holes in the 
forks h, I, and keep the bearings of the heads m and n firmly 
pressed against the ends of the micrometer box. Thus the smallest 
rotation of either head communicates to the corresponding slide mo- 
tion, which, if the screws are accurate, is proportional to the amount 
tlirough which the head is turned. Each head is graduated into 
100 egual parts on the drums u and v, so that, by estimation, the 
reading can easily bo carried to ni’inith of a revolution. The total 
number of revolutions is read off by a scale attached to the side of 
the box, but not seen in the figure. 

Two spider webs are stretched across the forks, one (<) being 
cemented in a fine groove out in the inner fork k, the other (a) in a 
similar groove cut in the outer fork 1. These grooves are simultane- 
ously cut in situ by the maker, with the aid of an engine capable 
of ruling fine straight lines, so that the webs when accurately laid 
in the grooves are perfectly parallel. A wire st is stretched across 
the centre of the field, perpendicular to the parallel wires. Each 
movable web must pass the other without coming in contact with 
it or the fixed wive, and without rubbing on any part of the brass- 
work. Should either fault occur (technically called “fiddling”) it 
is fatal to accurate measurement. One of the most essential points 
, in a good micrometer is that all the webs shall bo so nearly in the 
same plane as to bo well in focus together under the highest powers 
used, and at the same time absolutely free from “fiddling." For 
measuring position angles a brass circle gh (fig. 3), fixed to the tele- 
scope by the screw i, has rack teeth on its circumference that receive 
the teeth of an endless screw w, which, being fixed by the arms xx 
to the oblong box mu, gives the latter a motion of rotation round 
the axis of the telescope; an index upon this box points out on 
the graduated circle gh the angular rotation of the instrument. 

The English micrometer still 
retains the essential features of 
Troughton’s original construc- 
tion above described. The 
later English artists have 
somewhat changed the mode 
of communicating motion to 
the slides, by attaching the 
screws pennanently to the 
micrometer head and tapping 
each micrometer screw into 
its slide. Instead of making 
the slioulder of the screw a 
flat bearing surface, they have ‘h 

given the screw a spherical bearing resting in a hollow cone (fig, 
4) attached to the end of tlm bo.x. The Kench artists still retain 
Troughton’s form. Simms (Troughton’s successor) and Cooke (of 
York), for symmetry and more elfeotual elimination of “the loss of 
lime” (called by the Germans “todter Gang," and sometimes in 
English “ back-lash"), have provided two pins with spiral springs. 




Fig. 6, 


like q and r (fig. 2), one on each side of the screw which moves 
each slide. 

Grubb of Dublin, with the intention of avoiding the variation of 
pressure exerted by the spiral springs when the slide is at different 
distances from the head of 
the screw, has adopted the 
following plan. Where the 
screw enters the slide he has 
a nut n attached to a strong 
spring (fig, 5), the pres- 
sure of which e.xerts a con- 
stant tension in the axis of 
the screw, tending to bring 
the threads into close con- 
tact, in opposite directions, 
with their bearings in the 
nut n and the slide q. The 
pressure of this spring is 
regulated by the screws s, s, 
tapped into the thickened 
ends of the springs. For 
maintaining the spherical 
shoulder of the screw in 
close and constant pressure 
on its conical bearing ho 
has attached a conical bear- 
ing to the spring (fig. 

6). The pressure of this 
on the upper part of the , 
spherical shoulder is regu- t 
lated by the screws s', s', 
passing through elongated 
holes in the spring yp’, and 
tapped into the end of the 
box. 

The screws of micrometers are generally made with 50 or 100 
threads to the inch, Troughton’s method of reading the number 
of whole revolutions by a silver scale is inconvenient, because 
or oven y-erth of an inch is too small a q^uantity to read easily with 
the naked eye, especially with the faint illumination that it is 
desirable to use when measuring faint objects. Different methods, 
including the “ comb ’’ (see below) and various kinds of “ counters," 
have been introduced with more or less success ; but recently the 
Kepsolds of Hamburg havei 


contrived a plan at ohee so 
simple and so efficient that 
it will be unnecessary to 
describe those methods which 
this plan is certain to super- 
sede ' (see below, type D). 

Grubb has introduced a ~ „ 

modification in the form of _ 'g- o- 

the slides with a view to avoid the friction of one slide against the 
other. On the inner side of the brass plate which forms the bottom 
of the bo.x (i.e., the side opposite to the eye-piece) four Y-shaped 
furrows are placed (fig. 7); and at each end of the slides are pro- 
jections (fig. 8, end view) which fit into these furrows. The shdes 
are kept down in their places by springs attached to them, which 
press upon the inner side of the lid of the box. _ _ . , • 

Troughton’s mode of giving rotation to the position circle is now 
abandoned. A much quicker motion in position an"le than can 
bo obtained without slow motion is often desirable, since, in 
observing very close double stars, the uncertainty of each point- 
ing may amount to several degrees in the most accurate measure- 
ments. The plan of a pinion working in a toothed wheel is 
often employed, but that also is too slow. Most modern micro- 
meters are now fitted with a clamp and slow motion screw (see fig. 
9, typo B). This permits observation of position angles of very 
close objects by simple rotation of the box with the hand ; while the 
slow motion, after clamping, permits the more delicate movements 
that are required in measuring the position angle of objects farther 
apart. 

The Cookes and Grubb have for years almost invariably trans- 
ferred the position circle from the micrometer to the telescope tube. 
The whole eye-end with its focussing arrangements rotates, and its 
rotation can be measured by a circle attaclied to the butt end of 
the tube. 'Dhere is considerable convenience in this arrangement. 
One position circle only is required for all the micrometers that 
may bo .employed with the instrument ; and the orientation of 
reticulated uiaphragm.s, or the adjustment of the direction of the 
slit of a spectroscope, may also bo accomplished by the same means. 
But, after a very extended experience of all the various types of 
existing mountings, the present writer docs not hesitate to express a 
dccidecTpreferenco for a position circle attached to the micrometerand 
a rigid attachment of the eye-end to the telescope tube, — ^liaving never 
seen an eye-end attached to a position circle on the butt end of the 
telescope-tube in which, after the wear and tear of a few years. 
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* Tills Is known as IlamsUcn’s eyc-plccc; it was made originally by him. 
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some looseness or shako could not bo detected. This is a fatal fault 
esiiecially in those delicate observations of diiforenco of declina- 
tion which have latterly formed so prominent a feature in refined 
inicrometrio research. On the other iiand, in some good old micro- 
meters at the Royal Observatory, Capo of Good Hope, that are 
fitted witli attached position circles, there is no trace of shako or 
wear after fifty years of work. 

The micrometer of typo B rqiresentod in fig. 9 1 is tho original 
lilur.5 micrometer of tho Capo Observatory, made on Fraunhofer’s 
model. S is the head of tho micrometer screw proper, a that of tho 
.screw moving tho slide to wliich tho so-called “fixed web” is 
attached, s' that of a screw which moves tho oyo-pieco E. C is tho 
clamp and HI tho slow motion in position atiglo, L, L arc 
tubes attached to a larger tube FT; tho latter fits loosely on 
a strong hollow cylinder which terminates in tho screw V. By 
this screw the whole apparatus is attached to tho telcscopo. Tlie 
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nozzles of small lamps arc inserted in the tubes L, L, for illu- 
minatini' tho webs in a dark field ; tlio light from these lamps is 
admitted through apertures in tho strong hollow cylinder aoovo 
mentioned (for illumination, see below). In this micrometer 
tho three slides moved by S, s, and s' aro simple dovetails. 
Tho lowest of tlioso slides reposes upon a foundation-plato pp, 
into ono end of which tho screw a is tapped. In tho middle of 
this slide a stillly fitting bra,ss disk is inserted, to which a small 
turn-table motion maybe communicated by an attached arm, acted 
on by two fine opposing screws accessible to tho astronomer; and by 
their means tho “ fixed wire " may bo rendered strictly parallel 
witli tho movable wire. 

The micrometer screw is mounted on tho slide Avhich carries tho 
movable web. Fig. 10 shows a plan of tliLs slide; tho divided 
drum of tho screw is omitted for sake of clearness. Tho 
screw S has a shoulder at a, carefully fitted and ground to a 
bearing so as to work sweetly in a hole in tho very strong spring 
O'er; the other extremity of tlio screw is formed into a pivot, which 
fits a hole in tho brass piece 130. Tho end of this pivot — hardened, 
polished, and slightly rounded — rests on tho fiat surface of anagato 
a, which is imbedded in tho end of the slide, and kept firmly in its 
place by tho lirass piece 00 , By careful adjustment of tho screws 
0 , 0 sutlicient pressure may ho loft upon tc to sli")itly bond tho strong- 
spring aa and thus eliminate all end-shake without preventing easy 
action of tho screw. Tho screw passes at tho 
same time through tho bush B (shown in 
plan and elevation, fig. 10) attached to pp J>- 

(fig. 9) ; and there is a fine saw cut, which 
can bo narrowed by tho small screw r, to ^ 
close tlio Imsh upon tho micrometer screw /| 

with a view of preventing “loss of time.” / ! 

Tlio spider web w is cemented on the further 
side of tho thin plate wv, tho varnish being 
applied in tho countersunk holes shown by 
tho dotted circles p, y., 'The slide is counter- 
sunk to about half its thickness within the 
area indicated by oooo, in order to allow tho 
adapter of tlio oyc-pi6co to come suificiently 
close to tho webs. Tho oyo-pieco was origin- 
ally moved by a pinion working in a rack r 
(fig. 9); but tho screw / applied by Simms 
was found by Maclear to bo more convenient 
for the purpose. Beyond this, and the grad- _ 

nation of tho edge of tho circle with more strongly cut divisions 
than those originally engraved on the face of tho circle, the instru- 
ment remains and is figured in its original form. Pistor and 
llartius (Berlin) havo also made excellent instruments of tho 
above typo. There is a celebrated micrometer of their make, with 
which, in the hands of Brunnow at Dunsink (Dublin), some of 
tho most perfect and refined inv estigations ever made in practical 

I When It Is remcmbcreil tliafc tlio meaMircinents of tlio .Struves, DembowakI, 
Sccchi tliii BondSi Muclcur, and of most nioduni Continental iistronomtrs Ijnvo 
been ^adcwUh Fraunhofer or Mcnj mfcrornctm it H not toonjuch to say that 
flir, 0 represents the Instrument with which three-fourths of the ustronomicul 
measurements of the last fifty years have been made. 



astronomy have been executed. 
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111 this microTnetor the screw 3 is 



IS shifted to another part of the eye-piece slidX so tliauTdoes 
interfcro witli tlio increased diameter of the screw a, Fraunhofer’s 
micrometer in this form belongs to typo A, but is quoted under 
typo B tor convenience of descrijition. 

It is not necessary to give a figure representing type C. Such 
micromoters have been generally CDiistnicted on Troughtoii’s typo 
(figs. 1, 2, 3) with tho omission of ono of tho screws, and with 
one or more of the modifications described in detail under typo A. 

Some have also been made similar otlierwise to tho Fraunliofer con- 
struction, by omitting tlio screw a with its corresponding slide 
and attaching tho fixed wire to a circular pliito in pp. 

Good instruments have been made on type C by Clark (Cambridge, Clark’s 
Miwsachusotts), by Steinlieil (ilunicli), and by tlio great Froncli filar 
artists Scerctaii, Fronieiit, Brunner, Eichens; and goodwork has been micro - 
done with them. But it is necessary that tho ertois of the screw meter, 
should bo very carefully determined, since, in typo 0, such errors 
cannot ho eliminated by employing diirerent parts of tho screw to 
measure tlio same angle. 'There is a noteworthy description of 
micrometer that forms a link between types C and D, of which tho 
most famous example (by Clark) is attached to the great Washing- 
ton telescope. It is essentially a microinotor of type C, witli a slide 
^or fork) and a screw of tho English foiin of constmctioii. But the 
instrument is provided with a screw as at a (fig, 9), which, instead 
of changing tho position of tho fixed wire, moves the whole micro- 
motor box in tho direction of tho axis of tho meastiringserew. Thus 
the fixed wire can bo set exactly on one star by tho screw a while 
tho other star is immediately afterwards bisected by tho movable 
wire, and that without disturbing tho reading for coincidence 
of tho wires. No one, unless he has previously worked without 
such an arrangement, can fully appreciate tho advantage of bring- 
ing up a star to bisection by tho fixed wire by moving tho micrometer 
box with a delicato screw-motion, instead of liaviiig to change the 
direction of tho axis of a Inigo telescope for tho same purpose. 

When it is further remembered tlmt the earlier telescopes were not 
provided with tho modem alow motions in right ascension, and 
that tho Stmves, in their gigantic labours among the double stars, 
used to complete their bisections on the fixed wire by a pressure of 
tho finger on tho side of tho tube, one is puzzled whether most to 
wonder at tho poor adaptation of means to ends or tlio marvellous 
paticnoo and skill which, witli sucli means, led to such results.” It 
should bo added that Dawes practically adopted a modification of 
Clark’s micrometer by using a slipping piece, and bolting ono of 
tho heads of his micrometer (il/cnt. Ji. S., vol. xxxv. p. 189). 

His slipping piece gave motion to tho micrometer by two slides, 
one in right ascension the other in declination, so that “ either of 
the webs can bo placed upon either of tlio components of a double 
star with case and certainty.” 

All micrometers used, in conjunction with a microscope, for read- 
ing the divisions of transit circles, helionieter scales, &o., aro of tho 
type 0. Tho reading micrometer is shown in fig. 11, 0 
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objective, D tho micrometer box, E tho grad- 
uated head of tho screw, G tho milled head 
by which tho screw cc is turned, A an eye- 
piece sliding in a tube B, aa (fig. 12) the slide, 
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Fig, 11, 



Fig. 12. 


and &, 6 the spiral springs. Tho focal length of tho objective 
and the distance between tho optical centre of tho lens and tho 
webs aro so arranged tliat jinagcs of tlio divisions aro formed in 
the plane of the webs, and tho pitch of tho screw is such that one 
division of the scale corresponds with some whole number of re- 
volutions of tlio screw, _ , . , 

Tliero is what is technically called a “comb " inserted m tho 
micrometer box at cl (fig. 12), — its upper surface being nearly in the 
piano of tlio wires. This comb does not move with reference to tho 
bo.x, and serves to indicate tho whole revolution of which a fraction 
is read on tho head. In fig. 12 a division is represented bisected by 
cross webs, and five revolutions of the screw correspond with one 
division of the scale. In all modern reading micromotors the cross 
webs of fig. 12 are replaced by parallel webs embracing the division 

® Tile late Fiofessor Watson tiswl to say, fiaaintly and "with trutli, “After all, 
tho beat part of tho micromotor la the man at tho ainall end! ” 
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(fig. 13). The means for changing the length of the tube and the 
distance of C from the scale are omitted in the figure. These appli- 
ances are required if the “run" ha.s to he accurately 
adjusted. By “ run ” is meant the difference between the 
intended whole number of screw-revolutions^ and the 
actual measure of the space between two adjacent di- 
visions of the scale in turns of the screw divided by the 
number of intended revolutions. In delicate researches 
two divisions of the scale should always be read, not _ 
merely for increased accuracy but to obtain the corrections for 
“run” from the observations themselves. 

Repsold’s Fig. 14 represents an important type of reading micronaeter by the 
reding Eepsolds. Here the web-frame is mounted on the screw itself. The 
micro- limiting plane of motion is at p, where the end of the micrometer 

meter. screw bears upon the hardened, flattened end of the screw s, and is 

kept in bearing against this plane by the spiral spring q. Rotation 



Fig. U. 

of the wire-frame is prevented by the small stud m which passes 
through the web-frame and projects slightly on both sides of it, 
just barely touching the inner surfaces of the top and bottom of the 
micrometer box. The web-frame thus rests solely on the screw and 
on the point m, and therefore follows it absolutely and accurately. 
Micro- The comparative merits of the various micrometers are discussed 
meter ^7 Lord Lindsay and Mr Gill {Duiiecht Pullicaiions, vol. iL pp. 

errors. 53-55, 1877). If the screw of the Repsold micrometer is bent, so 

that, for example, the end of the frame next the screw-head is raised 
and that next the end^ lowered, a twist will be given to the web- 
frame, and the centre of the wire will be moved nearer to the micro- 
meter head than it should be, while the reverse effectwill follow when 
the head has been turned through 180’. The effect of a similar 
error on the other micrometers described would be of a much less 
amount. They are, however, liable to errors of another character. 
If, as in Troughton’s original micrometer, the shoulder is square, 
the hole iu the end of the box may be left suffleiently wide to allow 
for a small error in the parallelism of the screw-matrix with the 
motion of the slide, but the smallest bend in the screw causes the 
shoulder no longer to bear flat, but to ride ou its edge, thus intro- 
ducing an extremely uncertain form of error. If the shoulder is 
spherical, fitting into a hollow cone on the end of the bo.x, as in the 
micrometers of Simms, Cooke, and Grubb, an almost inconceivable 
accuracy of construction is implied in drilling the matrix of the 
screw in the slide so that its axis and that of the cone shall be in 
the same straight line, and both parallel to the motion of a point 
in the slide. Any departure from perfect accuracy in this respect 
has the effect of bringing different portions of the spherical shoulder 
to bear on different parts of the cone for different revolutions, and 
introduces errors of a character by no means easy to deal with. In 
addition to these objections there always is the greater objection 
of employing as a delicate contact-measuring surface one that is 
exposed where oil is used. Dust and oil will arrange themselves in 
layers of variable and uncertain thickness and defeat aU attempts 
to secure absolutely consistent results. In Repsold’s micrometer 
the pohit d!appui is a small hardened and polished bearing, requir- 
ing little lubrication, and perfectly protected from dustj the errors 
of the screw (some of them exaggerated, certainly) are faithfully 
reproduced, and consequently determinable, and beyond this the 
work to be done by the screw is reduced to a minimum, — no slide- 
friction having to be overcome. If we are to regard as the most 
perfect instrument, “not that which has absolutely the smallest 
errore, but that which reproduces its errors with the most perfect 
consistency," undoubtedly Kepsold’s form of micrometer is best. 

In order to avoid the exaggeration of the screw-errors produced 
by the non-syrametrical position of the screw in Eepsold’s micro- 
meter, Stone, in December 1879, exhibited at the Royal Astronomical 
Society, and described (l/onthZy Arbri'c&j, p. 270), a modification of 
Itepsold’s instrument. But, both in his statement of the compara- 
tive merits of the Troughton and Repsold micrometers and in the 
new form which he figures. Stone overlooks a strong point in the Rep- 
Lindsay- soldfomi, andinthatproposedhyLordLindsayand Gill three years 
Gill mi- previously, namely, the avoidance of all friction of the slide, and 
crometer. the elimination of aR error or strain that may occur from a want of 
paraUelism in the axis of the matrix and the motion of the slide. 
The Imdsay-Gill micrometer will be better understood from the 
foRowing description. In (ig. 15 Ss is the micrometer screw; its 
* OunuJit PiAHeatuim, Tob it, footnote p. 55, Dtiiieclit, 1877. 



cylindrical axis is nicely ground to fit a hole in the side of the box 
at tf the same axis, hut ground to a somewhat smaller cylinder, 
fits neatly but smoothly a hole in the web-frame at h. A screw, 
cut on the same axis, is tapped into the web- 
frame at s, and the axis terminates in a pivot 
which fits a hole in a brass plate ce. The end 
of the pivot — liardencd and slightly rounded 
— rests on a flat agate® hearing a, which is 
imbedded in the plate B, and securely held 
in situ by pressure of the plate cc. The plate 
B is finnly attached to the bottom of the 
box. q, q are spiral springs mounted on pins. 

Both springs and pin pass freely through the 
web-frame at p, p, and the pins (but not the 
springs) pass freely through the frame at n, nJ 
The parallel webs fop observing the division 
(fig. 13) are mounted on the forked end of 
the frame at ww. 

The web-frame is narrower and thinner 
than the breadth and height of the interior 
of the box, and is only prevented from rotat- 
ing by the delicate touch of the i)rojecting 
ends of the pin m on the inner surfaces of the 
top and bottom of the box. It appears that 
a frame so mounted fulfils all theoretical con- 
ditions of accuracy. It is perfectly free to 
follow the motion of the screw and accurately 
to reproduce its errors, notwithstanding any 
reasonable faults of workmanship ; and no 
permissible shake or fouling of the bearing 



Fig. 15. 

at a can produce sensible error in the distance between the bearing 
surface of the agate plane and the spider webs. The motion is pro- 
duced with the minimum of friction; and the “feel" of the screw 
is therefore as delicate and perfect as it is possible to make it 

The micrometer of type D shown in fig. 1C has recently BepsoH’ 
been made by the Repsolds for the CajHS Observatory, .ils this micro- 


instrument combines 
all their most recent/^ 
modifications, we de- 
scribe it in detail. 
Fig. 17 represents the 
same micrometer with 
the upjjer side of the 
box removed. The 
letters in the descrip- 
tion refer 'to both 
figures. 

S is the head or the 
micrometer screw, s 
that of the screw by 
which the micrometer 
box is moved relative 
to the plate /(fig. 1C), 

/ that of the screw 
.which moves the eye- 
piece slide. K is the 
clamp iu position 
angle, P the slow mo- 
tion screw in position 
angle ; p/p is the posi- 
tion circle, R, li its 
two readers. The lat- 
ter are in fact little 



meier. 


mieroacopcs carrying jg 

a vernier etched on ° . 

glass, in lieu of a filar micrometer. These verniers can be read to 
1', and estimated to 0'‘2. D is the drum-head which gives the frac- 
tion of a revolution, d that which gives the whole number of revo- 
lutions, I is the index or pointer at which both drums are 76 aA 
This index is shown in fig. 17, but only its mode of attachment (X, 
fig. 17) in fig. 16. The teeth of the pinion 2 , fig._ 17, are cut on the 
axis of the micrometer screw. The ainmd and its attached 
wheel are ground to turn smoothly on the axis of the screw, 
pinion s and the toothed wheel d are connected by an intenne^ate 
wheel and pinion Y; the numbers of teeth in the wheels and pinions 
are so proportioned that twenty-four revolutions of the micrometer 
screw ])roduce one revolution of the drum and wheel d. (This is 
the description of Rep^old’s counter referred to under type A.) The 
divisions of both drums are conveniently read, simultaneously, by 


® There ■would he some udTUuta^e in allowing the screw’s axis to pass with a 
iittlc shake through the hole In the end of the hox ato, and then, extending the 
of the larger cylinder, transfer the bearing from a to a wcU*fltting hole in 
a piece fixed like B to the bottom of the box* This form would al^ give some 
families of construction, and all the oil^ surfaces would be perfectly protected- 
* Sapphire is better; the agate bearing of such a screw has been found veiy 
sensibly worn. , , . at. 

< If it is desired to prevent possible contact of ihesepins with the frame, the 
<*nds of the pins may be made to enter guiulng holes in cc. 
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tlio lens c ; at night the lamp which illuminates the webs and the 
position circle also illuminates the drum-heads (see on illumination 
below). (Maa is the web-frame (fig. 17), is a single rod consistinc 
of two cylinders accurately fitting in the ends of tho micrometer 
box, tho larger cylinder being at 0. There is a hole in the web- 
frame which smoothly fits the larger cylinder at /3', and another 
which similarly fits the smaller cylinder at y. A spiral spring, 
coiled round the cylinder y, resting one end on tho shoulder formed 
by tho difTcrcnco of the diameters of the cylinders and y and the 
other on tho inside of tho web-frame, presses the latter continuously 
towards y . ' Contact of the web-frame of the micrometer with tho 
side of the box at y would therefore take place, were it not for the 
micrometer screw. This screw fits neatly in the end of tho box at 
f, passes loosely through tho web-framo at e', is tapped into the 
fmrao at f', and its end rests on a flat hardened surface at (. Rota- 
tion of tho web-framo about fiy is prevented by tho heads of the 
screws at m ; the head of tho screw on the lower side of the frame 
reposes on tho plane vi/, that on tho upper side (fig. 17) touches 
lightly on tho inner surface of tho lid of tho box. Such rotation 
can obviously be controlled within limits that need not be further 
considered. But freedom of rotation in tho plane of the paper 
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Rig. 17. 

(fig. 17) is only prevented by good fitting of tho holes /S', •/; and, 
since the weight of tho slide is on one side of the screw, misfit here 
will have tho effect of changing the reading for coincidence of tho 
movable with tho fixed web in reverse positions of the micrometer. 
With the Cape micrometer a systematic difl'erence has been found in 
tho coincidence pioint for head above and head below amounting to 
This corresponds, in tho Cape instrument, with an excess of 
tho diametersof tho holes over those of tho cylinders of aboutT-rbw^^b 
of an inch, — a quantity so small .as to imply good workmanship, 
though it involves a systematic error which is very much larger 
than the probable error of a single determination of tho coincidence 
point. Tho obvious remedy is to make all measures on opposite 
sides of tho fixed web before reversing in position angle, — a precau- 
tion, however, which no careful observer would neglect. In measur- 
ing differences of declination, where the stars are brought up by tho 
diurnal motion, this precaution cannot be adopted, because it is 
necessary always to bisect the preceding star with tho fixed web. 
But in A3 measures index error can always be eliminated by 
bisecting both stars with the same web (or different webs of known 
interval fixed on the same frame), and not employing the fixed web 
at all. Had the spring q been placed as in fig. 14, and tho cylinders 
0 and y been made to bear like the pivots of a transit on seg- 
mental bearings in tho frame at ^ and y, it is probable that the 
difference in coincidence points would not have existed. Such a 
modification appears advisable, unless this construction, by leaving 
tho end m less free, should make the “ feel ” of tho screw less sweet 
and perfect. The discordance in zero when known to exist is 
really of no consequence, because the observations can bo so 
arranged as to eliminate it. 

The box is mounted on a strong hollow steel cylinder CC (fig. 17) 
by holes tj, 0 in the ends of tho box, which fit the cylinder closely 
and smoothly. The cylinder is rigidly fixed in tho studs C, C, and 
these arc attached to tho foundation plate/, 'fhe cylinder contains 
towards v a sliding rod, and towards 6 a compressed spiral spring. 
There is thus a thrust outwards of the spring upon the hollow cap 
W (attached outside tho box), and a thrust of the rod upon the end 


r f position of tho box relative to the plate/ in 
the direction of measurement, depends therefore on the distance 
between the end of tho screw s and the fixed stud 0. A screwinc 
thus ca^es the box to move to the left, and vice versa. 

Rotation of the box round CC is prevented by downward pressure 
ot the sprin" Z on a projection attached to tho side of tho box. The 
amount of this pressure is regulated by tho screw z'. 

The short screw whose divided milled head is <r shifts the zero 
of the micrometer by pushing, without turning, the short sliding 
rod whose flat end forms tho point d’appui of the micrometer screw 
at C The pitch of tho screw a- is the same as that of tho measuring 
screw (50 threads to the inch), and its motion can bo limited by a 
stop to half a revolution. 

'I’lie five fixed webs are attached to the table tt, which is secured 
to the bottom of the box by the screws p. The three movable 
webs are attached to tho projections AA. on the frame ao. The plane 
surfaces tt and are composed of a bronze of veiy close texture, 
which .ajipeara capable of receiving a finish having almost the truth 
and polish of an optical surface. It seems also to take a very clean 
V cut, as the webs can bo laid in their furrows witli an astonishing 
CMC and precision. These furrows have apparently been cut mstiu 
with a very accurate engine ; for not the slightest departure from 
parailciism can be detected in any of the movable webs relative to 
the fixed webs. Extraordinary care has evidently been bestowed 
in adjusting the parallelism and distance of the planes t and A, so 
that the movable wires shall almost, but not quite, touch the sur- 
face T. 'riic varnish to fix tho webs is applied, not on tho surface 
T as is usual, but on a bevel for tho purpose,i the position of the 
webs depending on their tension to keep them in their furrows. 

'The result is that no trace of “fiddling” exists, and the mov- 
able and fixed webs come sharply together in focus with the highest 
powers. Under such powers tho webs can be brought into apparent 
contact with such precision and delicacy that the uncertainty of 
measurement seems to lie as much in the estimation of the frac- 
tion of tho division of the head as in tho accuracy of the contact. 

It is a convenient feature in Repsold’s micrometer that the webs are 
very near the inner surface of tho top of the box, so that the eye is not 
brought inconveniently close to tho plate when high powers are used. 

Micrometers of tho typo E have been invented by Alvan Clark and Clark’s 
Grubb. Clark’s micrometer was exhibited at tho Juno meeting of mioro- 
the Royal Astronomical Society in 1859 {Monthly Notices It. A. S., meter for 
vol. xix.). It is capable of measuring angles up to about one degree. largo 
It is “ furnished with two eye-pieces, composed of small single angles, 
lenses, mounted in separate frames, which slide in a groove and 
can bo separated to tho required distance. A frame carrying two 
parallel spider linos, each mounted separately with its own micro- 
meter screw, slides in a dovetailed groove in front of the eye-pieces ; 
and by a free motion in tliis frame each web can bo brought opposite 
its own eye-lens. In using this micromotor, tho first step is to set tho 
position-vernier to tho approximate position of the objects to bo 
measured. 'Then the eye-lenses are separated till each is opposite its 
own oliject. 'Ihe frame containing the webs and their micrometer 
screws is then slid into its place ; and the webs, having been 
separated nearly to their proper distance by their free motion in the 
frame, are placed precisely on the objects by their fine screws, tho 
observer’s eye being carried rapidly from one eye-lens to the other a 
few times, till ho is satisfied of the bisection of each of the objects by 
its own web. 'fhe frame is then removed for reading off the measure 
by means of an achromatic microscope, on the stage of which it is 
placed.” The advantages which Clark claims are these 

“ 1. Distances can bo observed with great accuracy up to about 
one degree, and the angles of position also. 

“ 2. The webs, being in the same plane, are perfectly free from 
parallax, and are both equally distinct, however high the magnify- 
ing power may be. 

“3. 'I'lie webs are also free from distortion and from colour. 

“4. A different magnifying power maybe used on each of the 
objects, — wliich may be advantageous in comparing a faint comet 

with a star." , , „ . i 

It appears to us that tho method of removing a slide in order to 
measurd the interval between the webs is liable to objection,^ not 


only because of the risk to the webs, but because tho taking 
of measurements of such a different character lyith a different 
instrument is inconvenient and troublesome. It is true that the 
intervals between the webs could be measured by an asristant, and 
two or more different slides be employed to save time ; but astrono- 
mers will probably generally prefer the method introduced by 
Grubb described below. It is understood that Clark lias since 
improved this instrument by an ingenious arrangement of pnsrns, 
which permits both webs, even though separated one degree in a 
lar"o telescope, to be seen in the same eye-piece. The arrangement 
is not described, and is said to be, as yet, somewhat troublesome 
to arrange previous to measurement, though when arranged it 

^ Grubb'^Scati/ic Proceedings of Royal DiMin Society) thus describes 


i The marlcs of vaniiali so applied will to seen in fig, 17. 
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Grubb’s what ho calls his ‘ ‘ duplex micrometer, ” shown jn porspeoti ve iu fig. 
duplex 18 : — ‘ ‘ A plate of glass about 2^ inches square is ruled with twenty- 
niicro- one linos in one direction inch a 2 )!irt, and two lines iu the other 
meter, direction 2 inches apart. The extreme lines of the set tJiorcfpro 
form a perfect square of 2 inches. Tlieso lines arc ruled with 
exceeding accuracy and care, but provision is left for ascertaining 
any errors that remain either as to distance or want of irorfect 
squareness. Along 
one side of the square 
is mounted a micro- 
meter frame in the 
ordinary way, actu- 
ated by a screw 
one hundred threads 
to the inch. This 
micrometer frame 
carries eleven lines 
corresponding exact- 
ly to each alternate 
line in the glass 
reticule, so that when 
the first spider lino 
is made coincident 
with the first dia- 
mond lino on the 
glass the last spider 

lino will bo couicident with the last lino on the glass, and each of 
the spider lines will bo coincident with all tho odd numbers of 
diamond lines, 1, 3, 5, 7, 9, 11, 13, 15, 17, 19, 21. Over this gln-ss 
plate is placed a brass cap in which two eye-pieces aro mounted, 
one sliding in a gi'oovo at right angles to the other, — so that, 
while ono has its journey backwards and forwards on the horizontal 
lino, tho other has its journey on tlie vertical line, according to 
how tho cap is jfiaced, for this cap is cajjablo of rotation to meet 
various circumstances. 

*' Ifaiv to Use the Instrument. — 1. Tho two stars aro brought on tlio 
horizontal line, and tho distance measured from centre to centre 
along that lino. This distaneo is measured by counting tho number 
of si)acc3 on tho glass, adding tho residue as measured by tho 
micrometer screw. Tlius tho screw is never used for larger me.i3ures 
than T^th inch, and therefore errors of screw and temperaturo errors 
are much reduced. Iu bisecting, ono star is brouglit into tho field 
of ono oyc-picce, and a bisection is made with ono of tho diamond 
lines by moving the micrometer by ono or other of its slipping piece 
screws. Then tho other eyc-pieco is moved till tlie second star is 
seen, and a bisection is mado witli tho nearest spider line by moving 
the micrometer head. Tlien the eye cun be moved back to tho first 
eye-piece, and the bisection checked, and again back to the other 
eye-piece. AVhen it is seen that both aro satisfactory tlio measure 
can_ bo read olf. 2. Tho micrometer is turned round till the 
horizontal line becomes iiarallel to the path of apparent motion of 
tho star. This is easily found by stopping tho clock and allowing 
tho star to run .along the horizontal wire. Now tho other star wifi 
be found to cross the vertical lino somewhere, while tho first star is 
on the horizontal lino. This second star is then bisected on tho 
vertical lino, while the first star is bisected by one of tho spider 
lines ; thus the difference in right ascension is found. Wo then 
have two sides of a right-angled triangle and of course all tho 
elements are known, 

“ To Ascertain the Errors {if amj) of the Eistance of the Zincs . — 
Of course, tho usual plan of taking transits can bo adopted, and to 
ascertain if the lines bo perfectly at right angles a special .additional 
eye-piece is provided, so that transits can bo tuKon across each 
diagonal of the square,” 

This instrument has great advantage over Clark’s in case of 
adjustment and use, and has done good work at tho University 
Observatory, Oxford . (3/m. li. A. S., vol. xlvii. pp, 5-12). 
Professor Pritchard claims too much when he estimates its work as 
equal in accuracy with that of tho heliometer — at least the published 
results do not confirm such a view. But it is a_ very valuable 
instrument for measuring objects too faint for tho limited aperture 
of most heliometers, and which at tho same time are farther apart 
than the field of view of an ordinary eye-piece. , 

The accuracy of the duplex micrometer would bo very greatly 
increased if Cl.ark’s idea (above mentioned) of viewing both widely 
separated webs in one eye-piece of high power could be reduced to 
a convenient practical form. 

Method of Webbing the Filar dlicroineter. 

'The webbing of a micrometer is a process that should be familiar 
to all practical astronomers. Engli^ opticians usually proceed as 
follows. A spider (tho variety is marked by a cross on tho back, 
and is found in English gardens about decayed wood) is caught, 
and placed on a wire fork. The insect immediately attaches a web 
to the wire and begins to lower itself by a web to the ground. This 
web is wound up on the fork till ten or twelve turns, separated by^ 
a convenient space, have been secured. A brush with varnish is 



then passed along tho prongs ; the webs aro thus securely fixed to 
the fork. 'I’he parallel prongs of tho fork must be sulliciently far 
apart to allow the web-framo of the micrometer to puss between 
them. The frame to bo webbed is ifiaccd on a fiat dull black 
surface between the prongs of tho fork, tho latter being carefully 
arranged so that ono of tho webs lies nearly in the furrow mled iu 
tho frame for its reception. As tho web-framo is generally thicker 
tlian the fork, tho web will now bo stretched across the former, 
with a certain amount of tension, and is brought into the furrow 
with a finely pointed piece of soft wood. ICtho surface of tlie frame 
is well jiolishud, and the furrows ahartilj'_ cut, without “burr,” the 
web bliould leap sharply and decidedly into its place. Each end 
of tho web is then secured by a drop of shellac varnish, which 
should be allowed to haidoii thoroughly before tho frame is touched. 
Tho webs can bo very readily so handled ag.iinst a black back- 
ground, witli tho aid of a hand lens of 2 or 3 inches focus. In 
experienced hands this method gives good results, but tho following, 
which is generally followed on the Continent, i.s jireferablo, 

A web, about 2 inches longer than tho width of the frame, is 
uuwouml from a cocoon,* and small pieces of lc.id are attached 
to its extremities by beeswax. Ono end of tho web, with its 
attached lead, is laid on a piece of cork lloating in a tumbler of 
water ; tho other end is allowed to hang down in the water, where 
it becomes thoroughly saturated and untwisted. It is then laid 
across tho fork, and dropped into its furrows in the manner above 
described, tho little lead wci'dits exerting a definite tension. 
Varnish - is immediately applied to secure tho webs, and the frame 
is not touched till it Ls dry. 

'I’ho bevel-cilgo of tho wcb-fr.iine introduced by Repsold (typo 
D) oilers great lacilities for accurate webbing, and should bo em- 
pdoyed in all future micrometers. 


Illumination of Micrometers. 


When micrometer observations arc maile by night it is necessary 
to have some mode of rendering tho webs visible, — either by rays 
of light at right angles to tho axis illuminating tho webs, or by 
rays nearly coincident with tho axis of the telescope. In tho 
former case wu got bright webs in a dark field, in tho latter dark 
webs on a bright field. 

In tho older tolescoi>e3 bright web illumination is produced by 
small laniiis with nozzles that enter tho tubes L, L (fig. 9), 'fho 
illumination is regulated in colour and intensity by wedges of 
coloured or darkened glass jiassing through slides in tho nozzles. 
But it is inconvenient to have lanqisso near tho obacrvcr's eye, and 
it is at least very dillicult to obtain a perfectly dark field when tho 
wires aro illuminated in this way. 

'riio Clarks, in their micrometer of tho great Washington tele- 
scope, have mado the end of box'!’ (fig. 15) transparent, .and light is 
thrown on the webs from a lamp held by .an assistant. Holden lias 
very recently applied a lamp ingeniously hung so as to presen’o its 
vcrticality and tlio constant ilirection of its light in a similar vay, 
adding a plain silvered mirror insido tho box and ojiposito tlio 
lump, so as to illuiiiinato tho wobs symraetric.ally. In tlio Clarks’ 
and Holden’s methods it is only tho webs at right angles to tho 
screw that aro illuniiuutcd. 

For iUuraination of tho field, in very old telescopes, light was 
thrown on a small ivory rclluctor fixed outside tho object-glass in 
tho axis of tho telescope by an arm fitting ou tlio cell of tho lens. 
This involved tho aid of an assistant to direct lamplight ou the 
ivory reflector, or tho veiy 
frequent cliango of a 
lamp support. After- 
wards tho light from au 
attached lamp was intro- 
duced through a hole in 
tho telescopc-tubo and 
thrown ujion an ellipti- 
cal plane (generally dull- 
gilt) having its centre 
part cut away sufiicieiitly 
to avoid interruption of 
tho cono of rays from the 
objcet-glass. llany in- 
genious modes of sus- 
pending the lamp h.avo 
been invented for the pm- 
poso of securing a con- 
stant direction of its lioht 

of the lamp. Ono of the best of these, duo 
g. 19, L is the lamp, P a prism to reflect 


comled %vith verticiility 
to Cooko, is shown in £ 



first flxed ettcu'^cStrem?tv’hv^a‘'r rariiisli at each end of his webs. 

h^appHcd Td ''arnlsh, and after that had dr 

rionn tlmo to hLde^ w ‘'‘® : tbo latter te 

a tong time to harden, hut gave uUhnutely a much stronger attachment. 
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its light into the tube, D a disk to regulate the quantity of light, 
B a disk with glasses to regulate the colour of the light, S a 
spring to clamp the disks, C the counterpoise of the lamp, G a 
poise to preserve the horizontality of the axis CL. But astronomers 
owe to the genius of Grubb the introduction of a more cfBcicnt 
and convenient system, viz., the performance of all necessary illu- 
mination of an astronomical telescope by a single lamp, and the 
perfect control of the illumination of the field or wcb.s, and the 
regulation of these m to intensity or colour by simple motions from 
the eye-end, _ It is impo-ssible to speak too highly of Grubb’s efforts 
in this direction ; he has broken the ground in this department of 
astronomical engineering, and rendered the working of so huge an 
instrument as the Vienna telescope of 27 inches aperture not only 
convenient, but easier for a single observer than that of a very 
small telescope of the older constructions. 

But in tlie illumination of tlio field wires and scales of a micro- 
meter Grubb’s original method has recently been surpassed by 
one which is due to the Repsolds. We shall therefore describe the 
latter. 

Fig. 20 represents the eye-end of a telescope, 'fhe reader will 
recognize the micrometer (figs. 10 and 17) previously described. L 
is a paraffin lamp fitting by a 
bayonet joint into a copper cover 
c. This effectually defends its 
glass chimney against accident, 
and protects the lamp from wind. 

The simple means by which this 
lamp is made to preserve its ver- 
ticality in all positions of the 
telescope is evident from the 
figure. By this lamp alone tlie 
bright wire or bright field illumi- 
nation is given at pleasure, and 
with any desired intensity, simply 
by movement of the small pin p. 

’The position circle and the head 
of the micrometer are also illu- 
minated, as w;cll as the declina- 
tion circle, by the same lamp. 

AB is a cylindrical box, ending 
in a truncated coho towards A. 

It is shown, mid-section, in a plane 
passing througli the telescope axis, 
in fig. 21, where all details un- 
necessary to the explanation of the 
illumination are omitted, and pro- 
portion of parts is sacrificed to 
clearness. P Ls a prism (fig. 21) 
that rotates with the lamp and 
reflects its light into AB. The 
flame of the lamp is in the focus 
of the lens U, so that the rays 
become parallel after passing 
through it. There is a sliding 
motion to perfect this adjustment, 
annular reflector of speculum metal rr (fig. 21), which reflects light 
upon the double mirror JI (fig. 20), whence it is diverted to the two 
opposite points on the declination circle that are read by micrometer 
microscopes from 
the eye-end (the 
latter arc omitted 
for sake of clear- 
ness). 

The little handle 
at y and the dotted 
lines •plz represent 
an iris-diaphragm, 
very ingeniously 
constructed, mount- 
ed on a pdate of 
transparent glass. 

'There is a flat ring 
of brass, carrying 
four pins, which 
is turned by the 
handle j/, in a 
plane at right 
angles to Pii. 

'These pins work in 

spiral slots cut in o, 

four slides. Thus i <• 

rotation of the ring causes the four slides to approach or recede from 
a centre. When the handle V is in the mid^e of its range, the 
•slides to"ether form a disk as largo as the hole in the diaphragns 
and thus prevent all light from entering the telescope tube. When 
r/ is pushed to one side of its range the slides move outwards leaving 
a square opiening in the centre so that the light falls on thop)rism«. 
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Fig. 20. 

'There is a well-polished flat 





whence it is diverted to a silvered reflector cemented on the middle 
of the inner surface of the object-glass, and is then reflected back 
along the axis of the telescope to illuminate the field at u. When 
p IS pushed to the otlier side of its range the slides approach and 
overlap at the centre, excludiim light from n and allowing it to fall 
upon the reflector n instead. Fiom s the light is thrown upon the 
webs Cii, a by rcfle.xion from a white papier mache surface laid on the 
inside of a thin hollow brass truncated cone xx. The edge of this 
cone forms the circle seen within tt in fig. 17. All sti-i^r Hrqit is 
pircvented by the light-guard tube mm, which is attached to and 
moves with the rotating part of the micrometer. 'The result is to 
produce a symmetrical illumination of the whole system of webs in 
a perfectly dark field. It is also obvious that by placing j/ at an 
intermediate po.sition between ‘the centre and the extremes of its 
range any desired modification of bright wire or bright field illu- 
mination can be obtained at pleasure. 

'The light falling on the piipier macho hollow cone is intercepted 
at three points by prisms, one of which p is shown in section. 

'These pnsms are inserted in the cylinder which carries the 
foundation plate of the micrometer box and rotate with it. Two 
of them divert light upon the reflectors (seen from different 
points of view in figs. 16, 17, 20). The third prism after two 
reflexions (figs. 10, 20) illuminates the micrometer licad. 'The 
whole arrangement is in the highest degree elegant, and wo have 
found it most simple and convenient in practice. 'Tlie screen 0 
(figs. 20 and 21) — made of thin copper and attached to AB — effectu- 
ally protects the observer’s eye from stray light from the lamp. 

It has been found essential, in bright field illumination, when the 
highest accuracy is desired, to have the illuminating rays parallel 
with the telescope axis. 

In the best telescopes of the future some plan like that of Rep- 
sold’s, above described, will doubtless be adopted. It is probable 
also that with the introduction of condensers, in conjunction with 
the incandescent carbon light in vacuum, electricity will ultimately 
supersede the oil or paraffin lamp in illuminating astronomical 
instruments. A small “Swan lamp” can be placed anywhere, is 
unaffected by wind, and gives off comparatively little heat. 'These 
arc most valuable qualities for the purpose in question. 

The astronomer-royal (Mr Christie) has recently used luminous 
paint to render the measuring pointer of the Greenwich spectroscope 
visible at night. This paint, after exposure during the day to sun- 
light, shines at night with a dull phosphorc-scenco sufficient to make 
the micrometer pointer, to which it is applied, faintly visible, and, 
it is stated, with very satisfactory results. 

On the use of tlio fllur micrometer consult Stravc, Jfemuras Jficrometrlex, St 
Petersburg, 18S7; Urunnow, Practical and Spherical Aslronomy; Cluiuvcncl, 

Practical and Spherical Astronomy, Bnmnow, Astronomical Olscrcations and 
Ilesearches made at jbuJtsinJc, Ilubliu, 1870, 1873, 1870; Ibill, iVidr, Kaiser, Leiden 
Oliservations; and the papers of Dembowskl In the Astrommische Nachriehten. 

Double-Image Micromelers. 

'The discovery of the method of making measures by double 
images is stated to have been first suggested hyRoemer about 1C78. Roemer. 
But no such suggestion occurs in the Basis AstronomuB of Horre- 
bow (Copenhagen, 1735), which contains the only works of Roomer 
that remain to us. It would appear that to Savary is due the first 
invention of a micrometer for measurement by double imago. His 
heliometer (describ- 
ed in a paper com- 
municated to the 
Ro)'al Society in 
1743, and printed, 
along with a letter 
from Short, in Fhil. 

Trans., 1753, p. 150) 
was constructed by 
cutting from a com- 
plete lens abed the 
equal portions aghc 
and aefe (fig. 22). pj 22. 

Tlie segments gbh ° , , , r . i i • 

and e/d so formed were then attached to the end of a tube having 
an internal diameter represented by the dotted circle (lig. 

'The width of each of the portions ag/tc and ar/e cut away from 
the lens was made slightly greater than the foral 
length of lens x tangent of sun’s greatest dia- 
lueS-T. 'Thus at the focus two iiMges of the sun 
were formed nearly in contact as in 
small interval between the adjacent limbs wiis 
then measured with a wire micrometer. 

Savary also describes another form of helionieter, on tlio ••^me Savary. 
principle, in which the segments aghc and ac/: are utilized by 
cementing their edges gh and r/ together (fig. -a), and covering all 
e.xcept the portion indicated by the unshaded circle. Savary tx- 
pres^ preference for this second plan, and makes the pertinent 
remark that in both these models “the rays of red Iiglit m the two 
solar images will be next to e.ich other, vvhich wall render the 
sun’s disk more easy to be observed than riio \ lolet ones. Tins 

XVi. — 3- . 




Fig. 21. 
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Pig. 27. 


he mentions “because the glasses in these two sorts are somewhat 
prismatical, but mostly- those of the first model, which could 
therefore bear no great charge ” (magnifying power). 

A third model proposed by Savary consists of two complete 
lenses of equal focal length, mounted in cylinders 
side by side, and attached to a strong brass plate (fig. 

26). Hero, in order to fulfil the- purposes of the pre- 
vious models, the distance of the centres of the lenses 
(' from each other should only slightly exceed the tan- 
gent of sun’s diameter x focal length of lenses. 

Savary dwells on the difficulty both of procuring 
lenses sufficiently equal in foeus and of accurately 
adjusting and centring them. 

Bouguer. In the Acad, de Paris, 1748, Bouguer de- 

scribes an instrument which he calls a heliometer. 

Lalande in his Astronomic (vol. ii. p. 639) mentions 
such a heliometer which had been m his possession 
from the year 1763, and of which he gives a representation on 
Plate XXVIII., fig. 186, of the same volume. Bouguer’a helio- 
meter was in faet similar to that of Savary’s 
third model, with the important diflerenco 
that, instead of both object-glasses being 
fixed, one of them is movable by a screw 
provided with a divided head. No auxili- 
ary filar micrometer was required, as in 
Savary’s heliometer, to measure the interval 
between the limbs of two adjacent images 
of the sun, it being only necessary to turn 
the screw ivith the divided head to change 
the distance between the object-glasses till 
the two images of the sun are in contaet as 
in fig. 27. The differences of the readings 
of the screw, when converted into arc, afford 
the means of measuring the variations of 
the sun’s apparent diameter. 

DoHond. On the 4th April 1754 Dollond com- 
municated a paper to the Eoyal Society of London (Phil. Trans., 
vol. xlviii. p. 851) in which ho shows that a micrometer can bo 
much more easily constructed by dividing a single object-glass 
through its axis than by the employment of two object-glasses. 
He points out— (1) that a telescope with an object- 
glass so divided still produces a single image of 
any object to which it may be directed, provided 
that the optical centres of the segments are in coin- 
cidence (i. e. , provided the segments retain the same 
relative positions to each otlier as before the glass 
was cut) ; (2) that if the segments are separated 
in any direction two images of the object viewed 
will be produced ; (3) that the most convenient 
direction of separation for micrometric purposes is 
to slide these straight edges one along the other as the figure 
\ on the margin (fig. 28) represents them : “ for thus they may bo 
moved without suffering any false light to come in between them ; 
and by this way of removing them the distance between their 
centres may be very conveniently measured, viz., by having a 
vernier’s division fixed to the brass work that holds one segment, 
so as to slide along a scale on the 
plate to which the other part of the 
glass is fitted.” 

Dollond then points out three dif- 
ferent types in which a glass so 
divided and mounted may be used as 
a micrometer : — 

“1. It may be fixed at the end of 
a tube, of a suitable length to its 
focal distance, as an object-glass, — ' 
the other end of the tube having an 
eye-glass fitted as usual in astronomi- 
cal telescopes. 

“2. It maybe applied to the end of a tube much 
shorter than its focal distance, by having another 
convex glass within the tube, to shorten the focal 
distance of that which is cut in two. 

“3._It may he applied to the open end of a 
reflecting telescope, either of the Newtonian or the 
Cassegrain construction.” 

Dollond adds his opinion that the third type is 
“much the best and most convenient of the three”;- 
yet it is the first type that has survived the test of 
time and experience, and which is in fact the modern 
heliometer 

Pig. 29 illustrates Dollond’s divided object-glass 
heliometer of the third type. A is the end of the 
reflecting telescope, upon which the adapter B is fitted. B carries 
a wheel (not seen in the figure) formed of a ring racked at the 
outer edge, and fixed to the brass plate CC, so that a pinion moved 
by the handle D may turn it into any position. Two plates P, G, 




with the attached semi-lenses, move in slides fixed to the plate CC, 

— simultaneous motion, in contrary directions, being commimicated 
to them by turning the handle B, which drives a concealed pinion 
that works in the two racks seen in the highest part of the figure. 

The amount of separation of the semi-lenses is measured by a scale 
5 inches long, subdivided to ^th of an inch, and read by a vernier 
on the plate P to -s^Tth of an inch. In practical use this micrometer 
has never given satisfactory results (see ilosotti in the Efemeride of 
Milan for 1821). It must be remembered, however, that when 
Dollond gave preference to this typo he had not invented the 
achromatic object-glass ; his preference was fully justified under 
these circumstances. So far as wo know no heliometer with a 
divided achromatic object-glass was ever made by the elder Dollond 
on tho principle of his first type. His son, however, made whatjie 
called an object-glass micrometer, which was a great improvement 
on tho older Dollond’s second typo. 

In tho older construction tho brass mountings of tho semi-lenses 
obstructed the light entering the telescope in proportion to their 
separation, and the images wore so coloured as to prevent the use 
of any but very low powers. In the later construction the movable 
segments are formed from a negative achromatic lens of much larger 
aperture than the object-glass of the telescope with which the 
micrometer is employed ; and, for convenience in mounting, the 
segments gVk and cdf (fig. 22) are removed. In the fine example 
of this instrument at tho Royal Observatory, Cape of Good Hope, 
the movable lenses consist of segments of the shape gach and 
ca^(fig. 22) cut from a complete negative achromatic combination 
of 8.1 inches aperture and about 41 feet focal length, composed of 
a double concave flint lens and a double conve.x crown. This is 
applied to an excellent achromatic telescope of 3J inches aperture 
and 42 inches focal length. The instrument is represented in 
fig. 30 ; the same letters indicate tho analogous parts of fig. 29. 

The frame CC, moved by 
teeth on its outer edge, 
carries one of the halves 
G of the lens, and a simi- 
lar frame with teeth car- 
ries tho other half F. A 
scale 8^ inches long is 
fastened like an edge-bar 
to the frame of the seg- 
ment G, and each inch 
is subdivided into twenty 
parts, which are read olf 
by a vender to niVffth of an inch, and, by estimation, this can easily 
be carried to Ti^th or -jxiVeti* oI fiH inch. 'The two movable frames 
are imbedded in' a fi.xed plate HH, screwed to the adapter B, 
having a 'circular hole in its middle equal to the diameter of the 
object-glass. Tho slide of tho segment G is moved by turning 
tho milled head to the right of A, and tho other segment F by 
means of a rack and pinion on the opposite side, the latter being 
turned from tho eye-end by a handle not seen in the figure.. A 
screw is provided for clamping tho slide of the segment G, as it 
is intended that only the segment F shall be moved in making the 
final bisection. There is an index attached to the slide of G, reading 
on a rough scale engraved on tho plate H, which is obviously 
intended for setting the optical centre of the segment G approxi- 
mately as far from the optical axis of the telescope on one side as 
the optical centre of the segment F will bo on the other side during 
the intended measurement. This arrangement not only permits the 
measurement of angles twice as great as would be possible if one 
segment were fixed, but is also important in increasing the sjunmetry 
of the measures. The vernier is placed at one end of the scale 
when the optical centres of the segments are in coincidence, and is 
provided with screws at I, which are intended for adjusting the 
zero of the scale. The younger Dollond has in this model retro- 
graded, in some respects, from the admirable example of his father, ' ' 

who, - as shown in fig. 29, not only gave the lenses automatic 
opposite motion symmetrically w-ith respect to the axis of the 
telescope, but seems also to have provided for entire elimination of 
index error by making it possible to observe .all angles on opposite 
sides of zero — a precaution possible in the later form only when 
very small angles are measured. Rotation of the micrometer in 
position angle is provided for as in the earlier form,' but the in- 
strument is not furnished with a position circle. 

"With one oi these instruments of somewhat smaller dimensions''Tries- _ 
(telescope 2i) inches aperture and 3J feet focus) Triesnecker made a necker’s 
series of measurements at tho observatory of Vienna which has measure- 
been recently reduced by Dr Schur of Strasburg (Nova Acta der ments. 
JCsl. Leop.-Carol. Deutschen Akademic der Natursforscher, xlv. 

No. 3). The angle between tho stars f and (/.TTrsm maj. (708'''55) 

WM measured on four nights ; tho probable error of a measure on one 
night was ± 0"'44. Jupiter was measured on eleven nights in the 
months of June and July 1794 ; from these measures Schur derives 
the values 35"'39 and 37"'94 for the polar and equatorial diameter 
respeetively, at mean distance, corresponding ivitlx a compression 
1/14'44. These agree satisfactorily with the corresponding values 
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35 '21, 37’ '60, 1^15'69 afterwards obtained by Bessel {J^onigsbergcr 
Bcohachtutigen, xix. 102). From a series of measures of the angle 
between JupiteFs satellites and the planet, made in Juno and Juiy 
1794 and in August and September 1795, Schur finds the 


of Jupiter ■ 


a result which accords perfectly with 


1048'55±1'45’ 

the received value of the mass derived from modem researches. 
The probable errors for the measures of one night are ±0"'577, 
±0"'889, d:0"'542, ±1"'096, for Satellites I., II., III., and IV. 
respectively. It is probable that Tnesnecker deduced tho index 
error from his measures of the diameter of Jupiter, as, in 1794, 
the measures of diameter are made on tho same nights with thoso 
of the measures of distance of the satellites, and it is possible that 
measures of diameter may have been made in 1795 but not pub- 
lished. 


Considering the accuracy of these measures (an accuracy far sur- 
pa^ing that of any contemporary observations), it is somewhat sur- 
prising that this form of micrometer was never systematically used 
in any sustained or important astronomical researches, although a 
number of instruments of the kind were made by Dollond. 
Probably tho last example of its employment is an observation of 
the transit of Mercury (November 4, 1868) by 3Ir Mann, at the 
Eoyal Observatory, Cape of Good Hope {Monthly Notices Jt. A. S., 
vol. XXIX. p. 197—209). The most important part, how'ever, which 
this type of instrument seems to have played in the history of 
astionomy arises from the fact that one of them was in tho posses- 
sion of Bessel at Konigsberg during the time when his new obscr- 
^vatoiy there was being built. In 1812 Bessel measured with it the 
angle betiveen the components of tho double star 61 Cygni and 
observed the great comet of 1811. He also observed the eclipse of 
the sun on Jlay 4, 1818. In the discussion of these observations 
{Koniyaherger Beolacht., Abth. 5, p. iv) he found that the index 
error of the scale changed systematically in different position angles 
by quantities which w'ere independent of the direction of gravity 
relative to the position angle under measurement, but which 
depended solely on the direction of the measured position angle 
relative to a fixed radius of the object-glass. Bessel attributed this 
to non-homogeneity in the object-glass, and determined with great 
care the necessary corrections. But ho was so deUghted with tho 
general performance of tho instrument, with the sharpness of the 
images, and the possibilities which a kindred construction oficred 
for tho measurement of considerable angles with micrometric 
accuracy, that ho resolved, when ho should have tho choice of 
a new telescope for the observatory, to secure some form of 
hcliomcter. 

Nor is it difficult to imagine the probable course of reasoning 
which led Bessel to select the model ot his new helioraeter. Why, 
ho might ask, should he not select tho simple form of DoUond’s 
first typo ? Given tlio achromatic object-glass, why should not it bo 
divided ? This construction would give all tho advantage of tho 
younger Dollond’s object-glass micrometer and more than its sharp- 
ness of definition, without liability to the systematic errors which 
may bo due toivant of homogeneity of tho object-glass ; for the lenses 
will not bo turned with respect to each other, but, in measurement, 
wUl always have the same relation in position angle to tho line 
joining the objects under observation. It is true that the scale will 
require to be capable of being read with much greater accuracy than 
xi^u^th of an inch — for that, even in a telescope of 10 feet focus, would 
correspond with 2" of arc. But, after all, this is no practical diffi- 
culty, — for screws can be used to separate the lenses, and, by these 
screws, as in a Gascoigne micrometer, the separation of the lenses 
can be measured ; or we can have scales for this purpose, read by 
microscopes, like tho Troughton^ circles of Piazzi or Pond, or those 
of the Carey circle, with almost any required accuracy. 

Whetlier Bessel communicated such a course of reasoning to 
Fraunhofer, or whether that great artist arrived indeiicndcnUy at 
like conclusions, we have been unable to ascertain with certainty. 
The fact remains that before 1820® Fraunhofer had completed 
one or more of the five heliometers (3 inches aperture and 39 inches 
focus) which have since become historical instruments. In 1824 
the great Konigsberg heliometer was commenced, and it was com- 
pleted in 1829. m, ,• 

To sum up briefly the history of the heliometer. The first appli- 
cation of the divided object-ghiss and the employrapt of double 
images in astronomical measures is due to Savary in 1743. To 
Bougucr in 1748 is due tho true conception of measurement by 
double imago without tho auxiliary aid of a filar microm<.tcr, viz., 
by changing tho distance between two objcct-gla&=cs of equal focm>. 
To Dollond in 1754 we owe the combination of Savary’s idea of 
tho divided object-glass with Bouguer’s method of measurement, 
and the construction of the first really practical heliometen.._ To 
Fraunhofer, some time not long previous to 1820, is due, so far as 
wo can ascertain, tho construction of tho first helioiiieter wath an 


object-glass, ne., the first heliomcter of the 

Donhle-Imagc Micrometers viUt Diiidc^l Le.iacs. 

Various micrometers have been invented besides the l.elimi . n r 
for m^unug_ by double image. P-am.den's dioptric mieroieei, r 
consists of a divided lens placed in tho conjugate focus of tho inn, r- 
most lens of tho erecting eic-tubo of a terrestrial tcle^orK.'. 'Iho 
inventor claimed that it would suiiersedo the heliometer, but it Im 
never done anything foraatronomy. Dollond claims the indeij^nd- 
ent invention and first construction ofasimi!arinstrumeiu(Pearsun’s 
Praciical Astronomy, vol. iL p. 182). Of these and kindred instru- 
ments only two types have proved of practical value. Amici of 
Modena {Menu Soc. Ital, xviL (1815) pp. 344-359) dcsenks a 
micrometer in which a negative lens is introduced between tho 
eye-piece and the object-glass. Tliis lens is div ided and mounted 
like a heliomcter object-glass ; the separation of tho lenses produeo 
the reejuired double image, and is measured by a M.rew. Diwui 
has very successfully used this micrometer in conjunction with a 
filar micrometer, and finds that the precision of tlio measures n, 
in this way greatly increased {Monthly Notices, vol. xviii. p. 53, 
and Mem. R. A. S., voL xxxv. p. 147). 

In tho improved form ® of Airy’s divided e)c-gla!>s micrometer 
{Mem. R. A. S., vol. xv. pp. 199-209), tho raja Irom tho object 
glass pass successively through lenses as follows. 
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The lens b is divided, and one of tho segments L moved by a 
micrometer screw. The inaguifjing jmwer is varied by clianging 
the lens a for another in which p has a diiferent value. The in tgni- 
fying power of tho cj'e-pnccc is that of a single lens of focus “• t/) 

In 1850 Valz pointed out that the other optical conditions could 
be equally satisfied if the divided lens were made concave instead of 
convex, with the advantage of giving a larger field of view {Month I j 
Notices, vol. x. p. ICO). 

The last improvement on this instrument is mLiitiomd in tho 
Report of tho K. A. S. council, February 1865. It consists in tho 
introduction bj' Simms of a fifth kns, but no satisfactory duscrip- 
tion has over appeared. There Ls only one jmctiuil jnibliahea* 
investigation of Airy’s micrometer that is worthy of mention, 
viz., that of Kaiser {Annalen der SUniwarte in Leiden, at pp. 
111-274). The reader is referred to that lK^Kr for an exluu.i- 
tivo historj' and discussion of tho instnimeiit.’ It L) sorinwlnt 
suqirising that, after Kaiser’s investigations, observers should con- 
tinue, as many have done, to discuss their obiervations vrith thw 
instrument as if the screw-value were constant fur all anglci 
Steinhcil(i/b«rnaI8’airtn<dcJ7i(ni<A,28th February 1 8 43)dcjcribvi Stein- 
a “helioinetre-oculairo” which ho made for tho great i’lilko.v i rt- ! eil'j 
fractor, tlio result of consultations betwicii himself and the elder ovuhr 
Struve. It is essentially tho same in pniieiplo as Amiei’s inivru- m.cro- 
meter, except that the divided lens is an achromatic poiitive- instead met' r. 
of a ne"ative lens. Struve {Boscription de rOLcnntoirc C'lntrnl de 
Pullowa, pp. 196, 197) adds a few renurko to Steinheirs dev rin- 
tiou, in which ho states that tho images liavo no: all disirabh 
precision,— a fault perhaps inevitablo in all micrometer, witli 
divided lenses, and which is jirobablj' in this c-ojo .i.'grav .ited bj' 
the fact that the rajs falling upon tho divided lens havi coiunb r- 
ablc convergence. He, however, suecessfullj' cmplovcd tho in,lru- 
incut in me.asuring double stars, so eloso -is 1" or 2'', and Uaiiig a 
power of 300 diameters, with results that agreed sati-fictoriij 
auion'^t themselves and with those obtaiiKd with tho filar mit ro- 
raeter. If Struve had emplojed a proj-erly proi'Ortiumd do ibio 


1 The circles by Iteichcnbach, then almost exclusucl" oscU la Germany, ■were 

^**The”ljm”er of Vtaus'Has measured ■with ono of these hclioarttco at tho 
Oservatorj of IJrcalau by Urondes la Ib.'O {Berhn JaArtucX la.*, p. lOi) 
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circular diaphragm, fixed symmetrically with the axis of the telescope 
■ in front of the divided lens and turning with the micrometer, it 
is probable that his report on the instrument would have been 
still more favourable. This particular instrument has historical 
interest, having led Struve to some of those criticisms of the 
Pulkowa heliometer which ultimately bore such valuable fruit (see 
below). 

Eamsden {Fhil. Trans., vol. xix. p. 419) has suggested the 
division of the small speculum of a Cassegrain telescope and the 
production of double image by micrometric rotation of the semi- 
specula in the plane passing through their axis. Brewster {Ency. 
Brit., 8th ed., vol. xiv. p. 749) proposes a plan on a like principle, 
by dividing the plane mirror of a ITewtonian telescope. _ li^in, 
in an ocular heliometer by SteinheU double image is similarly 
produced by a divided prism of total reflexion placed in parallel 
rays. But practicallj' these last three methods are failures. In 
the last the field is full of false light, and it is not possible to give 
sufficiently minute and steady separation to the images ; and there 
are of necessity a collimator, two prisms of total reflexion, and a 
small telescope through which the rays must pass ; consequently 
there is great loss of light. 

Micrometers Depeiuling on Bouhlc Bcfraclion. 

Eochon’s To the Abbe Eochon {Jour, da Phys., liiL, 1801, pp. 169-198) 
micro- is due the happy idea of applying the two images formed by double 
meter, refraction to the construction of a micrometer. He fell upon a 
most ingenious plan of doubling the amount of double refraction of 
a prism by using two prisms of rock-crystal, so cut out of the solid 
as to give each the same quantity of double refraction, and yet to 
double the quantity in the effect produced. The combination so 
formed is known as Eochon’s prism. Such a prism he placed 
between the object-glass and e 3 ’e-piece of a telescope. The separa- 
tion of the images increases as the prism is approached to the object- 
glass, and diminishes as it is approached towards the eye-piece. 

Arago {Comptcs Jicndus, xxiv., 1847, pp. 400-402) found that 
in Eochon’s micrometer, when the prism was approached close to 
the eye-piece for the measurement of very small angles, the 
smaHest imperfections in the crystal or its surfaces were jneon- 
veniently magnified. He therefore selected for any particular 
measurement such a Eochon prism as when fixed between the eye 
and the eye-piece (i.c., where a sunshade is usually' placed) would, 
combined with the normal eye-piece employed, bring the images 
about to be measured nearly in contact. He then altered the 
magnify'ing power by sliding the field lens of the eye-piece (which 
was fitted with a slipping tube for the purpose) along the eye-tube, 
till the images were brought info contact. By a scale attached to 
the sliding tube the magnifyingpower of the eye-piece was deduced, 
and this combined with the angle of the prism employed gave the 
angle measured. Itp" is the refracting angle of the prism, and ii 
the magnifying power of the eye-piece, then pf'/ji will he the distance 
observed. Arago made many measures of the diameters of the 
planets with such a micrometer. 

DoUond {Phil. Trans., 1821, pp. 101-103) describes a double- 
image micrometer of his own invention in which a sphere of rock- 
crystal is substituted for the eye-lens of an ordinary eye-piece. In 
tMs instrument (figs. 31, 32) a is the sphere, placed in half-holes on 




overcome by Dollond; and in the hands of Dawes {Mem. R. A. S., 

XXXV. p. 144 sg.) such instruments have done valuable service. 

They are liable to the objection that their employment is limited 
to the measurement of very small angles, viz., 13" or 14" when the ' 
magnifying power is 100, and varying inversely as the jrower. Yet 
the beautiful images which these micrometers give permit the ' 
measurement of very diflicult objects as a check on measures with 
the parallel-wire micrometer. 

The Modem lleliometer. 

The Konigsberg helioraeter is represented in fig. 33. hTo part of Konif's- 
the equatorial mounting is shown in the figure,'as it resembles in berg° 
every respect the usual Fraunhofer mounting. An adapter h is helio- 
fixed on a telescope- ^ meter, 

tube, made of wood, 
in Fraunhofer’s usual 
fashion. ' To this 
adapter is attached a 
flat circular flange h. 

The slides carrying 
the segments of the 

divided object-glass ^ „„ 

are mounted on a * 

plate, which is fitted and ground- to rotate smoothly on the flange 
h. Eotation is communicated^ by a pinion, turned by the handle 
e (concealed in the figure), which works in teeth cut on the edge 
of the flange h. The counterpoise w balances the head about 
its axis of rotation. The slides are moved by the screws a and b, 
the divided heads of wliich serve to measure the separation of the 
segments. These screws aie turned from the eye-end by bevelled 
wheels and pinions, the latter connected with the handles a‘, II. 

'rhe reading micrometers e, f also serve to measure, independently, 
the separation of the segments, by scales attached to the slides; 
such measurements can be employed as a check on those made by 
the screws. The measurement of position angles is provided for 
by a graduated circle attached to the head. There is also a position 
circle, attached at m to the eye-end, provided with a slide to move 
the eye-piece radially from the axis of tlie telescope, and with a 
micrometer to measure the distance of an object irom that axis. 

'rhe ring which carries the supports of the handles a', U, c is 
capable of a certain amount of rotation on the tube. The weight 
of the handles and their supports is balanced by the counterpoise 2 . 

This ring is necessary in order to allow the rods to follow the 
micrometer heads when the position angle is changed. Complete • 
rotation of the head is obviously impossible because of the inter- 
ference of the declination axis with the rods, and therefore, in some 
angles, objects cannot be measured in two positions of the circle. 

The object-glass has an aperture of 64 inches, and 102 inches focal 
length. 

There are three methods in which this heliometer can be used. 

Eirst Method . — One of the segments is fixed in the axis of the 
telescope, and the eye-piece is also placed in the axis, ileasures 
are made with the moving segment displaced alternately on ojjpoaito 
sides of the fixed segment. 

Second Method . — One segment is fixed, and the measures .ire 
made as in the first method, excepting that the eye-piece is placed 
symmetrically with respect to the images under measurement. 

For this purpose the position angle of the eye-piece micrometer is 
set to that of the head, and. the eye-piece is displaced from -the 
axis of the tube (in the direction of tlie movable segment) by an 
amount equal to half the angle under measurement. 

Third Method . — The eye-piece is fixed in the axis, and the 
segments are symmetrically displaced from the axis each by an 
amount equal to half the angle measured. 

Of these methods Bessel generally employed the first because of 
its simplicity, notwithstanding that it involved a resetting of the 
right ascension and declination of the axis of the tube with each 
reversal of the segments. The chief objections to the method are 
that, as one star is in the axis of the telescope and the other dis- 
placed from it, the images are not both in focus of the eye-piece,’ 
and the rays from the two stars do not make the same angle with 
the optical axis of each segment. 'Thus the two images under 
measurement are not defined with equal sharpness and symimetry. 

The second method is free from the objection of non-coincidence in 
focus of the images, but is more troublesome in practice from the 
necessi^ for frequent readjustment of the position of the eye-piece. 

The third method is the most symmetrical of all, both in obser- 
vation and reduction ; but it was not employed by Bessel, on the 
ground that it involved the determination of the errors of two 
screws instead of one. On the other hand it is not necessary to 
reset the telescope after each reversal of the segments.’ 

• The distances of the optical centres of the segments from the eye-piece are in 
this method as 1 ; secant of the angle under measurement. In Bessers heliometer 
this would amount to a dilference of xi^sth of an inch, when an angle of 1* is 
measured. For two de^ecs the diffeience would amount to nearly i*,-.th of an 
inch. Bessel confined his measures to distances considerably less than 1*. 

In criticizing Bessers choice of methods, and considering the loss of time 
involved in each, it must be remembered that Fraunhofer provided no means of 
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■\\nien Bessel ordered the Konigsberg lielioineter, ho was anxious 
to liavo tho segments made to move in cylindrical slides, of which 
the radius should bo equal to the focal length of the object-glass. 
Frauuliofer, liowovcr. uid not execute this wish, on the ground 
that the mechanical difficulties were too great. 

Wichraann states {Kiinvjsb. Btohach., xxx. p. 4) that Bessel had 
indicated, by notes in his handbooks, tlio following iioints which 
should bo kept in mind in the construction of future lieliometcrs:— 
fl) The segments should move in cylindrical slides (2) the screw 
should be protected from dust;'- (3) the zero of the position circle 
should not bo so liable to change ; ^ (4) the distance of the optical 
centres of the seginonts should not change in dilferent imsition 
angles or otherwise; ■* (5) the points of the micrometer sciows should 
rest on ivory plates ; “ (6) there should be an apparatus for changing 
the screen.® 

The elder Struve, in describing the Pulkowa hoHometcr,^ made 
by ilera in 1839 on the model of Bessel’s heliometcr, submits the 
following suggestioms for its improvement:® — (1) to give automatic- 
ally to tile two segments simultaneous equal and opposite move- 
ment;® and (2) to make the tube of brass instead of wood ; to attach 
the heliometcr head Cnnly to this tube; to place the eye-piece perma- 
nently in the axis of the telcscojie ; and to fix a strong cradle on the 
end of the declination axis, in which the tube, with the attached 
head and eye-piece, could rotate on its axis. 

Both suggestions are important. 'I’lic first is originally the idea 
of Dollond (fig. 29); its advantages wcie overlooked by his son 
(description of fig. 30), and it seems to have been quite forgotten 
till resuggested by Struve. But the method is not available if the 
separation^ is to bo measured by screws ; it is found, in that c.ase, 
that the direction of the fiual motion of turning of the screw must 
always be such as to produce motiou of the segment against gravity, 
otherwise the “loss of time’’ is apt to be variable. Thus the 
simple connexion of the two screws by cog-wheels to give them 
automatic oj)posito motiou is not an available method unless the 
separation of the segments is independently measured by scales. 

Struve’s second suggestion has been adopted in nearly all succeed- 
ing heliomoters. It permits complete rotation of the tube and 
measurement of all angles in reversed positions of the circle ; the 
handles that move the slides can be brought down to the oye-end, 
inside the tube, and eoiuiequently made to rotate with it ; and the 
position circle may be placed at the cud of the cradle next the eye- 
end where it is convenient of access. Struve also points out that 
by attaching a iino scale to the focussing slide of the eye-piece, and 
knowing the coefiicieut of e.xpansion of the brass tube, the means 
would bo provided for determining the absolute change of the focal 
length of tho object-glass at any time by the siinjde process of 
focussing on a double star, 'riiis, with a knowledge of tho tempera- 
ture of tho screw or scale and its coelficicnt of expansion, would 
enable the chango of screw value to bo determined at any instant. 
Or, if wo supiKJSO the temperature of tho instruml'iit to be the 
.same in all its 'jiarts, the cnanged sc.ilo value becomes simply a 
function of tho reading of tho focal scale. 

It Is probable that tho Bonn heliometcr was in course of con- 
struction before these suggestions of Struve were published or dis- 
cussed, since its construction resembles that of the Konigsberg and 
Pulkowa instruments. Its dimensions are similar to those of tho 
former instrument. Bessel, having been consulted by tlie cele- 
brated statesman Sir llobert Peel, on behalf of tho Iladclilfc trus- 
tees, as to what instrument, added to the Padcliffo Observatory, 

reading the iicrews or even tlio lieads from tho eye-end. lic.ssel's practice was to 
uncUinip la declination, lower and read oir tlio lieud, and tlicn restore tlie tele- 
scope to its fonner declination reading, the clockwork meanwhile follonlng tho 
stars In right ascension. Tho setting of both lenses 8ymmetilc.ally would, under 
such circumstances, bo very tedious. 

1 Tills most important improvement would permit any two stars under ineasmc- 
incnt each to be viewed In the ojitical axis of each segment. The optical ccntics 
of tho segmenis would also remain at tho same distance from the eye- piece at all 
angles of separation. Thus, In measuring tho largest us well as tho smallest" 
angles, the Images of both stars would be c(|ually symmetrical and equally well 
In focus, llodern lieliometcrs made with cyllndilcal slides measure angles over 
two degrees, tho Images remaining as sharp and pcifect us when the smallest 
angles are measured. 

V liessel found. In course of time, that tho original corrections for the errors of 
Ills screw weic no longer applicable. He consldeicd that the changes were due to 
wear, which would be much lessened If the screws wcid protected fxom dust. 

3 The tube, being of wood, was probably liable to waip and twist In a very 
uncertain way, , , , 

•* We have been unable to find any published drawing showing how the seg- 
ments are fitted In their cells. 

3 We have been unable to ascertain the icasons which led Bessel to choose 
ivory planes for the end-bearings of his sciovs. He actually Intioduccd them In 
the Konlgsbeig heliometcr in 1810, and they were renewed In 1818 and 1850. 

C A screim of wire gauze, placed In front of the segment through which the 
fainter star ii vlewcU, was employed by Bessel to cfiuullzc the brllJUncy of the 
lIna^^e 3 under observation. An urrangement, uftenvards described, has been 
fitted in modern lieliometcrs for placing the screen in front of cither segment by 
a handle at the eye-end. . , j- 

^ Uhls heliometcr resembles Beiscrs, except that Its foot Is a solid block of 
granite instead of the ill-conceivcd wooden structure that suppewted his instru- 
ment. Tho object-glass Is of 7*4 inches apcituie and 123 inches focus. 

® Description de V Observatoira central de Pulkowa^ p. 208. , * c. 

^ Stclnheil applied such motion to a double-image micrometer made for Stravc. 
Tills instrument suggested to Struve the above-mentioned idea of employing a 
almllar motion for tlie heliometcr. 
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would probably most promote the advancement of astronomy 
strongly advised the selection of a heliometcr. The order for ttm 
"-f Kepsolds in 1840, but “various dreum- 
stances, for which the makers are not responsible, contributed to 
delay the completion of the instrument, which was not delivered 
before the winter of 1848.’’^® Tlie building to receive it was com- 
menced in Marcli 1849 and completed in tho end of the same year 
lliis splendid instrument has a superb object-glass of 7i inches 
aperture and 126 inches focal length. Tho makers availed them- 
selvcs of Bessel’s suggestion to make the segments move in cylin- 
drical slides,, and of Struve’s to have tlie head attached to a brass 
tube ; the eye-piece is set pennanontly in the axis, and the whole 
rotates in a cradle attaclied to the declination axis. They provided 
a splendid, rigidly mounted, eijuatorial atand, fitted with every 
luxury in tho way of slow motion, and scales for measuring tho 
displacement of the segments were read by powerful micrometers 
from tho eye-end. It is somewliat curious that, tliough Struve’s 
second suggestion ivas adopted, his first ivas overlooked by tho 
makers. But it is still more curious that it was not afterwards carried 
out, for the communication of automatic symmetrical motion to 
both segments only involves a simple alteration previously dc- 
.scribed. But, as it came from the hands of the makers in 1849, tho 
Oxford heliometcr was incomparably the most powerful and perfect 
instrument iu tho world lor tho highest order of mierometric 
research. It so remained, unrivalled in cveiy respect, till 1873; it 
remains still, optically, tlic most ^powerful heliometer in tlie world; 
and, with a few alterations, it might almost rival tho most recent 
instruments in practical convenience and accuracy. These altera- 
tions, all of which could bo made without great difficulty, are the 
following 

(a) Beyond tho automatic symmotric.al motion above-described, 
tho instrument should be fitted with means for adjusting tho screens 
from tho eye-end (sec footnote ® in last column). 

(i) Tlie arrangement of the scales should be changed. At present 
both scales are read separately by separate micrometers, each 
relative to a separate fiducial line. "What tho observer requires is 
the diliereiico of tlie readings of the two scales, and this can obvi- 
ously bo most quickly and accurately obtained if tlie edges of the 
two scales are brouglit together, and botli are road, relatively to 
cacli otlier, by the same micrometer. 

(c) The unsatisfactory motiou in position angle should bo replaced 
by the action of a pinion (attached to the cradle) in the teeth of a 
wheel (attached to tho tube).’® 

(d) ’I'lic position circle should be read by telescopes or microscopes 
attaclicd to the cradle, and acce.ssiblo from tho eye-end. 

(a) It would add gicatly to the rapidity of work and tlio case of 
tlie observer if a small declination circle were attached to tho cross- 
head, capable of being read fiom tho eye-end. 

zVs the transit of "Venus of 1874 approached, preparations were 
set on foot by the German Government in good time ; a commission 
of the most celebrated astronomers was appointed, and it was re- 
solved that the heliometcr should he the instrument chiefly relied 
on. Tho four long-neglected small heliometcrs made by Fraunhofer 
were brought into requisition. Fundamental alterations were made 
upon them: — their wooden tubes weie replaced by tubes of metal; 
me.ans of measuring the focal point were provided; symmetrical 
motion was given to tlie slides ; scales on each slide were provided 
instead of screws for measuring the separation of the segments, and 
both scales were lead by tlie same micrometer microscope ; a 
metallic thermometer was added to determine the temperature of 
the scales, 'riieso small instruments liavo since done admirable 
work in tho hands of Schur, Ilartwig, Kustnor, and Elkin. 

The Russian Government ordered thicu new heliomcters (each of Russian 
4 inches aperture and 6 feet focal length) from the Ropsolds, and tlie helio- 
design for their construction was superintended by Struve, Auwers, meters. 



and "Winnecko, tho last-named making the necessary experiments at 
Carlsruhe. Fig. 34 represents tho type of instrument which re- 

10 Manuel Johnson. M.A., Radcllffe observer. Astronomical Observations made 
at the ItadcliiTe ObservatoT^j, Oxford^ in the year 1850, Introducti^on, p. ill. 

*rt The illumination of tlicsc scales Is intcicstlng as being W ,^0 

clectrieity to tlio Illumination of astronomical mstruinenls Tb n 
nSSred Incandescent by a voltaic cut lent; a small Swan light and condenser 

'T'^,J|Jts"lfemr:eceatirc^^^^^^^^ ‘i"® 

on Gill's suggestion. 
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suited from tbeir labours. The brass tube, strengtliened at tho quired by Gill in 1879, he changed the manner of imparting the 
bearing points by strong truly -turned collars, rotates in the cast- motion in question, A sqnme toothed racked wlieel was applied to 
iron craiUe q attached to the declination axis, o is the eye-piece the tube at r (lig. 34). Ihis wheel is acted on by a tangent screw 
fixed in that a.xis, 6 the miciometer for reading both scales, whoso bearings are attached to tho cradle ; the screw- is turned by 

means of a h.indlo supported by bearings 
attached to tho cradle, and coming within 
convenient reach of the observer^ hand. 

Tho tube turns smoothly in tho racked wheel, 
or can be clamped to it at the will of the 
observer. This alteration and the new equa- 
torial mounting have been admirably made 
by Grubb ; the result is completely success- 
ful. Tho iiistiument so altered has been 
in constant use at the Cape Observatory 
since ilarch 1881 in determining tho paral- 
lax of the more interesting southern stars. 

Still more recently the Repsolds have com- Yale 
pleted a new heliometer for Yale College, College 
New Haven, United States. Tho object-glass helio- 
is of 6 inches aperture and 98 inches focal meter, 
length. The mounting, the tube, objective- 
cell, slides, See., are all of stecl.^ The in- 
strument is shown in fig. 38. Tho circles 
for position anglo and declination are read 
by micrometer microscopes illuminated by 
tho l.imp L; the scales are illuminated by 
tho lamp 1. T is part of the tube proper, 

Fig. 35. and turns ivith the head. Tho tube V, on the 

c, d aie telescopes for leading the position circle p, e tho handle contrary, is attached to the cradle, and merely forms a suj^rt for 
for quick motion in position angle, y the slow motion in position tho finder Q, the handles aty and p, and the mov ing ring P. The 
an'de, the handle for changing tho separation of the segments latter gives quick motion in position angle; the handles at p 
by acting on the bevel- wheel s' (fig. 35). A is a milled head con- clamp and give slow motion in position angle, those at / clamp 
nected by a rod with A' (fig. 35), for the 
purpose of interposing at pleasure the 
prism V in tho axis of the leading micro- 
meter ; this enables the observer to view 
the graduations on tho face of tho metallic 
theiuioineter rr (composed of a rodof brass 
and a rod of zinc), i is a milled head 
connected with the wheel rV (fig. 35), and 
affoids the means of placing the screen s 

a . 34), counterpoised by w over either 
f of the object-glass. A clamps the 
telescope in declination, n clamps it in 
right ascension, and the handles m and 
I provide slow motion in declination and 
light ascension respectively 
The details of the interior mechanism 
of the “head” will bo almost evident 
fioin fig. 35 without description. Tho 
screw, turned by the wheels at /, acts in 
a toothed arc, whence, as shown in tho 
figure, equal and opposite motion is com- 
municated to tho slides by the jointed 
lods V, V. The slides are kept firmly 
down to their bearings by tho rollers 
r, r, r, r, attached to axes which are, in 
the middle, vei-y strong springs. Side- 
shake is prevented by the screws and 
pieces A, A, A, A. The scales are at n, n ; 
they are fastened only at the middle, and 
aie kept down by the brass pieces t, t. 

Lord A similar helionieter was made by the 
Lind- Eopsolds to the order of Lord Lindsay 
say’s for his Slauritius expedition in 1874. It 
helio- differed only fiom the three Russian in- 
meter. strumeuts in having a mounting by the 
Cookes in which the declination circle 
reads from the eye-end. ^ This instru- 
ment was afterwards most generously 
lent by Lord Lindsay to Gill lor liis ex- 
pedition to Ascension in 1877." 

These four Repsold helioraeteis proved 
to be excellent instruments, easy and 

convenient in use, and yielding results ' Fig. 36. 

of very high accuiacy in measuring dis- 
tances. Their slow motion in position angle, however, was not all and give slow motion in right ascension and declination, a is 

that could be desired. IVlien small movements weio communi- the eye-piece, & tho handle tor moving the segments, pthemicro- 

cated to the handle c (fig. 34) by the Laugent screw/, acting on meter microscope for reading tho scales and scale micrometer, d 

a small toothed wheel clamped to the rod connected with the driv- tho iniorometei readem of tho position and declination circles, 6 

ing pinion, there was .apt to be a torsion of tho rod rather than an tho handle for rotating the large nheel E uhich carries the 

immediate action. Thus the slow motion would take place by scieens. The hour ciicle is also read by microscopes, and the 

jerks instead of with the iiecess.iry smoothness and certainty, instrument can be used in both positions (tube preceding and 

'When the hehometer part of Lord Lindsay’s heliometer was ac- 77“ 

’ TIio primary object was to havo the object-glasa moniited in steel cells, wlilcn 

more nearlj conespond lu c'^P‘\i\slon glnss. It 'became tlien desirable to 
L make the head of steel for sake of uniformity of matei lal, and the nd> aniagcs of 
steel in lightness and rigiditj for the tube then became cMdeut. 
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following) for tho elimination of the effect of flexure on tho position 
angles. 

There is very little left to criticize in this instrument. It 
embraces the results of all knowledge and experience on tho subject 
to the present time. In one point, however, modern hcliomctcrs 
have a disadvantage compared with tho older forms. A great 
advance in accuracy was, no doubt, made when the screw was 
abandoned as a means both of moving and mea.suring the displace- 
ment of the slides.! But it is obviously much quicker to read and 
record the indication of one screw-head than to bisect two or four 
scale-divisions and enter tho corresponding readings. Auwers, in 
his researches on tho parallax of 61 Cygni,“ was able, with 
tho libnigsberg heliometer, to make forty pointings in about an 
hour ; it is quick work to make sixteen pointings (reading two 
divisions on each scale at each pointing) with the modem heliometcr 
in the same time, when attention is paid to tho desirable reversals 
of the segments and of tho position circle and the resettings in right 
ascension and declination. Now time during opportunities of good 
definition (or otherwise)^’ is too precious to bo sacrificed, if it can bo 
saved even by ten-fold labour aftenvards. Carrington * has suggested 
the possible use of photography to record the readings of astro- 
nomical circles, and since his day “Swan lights” and “sensitive 
dry plates” seems to have brought his suggestion witliin the range 
of practice. A special microscope, fitted with an aplanatic photo- 
graphic objective and a well-contrived carrier, might be made 
automatically to expose a different part of a narrow dry plate, by 
mere pressure or turning of a button after each bisection. Each 
plate might easily record tho sLxteen bisections which constitute a 
complete measure of two pairs of stars (as in a parallax determina- 
tion). As it is only necessary to photograph two divisions of each 
scale, the photographic cnlargerncut of these divisions need only be 
limited by tho sensitiveness of tho plates and the power of the 
illumination to produce a picture in a conveniently short space 
of time. Tho plates employed at night could bo conveniently 
developed tho following day and measured with a special apparatus 
at any convenient time and with almost any desired accuracy. 
■\Vcro such a system reduced to practice it would at least double, 
perhaps treble, an observer's po.ssible output of work. 

Gill has introduced a powerful auxiliary to tho accuracy of hclio- 
nieter measures in the siiape of a reversing prism placed in front 
of tho eye-piece, between the latter and the observer’s eye. If 
measures are made by placing tho imago of a star in the centre 
of the disk of a planet, tho observer may have a tendency to do so 
systematically in error from some acquired habit or from natural 
astigmatism of tho eye. But by rotating the prism 00° the image 
is presented entirely reversed to tho eye, so that in the mean of 
measures made in two such positions personal error is eliminated. 
Similarly the prism may bo used for the study and elimination of 
personal errors depending oh the angle made by a 
double star with the vertical. Tho best plan of 
mounting such a piisra has been found to bo tho 
following. I', I- (fig. 37) are the eye lens and field lens 
respectively of a Iferz positive eye-piece. In thi.s 
construction the lenses are much closer together and 
the diaphragm for tlfe eye is much farther from 
tho lenses than in Bamsden's eye-piece. Tho prism 
p is fitted accurately into brass slides (care has to be taken in 
tho construction to place the prism so that an object in the 
centre of tho field will so remain when the eye-piece is rotated in 
its adaiiter). There is a collar, clamped by the screw at S, which 
is so aujusted that the eye-piece is in focus when pushed home, in 
its adapter, to this collar. The prism and eye-piece are then 
rotated together in the adapter. 

On tho tlicory of the hellomcter and Us use consult Dcssel, Attronomitche 
Untenuchuntjen, vol. 1.; Hansen. 'Aui/Mrliche Mcttmle viU Jem Praunho/enchen 
Ueliometer anzutUUen, Gotha, 1827: Chauvenet, Spherical and Practical Atlro- 
norny, vol. II, jip. 'lOa-lSO, I'lilladclplila and London, 187C; ScollKcr, Theorie 
del Jleliometeri, Lelpilc, 1877; Lindsay and GUI, Bunecht Publications, vol. II., 
lJunecht (for private circulation), 1877; GiW, Memoirs o/theJloyal Astronomical 
Society, vol. xlvl. pp, 1-172. 

Micro-mlcrs which Involve the Ernploy'mnt of the Biumal Motion. 

Advantage is often taken of the diurnal motion to measure the 
relative positions of stars. The varieties of reticules and scales that 
have been employed are fur too numerous oven for mention in 
detail. The following are tho means and methods by which most 
woik lias been done, and they are typical of all the others. In the 
focus of his meridian telescope Lacaille had a brass diaphragm in 

t Strews, as Auwers's dlscu-sslon of Ilci'scrs observations (“Parallaxe von Cl 
CvKnl," Abhandtunyen der Koniyl. Akad. der Wissenscha/ten zu Berlin, 1868) has 
shown, are apt to wear and chan:;c their errors. It Is, besides, undesirable to apply 
force and friction to a delicate btandaid of meuBure. 

^ Attron,Jiaehr{chten^ 1^0^ 1410 , , ^ xi. i. 

* For example, in determining the dlnmal parallax of a planet the most 
favourable conditions arc limited on the one hand by tho uncertainties of refrac- 
tion at large zenith distances, and on the other by the small parallax factors of 
small zenith dl-stances. It would probably be best to secure all the obsc^ations 
between .00* and CO* ZD, and this would only be possible with special facilities for 
rciidlng the scales, 

■* Monthly Notices R. A. S., vol, xxx. p. 4C, 
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Fig. 38. 

their mutual dilTer- 


which was cut a hole, having parallel, sharp, straight ed^os of the Tn 
8hapo shown in fig. 38. ^rfic loimer diaSinal of the rhomboid Slle’a 

*°rter parallel, to tho rbom- 
the ^ “cthod of observation consisted in noting told, 

the instant of ingTcss and egress of each star which presented itselh 
Ihc mean of the times thus noted for each star gave tho time of its 
transit over tho imaginary lino ab, whilst the difference between 
tho instant of ingress and that of 
egress (converted into arc by tlio 
known approximate declination) gave 
the length of the chord traversed by 
the star parallel to the imaginary 
line cd. Hence (tho dimensions of 
the rhomboid being known) the differ- c 
ence of tho star’s declination from 
tho lino cd became known (tho ob- 
server was of course careful to note 
whether tho star passed to nortli or 
south of cd). Thus cveiy star that 
crossed tho field was observed, all 
their right ascensions were referred 
to tho clock-time of passing ab, and 
all their declinations to that of cd ; hence 
ences of right ascension and declination were known. In this 
way, in tho aliort space of ten months, Lacaille observed nearly ten 
thousand 8tar3_ at the Cape of Good Hope in the years 1751-62.“ 
Fraunhofer’s ring micrometer consists of a ring of steel, very truly King mi- 
tumed, mounted in a hole cut in a circular disk of glass. The ring is crometer 
placed in tho focus of a telescope, and viewed by a positive eye-piece. 

The observer notes the instants when the two objects enter and 
emerge from each side of tlio ring. The only data required for com- 
puting the difierenco of right ascension and declination of the two 
objects arc tho times above mentioned, the diameter of the ring, 
and tho approximate declination of one of the objects. The latter 
is always known. Tho methods of determining tho former and of 
reducing tho observations are to bo found in every work on practical 
astronomy. The ring micrometer has been largely used in observ- 
ing comets. 

Argclaiider, in making his famous survey of the northern heavens,'’ Arge- 
employed a semicircle of glass, the straight edge of which (truly lander's 
ground) crosses the centre of tho field of view at right angles to the scale, 
diurnal motion of the stars, Dilferenccs of right ascension were 
directly obseiTcd at this edge, whilst differences of declination were 
noted by strong dark lines drawn at right angles to the edge at each 
10' of arc. A telescopo of 3 inches aperture with a magmifying power 
of 10 diameters commanded a field of 3° 20' in declination. Ono 
observer was placed at tho telescope, another at tho clock. 'Tho 
telescope observer marked tho instant when the star touched the 
gla.s3 edge, by calling sharply the word “eight” or “nine,” &c., 
which also indicated tho magnitude ; the same observer also noted 
and recorded the reading of the declination scale (where the star 
crossed it), without removing his eyo from tho telescope. The 
clock observer wrote down the magnitude called out by the telescope 
observer, and the instant by the clock when tho word was given. 

Tho two records were then compared after tho observations of tho 
night were over. In this way Schonfeld and Krueger (Argelander’s 
assistants) observed and catalogued about three hundred thousand 
stars. The probable error of an observation is about ±0'7 sec. in 
right ascension and iO''! in declination. 

Bond” employed a very similar arrangement, dift’ering only from Bond's 
Argclander’s in having the scale out on a sheet of transparent mica mica 
iV;nyth of an inch in thickness. Very oblique illumination was declino- 
employed, and the divisions and figures wore seen bright upon a meter, 
darx background. 'Tho range of declination was limited to 10', 
the scale wa.s divided to 10”, the right ascensions were observed by 
chrouographic registration, and the great refractor of the Cambridge 
U. S. Observatory (with an aperture of 15 inches and power of 140) 
was employed, 'The probable errors in right ascension and declina- 
tion were found to be iO'06 sec. in right ascension and iO 6 in 
declination— results of marvellous accuracy considering the amount 
of work accomplished in a short time and the faintness (eleven to 
twelve magnitudes) of the stars observed. ^ 

We were on tho point of criticizing Bond’s prograinme m some- Peters s 
what too ambitious for realization without cooperation (it would zones, 
take about twenty-six thousand hours of observing to cany out tho 
scheme for the northern hemisphere alone) when we received from 
Peters of Clinton, U. S., the first twenty maps of a series which will 
include the whole of tho sky between declination -P 30° and -- 30 . it 
we consider that all the stars in these maps of thc eleventli magmi- 
tude or brighter have been observed by a method similar to Bona s, 
that the enormous additional labour of frequent revision has been 
undertaken, and all stars visible with a power of 80 in .a telescope ol 
13 inches aperture (about fourteenth magnitud e) have been lillea in 

5 Lacaille, Calum Australe Stelli/erum, Paris, 17C3, and A Catatoyue of 01 GO 
Stars, /rom the Obsercations of Lacaille, London, 1817. 

0 Allas des Pardlichen aestirnten f H 

1 Annals of the Astronomical Obsercalory, llareard Colleye, \ol. i. partn. 
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by alignment, and that all this results from the unaided labour of a 
single observe]', we find that our ideas of the possible have to be modi- 
fied, ^¥hen such a man undertakes a work with persi-stent unity of 
purpose for more than twenty years (1860-83). 

There is an ingenious mode of registering dilferences of declination 
that has been in use at the Berlin Observatoiy since 1879, and is 
described by Dr Knarre in the Zeitsehriftfur Instnmentenhimde 
for July 1881. The instrument is called a decliuograph. It has a 
web moved in declination by a quick-acting screw ; the same screw 
carries a ti-avelling pricker or point. The observer having bisected 
a star by the wire has simply to compress an india-rubber ball con- 
nected by a flexible tube ¥¥1111 a thin metal box made on the prin- 
ciple of the vacuum chamber of an aneroid barometer. _ The ex-, 
pension of tliis box so produced brings a sheet of paper jn contact 
with two prickers, one the movable pricker before mentioned, the 
other a fixed pricker. The action of the vacuum box also 
automatically shifts the paper (a long roll) by a small quantity at 
each observation, so that successive observations are recorded in 
regular order. To obtain the observed differences of declination it 
is then only necessary to measure with a glass scale (divided for 
the special telescope to 10") the distance of each record of the 
moving pricker from the fixed pricker. It is found, with this 
decliuograph on the Berlin equatorial, that the observed declina- 
tions have only a probable error of ±0"’9. It is obvious that by 
using a chronograph in conjunction with this instrument both 
light ascensions and declinations could be recorded with great 
aecui’acy and rapidity. 

Miscellaneous Micrromctcrs. 

Clausen in 1841 {Ast. Nacli., 'So. 414) proposed a form of micro- 
meter consisting of a divided plate of parallel glass placed within 
the cone of rays from the object-glass at nght angles to the 
telescope axis. One half of this plane remains fixed, the other 
half is movable. When the inclination of the movable half with 
respect to the a-xis of the telescope is changed by rotation about an 
axis at right angles to the plane of division, two images are pro- 
duced. The amount of separation is very small, and depends on i 
the thickness of the glass, the index of refraction, and the focal 
length of the telescope. Secchi {Compites Rendus, xli., 1855, p. 
906) gives an account of some experiments with a similar micro- 
meter ; a.uiL'Potio (.Comptes liendus, six. p. 1058) claims the original 
invention and construction of such a micrometer in 1842. Clausen, 
however, has undoubted priority. Helmholtz in his “ Ophthalmo- 
meter ” has employed Clausen’s principle, but arranges the plates 
so that both mov'e symmetrically in opposite directions with respect 
to the telescope axis. Should Clausen’s miciometer be employed 
as an astronomical instrument it would be well to adopt the im- 
provement of Helmholtz. 

Burton and Grubb (Monthly Notices, vol. xli. p. 59), after calling 
attention to Lament’s paper (Jahrbuch der K. S. b. Mimchen, p. 
187) and Littrow’s paper (Proc. of Vienna Acad, of Sciences, vol. xx. 
p, 253) on a like subject, proceed to describe a most ingenious form 
of “ Ghost Micrometer,” in which the image of a fine line or lines 
ruled in (or rather cut through) a silver film deposited on glass is 
formed at the common focus of au object-glass and eye-piece of a 
telescope, A faint light being thrown on the outside of the silvered 
plate, there appear bright lines in the field of view. We have not 
had an opportunity of testing this, nor Grubb’s more recent 
models ; but, should it be found possible to produce .such images 
satisfactorily, without distortion and with an apparatus convenient 
and rigid in form, such micrometers will probably supersede the 
filar micrometer. Their absolute freedom from diffraction, the 
perfect control of the illumination and thickness of the lines, and 
the accuracy with which it will be possible to construct scales 
for zone observations will be important features of the new 
method. 

For the use of micrometers in connexion with the microscope, 
see p. 277 of the present volume. (D. GI.) 

MICRONESIA. The term “Micronesia” embraces' 
that region of the Pacific north of the great Melanesian 
islands, where, either perhaps from a greater or more rapid 
subsidence, or from the decreasing activity northwards of 
the coral builders, the islands become, generally speaking, 
smaller and fewer, and finally cease. Accordingly, except- 
ing the ilarianas or Ladrones, which are of volcanic 
origin, and a few isolated instances of elevation in the 
Carolines, the Micronesian islands, though many of the 
groups cover a vast area, are almost wthout exception very 
small low coral (atoll) formations. Besides the Ladeoxe 
and Cakollnx Islands {(fv.) ilicronesia includes the 
Marshall and Gilbert groups, and some geographers 
include the An.son group, a nmnber of small widely- 


scattered islets to the west of Hawaii, the ilagellan 
group farther west, and the Bonin Islands north of the 
Ladrones.^ 

North-easterly Avinds prevail during the Avinter months 
over the hlarshalls, Ladrones, and Carolines, except in 
the extreme west, AA^hile between May and September the 
influence of the monsoon causes unsettled weather from 
the Avest, with heavy gales. In the Gilberts the south-east 
trade-Avind brings fine Aveather at this season. 

The ethnological features of Micronesia are much more 
definite than the geographical, for its populations form 
one great branch of the fair Polynesian race, distinguished 
from the other by weU-marked differences in appearance, 
language, and institutions. Its ethnological relations are 
not thoroughly understood. The proximity of Japan and 
the Philippines on the Avest and of the Papuan and South 
Polynesian islands on the south and south-east suggests, 
Avhat in fact we find, a combination of elements in different 
degrees of fusion. In some places the oblique Mongolian 
eye is noticed, and (along AAdth certain Indo-Chinese 
customs) there is often a scantiness of beard and general 
“Malay” look which increases westAvards, and seems to 
imply relations Avith the archipelago subsequent to the 
departure thence of the pure Polynesians. In the Gilberts 
the traces of Polynesian (Samoan) influences are evident, 
and are confirmed by tradition. Among the Carohnes and 
the Marshalls darker and more savage communities are 
found, suggesting a Melanesian element, which is further 
traceable in the Ebon (Marshall) and other languages. 

Each of the four groups, from long isolation, has devel- 
oped peculiarities of its OAvn. The most advanced were 
the “ Chamorros-” of the Ladrones, OAving to the greater 
natural resources of the islands, and perhaps more frequent 
contact Avith influences from the Avest ; but as a separate 
people they no longer exist, having been nearly extermin- 
ated by the Spaniards in the 17th centApry. Next in 
advancement come the Carolines. The general type is a 
well-proportioned rather slightly built figure, Avith small 
and regular features; head high and Avell-proportioned, 
but forehead rather retreating, and narrow at the temples ; 
cheek bones and chin slightly prominent ; colour someAvhat 
darker than the Polynesians, the Marshalls being darker 
and more vigorous than the Carolines, while the Gilbert 
type is still darker and coarser. The uj^per class ^eatly 
surpasses the common people in physique and intelligence. 

There' is a peculiar division of society into septs or 
clans, the membership of Avhich constitutes the closest tie. 
Persons of the same sept must not intermarry, and Avhen 
two islands or communities meet in war the members of 
one sept, hoAvever Avidely separated by distance of space 
or time, AviU not injure or fight A\uth each other. Each 
community is usually composed (but there are local differ- - 
ences) of — (1) an upper class of chiefs, from among Avhom 
the head (famol or iros) is chosen ; (2) a loAA'er but still 
noble class ; and (3) common ' people, mostly AAuthout 
rights of property. These last are only alloAved one wife. 
Assemblies of the chiefs everyAvh'ere limit the kingly , 
authority. In the Marshalls the sovereign has lost his 
control over many of the atolls, and in the Gilberts the 
above distinctions have nearly disappeared; the headship 
has lapsed, and, especially in the southern islands, the man 
of largest substance is the most poAA’-erful, and sometimes 
establishes a local supremacy. Here and there are traces, 
as in Tonga, of a spiritual sovereign, the descendants 
probably of a conquered dynasty. Succession is through 
the female side, winch assures to Avomen a certain position, 

^ These islands, which contain a mixed immigrant population, are 
claimed, and have been recently surveyed, by Japan. But they tvere 
annexed to England by Captain Beechey in 1827. (See Von Kittlitz, 
Dcnkwixrdigkeiten einer Rcise nach .... Mikroncsicn, tc., vol. ii. ) 
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and leadd bfcrfides to .some curiou.s results (.see paper by 
Kubary in Da» Audand, 1880, No. 27). The upper clas.s 
are the keepers of tradition.s, boat-builders, leaders of 
e-xpeditions ; tattooing Ls generally done by them, the 
amount increa.sing witli a inan’.s rank ; the cu-stom here 
.still has definite religions as,sociations, lloth .sexes are 
tattooed. The jieople are singularly amiable and well 
di.spo.-,ed, but will repay ill usage with treachery. The 
women (although chastity is not expected before marriage) 
are somewhat more moral than the Polynesians, and are 
treated with respect, as are the aged. The natives arc 
polite and hospitable to strangers (except on the poorer and 
ruder island.s), bright and intelligent, active traders, e.xpert 
cultivators and fi.shermen. They have a hand-loom from 
which beautiful fabrics of banana, hibi.scas, and other fibres 
are produced. The lilarshall Islanders are the boldest 
. and mo.it skilful navigators in the Pacific. Their voyages 
' of many months’ duration, in great canoes .sailing with 
outrigger to windward, well-provisioned, and depending on 
the skies for fre.sh water, help to sliow how the Pacific 
was colonizwl. They have a sort of chart, vicdo, of small 
sticks tied together, repre.senting the po.sitions of i.slands 
and tlie directions of the winds and currents, A two-edged 
weapon, of which the blade is of sliarka’ teeth, and a 
defensive armour of braided .sennit, are al.-io peculiar to the 
Lstand.Tj a large adze, made of the Tridaaia (jiyu, vras 
fonnerly u.-;cd in the Caroline.s, probably by the old 
builder race. 

The laiigiugw of ilicrontoia, though gramm.itie.'illy .-ilike, differ 
v.-idely in their vocabubries. Tliey liave the cliief charicteribtics 
of the Polynedaii, withilalay ailiriitie.s, and peculiarities such a.s tlic 
mss of .suffixes arnl inseparable pronouns and, as inTa'cd, of theinfi.x 
to denote changes in the verb ; in tlie v.'c.it groups tlicrc i.s a tend- 
ency to clo-.cd .syllables and double consonants, and a u.se of the pala- 
tals c/<, j, ah, the dental Ih, and s (the l.'ist perhajis only in foreign 
srord-s), which Is alien to the Polynesian, These letters arc 
wanting in the Gilbert language, which dilfer.s con.siderably from 
all the others, an J lots much greater allinities with the Polync.sian. 

The religioiLs myth.s are generally identifiable with the Polynesian, 
but a belief in the gods proper i.s overshadowed by a general 
ileification' of ance.stors, who are auppo.5cd from time to time to 
occupy certain blocks of stone, set up near the family dwellingj and 
surrounded hy circles of .smaller ones. These .stones arc anointed 
v/ith oil, and worshipped with prayer and olfcrings, .and arc also u.sed 
for pur[K).-,es of divination, in whitdi, and in various oraeu.s, there i.s 
a general liclief. In the Mur.slialli, in (dace of the.-e stonc.s, certain 
[mIui trees are similarly enclosed. The .spirits .also aometimes 
inhabit certain binls or lishe.s, which are tlien tabu, as food, to tlic 
family ; but they will lielp to catch them for others. All this 
clo,ely recalls the hinmrs or ancestral images of New Guinea. 
Temples are very rare, tiiougli these blocks of coral are sometimes 
surrounded by a roollc.ss enclo.siire otiening to the west. The bodies 
of the de.id, and .sometimes even of the sick, are de.spatclied to sea 
westwards, witli certain rites; tho.se of the chiefs, however, are 
brried, for the order .lias sometliing e.s.senti.ally illvine aUmt it; 
their botiics therefore are sacred, and their spirits naturally as.sume 
th ; position aljove dc^scrihed. .Such a belief greatly strengthens the 
king's authority, for the spirits of his ancestors are necessarily more 
powerful than any other .spirits. Thus too it comes that the chiefs, 
anil all belonging to tlicin, are tabu :is regards the common peoide. 
There .are various other subjects and fscca.sions of tabu, hut the i 
institution lias not the oppre.s.sive and all-pervading character [ 
which it lias in Polynesia, Its action Is often economical or ■ 
charitable, e.rj., the rijsming cocoa-nuts are tahii as long as the bread- 
fruit lasts, thus .securing the fonner for future u.se ; or it is put on 
after a death, and the nuts tiius .saved are given to the family— 
a kiiidne-.s to them, and a mark of respect for the dead. 

Tlie llora of the Gilbert and irar.shall grouji.s is of the asual 
oceanic character, witli clo.sc Iiido-sMalay allinities. It is much 
jioorcr than that of the Caroline.s,* witli it.s iMoluceari and Philip- 
pine elements, and this again is .surha.v.ed hy that of the Ladronc.s, 
In the Gilberts the scattered woods of coeoa-jialm and J’lvtvlanu'i 
liave little undergrowth, while the .south jrarshalls, being within the 
belt of con-staiit prccinitation, have a den.se growth of (mo.stly) low- 
trees and shrubs, with here and tliere a tropical luxuriance and 
variety unitsual on atolls. The VawhuiVJi grows wild profu-sely, and 
Is of exceptional importance, being the chief staple of food, so that 

* About 180 species have Uen observed on Kusaie, one-fourth of 
all the jilants being ferns. 
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the eocoa-nut, ;vluch, however, nourishes chielly in the Gilberts is 
used inajnly to produce oil for exportation. The bread-fruit grows 
chielly iri the souUi JIarshalls, The taro (Anna corUi/oliuM 
and others) is cultivated laboriously, deep trenchc.s being cut in 
the .solid rock for its irrigation, hut this and other plants ot cultiva- 
tioii, and indeed the vegetation generally, fall olf in number and 
quality iiortliward.s. Various vegetables arc grown on soil im- 
ported for the piirpo.se, Jlarine plants are rare. Wilke-s found on 
-Makiii Island, Gilbert group, a “fruit resemhlirig the goosebeiry,” 
called “ tciparu,” from which a preserve is made. This seein.s very 
like the tipari or Cane gooseberry of India {Fhysalis pericviana). 
And tXmr kai-uku, a drink made from the sap of tlie llower-stalk of 
the cocoa-palm (iinfcrmented before the arrival of Europeans), recalls 
the arrack of southern A.sia. 

The fauna, like the llora, becomes poorer eastwards, birds being 
much more numerous on the high Islands than on the atolls, wheie 
the few are cliiefly aquatic, . On Bonabe (Puyiiipet) out of twenty- 
nine species eleven are sea birds, and of the remaining eighteen seven 



recorded cominon to the.se two groujis and peculiar to them. Tlie 
common fowl is found everywhere, wild or tame, and in some places 
is kept for its featiiers only. The rat and a FUroims arc the only 
indigenous land nianinials. The Indian crocodile is found as far 
east as the I’eiew.s, There arc five or six lizards, including a 
GccIm^ and Ablcjihr/n'i. Insects are numeroiLs, hut of few kinds. 
Scori>ions and centipedes are common, but arc said to be hannle.is. 

The houses in the Gilberts and ilanshalls (much less elaborate 
than in the CuroHiies) con.si.st merely of a thatched roof resting on 
posts or on blocks of coral about 3 feet liigh, with a floor at that 
level, which is reached from an opening in the centre. On this 
the pnneipal jiraqile sleep, and it serves as a stophouse iri- 
acce-ssihle to rats, which infest all the i.iland.s. 

The ilarshall archipelago consists of two nearly jiarallel chains 
of atolls, from 100 to 300 miles apart, the west known a,s Balik, the 
east as Itatak. They lie between 4" 30' and 12° N., and between 
105“ 15' and 172* 15' E,, and nin about KN.W, and S..S.E. 
'They were discovered in 1529 by .Saavedra, wlio, observing the tine 
tattooing of the inliabitants (the first allusion to the practice in 
tlie Pacific), called them Los Pintados, Among modem voyagens 
IVallls first visited them in 1707 ; Captains Marshall and Gil- 
Ixirt reached them in 1788, and Kotzebue (1810) explored them 
more thoroughly. Each gioup contains fifteen or sixteen atolls, 
which range from 2 to 50 miles in cireutiiferencc. An anomalous 
feature is reported on some of them, viz., that the greater pro- 
portion of land, or at all events of soil, is not found as usual on the 
windward side of the lagoon, for the iirevailing north-east wind 
sweeps, it i.s said, the materiali of which tlie soil of such islands Ls 
composed acro.s.s to the lee side, .Jaluit Island is the commercial 
emporium of the whole region, 'I'here is a curioiLs tradition on 
Ebon Island of the iJarwinian fact that the atoll once formed the 
harrier reef of an island now sunk beneath the lagoon. The popula- 
tion of Ibatak i.s about GOOD, of lialik 4000 ; there is little intercoiir.-.e 
between the two grouju. 

The Gilbert archipelago, discovered by Byron in 1765, Is 



tain.s sixteen atolls, not including two liilly island.s, Baiiaha and 
Kawodo, which lie 5* to 6* to the west. .Several liave good ariclioragfci 
inside the lagoon, with entrances on the lee .side. _ On some the lee 
or west reef Ls wanting, owing to the abrading force of the we.st 
stonns. During the=e large trees are washed ashore, their roots 
containing pieces of fine b.a.salt, of whicii implements are made. 
'I'here Is a far larger proportion of land to .submerged reef and 
la"oon than in the Slarshalls, tlie land .sonietinie.s rising 20 feet 
above the sea, wherca.s in the Jlarshalls the average level of thc 
rcef rock Is ]c.m than a foot above tlic surface ; hut, tliough the 
supidy of fresh water is excc[itionalIy great, in fact enough for the 
luxury of a hath, the soil (especially in the south) Is very- much less 
prodiictiv'e. Yet the population, about 50,000, is excejitionaliy 
dcn.se. 'file usual scattered house.s arc replaced by compact rows 
of roofs v/lncli, shaded hy cocoa-palm, and each with it.s bo.it-.shed 
below line the shore, 'fheir riiimhers arc unchecked either hy the 
constant practice of ahoilion or hy fighting, to wliich they arc 
mucli addicted, their weapons being more fomiidahle than tho,e 
of their neighbours. This exceptional vigour may he due to the 
decidedly hybrid character of tlie race, llawsaiian nnssionane.s, 
under American superintendence, have laboured here since 1857. 

.caie alw Fln(llaj '.s Sailing iJirecUant for the Forth facijicj Hotel's Forth 
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T he 'microscope is an optical instrument for the ex- 
amination of minute objects or parts of objects, 
which enlarges the visual pictures formed upon the retina 
of the observer by the rays proceeding from them. 

Microscopes are distinguished as simple or compound. 
In the former, the rays which enter the eye of the observer 
come from an object brought near to it after refraction 
through either a single lens or a combination of lenses 
acting as a single lens, — its action as a “magnifier ” depend- 
ing on its enabling the eye to form a distinct image of the 
object at a much shorter distance than would otherwise be 
possible. The latter consists of at least two lenses, so placed 
relatively to the object, to the eye, and to one another that 
an enlarged image of the object, formed by the lens placed 
nearest to it (the “ object-glass ”), is looked at through the 
lens nearest the eye (the “eye-glass”), which acts as a 
simple microscope in “magnifying” it; so that the com- 
pound microscope may be described as a simple microscope 
used to look at an enlarged image of the object, instead 
of at the object itself. 

History of the Simple Microscope. — Any solid or liquid 
transparent medium of lenticular form, having either one 
convex and one flat surface or two convex surfaces whose 
axes are coincident, may serve as a “ magnifier,” — what is 
essential being that it sdiall have the power of so reh-act- 
ing the rays which pass through it as to cause widely 
diverging rays to become either parallel or but slightly 
divergent. Thus if a minute object be placed on a slip of 
glass, and a single drop of water be carefully placed upon 
it, the drop will act as a magnifier in virtue of the con- 
vexity of its upper surface; so that when the eye is 
brought sufficiently near it (the glass being of course held 
horizontally, so as not to distort the spherical curvature of 
the drop) the object will be seen much enlarged. And if 
a small hole be made in a thin plate of metal, and a 
minute drop of water be inserted in it, this drop, having 
two convex surfaces, will serve as a still more powerful 
magnifier. There is reason to -believe that the magnify- 
ing power of transparent media with convex surfaces was 
very early known. A convex lens of rock-crystal was 
found by Layard among the ruins of the palace of Nimrud. 
And it is pretty certain that, after the invention of glass, 
hollow spheres blown of that material and filled with 
water were commonly used as magnifiers (comp. vol. xiv. 
p. 577). The perfection of gem-cutting shown in ancient 
gems, especially in those of very minute size, could not 
have been attained without the use of such aids to the 
visual power; and there can be little doubt that the 
artificers who could execute these wonderful Avorks could 
also shape and polish the magnifiers best suited for their 
own or others’ use. Though it is impossible to say when 
convex lenses of glass Avere first made by grinding, it is 
quite certain that they Avere first generally used to assist 
ordinary vision as “ spectacles,” the use of Avhich can be 
traced back nearly six centuries ; and not only Avere 
spectacle-makers the first to produce glass magnifiers (or 
simple microscopes), but by them also the telescope and the 
compound microscope Avere first invented. There seems 
no reason to believe, however, that lenses of very high 
magnifying poAver (or short focus) Avere produced until 
a demand for them had been created by the introduction 
of the compound microscope, in Avhich such lenses arc 
required as “ object-glasses ”; and the difiiculty of Avorking 
lenses of high curvature AA'ith the requisite accuracy led in 
the first instance to the employment of globules made by 
fusing the ends of threads of spun glass. It Avas in, this 
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Avay that Kobert Hooke shaped the minutest of the lenses 
Avith Avhich he made many of the numerous discoveries 
recorded in his Microyraphiiv, and the same method Ayas 
einjfioyed by the Italian microscopist Father Di Torre. It 
seems to have been LeeuAvenhoek that first succeeded in 
grinding and polishing lenses of such short focus and 
perfect figure as to render tlie simple microscope a better 
instrument for most purposes than any compound micro- 
scope then constructed, — its inferiority in magnifying poAver 
being more than counterbalanced by the superior clearness 
of the retinal picture. And, in despair of any such modi- 
fication in the compound form as should remove the. optical 
defects Avhich seemed inherent in its plan of construction, 
scientific opticians and microscopic observers alike gave 
their chief attention for a considerable period to the 
improvement of the simple microscope. In order that the 
nature of these improvements may be understood, the 
principle of its action must be fii-st explained. 

The normal human eye has a considerable poAver of self- 
adjustment, by Avhicli its focal length is so varied that it 
forms equally distinct pictures of objects brought Avitliin 
ordinary reading distance (say 10 inches) and of objects 
Avhoso distance is many times that length, — the size of the 
visual picture of any .object diminishing, hoAvever, Avith 
the ijicrease in the distance to Avhich it is removed, and the 
amount of detail distinguishable in it folloAving the same 
proportion. Thus a man who looks across the street at a 
placard posted on the ojqjosite Avail may very distinctly see 
its general form and the arrangement of its heading, and may 
be able to read Avhat is set forth in its largest tjqje, Avhilst 
unable to separate the lines, still more to read the Avords, 
of Avhat is set forth beloAv. But by crossing- the street 
so as to bring his eye nearer the picture ho finds himself 
able^ to read the smaller type as easily as he before read 
the larger, — the visual picture on his retina ha\ang been 
magnified, say 10 times in linear dimension, by the 
reduction of the distance of his eye from -10 feet to 4. 
Similarly, if he holds a page of excessively minute type at 
arm’s length (say 40 inches) from his eye, he may be unable 
to read it, not because his eye does not form a distinct 
retinal lAicture of the page at that distance, but because 
the details of that picture are too minute for him to 
distinguish them. But if he brings the page, from 40 
inches to 10 inches distance, he may be able to read it 
Avithout difficvilty, — the retinal picture being enlarged four 
times linear (or sixteen times superficial) by this approxi- 
mation. Noav the rays that enter the eye from each point 
of a remote object diverge so little as to be virtrmlly 
parallel ; but the divergence increases Avith the approxima- 
tion of the object to the eye, and at 10 inches the angle 
of their divergence is as Avide as permits the ordinary eye 
to bring them to a focus on the retina. When the object 
is approximated more closely, an automatic contraction of 
the pupil takes place, so that the most diverging rays of 
each pencil are cut ofij and a distinct picture may be 
formed (though not Avithout a feeling of strain) when the 
object is (say) from 5 to 8 inches distant, — giving still 
greater minuteness of A’isual detail in conformity Avith the 
increase of size. A further magnifying poAA'er may be 
obtained Avithout the interposition of any lens, by looking 
at an object, at 2 or 3 inches distance, through a pin-hole 
in a card; for by thus cutting off the more divergent 
rays of each pencil, so as to admit only those AA'hich can 
be made to converge to a focus on the retina at that 
distance, a distinct and detailed pictme may be obtained, 
though at the expense of a great loss of light. Moreover, 
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althougli ail ordinary eye does not form a distinct picture 
of an object at less tlian from 10 to C inches distance, a 
“ myopic ” or “ short-sighted ” eye (whose greater refractive 
power enables it to bring rays, of wider divergence to a 
focus on the retina) may form an equally distinct picture 
of an object -at from 5 to 3 inches distance; and, as the 
linear dimensions of that picture will be double that of the 
preceding, the object will bo “ magnilied ” in that propor- 
tion, and its details more clearly seen. 

The elleet of the interposition of a conve.x lens between 
the eye and an object nearly approximated to it primarily 
consists in its reduction in the divergence of the rays of 
the pencils which issue from its several points, so that 
they enter the eye at the- moderate divergence which they 
would have if the object were at the ordinary nearest limit 
of distinct vision. And, since the shorter the focus of the 
lens the more closely may the object be appro.ximatcd to 
the eye, the retinal picture is enlarged, causing the object 
to ajjpear magnified in the same proportion. Not only, 
however, are the component rays of each pencil brought 
from ■ divergence into convergence, but the course of the 
pencils themselves is changed, so that they enter the eye 
under an angle corrc.sponding to that under wliich they 
would have arrived from a larger object situated at a 
greater distance ; and thus, as the picture formed upon the 
retina by the small object ub, fig. 1, corresponds in all 
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respects witli that which would have been made by the 
same object All of .several times its linear dimension 
viewed at the neare.st ordinary limit of distinct vision, the 
object is seen (by the formation of a “ virtual image ”) on 
a magnified scale. 

It is obvious that the “magnifying power” of any 
convex lens so used is measured by the ratio between the 
dimensions of the retinal picture formed with its assistance 
and those of the picture formed by the unaided eye. Thus, 
if by the use of a convex lens having 1 inch focal length 
we can form a distinct retinal image of an object at only 
an inch distance, this image will have ten times the 
linear dimensions of that formed by the same object at a 
distance of 10 inche.s,'but will be only eight times as large 
as the picture formed when the object can be seen by 
ordinary vision at 8 inches distance, and only four times 
as large as the picture of the .same olyect formed by a 
myopic eye at a distance of 4 inches. It is usual to 
estimate the magnifying power of single lenses (or of com- 
binations that are used as such) by the number of times that 
their focal length is contained in 10 inche.s, — that of 1 inch 
focus being thus taken as ten times, that of -jjj- inch as 
one hundred times, and so on. But the rule is obviously 
arbitrary, as the actual magnifying ]jower varies in each 
individual with the nearest limit of distinct vision. Thus 
for the myopic who cart see an object clearly at 4 inches 
distance, the magnifying powers of a 1 inch aiid inch 
lens will be only 4 and 40 re.spectively. The amplifying 
piower of every single convex lens, however, is impaired (1) 
by that inability to bring to the same focus the rays which 
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fall upon the central and the marginal parts of its surface 
which IS called “spherical aberration,” and (2) by that 
dispersion ^ of the rays of different wave-lengths, in virtue 
of their dillcrent refiangibilities, which produces coloured 
fringes aioiind the points and lines of the vi.sual picture, 
and Is therefore called “ chromatic aberration” (see Light)’. 
These aberrations increase with the “ angle of aperture ” 
given to the lens, that is, with the proportion between the 
diameter of its actual “ opening ” and the focal distance of 
the object; and thus, when a single lens of very short 
fociis is used in order to gain a high magnifying power, 
such a reduction of its aperture by a perforated diaphragm 
or “stop” becomes necessary (in order, by excluding 
the peripheral rays, to obtain tolerable “definition” 
with freedom from false colour) that the amount of 
light admitted to the eye is so small as only to allow the 
most transparent objects to be thus viewed, and these 
only very imperfectly. In order to remedy this draw- 
back, it was proposed by Sir D. Brewster to use instead 
of glass, in the construction of simple microscopes, such 
transparent minerals as have high refractive with low 
dispersive power; in which case the same optical effect 
could be obtained with lenses of much lower curvature, 
and the aperture might be proportionately enlarged. This 
combination of qualities is found in the diamond, whose 
index of refraction bears such a proportion to that of glass 
that a diamond lens having a radius of curvature of 8 would 
give the same magnifying power as a glass lens whose radius 
of curvature is 3, while the “ longitudinal aberration ” 
(or distance between the foci of central and of marginal 
rays) would be in a diamond lens only one-ninth of that 
of a glass lens having the same power and aperture. Put- 
ting aside, however, the costliness of the material and the 
difficulty of working it, a source of iin])crfection arises from 
a freejuent want of homogeneousness in the diamond crystal, 
which has proved sufficient to make a lens worked from it 
give a double or even a triple image. Similar attempts 
made by Mr Pritchard with sapphire proved more successful; 
and, as a sappliire lens having a radius of curvature of 5 
has the .same focus and gives the same magnifying power 
as a crown-glass lens having a radius of 3, it vVas found to 
bear a much larger aperture without serious impairment 
by either spherical or chromatic aberration. As the 
sapphire, however, possesses the property of double refrac- . 
tion, the duplication of the markings of the object in their 
retinal image constitutes a very serious drawback to .the 
utility of lenses constructed of tins mineral; for, though 
the double refraction may be reduced almost to nothing 
by turning the convex side of the lens towards the object, 
yet, as this is the worst position in regard to spherical 
aberration, more is lost than is gained. Fortunately, 
however, for biological investigators working with simple 
microscopes, the introduction of the Wollaston doublet 
superseded the necessity of any further atternpts at turning 
costly jewels to account as high-power magnifiers. 

IFoiiasCoii- Doublet . — This consists of a combination of 
two plano-conve.x lenses, whoso focal lengths (as directed by 
Df Wollaston) should be as 3 to 1, with their plane sides 
turned^ towards the object,— -the smaller lens being placed 
lowest, and the upper lens at a distance of one and a half 
times ’its focal length above it. This construction, how- 
ever, has been subsequently improved — (1) by the introduc- 
tion of a perforated diaphragm between the l.-’.nses ; (2) by 
a more effective adjustment of the distanc e between the 
two lenses, which seems to be most satisfactory when it 
equals the difference of their respective focal lengths, 
allowance being made for their thickness; and (3) by the 
division of the power of the lower lens (when a shorter 
focus than -jV inch is required) into two, so as to form 
a “ triplet." When combinations of this kind arc well 
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constructed, splierical aberration is almost 'vvliolly got rid 
of, and chromatic dispersion is so slight that the angle of 
aperture may be considerably enlarged without much 
sacrifice of distinctness. Such “ doublets ” and “ triplets,” 
having been brought into use in England while the com- 
pound microscope still retained its original imperfections, 
proved very serviceable to such as were at that time 
jjrosecuting minute biological investigations : for example, 
the admirable researches of Dr Sharpey on 'ciliary action 
in animals (1830-35) and Mr Henry Slack’s beautiful 
dissections of the elementary tissues of plants, as well as 
his excellent observations on vegetable cyclosis (1831), 
were made by their means. Ho one, however, would now 
use Wollaston “doublets” or “triplets” of high power in 
place of a compound ‘achromatic microscope j and for the 
simple microscopes of low power that are useful either for 
dissecting or for picking out minute specimens (sucii as 
diatoms) other constructions are preferable, as giving a 
larger field and more light. As a hand-magnifier the 
“ Coddington ” lens — which is a sphere of glass with a 
deep groove ground out of ils equatorial portion — has 
many advantages.^ By making this groove sufficiently 
deep, both spherical and chromatic aberrations can be 
rendered almost insensible j and, as the rays falling on any 
part of the spherical surface can only pass to the eye either 
through or near the centre, the action of every part of that 
surface is the same, so that the image of the object will be 
equally distinct (when properly focussed) whether its parts 
lie nearer to tne axis of the sphere or more remote from it, 
or the axis be itself turned to one side or the other. Again, 
it was mathematically shown by Sir JohnHerschel in 1821 
that by the combination of a meniscus with a double con- 
vex lens — the four surfaces of these lenses having certain 
proportionate curvatures — spherical aberration could be I 
entirely extinguished for rays parallel to the axis, the 
combination being thus an “ aplanatic ” doublet, while 
another combination, which he termed a “periscopic” 
doublet, gives a remarkable range of oblique vision with 
low powers, and ahnost entirely extinguishes chromatic 
aberration, although at the expense of residual spherical 
aberration. These combinations have been mounted both 
as hand-magnifiers and as single microscopes, for both 
which purposes they are much superior to single lenses of 
the same magnifying power. But such combinations have 
been greatly improved by the introduction of concaves of 
flint glass, so as to render them achromatic as well as 
ajilanatic ; and nothing, according to the writer’s experi- 
ence, can now be used with greater advantage for all the 
purposes answered either by the simple microscope or 
the hand-magnifier than Bro^vning’s “ platyscopic ” lenses 
or the “achromatic doublets” of Steinheil of Munich. 
Each of these combinations gives a large flat field, with 
ifienty of light, admirable definition, and freedom from 
false colour. 

At the jienoJ when “ doublets ” of very short focus were used in 
Older to obtain high magnifying power, it was requisite to mount 
tliose on such a stand as would enable the focal adjustment to be 
made, and would admit the use of a special illuminating apparatus | 
with great exactness. But now that coinjiaratively low powers 
only aie employed the ordinary rack-and-piuion movement is (luite 
sulficient for tlieir focal adjustment, and nothing more is required 

' It is dillicult to understand how the name of Coddington came to 
be .attached to the giooved sphere, seeing that he neither was nor 
claimed to be the inventor of it. Dr Wollaston’s first “doublet" 
consisted of a pair of jdano-convex lenses with their plane surfaces 
opposed to each other, and a diaphragm with central aperture placed 
between them. Sir D. Brewster showed that this construction is mosj: 
advantageous when the two lenses are hemispheres, and the central 
aperture between their two plane surfaces is filled up by a transparent 
cement having the same refractive index as glass. And from this the 
transition is obvious to the grooved sphere, which had been made for 
Sir D. Brewster long before the high commendation it received Irom 
Mr Coddington brought it into general repute. 


SCORE 

for the illiiniinatiou of the object than a concave mirror beneath 
the stage when it is transparent, and a condensing lens above when 
it is opaque. The various patterns of simjile microscope now made 
by diilerent makers vary in their construction, cliielly in regard to 
portability, the si.{e of tlieir .stages, and the mode in which “ rests" 
or supports to the bands are provided. These, in Continental in- 
struments, are very ooniiiioiily attached to the stage ; but, unless 
the stage itself and the pillar to which it is lixed are extremely 
massive, the resting of the hands on the supports Is apt to depress 
the stage in a degree that all’ccts the focal adjustment ; and whore 
portability is not an object it seems bettor tliat the band-supports 
should bo iiidepeudeiit of the stage. For a laboratory microscope, 
the iiattcrn represented in fig. 2 has been found very convenient,— 
the framework being of mahogany or other hard wood, the sta^e 



Fig. 2.— Lahoratorj- Dissecting llicroscopo. 


being largo ciiougli to admit a dissection or carry a water-trough 
of considerable size, and the bent arm that carries the “ powers " 
being made capable of reversion, so us to permit the use of lenses 
of very long a.s well ns of very sliort focus. As it is dcanable tliat 
the stage should not be acted on chemically by sea-water, acids, or 
I other reageii.ts, it may he made either of a square of plato-gl.iss or of 
a jilate of ebonite with an aperture in the middle ; and either of 
tlicse limy bo made to slide in grooves in the side supports, so that 
one may bo substituted for the otlier. Tlio arm may he easily 
made (if desired) to carry the body of a couqiouiid microscope, so 
as to apidy it to the examination of objects dissected or otherwise 
prepared under the .simple microscope, without transferring them 
to another instrument. A portable fonii of simple microscope is 
sliowii ill fig. 30. 

Compound ^licroKope . — The placing of two convex lenses 
in such relative iiosition.s that one should magnify an 
enlarged image of a small near object formed by the other 
naturally soon followed the invention of the telescojie, and 
seems to have first occurred to Hans Zansz or his son 
Zacharias Zansz, spectacle-makers at Middelbuig in Hol- 
land, about 1590. One of their compound microscopes, 
which they presented to Prince Maurice, was in tlie year 
1617 in the possession of Cornelius Drebell of Alkmaar, 
who then resided in London as mathematician to king 
James I. In order to make clear the successive stages by 
which the rude and imperfect microscope of that period 
has, after remaining for (wo centuries unimproved in any 
essential particular, been developed within the last half- 
century into one of the most imjiortant instruments^ of 
scientific research that the combination of theoretical 
acumen and manipulative skill has ever produced, it is 
necessary to explain the principle of its construction, and 
to show wherein lay the imperfection of its earlier form. 

In its simplest construction, as already stated, the 
compound microscope consists of only two lenses, --the 
“object-glass” CD, fig. 3, which receives the light-rays direct 
from the object AB placed near it, and forms an enlarged 
but reversed image A'B' at a greater distance on the other 
side, and the “ eye-glass” LM, which receives the rays that 
diverge from the several points of this image as if they 
proceeded from the points of an actual object occupying 
the position and enlarged to the dimensions A'B', and 
brings these to the eye at E, so altering their course as to 
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act as a simple microscope in magnifying that image to the 
observer. It was early found useful, however, to interpose 
another lens PF, fig. 4 (the “ field-glass ”), between the 
object-glass and the image formed by it, for the purpose 
of giving such a slight convergence to the pencil of rays as 
shall reduce the dimensions of the image, and thus allow 
a larger part of it to come within the range of the eye- 


IlG. S. — Diagram of Simplest Fig. 4. — Diagram of Coiiipleto 

Form of Compoumi ^licro- Compouud ilicroscope. 

scope. 

glass, so that more of the object can be seen at once. 
And it was soon perceived that the eye-glass' and the 
field-glass might be advantageously combined into an 
“eye-piece,” in which a perforated diaphragm might be 
inserted at the focal plane of the image {i.e., in the focus of 
the eye-glass), so as, by cutting oif the peripheral portion 
of the field of vie^v', to limit it to what can be seen with 
tolerable distinctness. 

It is obviou-s that the magnifying power of such an 
instrument would depend (1) on the proportion between 
the size of the image formed at BB and that of the 
actual object, and (2) upon the magnifying power of the 
e 3 'e-gla.ss. And further the projiortion which the size of 
the image bears to tliat of the object dejiends upon two 
factor-s, — (1) the focal length of the object-glas.s, and 
(2) the distance between the object-glass and the plane 
BB occupied by the image it forms. If we diminish 
the focal length of the object-glass, the object must be 
brought nearer to it, so that, while the distance of the 
image on the other side remains unchanged, that distance 
comes to bear a larger proportion to the distance of the 
object, and the size of the image is augmented in a cor- 
responding ratio. On the other hand, the object-glass 
remaining unchanged, the distance at which it forms the 
image of the object can be increased by a lengthening of the 
tube of the microscope ; and, as this involves a shortening 
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of the distance between the object-glass and the object the 
proportion which the former bears to the latter is augmented 
and the image is correspondingly enlarged. Thus an 
increase in the magnifying power of the compound micro- 
scope may be gained in three modes, which may be used 
either separately or in double or triple combination,— viz., 
(1) shortening the focus of the object-glass, (2) lengthening 
the tube of the microscope, and (3) increasing the magnify- 
ing power of the eye-glass by shortening its focus. °This, , 
it may be remarked, also lengthens the distance of the 
image from the object-glass, by bringing the focal plane 
BB nearer the eye-glass. The second of these methodi. 
was not unfrequently used in the older microscopes, which 
were sometimes made to draw out like telescopes, so as to 
increase the amplifj-ing power of their object-glasses. But, 
whilst very inconvenient to the observer, such a lengthen- 
ing of the one distance involved such a shortening of the 
other as gi'eatly impaired the distinctness of the image bj' 
increasing the aberrations of the object-glass, so that this 
method came to be generally abandoned for one of the other 
two. 

When lenses of from 1 to 4 inches focus were used as 
object-glasses, and their apertures were restricted by a stop 
to the central part of each, tolerably distinct images were 
given of the larger structural arrangements of such objects as 
sections of wood or the more transparent wings of insect.s, — 
w'hich images would bear a further moderate enlaigement 
by the eye-glass without any serious deterioration either by 
want of definition or the introduction of colour-fringes. 
But W'hen lenses of less than 1 inch focus were employed 
m order to obtain a higher magnifying power, the greater 
obliquity of the rays so greatly increased their aberrations 
that defective definition and the introduction of false 
colours went far to nullify any advantage obtainable from 
the higher amplification; while the limitation of the 
aperture required to keep these aberrations within even 
moderate limits o'ceasioned such a loss of light as most 
seriously to detract from the value of the picture. On the 
other hand, the use of deeper eye-pieces to enlarge the 
images formed by the object-glasses not only brought out 
more strongly all the defects of those images, but introduced 
a new set of errors of their own, so that very little was 
gained by that mode of amplification. Hence many of the 
best of the older microscopists (notably Leeuwenhoek, 
q.v.) made some of their most valuable discoveries by the 
use of the simple microscope ; and the amount of excellent 
W'ork thus done surprises every one who studies the histoiy 
of microscopic inquiry. This was still more the case, as 
already stated, when the use of single lenses of very short 
focus was superseded by the introduction of the Wollaston 
doublet. And the substitution of these doublets for the 
single lenses of object-glasses, while the single lens of the 
eye-glass w'as replaced by a Herschel’s aplanatic doublet, 
and the field-glass was a convex lens whose two curves had 
the proportion of 1 : 6 (the form of least sjiherical aberra- 
tion), constituted the greatest improvement of which the 
instrument seemed capable in pre-achromatic times.^ 

It has been only within the last sixty years (1820-30) 
that the microscope has undergone the important improve- 
ment which had been worked out by Dollond in the 
refracting telescope more than sixty years preHously,— 
namely, the correction of the chromatic aberration of its 
objectives by the combination of concave lenses of flint- 


1 This combination was made in the first microscope of wliicli tlie 
writer became possessed, about the year 1830 ; and he well recollects 
the great superiority to any compound micro.scope of the old construc- 
tion which -was proved by its power of separating the lines on the 
Menelaus scale, and of bringing into view the details of the stxucture of 
animalcules, with a clearness that only an achromatized object-glass 
could surpas.s. , 
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glass with convex lenses of cro^vn, while their S2)herical 
aberration is corrected by the combination (as in Herschel’s 
aplanatic doublet) of convex and concave surfaces of 
different curvatures. The minute size and high curvature 
of the lenses required as microscopic objectives were long 
considered as altogether precluding the possibility of success 
in the production of such combinations, more especially 
as the conditions they would have to meet differ altogether 
from those- under which telescoinc object-glasses are 
employed.' For the rays from distant objects fall upon the 
latter with virtual parallelism •, and the higher the power 
required the longer is the focus given to them, and the 
smaller is the defle.xion of the rays. In the microscope, on 
the other hand, the object is so closely approximated to the 
objective that -the rays which proceed to it from the latter 
have always a very considerable divergence; and the 
deflexion to which they are subjected increases with that 
reduction of the focal length of the objective which is 
the necessary condition of the increase of its magnifying 
power. And thus, although the telescopic “triplet” 
worked out by DoUond (consisting of a double-concave of 
flint glas.s, interposed between two double-convex lenses of 
croivn) can be so constructed as to be not only completely 
aplanatic (or free from spherical aberration) but almost 
completely achromatic (or free from chromatic aberration), 
this construction is only suitable for microscopic objectives 
of long focus and small angular aperture, the rays falling 
on which have but a very moderate divergence. And 
though, as will presently appear, some of the early attempts 
at the achromatization of the microscope were made in 
this direction, it was soon abandoned for other plans of 
construction, which were found to bo alike theoretically 
and practically superior. 

It seems to have been by Professor Amici, then of 
Modena, about 1812, that the first attempts were made at 
the achromatization of microscopic objectives ; but, these 
attempts not proving successful, he turned his attention to 
the production of a reflecting microscope, ■which was a 
decided improvement upon the non-achromatized compound 
microscopes then in use. In the year 1820, however, the 
'subject was taken up by Selligues and Clievalier of J’aris, 
who adopted the plan of superposing three or four com- 
binations, each consisting of a double-convex of crown 
cemented to a plano-concave of flint. The back combina- 
tion, (that nearest to the eye) was of somewhat lower power 
than those placed in front of it, but these last were all of 
the same focus, and no attempt was made by these opticians 
to vary the construction of the several pairs thus united, 
so as to make them correct each others’ aberrations. 
Hence, although a considerable magnifying . power could 
be thus obtained,, with an almost complete extinction of 
chromatic aberration, the aperture of these objectives 
could not be greatly widened without the impairment of 
the distinctness of the image by a “coma’-’ proceeding 
from uncorrected spherical aberration. 

In ignorance, it would appear, of what was being done 
by the Paris opticians, and at the instigation of Dr Goring 
(a scientific amateur), Mr Tulley — well known in''London 
as an able constructor of telescopic objectives — began, 
about the year 1824, to work object-glasses for the micro- 
scope on the telescopic plan. After many trials ^ he 
succeeded, in 1825, in producing a trqjlet of inch focus, 
admitting a .pencil of 18°, which was so well corrected as 
to perform very satisfactorily with an eye-piece giving a 
magnifying power of 120 diameters. He afterwards made 
a similar triplet of shorter focus, which, when placed in 

^ It is due to ^Ir Joseph J. Xiister to mention that Tulley’s iinal 
success with tiiis low power seems to have heen attained by working 
on a suggestion given him by that gentleman. See Monthly Micro- 
ccojaical Journal, vol. iii. (1870), p. 134. 
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front of the previous' one, increased the angle of the trans- 
mitted pencU to 38°, and boro an eye-piece giving a 
magnifying power of 300 diameters. These triplets are 
said by Mr Ross to have never been exceeded by any similar 
combinations for accurate correction throughout the field. 

Having come into po.ssession, at the end of 1826, of 
an objective of Chevalier’s construction, Mr J. J. Lister 
carefully examined its properties, and compared them with 
those of Tulley’s triplets ; and this comparison having led 
him to institute further experiments he obtained results 
which were at first so conflicting that they must have 
proved utterly bewildering to a less acute mind,- but which 
finally led him to the enunciation of the principle on which 
all the best micro.scopic objectives are now constructed. 
For he discovered that the performance of such com- 
posite objectives greatly depends upon the relative position 
of their component combinations, — the effect of the flint 
plano-concave upon the sjflierical aberration produced by 
the double-convex of crown varying remarkably according 
to the distance of the luminou.s j)oint from the front of the 
objective. If the radiant is at a considerable distance, the 
rays proceeding from it have their .spherical error under- 
corrected ; but, as the source of light is brought nearer to 
the glass, the flint lens produces greater proportionate 
effect, and the under-correction dimini.she.s, until at length 
a point is reached where it di.sappears entirely, the rays 
being all brought to one point at the conjugate focus of 
the lcn.s. This, then, is one aplanatic focus. If, however, 
the luminous point is brought .still nearer to the glass, the 
influence of the flint continues for a time to increase, and 
the opposite condition of over-correction shows itself. But, 
on still further approximation of the radiant, the flint 
comes to operate with less effect, the excess of correction 
diminishes and at a point still nearer to the glass vanishes, 
and a .second aplanatic focus api)ears. From this point 
onwards under-correction takes the place of over-correction, 
and increases till the object touches the surface of the 
glass. As every such doublet, therefore, has two aplanatic 
foci for all 2 )oints between which it is over-corrected, while 
for all points beyond it is under-corrected, the optician is 
enabled to combine two or more doublets with perfect 
security against spherical error. This will be entirely 
avoided if the rays be received by the front glass from its 
shorter aplanatic focus, and transmitted through the back 
glass in the direction of its longer aplanatic pencil. By 
the a])proximation of the two doublets over-correction will 
be reduced, while their separation will jjroduce under-cor- 
rection ; and thnSj- by merely varying the distance between 
two such combinations, the correction of the spherical 
error may be either increased or diminished according to a 
definite rule. Slight defects in one glass may thus be 
remedied by simiily altering its position in relation to^ the 
other, — an alteration which may bo made with 'V'eiy little 
disturbance of the colour-correction. This im 2 )ortant 
principle w'as developed and illustrated by Mr Lister in a 
memoir read to the Royal Society on January 21, 1830, 
On some Properties in Achromatic Object-glasses, ajpUcahle 
to the Imjrrovement of the Jlicroscope ; and it was by work- 
ing on the lines there laid down, that the three London 
opticians Ross,- Powell, and James Smith soon pro- 

- 'rim.H ke found th.it, whilo each of Clievalier’s doublet combina- 
tions, when used singly, presented a “bur” or “coma” outw-ards, 
this coma, instead of being e.xaggerated by the combination of two of 
these doublets, was much diminished. On the other luand, while 
two of Tulley’s triidets, each of which performed admirably by 
itself, avere used together, the im.ages of alt objects not in the centre 
presented a strong bur inwards with an under-correction of colour. 

® In 1837 Hr Lister gave Hr Koss a projection for an objective of 
J inch focus, in which a triple front was combined with two doublets. 
The great superiority of this lens, admirably executed by Mr Ross, caused 
him to adopt its plan as the standard one for high powers; and it is still 
in general use, — the back lens also being sometimes made as a triplet. 
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duced microscopic objectives that surpassed any then con- 
structed on the Continent, while the subsequent adoption 
of tile same principles by French and German opticians, 
as also by Professor Amici of Florence, soon raised their 
objectives to a corresponding level. 

It has proved more advantageous in practice to 
make the .several components of an achromatic objective 
correct each others’ aberrations than to attempt to render 
c;xch perfect in itself; and the mode in which this is 
accomplished will vary with the focus and angular aperture 
given to each combination. Thus, while a single “ telescopic 
triplet ” answers very well for the lowest 'power usually 
made (4 inches focus), and the .same plan may bo used — 
though at the .sacrifice of angular aperture — for objectives 
of 3 inches, 2 inches, and even 1 inch focus, the best jier- 
formance of these powers requires the combination of two 
doublets. And, while this last system also serves for 
objectives of ^ inch and A inch of low angle, a third com- 
ponent is required for giving to these objectives the 
aperture that renders them most serviceable, as well as for 
all higher powers. Instead of combining three achromatic 
doublets, however, many makers prefer placing in front a 
jilano-conve.v of crown, and adding a third lens of crown to 
the doublet at the back, still using a doublet in the middle, — 
the whole combination thus consisting of si.v leuses, four 
of crown and two of Hint. Further, Mr 'Wenham has 
shown that the whole colour-correction may be effected in 
the middle by interpo.sing a double concave of dense Hint 
between two double-convex lenses of crown, — the back len.s, 
as well as the front, being then a plano-convex of crown, 
making five leuses in all. This plan of construction, though 
suitable to objectives of modenite angular aperture, and 
advantageous in regard to comparative simplicity and 
economy of construction, does not seem so well adapted for 
objectives to which the largest attainable aperture Is to be 
given, — the,se being usually constructed with a triplet in 
front, a doublet in the middle, and a triplet at the back, so 
as to consist of eight .-joparate lenses. And the first-cla.ss 
constructors of achromatic objectives in the United States 
usually place in front of these, in their highest powers, a 
single jilano-convex of crown, by the addition of which a 
greater working distance can be obtained. But, as every 
such addition increases the liability to error from inqxer- 
fections in the centring and grinding of the lenses (as 
well as lb.ss of light by the partial reflexion of oblique 
rays from their surfaces), it is obvious that the most e.xact 
workmanship, involving a proportionate costlines-s, is 
reciuired to bring out the full effect of such conqjlex con- 
struction. And where angular aperture is regarded as the 
qiuility of primary importance it will be usually found 
preferable to have recourse to objectives constructed on 
either the “ water ” or the “ oil ” innnersion system, to be 
pre-sently de.scribed. 

The great increase thus attained in the perfection 
of the corrections of microscopic objectives for both 
spherical and chromatic aberration of course rendered 
it possible to make a corresponding increase in their 
angular aperture. The minute scales of the wings of 
butterflies and other insects were naturally among the 
objects much e.xamined; and it was .soon perceived that 
certain lines and other markings became clearly discernible 
on these scales with objectives of what was then considered 
large angle which were utterly undistinguishable with 
non-achromatized microscopes (however high their magnify- 
ing power), and very imperfectly shown under achromatic 
objectives of small angle. Hence these scales came to be 
used as “test-objects,” forjudging of the_“ definition ” and 
“resolving power” of microscopic objectives, — the former 
property consisting in the clearness, sharpness, and freedom 
from false colour of the microscopic images of boundary 
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all, could only be dis- 
of the 


lines, and depending on the accuracy xvith which the aber- 
rations are corrected, while the latter term designates that 
power of separating very closely approximated markings 
which is ,now known to be a 
“function” of aperture. The 
insect-scales formerly most valued 
for these purposes were those of 
the Movpho menelaus (fig. 5) and 
the similarly lined scales of the 
Polyommalus aryiis (azure-blue), 
the “battledoor” scales of the 
same butterfly (fig. 6), the ribbed 
scales of the Lepwiia saccharina 
(sugar-louse), and the minute and 
peculiarly marked scales of the 
Lepidoeprtus curvicollis (fig. 7), 
commonly known as the Podura. 

The writer recollects the time 
when the satisfaetory “resolu- 
tion ” of the first three of these 
tests was considered a sufficient 
proof of the goodness of even 
high-power objectives, and when 
the y-’odwra-markings, if visible at 
tinguished as strire. The further opening-out 
aperture, however, enabled these strhe 
to be resolved into rows of “ exclama- 
tion marks ” ; and, while there is still 
some uncertainty as to the precise 
structure of which these markings are 
the optical expression, practical op- 
ticians are generally agreed that the 
Podiira-scoXo is very useful as a test 
for definition, with even the highest 
objectives, though it only serves as a 
test for a very moderate degree of re- 
solving poxver. For the latter j^urpose 
it has been completely superseded by 
the closely appro.ximated markings of 
the silicified envelopes of certain _ Battledoor 

diatoms (which, however, show them- Scale of Polyomma- 
selves in very different aspects accord- argiis. 
ing to the conditions under which they are viewed, figs. 
8-11), and also by lines artificially ruled on glass, as in 
Nobert’s “test-plate,” the number 
of lines in the nineteen bands of 
which is stated by M. Nobert 
to range from 1000 to 10,000 
to a Paris line, while Dr Royston 
Pigott gives the numbers in an 
English inch as 1 1,529 to the inch 
in the first band, and 112,595 
in the nineteenth. This last 
dimension (as 'will afterwards 
appear) approaches the minimum 
distance at which such markings 
are theoretically separable by any 
magnifying power of the micro- 
scope. 

The enlargement of the angle 
of aperture of microscopic ob- 
jectives and the greater complete- 
ness of their corrections, which 
were obtained in the first in- Fio. 7.— Test-Scales of Podura 
, ,1 rvf Afr (Lcjiidocyrtus curmcolhs). 

stance by the adoption of Mr large, strongly marked 

ListeFs principles, and were de- gcale ; B, small scale, more 
monstrated by the resolution of faintly marked, 
the test-objects then in use, soon rendered sensible an 
imperfection in their performance under certain circum- 
stances, which had previously passed unnoticed; and tlie 
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important discovery vras made by Mr Andrew Boss that 
a very decided difference exists in the precision of the 
image according as the object is viewed mth or mthout 
a covering of thin glass, a.3 also according as this cover is 
rhjn or threk.^ As this difference increases in proportion 
£0 the widening of the aperture, it would obviously be a 
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Fig. 10. Fig. 11. 

Pbrtion.s of Silictoas Valve of PUutosi'juia anrjvlaiiim, from a Photo- 
grajih takea by Central Illumination. Jlagnified 2000 diameters. 

source of great error and embarrassment if a means could 
not be found for its rectification. Its ojitical source, how- 
ever, having been found by 3Ir Ross to lie in the 
“negative aberration” which is produced in the rays 
proceeding from the object to the front glass of the objec- 
tive by the interposition of the plane-glass cover, and 
which increases with its thickness, his practical ability 
enabled hun at the same time to indicate the remedy, 
which consists in imder-correcting the front lens and over- 
correcting the two pos- 
terior combinations, and 
in making the distance 
between the former and 
the latter cajjable of 
adjustment by means of 
a .screw-collar, as shown 
in fig. 12. For when 
the front pair is approxi- h 
mated most nearly to the 
next, and its distance 
from the object is in- 
creased, its excess of 
positive aberration is 
more strongly exerted 
upon the other two pairs 
than it is in the con-Fic. 12. — Section of .\djustingAchromatic 
trarj' condition.s, A, uncovered ; B, covered, 

thus neutralizes the negative aberration produced by the 
interposition of the covering-glass. This correction is not 
needed for objectives of low or medium power and small 
angle of aperture ; but it should always be provided when 
the angle exceeds .50°, — unle.=3 (as is now generally done 
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in the case of objectives constructed for students’ use) 
the maker adjusts them originally, not for uncovered 
objects, but for objects covered -wfith glass of a standard 
thickness, say 0'00-5 or O’OOI inch. A departure from 
that standard to the extent of one or two thou.=andth.s of 
an inch in either direction, though extremely injurious 
to the performance of objectives whose aperture is 125° or 
more, scarcely makes itself perceptible in those of 90° or 
100°, And the same may be said in regard to the 
imraension-objectives next to be de.scribed, which are 
peculiarly suitable to the purposes of minute histological 
research. 

Immersun, Sydern . — It was long since pointed out by 
Profe-ssor Amici that the introduction of a drop of water 
between the front surface of the objective and either the 
object itself or its covering-glass would diminish the loss 
of light resulting from the pas.sage of the rays from the 
object or its covering-glass into air, and from air into the 
front glass of the objective. It was obvioas to him, more- 
over, that when the rays enter the object-glass from water, 
instead of from air, both its refractive and its dispersive 
action will be so greatly changed as to need an important 
constructive modification to meet the new condition. This 
modification seems never to have been successfully effected 
by Amici himself ; but his idea was taken up by the two 
eminent Paris opticians, ilM. Hartnack and Xachet, who 
showed that the application of what is now known as the 
“immersion system” to objectives of short focus and large 
angular aperture is attended, not merely vdth the advan- 
tages e.xpected by Professor Amici, but3vith others on which 
he did not reckon. As the loss of light by the refle.xion of 
a portion of the incident rays increases with the obliquity 
of their incidence, and as the proportional loss Is far smaller 
when the oblique rays pats into glass from water than 
when they enter it from air, the advantage of increaj- 
ing the angular aperture is more fully exjjenenced 
with “immersion” than with “dry” objectives, — just as 
Professor Amici anticipated. But, further, the immer- 
sion system allows of a greater working distance between 
the objective’ and the object than can be attained with a 
dry or air objective having the same angular aperture; 
and this increase affords not only a greater treedom or 
manipulation, but also a greater range of “ penetration ' 
or “ focal depth.” Further, the observer is rendered so 
much le.s 3 dependent upon the exactness of his coyer- 
correction that it is foimd that water-immersion objectives 
of high power and considerable angular aperture, extremely 
well adapted for the ordinary purposes of scientific inves- 
tigation, can be constructed without it, — a small departure 
from the standard thickness of covering-glass to which such 
objectives are adjusted by the maker having scarcely any 
effect upon the distinctness of the image. It is now the 
fjiactice of several makers to supply two fronts to objectives 
of .j^or .^inch focus, one of them fitting the objective for 
use “ dry ” (that is, in air), whilst the substitution of the 
other converts it into a water-immersion objective. And , 
in the objectives constructed on ilr Wenham’s system no 
change iii the front glass is needed, all that is necessary for 
making them work as immersion-lenses being a yet closer 
approximation of the front lens to the second combmation, 
which can be made by the screw-coUar. 

Within the last few year.?, however, the immersion 
.system ha-s undergone a still further and most important 
i development, by the adoption of a method originally 
suggested by Mr "Wenham (though never carried out by 
him), and independently suggested by Mr Stephenson to 
Professor Abbe of Jena, under whose direction it was first 
worked out by Zeiss (the very able optician of Jena), who 
has been followed by Powell and Lealand of London, as 
well as by several other constructors of achromatic objec- 


M I 0 E 0 

tives both in England and elsewhere, with complete 
success. This method consists in the replacement of the 
water previously interposed between the covering-glacs and 
the front glass of the objective by a liquid having the same 
refractive and dispersive powers as crown-glass, so that the 
rays issuing at any angle from the upper plane surface of 
the covering-glass shall enter the plane front of the objec- 
tive, without any deflexion from their straight course, and 
without any sensible lo.-s by reflexion, — even the most 
oblique rays that proceed from the object keeping their 
direction unchanged until they meet the back or convex 
surface of the front lens of the objective. It is obvious 
that all the advantages derivable from the system of water- 
immersion will be atill more thoroughly attained by this 
system of “ homogeneous ” immersion, provided that a fluid 
can be obtained which meets its requirements. After a 
long course of experiment.-. Professor Abbe found that oil 
of cedar wood so nearly corresponds mth crown-glass, alike 
in refractive and in dispersive power,' as to serve the 
purpose extremely well, except when it Is desired to take 
special advantage of the most divergent or marginal rays, 
oil of fennel being then preferable. There are, however, 
strong objections to the u.-e of these essential oils in the 
ordinarj' work of research ; and it seems not unlikely that 
a solution of some one or more saline substances ^vill be 
found more suitable. In addition to the benefit conferred 
by the water-immersion .system, and more completely 
attained with the homogeneous, it may be specially pointed 
out that, as no correction for the thickne.ss of the covering- 
glass Is here required, the rnicroscopist can feel assured 
that he has such a view of his object as only the most per- 
fect correction of an air-objective can afford. This is a 
matter of no small importance, for while, in looking at a 
known object, the practised microscoplst can so adjust his 
air-objective to the thickness of its covering-gla.ss as to 
bring out its be-st performance, he cannot be sure, in regard 
to an unknown object, v.'hat appearances it ought to pre- 
sent, and may be led by imperfect cover-correction to an 
erroneous conception of its structure. 

It lia.5 been recently argued that, as> the slightest variation in the 
refractive index of either the immersion fluid or the covering-gla-ss, 
a change of eye-pieces, or the lea-st alteration in the length of the 
body — in a word, any circum.stance.s differing in the slightest degree 
from those under which the objective was coiTccted — rau.st affect 
the performance of homogeneous-immersion objectives of the highest 
clav!, thej' should still be made adju-stable. The truth of this 
contention can, no doubt, he proved, not only theoretically, but 
practically, — the introduction of the adjustment enabling an experi- 
enced manipulator to attain the highest degree of perfection in the 
exhibition of many mounted olijects, which cannot he .‘■o well .shown 
with objectives in fixed settings. But it may well be fjue-stioned 
whether it Ls likely to do the same service in the hands of an ordi- 
nary working histologist, and whether the scientific investigator will 
not find it preferable, when using these objectives, to acceptwhat their 
maker has fixed a.s their point of best jicrforniance. The jirincijial 
source of error in his ernplownont of them lies in the thickness of the 
optical section of the object; for the rays proceeding from its deeper 
plane, having to pa.ss through a medium intervening between that 
plane and the cover-glass, whose refractive and dispersive indicts 
diifer from thosc of the glass and immersion-fluid, cannot be 
brought to so accurate a focus as those proceeding from the plane 
immediately beneath the cover-gLass. The remedy for this, how- 
ever, stems to lie rather in making the preparation a.s thin as 
possible than in the introduction of what is likely, in any but tlie 
most skilful and e.xperienced hands, to prove a new source of error. 
Evciy one who lias examined muscular fibre, for examide, under a 
dry objective of very high power and large aperture, well knows 
tliat so great an alteration is produced in its aspect by the slightest 
change in either the focal adja-tment or the cover-correction 
tliat it is impossible to .ray with eeminty what are the apjiear- 
ances which give tlie most correct optical expression of its structure. 
ThL being a matter of judgment on the part of each observer, it 
seems obvious tliat the nearest approach to a correct view will be 
tirobably given by the focal adjustment of the best homogeneous 
immersion-objectives, in fi.xed settings, to the plane of the x»repra- 
tion immediately beneath the cover-glass (see Jour, Hoy, Micros, 
Soc., 1882, pp. 407, 834, 30G}. 
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In every particular in which the water-immersion 
■system is superior to the dry, it is itself surpassed by 
the oil or other homogeneous system, the anticipa- 
tions of those by whom it was suggested being thus fully 
realized. But the advantages already spoken of as deriv- 
able from the Use of the ^ immersion system are altogether 
surpassed by that which the theoretical studies of Preffessor 
Abbe have led him to assigm to it, and of which he has 
practically demonstrated its po.sse3sion. For he has shown 
(as will be explained below) that the interposition of either 
water or oil so greatly increases the real “aperture” of 
the objective that immersion-objectives may be constructed 
having a far greater virtual aperture than even the theo- 
retical maximum (180°) of the angular aperture of an 
air-objective. 

The .same eminent pihysicist, working on the basis 
supplied by the mathematical investigations of Professor 
Helmholtz and himself on the undulatory theory of light, 
has further established an entirely new doctrine in regard 
to the production of highly magnified representations of 
closely approximated markings. All that has hitherto 
been said of the formation of images by the compound 
micro.'.cope relates to such as are produced, in accordance 
with the laws of refraction, by the alteration in direction 
which the light-raj's undergo in their passage through the 
lenses interposed between the object and the eye. These 
dioptric image.-, when formed by lenses free from spherical 
and chromatic abenation, are geometrically correct pictures, 
truly repre-'enting the appearances which the objects them- 
i selves would present were they enlarged to the same scale 
and viewed under similar illumination. And we seem 
j justified, therefore, in drawing from such microscopic 
images the same conclusions in regard to the objects they 
picture as we should draw from the direct vision of actual 
objects having the same dimensions. The principal source of 
error in such interpretations arises out of the “interference ” 
to which the rays of h'ght are subjected along the edges of 
the minute objects through which they pass, or along any 
such lines or margins in their inner part as are sufficiently 
opaque to throw a definite shadow. For every such 
.shadow must he bordered, more or less obviously, by inter- 
ference- or diffraction-spectra; and thus the images of 
strongly-lined objects ^rith very tran-sparent intermediate- 
spaces may be so troubled or confused by these “ diffraction- 
.spectra ” as to render it very doubtful what interpretation 
is to be put upon their appearances. 

A good example of this kind is afforded by the scales of the 
gnat or mosquito, which are compo.sed of a very delicate double 
niembrane, strengthened by longitudinal ribs on both sides, those 
of the opX)Osite sides uniting at the broad end of the scale, where 
they generally terminate as bristle-shaped ajjpendages beyond tbe 
intermediate membrane. These are cro-ssed by fine markings, which 
are probablv ridge-like corrugations of the membrane, common to 
both sides of the scale. Between each pair of longitudinal ridgM 
there may Lo seen, under certain adjustinenta of fotm- and illumi- 
nation, three unifonn parallel rows of beads, which have been 
supposed to represent a true stnicture in the membrane. Bv Dr 
Woodward (colonel in the United State.- army), however, it has been 
.,ho wn that thL beaded appearance is merely the result of the “ inter- 
ferences” produced by the longitudinal and tran.sverse line- of the 
scale. For the longitudinal diffraction-lines arc clearly seen, alike 
in the microscopic image andin photographs (fig. 13), to extend into 
empty space beyond the contour of the scales, almo-t as far as the 
ends of the bristles in which the parallel ribs tenninate; and 
they vary in number vdth the varjdng obliquity of illumination, so 
that in the same scale tivo, three, four, or even five rows of beads 
can be seen, and pihotographed at pleasure, in every intercostal 
space. ^ 

Every rnicroscopist wko has worked much with high 
iidwers is tvell aware of the difficulty of distingui.shing 
between real and spectral markings, — a difficulty' which can^ 
only be overcome by training and experience. It seems, 

1 Monthly Micros, Jour,, vol. xv. (1876), p. 2.3.3. 
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however, -to have been now fully ascertained by Pro- 
fessor Abbe that it is only through such diffraction-spectra 
that the microscope can make us acquainted with the 
minutest structural features of objects, since, according 
to the calculations of Professor Helmholtz and himself 
(based on the constants of the undulatory theory), no 
amount of magnifying power can separate dioptrically two 
lines, apertures, or markings of any kind, not more than 
of an inch apart. The visual differentiation or 
“ resolution ” of lines or other markings whoso distance lies 



Fig. 13. — Scale of Gn.at, showing Be.a(lcd Iilarkiiigs produceil by Diffraction; 
from n Photograph by Colonel Dr \Voodwnrd. 


their diffraction-spectra,^ and that the confidence to be 
placed in the latter class of representations will be greater 
in proportion to the completeness of the recombination of 
the se 2 )arated interference-spectra, which, again, will be 
liroportional (accurate correction of the aberrations beings 
assumed) to the aperture of the objective.- 

The combined advance of scientific theory, and of 
practical skill in the ai)i)lication of it have now brought 
iqj the conqjound achromatic microscope to an optical per- 
fection that renders it cai)able of actually doing almost 
everything of which, in the' present state of optical 
theory, it can be regarded as capable. The resolution 
of Robert’s nineteenth band, having 112,595 lines 
to an inch, which was long regarded as the cru,v of 
microscoiiists, is now found so ea.sy as to leave little 
room for, doubt that, if a new test were obtainable 
having the miiiiinuin visihile of 118,000 lines to the 
inch, an oil-immoraion objective '^vould be found to 
resolve it. But the exijcrience of the past makes it 
evident that, as no limit can bo set to the advance 
of optical theory, results yet more remarkable may be 
still expected to arise, every such advance being turned 
to account by the iiractical skill w'hich experience has 
.now enabled the best constructors of achromatic ob- 


within that limit is entirely the result of “ interference,” — 
the objective receiving and transmitting, not only dioptric 
rays, but the inflected rays whose course has been altered 
in their passage through the object by the peculiar disposi- 
tion of its particles, and combining these rays into a series 
of diffraction-spectra, the number and relative jjosition of 
which bear a relation to the structural arrangement on 
which their production depends. If the objective be per- 
fectly corrected, and all the diffraction-spectra lie witliin 
its field, the.se will be recombined by the eye-iiiece so as to 
form a secondary or diffraction ” image, lying in the same 
l)lane Avith the dioptric image, and coinciding with it, while 
filling up its outlines by supplying intermediate details. 
But where the markings (of whatever nature) are so closely 
appro-ximated as to produce a wide dispersion of the inter- 
ference-spectra, only a part of them may fall Avithin the 
range of the objective ; and the recombination of these by 
the eye-piece mo.y produce a diffraction-image differing 
more or less completely (perhaijs even totally) from the 
real structure; Avhile, if they should lie entirely outside 
the field of the objective, no secondary or diffraction imago 
Avill be produced. And thus, Avhilo the general form of 
such an object as a diatom -valve may be correctly given in 
a dioptric image, its surface may appear quite unmarked 
under an objective of small apertur^, hoAvever great its 
magnifying poAver, though covered with regularly disposed 
markings Avhen seen through an objective of Avider aperture 
AA'ith perhaps only half the magnifying poAver. 

It is obvious, hoAvever, that, Avhile the dioptric imago 
represents the actual object, the diffraction-image thus 
formed by the reunion of a portion of the interference 
pencils is only an optical exiwession of the result of their 
partial recombination, Avhich may represent something 
entirely different from the real structure. For it has been 
proved experimentally, by placing finely-ruled gratings in 
the position of objects, and by limiting the apertures of 
objectives by diaphragms AA’ith variously disposed perfora- 
tions, that the same arrangement of lines shall be presented 
to the eye by differently lined surfaces, and different 
arrangements by similarly lined surfaces, according to the 
numbers and relative positions of the reunited sjiectra. 
Hence it is clear that there must be an, essential difference 
in character and trustAvorthiness betAveen the images 
.dioptrically formed of the general outlines and larger 
details of microscopic objects and those representations of 
their finer details AA’hich are given by the recombination of 


jectives to attain.-* 

TliiJ'progitf.iaive iinprovcinents tlius eirectud in the coiistniclion 
of iiiicro-seopie objcetivfo li.xvc been .iccoiiquiiied by other iinproA’c- 
iiicnts, alike in the optical and in the inechanital arrangements by 
Avhifli the best pertbrinance of these objectiA'c.s can be .seemed; and 
it will bo desirable now to describe in sncce.s.sion the most approved 
forms of the eye-piece, the objective, and the illuminating apparatus 
respectively, and then those of the insti-umeiit as a Avhole, point- 
ing out the .special adaptiveness of each to the requirements of 
dilfereut classe.s of scientilie investigators. 

Eye-Piucus. 

It very early became obvious to those who Avere engaged in 
the .aehiomatu.ition of inicroscopie objectives that their best 
perfonnance Avas obtained Avhen the imago given by them Avas 
further enlargeil by the oye-jiiece knoAvn as the Huygeuian,_ as 
having been devised by Huygens for his telescopes. It consists 
of tAA’o plano-convex lenses (KE and FF, fig. -1), AA-ith their plane 
sides toAA-ards tlie eye ; these are placed at a distance equal to half 
tho sum of their focal lengths, — or, to speak AA’ith more precision, 
at half the sum of the focal length of the eye-glass, and of tho dis- 
tance from the lield-glass at which an iuAage of tho object-glass 
AA’ould bo formed by it. A “stop" or diaphragm BB must be 
placed betAveen the tAVo lenses, in tlio visual locus of the eye-glMi;, 
AA'hich is, of course, the position AA-herein tho image of tho object 
Avill bo formed by the rays brought into convergence by their 
passage through the lield-glass. rluygens devised this arrange- 
ment merely to diminish tho spherical aberi-ation ; but it AA-as subse- 
quently shoAvn by BoscoA’ich that tho chromatic dispei-siou AA-as also 
in great part corrected by it. Since the introduction of achromatic 
objcct-ghassos for compound inicroseoi)es, it has been further sIioaa-u 
that nearly .all cnor may bo aA’oided by a slight over-coiTection of 
these, so that tho blue "and red rays may bo caused to enter the 
eyo in a parallel direction (though not actually coincident), and 
thus to produce a colourless image. Thus let N, il, N (fig. 14) repre- 
sejit tho tAvo e.xtremo ravs of three pioucils, AA-hich AA-ithout tho- 
field-glass Avouhl form a blue image convex to the eye-glass at BB, 
and a red one at RR ; then, by the intervention of tho field-glass, 
a blue image coneaA’.e to the eye-glass is formeil at B'B', and a red 

' Thus it is still a moot i)oint AA-hether the microscopic appeai- 
aiiccs seen in tlie siliceous valves of diatoms (figs. 8-11) are the 
optical representiitions of elevations, depressions, or iJerforation.s, or 
of internal molecular amugements not involving any inequality of 
surface. ^ 

- This doctrine was first fully developed by Professor Abbe in the 
Archiv fur Microsk. Anatomie, vol. ix. (1874), and is more fully ex- 
pounded in his subsequent contributions to Jour. Iloy. Micros. Soc. 
See also the papers of Mr Stephenson and Mr Crisp in that jouiiual, 
and in the preceding Monthly Microscoincal Journal. 

3 Any good AA’orkman can uoav make by the dozen such small-angled 
I inch objectives os Mr A. Ross produced Avith much pains and labour 
fifty yeai-s ago. It AA-as not imtil 1844 that, AA-ith the honourable 
emulation of surp.assing Avhat Professor Amici had then accomplished, 
ho produced a XT inch of 135°, Avhich, by taking advantage of some 
very heavy flint-glass ho had, he .afteiAvards increased to 170°. 
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ono at RR. As tlio focus of tlio oye-glass is shorter for blue rays 
than for red I'ays by just the difference in the place of these images, 
their rays, after refraction by it, enter the eye in a parallel direction, 
and produce a picture free from false colour. If the object-glass 
had been rendered perfectly 
achromatic, .the blue rays, 
after passing tiirough the 
field-glass, would have been 
brouglit to a focus at b, and 
the red at r ; so that an error 
would bo produced, which 
would have been increased in- 
stead of being corrected by the 
eye-glass. Another advantage 
of a well-constructed Huy- 
genian eye-piece is that the 
imago produced by tlie meet- 
ing of the rays after passing 
through the field-glass is by it 
rendered concave towards the 
eye-glass instead of convex, 

. so that every' part of it may 
be in focus at the same time, 
and the field of view thereby 
rendered Mat.^ 

Two or more Huygenianeye- 
pieces, of different magnify- 
ing powers, kndmi as A, B, U, ' 
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14. — Section of Uuygenian Eye- 
Piece, adapted to Over-Corrected 
Microscopic Objectives. 


kc., arc usually' supplied with 

a compound'’ microscope. The utility of the higher powers will 
mainly depend upon the excellence of the objectives ; for, when an 
achromatic combination of small aperture which is sufficiently well 
corrected .tpfjjerform very tolerably witli a “low" or “shallow” 
eye- piece is used with an eye-piece of higlier magnifying power (com- 
monly spoken of as a “ deeper” one), the imago may lose more in 
briglitness and in definition tlian is gained by its amplification, while 
the imago given by an objective of large angular aperture and very 
perfect correction shall sustain so little loss of light or of definition 
by “deep eye-piecing” that the increase of magnifying power shall 
bo almost clear gain. Hence the modes in which difforeiit objectives 
of the same power, whoso performance with shallow eye-pieces is 
nearly the same, are respectively all'eoted by deep eye-pieces afford 
a good test of their resiiective merits, since any defect in the correc- 
tions is sure to be brought out by the liighcr amplification of the 
image, while a deficiency of aperture is manifested by the want of 
li|jht. The working microscopist will generally find the A eye- 
piece most suitable, B being occasionally employed when a greater 
jKiwer is required to separate details, whilst C and others still deeper 
are useful for the purpose of testing the goodness of objectives, or 
for special investigations rcrniiring the highest amplification with 
objectives of the finest (jiiality. But he can commit no greater 
error than habitually to use deep eye-pieces for the purposes of 
scientific research, especially when (as in the study of living 
objects) long-continued and unintermitted obseiwation is necessary. 
For the visual strain thus occasioned is exactly like that resulting 
from the habitual use of magnifying spectacles in reading, requir- 
ing the book to be held within 2 or d inches of the eye. And 
all experience .shows that tliLs feeling of strain cannot be dis- 
regarded, without the most injurious consequences to vision. 

For viewing large flat objects, such as transverse sections of wood 
or of Echinus spines, under low magnifying powers, the eye-piece 
known as Kellner’s may be emjiloyed with advantage. In this 
construction the field-glass, which is a double-convex lens, is 
jdaced in the focus of the' eye-glass, without the interposition of a 
diaphragm ; and the cyo'-glass is an achromatic combination of a 
plano-concave of flint with a double-convc.x of crown, which is 
slightly under-corrected, so as to neutialize the over-correction 
given to* the objectives for use with Huygenian eye-jjicccs. A 
flat well-illuminated field of as much as 14 inches in diameter 
may thus be obtained, with very little loss of light ; but, on the 
other iiand, there is a certain impairment of dejining power, which 
renders the Kellner eye-piece ' unsuitable for objects presenting 
minute structural details ; and it is an additional objection that 
the smallest speck or smear upon the surface of the field-glass is 
made so unpleasantly obvious that the most' careful cleansing of 
that surface is required every time that this eye-piece is used. 
Hence it is better fitted for the occasional display of objects of the 
character already specified than for the ordinary wants of the 
working microscopist. / 

Solid eye-pieces,- consisting of cylinders of glass with convex ends, 
are sometimes used in place of the Huygenian, when high_ magni- 
fying power is required for testing the performanee of objectives. 
I’lie lower surface, wliich. has the le sser convexity, serves as a 

1 The reader may be* referred to Mr Varley's Investigation of the properties of 
the Huygenian cye-'ple'cp in tlje fifty-first volume of the TransacUom of the 
Society fif Arts; and to the article “Jllcroscopc by Mr- ftoss, In the Penny 
Cyclopiedid} reprinlcU, with additions, In the English Cyclopxdia* 


field-glass, while the imago formed by this is magnified by the 
highly convex upper surface to which the eye is applied -t e 
advaiitfige derivable from this construction lying in the abolition of 
tlic plane surfaces of the two lenses of tlie ordinary cye*piece.- 
A “positive” or,Eamsdon’s eye-piece— in which the field-"las 3 
whose convex side is turned upwards, is placed so much ncaiM the 
eye-glass tliat the image formed by tbe objective lies below instead 
of above it— was formcrljr used for the purpose of 'micrometry —a 
divided glass being fitted in the exact plane occupied by the ima^e, 
so that its scale and that imago are both magnified together by Bie 
lenses interposed between them and the eye. The same cud, how- 
ever, may be so readily attained with the Huygenian eye-piece 
that no essential advantage is gained by the use of that of Raiiisden, 
the field of which is distinct only in its centre. 


Objectives. 


It has been seen that one of the principal points in the 
structioii of microscopic objectives to which the attention of 


COIl- 

their 
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makers lias been constantly directed has been the enlargement 
of their “ aperture,” — this term being understood to mean, not 
their absolute opening as expn'cssed by linear measure, but their 
capacity for receiving and bringing to a remote conjugate focus the 
rays diverging from the several points of a near object. The aper- 
ture of an objective has been usually estimated by its “angle of 
aperture,” — that is, by the degree of divergence of the most extreme 
rays proceeding from the axial point of the object to the margin of 
the objective (fig. 15) wliich take part in the formation of the 
image. It is pointed out, however, 
by Frofessor Abbe that, in the case 
of' single lenses used as objectives, 
their a])crtiircs are really propor- 
tional, not to their respective angles 
of aperture, but to the ratio between 
the actual diameter or clear opening 
of each to its focal distance, a ratio 
which is simply expressed by the 
sine of its semiangle. And in the 
case of combinations of lenses it can 
be demonstoted mathematically that 
their respective apertures are de- 
terminable — other conditions being 
the same — by the ratio of- the dia- 
meters of their back lenses, so far as Fio. 15.- 
theso are really utilized, to their Object-Glass, composed of 
respective focal Icngtlis, — this ratio three pairs of (hint and 
being c-xpressed, as before, by the sine crown) lenses, abc is its angle 
of the scmianglo of aperture (sin u). “ aperture. 

The dilference between these two modes of comparison can bo 
readily made obvious by reference to the theoretical maximum of 
180°, which is attained by 0 ])eniug out the boundaries of the angle 
abc (fig. 15) until they come into the same straight line, the sine of 
the semiangle (90°) then becoming unity. For, while an objective 
having an angle of C0° would count by comparison of angles as 
having only one-third of the theoretical maximum, its real aperture 
would bo half that maximum since the sine of its semiangle 
(30°) = And, as the sines of angles beyond 60° increase very 
slowly, "an objective of 120° angle will have as much as 87 per cent, 
of the tlieoretical maximum of aperture, although its angle is only 
two-thirds, or 66 '6 per cent., of 180°. It hence becomes obvious 
that little is really gained in real aporturo by the opening-out of 
tlic angle of microscopic objectives to its greatest practicable limit 
(wliich may be taken as 170°), while such extension— oven if 
unattended with any loss either of definition or of colour-correction 
— necessarily involves a great reduction alike in the working dis- 
tance and in the focal depth or penetration of the combination, 
as will bo presently explained. 

Numerical Aperture.— It has now been demonstrated by Professor 
Abbe tliat, independently of the advantages already specified as 
derivable from the application of the immersion system to objectives 
of short focus and wide aperture, the real aperture of an immer- 
sion objective is considerably greater than that of a dry or air 
obicctivc of the same angle,— the comparative apertures of objec- 
tives working through difrerent media being in the compound 
ratio of two factors, viz., the sines of their respective seimangles 
of aperture and the refractive indices of the “immersion” lluids. 
It is the product of these (w sin m) that gives what is termed by 
Professor Abbe the “numerical aperture,’ — which serves, therefore, 
as the only true standard of comparison, not only between dry or 
air and water or oil immersion lenses, but also berivecu immersion 
lenses adapted to work respectively with water, oil, pr any other 
interposed fluid. That the angle of aperture cxpres-sed by the 
same number of degrees must correspond with very diifereiit iiorlv- 

" apLtures in (Try, water immersion, and oil or l.omogenepus 
inunersioii objectives becomes evident when wo 


consider what 


2 Thc^ cyc-picces arc much in vo^iuc in tlio United Statc-s, wlicrc they 

# oH/.rf frvr-l /•V^»n tfl Inch. 


ulc uiadu 




2G8 


MICROSCOPE 


hajijjeiis when ilivorgent pencils of rays pass from one medium 
into another of higher refinctivo index. For such divergent 
pencils, proceeding from air into water or oil, will bo closed 
together or compressed ; so that the i-ays which, when an object 
is u'lounted in air, spread out over the whole hemisphere then 
form comparatively narrow pencils, and can thus bo utilized 
by an immersion objective of smaller aperture than is reipiircd in 
a dry objective to admit the most diverging inys of air-pencjls. 
It follow.s, therefore, that a given angle in a water or oil immersion 
objective represents a much larger aperture than does the same 
angle in an air-objective ; and thus it comes to pass that by 
opening out the angle of immersion objectives they may bo made 
to receive and utilize rays of much greater divergence than can 
possibly enter dry objectives of even ma.vimum aperture. 

The following table, abridged from that given by Professor Abbe 
for every 0’02 of numerical aperture from 0’5Q up to the maximum 
of 1'52, brings this contrast into clear view : — 


Niuaerical Aperture Tahte. 


Xumeiicul 
Apertuic 
(;i sin u — a). 

Angle of Aperture (=2 k). 

Illumi- 

nating 

Power 

(a“). 

Theoretical 
liesolvint: 
Power, In 
, Lines to 
an Inch 
(A=0'52G9/i 
=]ineE). 

Penc- 

tratlnff 

Power 

(i)- 

Dry 

Objec- 

tives 

(«=i). 

AVater- 

Imincrslon 

Objectives 

(H=l*d3). 

Homogeneous- 

Immcr&iou 

Objectives 

(a=l-.12). 

l°5'i 

» / 


O / 

ISO 0 

2-310 

140,528 

•658 

1-.I2 



138 12 

2-016 

136,888 

•704 

1-33 


180 0 

122 6 

1-770 

128,212 

•752 

1-2G 


142 39 

111 59 

1-588 

121,464 

•794 

1-18 


125 3 

101 50 

1-392 

115,752 

•847 

1-12 


114 44 

94 5G 

1-254 

107,068 

•893 

VQQ 


105 42 

88 26 

1-124 

102,184 

•943 

1-00 

180 0 

97 31 

82 17 

1-000 

90,400 

1-000 

0*04 

HO C 

89 50 

76 24 

-884 

90,616 

1004 

0-8G 

118 38 

80 34 

08 54 

'740 

82,904 

l-ll!-3 

C-80 

lOG IG 

73 58 

C3 31 

•640 

77,120 

1-2.10 

0°7tf 

S8 sa 

09 42 

GO 0 

•578 

73,264 

P3I6 

" 0-70 

88 51 

G3 ill 

54 50 

•490 

07,480 

1-429 

0-82 

7G SS 

55 34 

48 9 

•384 

59,768 

1-613 

0-5G 

G8 G 

49 48 

43 14 

•314 

53,984 

I-7SG 

0-50 

CO 0 

4t 10 

38 24 

•250 

48.200 

2-000 


Thus, taking iis a standard of comparison a dry objective of 
the maximum theoretical angle of 180°, whose numerical aper- 
ture is the sine of 90°, or I’OO, wo find this standard equalled 
by a water-immersion objective whoso angle of aperture is no more 
than 97 i°, and by an oil or homogeneous immersion objective 
of only 82°, — the numerical apertures of these, obtained by multi- 
plying the sines of their respective semiangles by the refractive 
index of water or of oil, being I'OO in each case. Each, there- 
fore, will have as great a power of receiving and utilizing divergent 
rays as any dry objective can even theoretically possess. 

But, as the actual angle Of either a water or an oil immersion 
objective can be opened out to the same extent as that of an air or 
dry objective, it follows that the aperture of the former can bo 
augmented far beyond even the theoretical maximum of the latter. 
Thus the numerical aperture of a water-immersion lens of the 
maximum angle of 180° is 1-33, or one-third greater than that 
of an air-lens of the same angle; and this aperture would be 
given by an oil-immersion objective of only 122°. Again, the 
numerical aperture of an oil-immersion objective having the theq- 
rctical maximum angle of 180° would be 1'52, or more than one- 
half greater than that of an air-lens of the same angle. And tlie 
numerical apertures corresponding to angles of 170 , which have 
been actually attained in both cases, fall very little short of the 
proportions just given. 

So, again, an oil-immersion objective whose angle of aperture is 
only G0° has as high a numerical aperture (0‘70) as a water- 
immersion objective of 69A°, or as a dry objective of 99"; and a dry 
objective of 140° has no greater a numerical aperture (0'94) than 
a water-immer.sion of 90° or an oil-immersion of 76i°. 

This important doctrine may be best made practically intelligiblo 
by a comparison of the relative diameters of the back lenses of 
dry with tho.se of water and oil immersion objectives of the 
s,ame power, from an “air-angle" of 60° to an “oil-angle” of 
180°, — these diameters exin essing, in each case, tho opening between 
the extreme i)eneil-forming rays at their issue from the posterior 
surface of the combination, to meet in its conjugate focus for the 
formation of the image, the relation of which opening in each ca.se 
to the focal length of the combination is tlic real measure of its 
aperture (tig. 16j. Thus tlic dry objective of 00° angle (5 in fig. 10) 
levs its ail-angle represented by sin!t=i^B=0'D0 numerical aperture. 
The djy objective of 97° (4) has its air-angle represented by .sin «•=■ 
5 — 0'75 numerical aperture. And the dry objective having the 
(theoretical) angle ot 180° (3) has its air-angle represented bvsinu 
“1-00 numerical aperture,— this corresponding to 96° water- 
angle and 82° oil-angle.^ But the water-immersion lens having 
the (theoretical) angle of 180° (2) has its water-angle reprc.scntcd 
by nsiuu“l-33 numerical aperture. And the oihimmersion 



lens havin" the (tlieorctical) angle of 180° (1) has its oil-angle 
represented by «smi£=l’52 “numerical aperture.” ^ These 
theoretical apertures for water and oil immersion lenses having been 
foimd as nearly attainable in- practice as the theoretical maximum 
for dry objectives, such lenses can utilize rav.s from objects 
mounted in balsam or other dense media, 
which are entirely lost for the imago (since 
they do not exist physically) when the same 
object is in air or is observed through a film 
of air. And this loss cannot be compensated 
by an increase of illumination ; because the 
rays whicli are lost are different rays physi- 
cally from those obtained by any illumi- 
nation, however intense, through an aerifonn 
medium. 

It is by increasing the number of diffrac- 
tion-spectra that the additional rays tliiis 
received by objectives of great numerical 
aperture impart to them an increased resolv- 
ing power for lined and dotted objects, — 
the truth of the imagd formed by the recom- 
bination of these spectra being (as already 
shown) essentially dopendont on the number 
of them that the objective may be capable 
of receiving. 

But whilst the resolving power of micro- 
scopic objective.s increases in the ratio of 
their respective numerical apertures, and 
whilst their illuminating power (dependent 
upon the quantity of light that passes 
through them) increases with the square of 
the numerical aperture, the case is reversed 
with another most important quality, — that 
of penetration or focal depth; for this 
diminishes as the numerical aperture in- 
creases, until nothing but what is jn-ecisely 
in the focal plane can be even discerned with 
objectives possessed of the highest resolving 
power. Thus, the penetrating power of an Fig. 16.— Belntive Dia- 
objective of 60° air-angle being expressed meters of Back Lenses 
as 2’000, an extension of that angle to 76^° of Air, Water, and 
reduces it to 1'613, an extension to 89° 0*1 Iininersion Objec- 
reduces it to 1 ’429, and an extension to 99° 
reduces it to 1'816 ; further extension to 1184° reduces it to 1TG3, 
while .an objective whose air-angle is 140°>has a penetrating iiower 
of only 1 '064. So, again, the oil-immersion objective which has the 
numerical aperture of I’OO corresponding to the theoretical air- 
angle of 180° has a poneti-ating power of I’OOO; this is brought 
down to '752 when its angle is so increased as to m.ake its numerical 
aperture 1'33, equalling the theoretical maximiiin of a water- 
immersion objective, and is '658 at the theoretical maximum (1 '52) 
of an oil-objcctive. 

Hence it is clear that, as some of the qualities to be sought in 
microscopic objectives are absolutely incompatible, a qii-oference is 
to be accorded to objectives of greatest resolving power but very 
little penetration, or to those of moderate resolving power ami 
great penetration, according to the uses to which they arc to bo 
applied; and some general principles will now bo laid down in 
regard to this matter, based alike on science and experience. 

In the first jdacc, a marked distinction is to bo drawn between 
those objectives of low, or moderate power which are to bo worked 
diojitrically and those of high power which are to bo worked dif- 
fi-activcly. The objects on wdiich tho former are to be for tlio most 
part used are either minute transparent bodies having solid forms 
which the observer should be able to take in as wholes (as in tho 
case of Pohjcystina, the larger diatoms. Infusoria, ke.); or trans- 
parent sections, dissections, or injections," whose parts lie in 
(lilfcrent planes, the general relations of which he desires to study, 
while reserving their details for more special scrutiny ; or opaque 
objects, whose structure can only bo apprehended from tho 
examination of their surfaces, when the inequalities of those sur- 
faces aro scen in their relations to each other. In all these eases 
it is desirable that microscopic vi.sion should resomhle ordinary 
vision as much .as possible. If the eye were so' constructed as to 
cmablo ns to discern only those piarts of an object that lie pre- 
cisely in the plane to which wo focus it, our visual conceptions of 
the forms and relations of these jiarts, and consequently of tho 
object as a whole, would in general be very inadequate, and often 
erroneous. It is because, while focussing our eye successively on 
the several planes of the object, we can sec the relation of each to , 
w'hat is nearer and more remote that wo can readily acijuire a 
visu.al c(onception of its shape as a whole, and that unmistak.ablo 
jierception of solid form which is given' by tho combination of tho 
two dissimilar perspectives of near objects in binocular vi.sion 

* Tlic dotted circles In llic interior of 1 and 2, of tlic same diameter ns shi»«' 
tho excels in the diameters of tlie back len.ses of the water and oil objccllvcs 
over that ol the dry at their ropcctVvc theoretical liinils. 
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(p. 2/3) could not possibly be formed if our vision were strictly 
limited to the exact plane for which our eyes arc focussed. 

Hence it is obvious that, in the case of objectives of low and 
moderate amplification, focal depth or penetration is a quality 
for the want of which no other excellence can compensate, — 
tlic opening-out of their apertures being only advantageous in 
so far as it docs not seriously interfere, with their penetrating 
power. It is, no doubt, cpiite jiossible to construct a 1 inch 
objective with an aperture so large that, when tlic requisite ampli- 
fication lias been gained by deeji eye-piecing, it shall resolve 
the lined “tests” ordinarily used for a or to construct an 
objective of inch focus which shall in like manner do the 
ordinary work of a J. But, as such objectives are thereby spoiled 
for their own proper work, the loss to the microscopist is but 
poorly conipensated by his ability to resolve with them, under such 
deep eye-pieces as cannot bo habitually used without serious risk to 
the eye-si"ht, the lined and dotted testa which can be much better 
shown under objectives of shorter focus and wider aperture, with eye- 
pieces of low amplification. For, whilst deep eye-pieces cannot be 
Jiabitually employed for continuous observation, irithout putting 
a strain upon the eyes resembling that which results from the 
constant use of a magnifying glass, even the very highest objectives 
may be used coiitinuoiLsly for long periods in combination with 
shallow eye-pieces, with scarcely any fatigue, and therefore (it is 
probable) without sensible injury.^ 

In estimating the goodness of a microscopic objective, five 
distinct qualities have to be separately considered; — (1) its work- 
in" distance, or the actual interval between its front lens and the 
object on which it is focussed; (2) its penetrating power, or focal 
depth; (3) the flatness of its field; (4) its definition, or power of 
giving a distinct imago of all well-marked features of an object, 
and especially of their boundary lines ; and (5) its resolving power, 
by which it separates closely approximated lines, dots, or stria;. 

1. The “ working distance " of an objective has no fixed relation 
to its focal length, — the latter being estimated by its equality in 
power with a single lens of given radius of curvature (such as 
1 inch, inch, iV inch, i:c.), while the fonner varies with 
the mode in which the combination is constructed and with the 
aperture given to it. For low and moderate powers, ranging up to 
iV inch focu.s, good working distance is especially important, 
alike because it is closely related to penetrating jiower, and also 
because it facilitates the use of side-illumination for opaque objects. 
And in such objectives of high power as are to bo used, not for the 
re.solution of lined or dotted tests, but for the observation of living 
and moving objects of extreme minuteness, good working distance 
is no less important, on account of its relation to focal depth. In 
the case of ttiosc objectives, on the other hand, in which resolving 
power is made the first consideration, it is only needful that the 
working distance shall be such as to permit the interposition of a 
thin glass cover ; and this, although necessarily diminished with 
the widening of the aperture, can be always obtained by the adoption 
of the immersion system. 

2. The “ penetrating power” or “ focal depth ” of an objective 
may be defined as consisting in the vertical range through which 
the parts of an object not precisely in the focal plane may bo seen 
with sufficient distinctness to enable their relations with what lies 
e.xactly in that plane to be clearly traced out,— just as would be done 
by ordinary vision if the object were itself enlarged to the dimeii- 
swns of its microscopic image. The close relation beriveen this 
quality and the preceding becomes obvious when it is considered 
that the longer the working distance of an objective the less will 
the distinctness of the image it forms be affected by any given 
alteration (say the ttoto of on inch) in its focal adjustment. Con- 
sequently, of two objectivas having the same magnifying power but 
different working distances, that one will have the most focal depth 
whose working distance is the greater. On the' other hand, as the 
penetrating power of an objective is reduced in direct accordance 
with the increase of its numerical aperture, it must be sacrificed 
wlierever the highest resolvin" power is to be attained. Hence, 
as already remarked, this attribute will be very differently valued 
by different observers, according to the work on which they are 
respectively engaged. , For the general purposes of biological 
research, not only with low or moderate (for the reasons already 
stated), but also with high powers, a considerable amount of 
focal depth is essential. It is impossible, for example, to follow 
satisfactorily the movements of an Anueba, or to study the 
“cyclosis” in the cell of a Vallisncria, or to trace the distribution 
of a nerve-thread, with an objective in which focal dojith is so 
completely sacrificed to aperture that nothing can be discerned 
save what is precisely in the focal plane, since, instead of passing 
gradationally from one focal plane to another, as the observer can 
do \vith an objective of good penetration, he can only get a succes- 
sion of “ dissolving views, ” with an interval of “chaos between 

1 Hence, for work of this kind, the ihallower eyc-ideccs and longer tubes of 
English microscopes are to be preferred to the deeper eye-picees and shorter tubes 
of tlie ordinary Continental model, the shallowest eye-pieces of the latter being 
usually equal in power to the ordinary li eye-pieces of the fonner. 
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the i tbe Other hand, it is desired to semtinize with 

the OTcatest precision .such minute details as are presented in one 
and the same focal plane (as, for example, those of the thinnest 
po.ssible filin of tissue spread out between a glass slide and its cover- 
the microscopist will prefer an objective in which focal 
depth IS subordinated to aperture, for the sake of the resolvin" 
power which he can thus command. And it will often happen in 
biological research that it is advantageous thus to bring objectives 
ot the latter class to bear upon objects which could not have been 
detected in the first instance save by objectives of much inferior 
resolving power but greater focal depth. 

3. .The “llatiiess of the field” afforded by the objective is a 
condition of gi-eat importance to the advantageous use of the micro- 
scope, since the extent of the area clearly seen at one time practi- 
cally depends upon it. Many objectives are so constructed that, 
even when the object is perfectly flat, the foci of the central and 
peripheral jiarts of the field are so different that, avhen the adjust- 
ment is made for one, the other is more or less indistinct. Hence, 
when the central part of the area is in focus, no more information 
is gained respecting the peripheral than if the latter had been alto- 
gether stopped out. With a really good objective, not only should 
the image be distinct over the whole field at once, but the marginal 
portion should be as free from colour as the central. As imperfec- 
tion in this respect is often masked by the contraction of the 
aperture of the diaphragm in the eye-piece, the relative merits of 
two objectives, as regards flatness of field, should always be tested 
under an eye-piece giving a large aperture. 

4. The “ defining power ” of an objective, which depends upon 
the completeness of its corrections for spherical and for chromatic 
abeiration, and upon the accurate centring of its component lenses, 
is an attribute essential to its satisfactory performance, whatever may 
be its other qualities, — its importance in scientific research being 
such that no superiority in resolving power can compensate for the 
want of it; and, though it is possible to obtain perfect correction for 
spherical aberration up to the highest practicable limit of angle, yet 
the difficulty of securing it increases rapidly with the augmentation 
of aperture, the want of it being made perceptible, c.specially when 
deep eye-pieces are put on, by the blurring of clearly-marked lines 
or edges, and by general ‘ ‘ fog. ” Perfect colour-correction, on the 
other hand, is not possible for dry lenses of the widest angle, on 
account of the irrationality of the secondary spectrum ; but this 
may be neutralized by the use of the immersion system. As already 
stated, what has to be aimed at in the construction of microscopic 
objectives is not absolute colour-correction, but a slight dogi'ce of 
over-correction, which, by com])oiisating the chromatic dispersion 
of the Huygeniaii eye-piece, shall produce an imago free from false 
colour. As this can be secured far more easily in the construction 
of objectives of moderate than in those of very wide aperture, the 
cost of the former is proportionally small, — an additional reason 
for the preference to be ^ven to them on other grounds, in regard 
to all save very special kinds of microscopic work. 

5. “Eesolving power,” being that by which very_ minute and 

closcly^ approximated markings — whether lines, smai, dots, or 
apertures — can be separately discerned, is a function which is only of 
jirimary importance in objectives whose amplifying power specially 
lits them for the study of objects of this class. It appears from the 
mathematical researches of Professor Abbe that the maximum 
resolving power (with a theoretical angle of 180°) would be capable 
of separating 146, ■'>28 lines to the inch ; but ho considers the limit 
of visual resolution depending on the power of the eye to be about 
frixnps of on inch ; and this limit seems to have been nearly 
reached. To make such a .separation distinctly perceptible, an 
amplification ol at least 3000 linear would be requisite ; and this 
can only be obtained either by the use of an objective of veiy high 
power (such as ■j’s inch focus) in combination with a low or medium 
eye-piece or by putting a veiy deep eye-piece upon an objective of 
lower power (such as a ^ inch), — the former method, for the reasons 
already given, being decidedly preferable. For the resolution of le.ss 
closely approximated markings objectives of Vy, and J 

inch answer very well ; and the resolving power which they 
require may be obtained ivithout any excessive widening of the 
aperture. For the loss of resolving power consequent upon the 
contraction of the angle of a ivatcr -immersion objective ^to 128^ is 
only one-tenth of the theoretical maximum 128,212 ; while a reduc- 
tion to 1055° onb' lowers the number of separable lines to 102,184 
to the inch,— thus diminishing the resolving power by litp more 
than one-fifth, while the working distance and focal depth of the 
combination are greatly increased, and perfect definition is nioro 
certainly attainable. The ^ inch is (according to the writer .s 
experience, wliich is confirmed by the theoretical deductions ol 
Professor Abbe) the lowest objective in which resolving power 
should be made the jiriinary qualification,— the J, h i, and 
inch being specially suited to kinds of biological work m wliieh 
this is far less important than focal depth and dioptric precision. 
This view is strengthened by the very important consideration that 
the resolving power given by wide 'iporthre c-innot be utili^^^^^^ 

except by a metnod of iHumiiiation that causes liglit to p - „ 



270 MICROSCOPE 


the object at an obliquity corresponding to that at which the most 
divergent rays enter the objective, >fow, althout'h in the case of 
objects whose markings are only superficial such obliquity may not 
be productive of false appearances (tliough cven_ this is scarcely con- 
ceivable), it must have that elfect when the olijcct is thick enough 
to have an internal structure ; and the cxiicricnce of all biological 
observers who have carried out the most delicate and diflicult 
investigations is in accord, not only as to the advantage of direct 
illumination, but as to the deceptiveness of the appearances given 
by oblique, and the consequent danger of error in any inferences 
drawn from the latter. Thus, for c.vample, the admirahlo researches 
of Strassburger, Fleming, Klein, and others upon the changes which 
take place in cell-nuclei during their subdiviaion can only be 
followed and verified (as the writer can personally testify) by 
examination of these objects under axial illumination, with objec- 
tives of an angle so moderate as to posacss focal dcjith enough to 
follow the wonderful ditferontiatiou of comi>onent parrs brouglitout 
bj’ staining processes through their whole tliickness. 

Tlie most perfect objectives for the ordinary jiuriioses of scientific 
research, therefore, will be obviously those whicli combine exact 
definition and flatness of field with the widest aperture that can he 
given uithout an inconvenient reduction of working distance and 
loss of the degree of focal depth suitable to ibc work on wliich they 
are respectively to be cmjdoyed. These last attributes are esjKjcially 
needed in the study of living and moving objects ; and, in the ease 
of these, dry objectives are decidedly preferable to immer.-iinn, 
since the shifting of the slide which is re<iuihitc to enable the move- 
ment of the object to be followed is very apt to produce disarraiigc- 
rneutoftho interposed drop. And, owing to the=olvent power which 
the essential oils employed for homogeueous immersion have for 
the, ordinary cements and varnishes, such care is neces-siry in the 
use of objectives constructed to work witli them as can only lie 
given wlieu the observer desires to make a very minute and critical 
examination of a securely-mounted object. 

The following tabic expresses the magnifying powers of objectives 
constniotod on the English scale of inches and parts of an inch, with 
the 10 inch body and the A and 11 oye-pieces u-nally supn!ie<l by 
English makers, and also specifies tlie angle of aperture widen, in the 
writer’s judgnieiir, is most suitable for each. He has the satisfac- 
tion of finding tliat his opiidons on this latter {Kiiut, which are 
based on long experience in tlie microscopic study of a wi<ler range 
of animal and vegetable objects than has fallen within the purview 
of most of his contemporarie.s, are in accordance with the conclu- 
sions drawn by Professor Abbe from his jirofound investigations into 
the theory of microscopic vision,* v, -111011 have been carritsl into 
practical accomplishment in tlie exeelleut productions of ilr Zeiss. 
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For ordinary biological work, the V?) nnd objectives, with 
angles of from 100’ to 120’, will be found to ans-.ver extremely 
well if constructed on the water-immersion system. 

Each of these powers should be tested upon objects most suited 
to determine its cajiacity for the particular kind of work on which it 
is to be employed ; and, in such testing, the application of deepr eye- 
pieces than can be habitually employed witn advantage will often 
serve to bring out marked dilfercnccs benveen two objectives which 
seem to work almost equally -well under those ortlinarily used, — 
defects in definition or colour-correction, and ^vant of light, which 
might otherwise have escaped notice, being tints made apparent. 
Ko single object is of such general utility for these purposes as a 
large well-marked Podura scale ; for the eye which has been trained 
to the use of a particular specimen of it will soon learn to recognize 
by its means the qualities of any objective between 1 inch and J 
inch focus ; and it may be safely asserted that the objective which 
most clearly and sharply exhibits its characteristic markings is the 
best for the ordinary work of the histologist. 

For the special attribute of resolving power, on the other hand, 
tests of ah entirely different order are required ; and these arc fur- 
ni&ed, as already stated, either by the more “ difficult ” diatoms, 
or by the highest numbers of Robert’s ruled test-plate. The 
diatom-valve at present most in use as a test for resolving 
power is the Araphiplciira pellucida, the lines on which were long 
supposed to be more closely approximated than those of IfoberFs 


> See his paper on “ The Kelation of Apertnre ana Power in the Microscope," la 
lour. Ro'j. Micros. Soc., 1SS2, pp. 300, 400. 


nineteenth hand, being affirmed by Jfr Sollitt to range from 120 
to 130 in TuW inch. Hut the admirable x'hotograph.s of 

this valve obtained by Colonel Dr Woodward have conliniied the 
conclusion long previously expressed by the writer, that this ulti- 
mate vv.as far too liigh, being based on the “spmrious lineation" 
produced by ditfraction, ami show that the striie ou the largest 
valves ilo not exceed 01, while those ou tlie smallest are nevermore 
numerous tliau 100, in ^’.57 of an inch. The same adminablo 
manipulator h.as also obtained excellent photogmpihs of anotiicr very 
ilillieiilt tcst-iiiatom, SurireUii ijciarna, from which it apja;ars 
that its transverse stri.c count longitudinally at the rate of 72,000 
to the inch, whilst the licaded appearances into which these may 
be resolved count transversely at the rate of 31,000 to the inch. 
Thus itanpears tiiat t!ie comjikte rcssolution of the.-e “ve.xatious’ 
iliatoms iloes not require by any means the inaximitm of .aperture, 
but is probably dependent .at least aa much on the perfection of the 
corrections and the cireetiveiiess of the illumination. 

It must be understood th.it tliercis no intention in these reiriarl:.s 
to nnden-ahie the elforts which h.avo been {ierseveriiiglv made by‘ 
the abk-.st constnictors of microscopic olyectivca in the direction of 
enlargement of ajic-rture. For these eiforM, U.ddes im-reasing the 
resolving j>ftwcr of the instniment, have done the great service of 
jirodiicinga vast improvement in the quality of tho.-e ohjoitives of 
moder.ite .aperture which .arc rno.t valuable to the .‘•cieiitific biolo- 
gist ; and the miero.scojust who wLdic.4 hi.a iinmujieiilui/i to be com- 
{detevvill provide him-seif with obitetivesof tiiosediirereiitepi.alitics, 
as Well as ditiereiit power.J, which shall best .suit his i>articu!ar 
I refiuiremeiits.- 

iLr.fMi.s'.tTi.vf: Ai'I'.vi:.vti.-.s-. 

Every improvt rii'jiit in the ontio.a! performance of the compound 
achromatic mioro.-cope hn calied forth a corresponding improve- 
ineiit in tile illumination of tiie objects viewed by it, since it soon 
came to be apfeirent that without such improvement the full ad- 
vantage of the iiicre-aseil defining .and re.solving iiowcrs of tJio 
objectives coulil not Le obt.aiiitd. For the illumination of frans- 
jearent objects e.x.amined by light transmitted through them under 
low jKiwers of moder.tte angle a converging jiencil of rays reilected 
upon their under surface in- a concav-e mirror is generally s’lifiicient, — 
a “condenser" being only needed wlicu the imperfect trarisprency 
of the object requires the tran,-nii-sioii of more light through it. 
•Ind the niicroscoplit engaged in ordinarj- biologic-al .studies, who 
works ou very transparent objects with objectives of *- or I inch 
focus, or inch immersion, will find that the iiiiall concave 
mirror of short focus witli wliii-h the Coniiiieiital niodeU ate fur- 
iiislic*! (.see tig. 23) will generally prove sufficient for his needs. This 
mirror Is Usually hung at .such a distance bciieath tiie .stage that 
parallel rays falling ou it are Itrought to a focus in the object .as it 
. lies ou a slip of gla-.s testing ou the stage ; and thus, when the 
iustrument Is u.sed by day, the light of a bright cloud (which is pre- 
ferable to any other) give.s a well-iiluminated licld, even with the 
powers last-mentioned. lint when lamplight Is used its divergent 
rays arc not brought to a focus in the object by a mirror that is 
i fixed as just stated ; and the distance of the mirror beneath the 
stage .should be made cajiablc of increase (v-.-hieh Is tasily done by 
attaching it to a lengthening bar), so as to obtain the requisite ' 
focal convergence. Still the liest eifects of objectives of less than 
\ inch focus cannot be .secured without the aid of an achromatic 
condenser, inteiqiosed between the mirror and the object, so as to 
bring a larger lody of ravs to a more exact convergence. 

When objectives of ntill higher poiver are employed, the emidoy- 
ment of such a coiidenscr becomes indispensable ; and when the 
highest iio'.vers arc being used by lamplight, it is desirable to dis- 
jjcnse with the mirror .altogether, and to place the flame exactly iu 
the optic axis of the microscope. Tlie condenser should be au 
achromatic combination, corrected for the ordinary thickness of 
the glass slip on which tlie object lies, and capable of being -so 
adjusted as to focus the illuminating pencil in the object. 

As it is often found desirable that an object should be illuminated 
by central rays alone, or that the quantity of light transmitted 
through it should be reduced (for bringing into view delicate details 
of structure w-liieh are invisible when tlie object is flooded with 
light), every inicroscopa should be provided with some means of 
cutting oif the outer rays of the illnmiiiating cone. ' The “dia- 
idiragm-plate ’’ ordinarilv used for tliis purpose is a disk of black 
metal, idvotcdto theunifer side of the stage, and perforated with a 
graduated scries of aiiertures of different diameters, any one of which 
can be brought, by the rotation of the disk, exactly into the optic 
axis of the microscope. But the reiiuired effect can be much more 
advantageously obtained by tlie “iris-diaphragm,” in w-hich a 
number of converging plates of metal arc made so to slide over 
each other by the motion of a lever or screw that the aper- 
ture is either enlarged or diminished, w-hile always remaining prac- 
tically circular as well as central ; and in this manner a continuous 

" Sec the remarks of Mr Dallinger, — -arhose experience in the application of the 
highest powers to the study of the minutcstliving objects Is probably greater than 
that of any living observer, — in Jour. Roy. Micros. Roc-, December 1S82, p. S33. 
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"view of the object is obtained, ■with aOTadational modification of the 
hght. Another method, commonly adopted in German microscopes, 
is to place a draw-tube in the optic axis between the stage and the 
mirror, and to drop into the top of this tube one of a set of “ stops ” 
perforated ndth apertures of different sizes ; this allows a gra- 
dational effect to be obtained by raising or lowering the tube, so as 
to place the stop nearer to or more remote from the object ; but it 
is not nearly so convenient as the iris-diaphragm ; and the effect of 
the stop is not nearly so good when it is removed to some dis- 
tance beneath the object as when it is very near to the under sur- 
face of the glass object-slide. When an achromatic condenser is 
used, either a diapliragm-plate or an iris-diaphragm should be placed 
below its back lens, so as to cut off any required proportion of the 
outer rays that form its illuminating cone. 

Such an arrangement, while suiting all the ordinary requirements 
of the microscopist who uses the highest powers of his instrument 
for the purposes of biological investigation (as, for example, in the 
study of Bacteria or of the reproduction of tlie Monadiiuv), does not 
serve to bring into effective use the special resolving power pos- 
sessed by objectives of large aperture. It has long been known 
that for the discernment of very closely approximated markings 
oblique illumination is advantageous, — an objective which exhibits 
such a diatom-valve as Pleurosigma angulatuni with a smooth un- 
marked surface when illuminated by the central rays of the achro- 
matic condenser making its characteristic markings (figs. 8-11) 
distinctly visible when the central rays of the condenser are kept 
back by a stop, and the object is illuminated by its convergent mar- 
ginal rays only. And it has also been practically known for some 
time that the resolution of lined or dotted tests can be often 
effected by mirror illumination alone, if the mirror be so mounted 
as to be able to reflect rays through the object at such obliquity to 
the optic axis of the microscope as to reach the margin of a widc- 
angled objective. But it has only been since Professor Abbe’s 
researches have given the true theory of “resolution” that the 
special advantage of oblique illumination has been fully compre- 
hended, and that the best means have been devised for using it 
effectively. Two different systems have now come into use, each 
of which has its special advantages. 

One consists in the attachment of the illuminating apparatus 
(min'or and achromatic condenser) to a “sufinging tail-piece” (see 
fig. 32), which, mo'ving radially upon a pivot whose axis intersects 
the optic axis at right angles in the plane of the object, can trans- 
mit the illuminating pencil through it at any degree of obliquity 
that the construction of the stage allows. The direction of this 
pencil being of course limited to one azimuth, it is requisite, in order 
to bring out its full resolving effect, that the object should be made 
to rotate, by making the stage that carries it revolve round the 
optic axis, so that the oblique pencil may impinge upon the lines or 
other markings of the object in every direction successively. It 
will then be found that the appearances presented by tlio same 
object often vary considerably, — one set of lines being shown when 
the object lies in one azimuth, and another when its azimuth has 
been clianged by rotation through 60°, 90°, or some other angle. 
Various contrivances have also been devised for throwing very 
oblique illuminating pencils on the object by means of prisms 
placed beneath the stage. 

Illumination of at least equal obliquity to that afforded by the 
swinging tail-piece may now, however, be obtained by the use of 
condensers specially constructed to give a divergence of 170° to the 
rays 'vvhich they transmit when used immersionally, by bringing 
their flat tops into approximation’ to tiie under side of the glass 
slide on which the object is mounted, with the interposition 
of a film of water or (preferably) of glycei'in. By using a central 
stop, marginal rays alone may be allowed to pass; and these will 
be ti'ansmitted through the object in every azimuth at the same 
time. But diaphragms with apertures limiting the transmitted rays 
to one part of the periphery may be so fixed in a tube beneath 
the condenser as to be easily made to rotate, thus sending^ its 
oblique pencOs through the object in every azimuth in succession. 
And where this rotation of the diaphragm' brings out two sets of 
lines at a certain angular inteiwal a diaphragm with two marginal 
openings at a corresponding angular distance will enable both to 
be seen at once. Numerous arrangements of this kind have been 
devised by those who devote their special attention to the reso- 
lution of difficult diatom-tests ; but they arc of little or no use to 
those who use the microscope for biological research. 

For the illumination of the surfaces of opaque objects which must 
be seen by reflected light the means employed will vary wdth the 
focal length of the objective employed. For largo bright objccte 
viewed under a low magnifjdug power good^ ordinary daylight is 
sufficient ; but if the surface of the object is dull, reflecting but 
little light, the aid of a bull’s-eye or large bi-convex lens must bo 
employed in oi’der to give it sufficient brilliance. This aid will 
always be required by lamplight ; and by a proper adjustaent of 
the relative distances of the lamp and the object the rays from the 
lamp may be made either to spread themselves over a wide area or 
to converge upon a small spot. The former is the method suitable 


to largo objects viewed under a low magnifying power ; the latter 
to the illumination of small objects which aie to be examined umler 
objectives of (say) 1 inch or § inch focus. Another method which 
may bo conveniently had recourse to when the microscope is pro- 
vided with a swinging tail-piece is to turn this on its pivot until 
tho concave mirror is brought above the stage, so that ia\‘s which 
It gathers either from natural or artificial sources may be reflected 
downwards upon the surface of the object. 

Tho illumination of an opaque object to be seen with a higher 
power than the s or i inch objectives was formerly providcif for 
by a concave speculum (termed a Lieberkuhn after its inventor), with 
a perforation in the centre for the passage of tho lays to tho objec- 
tive to which it is fitted,— the curvature of the speculum being so 
adapted to tho focus of the objective which carries it tliat, when 
the latter is duly adjusted, tho rat's j 
reflected upwards around the object yij 
from the mirror to tho speculum 
shall converge strongly on the ob- 
ject. The various disadvantages of 
this mode of illumination, however, 
liave caused it to be now generally 
superseded by other arrangements. 

For powers between IJ inch and 
f inch, and even for a q or J inch 
of small angle and good working 
distance, nothing is so convenient 
as tho parabolic speculum or side- 
illuminator (F, fig. 17) invented by 
the late Richard Beck. This is 
attached to a spring-clip that slides 
on the tubes of low-power objec- 
tives, so that its distance from the 
object and the direction of its rc- ' 
fleeted pencil are readily adjusted ; 17.— Beck’s Parabolic Side, 

and for use with higher powers it Illuminator, with Crouch s 
may be either mounted on a separ Adapter, 
ate arm attached to some part of the stand of tho microscope, or 
may be hung in the manner shown in fig. 17 from an “adapter ” 
A interposed between tho objective and the body. By lotating 
the collar B and making use of tho joints C, C, the lengthening 
rod D, and the ball and socket E, any position may be given to tho 
speculum F that may best suit tho objective with which it is used. 

When, however, it is desired to illuminate objects to bo seen under 
objectives of high power and very short working distance, side 
illumination of any kind becomes difficult, though not absolutely 
impossible; * and various modes have been devised for the illumina- 
tion of the object by means of light sent down upon it, through 
the objective, from above. This is done in the vertical illuminator 
of ilcssrs Beck (fig. 18) — the original idea of which w.as fust 




Flc. 13 .— Beck's Vertical Illuminator. 

nven by the Amcric.an Professor 11. L. Smith--by a disk of 
'bin glass B, b, attached to a milled head by which its angular 
msition may bo adjusted, and introduced by a slot .\, c wdo ‘I"-; 
hterior of an adaptor that L iiiteriiosLd between tho objcctivo 0, d 
ind the nose c of the body. The light which enters at the laU ml 
ipcrtiire A, a, falling upon the oblique suifaco of the di-k C, ^ 
■cflectcd downwards, and is concentrated by the h'liccs of t lu 
ibjcctivo upon the object beneath. Tim lateral aperture may be 
wovided with a diaphragm, with openings ql dilkront 
liminisliing the false light to which this nictliod is li.ib.e ; or .. . cret n 
‘iTa small ancrturc°mav be placed between the limp and the- 


iSccamcthoddcebcdbyJIrJair.csSinilli, :aAiir. eT y. Jti 
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illuminator, at any distance that is found to produce the best elfccts. 
In using this illuminator, tho lamp should ho placed at a distance 
of almut 8 inches from the aperture ; aud, when the proper adjust- 
ments have been made, the image of tho llame should be seen upon 
the object. The illumination of the entire field, or the direction of 
the light more or le.ss to either side of it, can easily bo managed by 
tho interposition of a small condensing lens placed at about tho dis- 
tance of its own focus from the lamp. Tho objects viewed by this 
mode of illumination ivith dry-front objectives are best uncovered, 
since, if they are covered with thin glass, .so large a proportion of 
the light sent down upon them is reflected from the cover (especially 
when objectives of largo angle of aperture are employed) that very 
little is seen of tho objects beneath, unless their relkctive power is 
very high. AVitli immeraion objective.?, however, covered objects 
may be used. Another method of vertical illumination long since 
devised by Jlr Tolies has recently been brought into notice by 
Professor W. A. llogers of Boston (U. B.). It consists in the in- 
troduction of a small rectangular prism at a shoit disunco behind 
the front combination of tho objective, .so that p.inillel nays enter- 
ing its vertical surflice pass on between its parallel horizontal sur- 
faces until they meet the inclined surface, by which they are 
leflected downwards. In pa.ssing through the front combination of 
the objective, they arc deflected towards its axis ; hut, as their 
angle of convergence is less than the angle of divergence of the rays 
proceeding from the object, the reflected rays v.ill not meet in tfie 
focal point of tho lens, but will he so distiihuted as to illuminate 
a sufticient area. By altering tho e.xtent to whieli the itrism is 
puslied in, or by lifting or deiiressing its outer end by means of a 
niilled-head screw, tho field of illumination can he regulated. Tho 
worhing of this prism with immersioii-ohjeetives Ls stated by Mr 
Tolies to be peculiarly satisfactory. 

JSlack-Oround Illumination . — There are certain clas.-.i\s of objects 
which, though snilieiently transparent to be .seen with light tmns- 
initted through them, are best viewed when illuminated by rays of 
such obliquity as not to pa.ss directly into the ohjeetive, — such a 
proportion of tlie.so rays betug retained by the object as to render it 
self-luminous, when, all direct light being cut off, tho general field 
is perfectly dark. This method is particularly elfeetive in the c.ise 
of such delicate laiiieral structures as the .siliceous te.sts of Pob/- 
cystina and tlio “frustules” oi Dialomactic. And it is one ail- 
vantage of this hind of illmiiiiiatiou that it brings out with 
considerable clfect tho solid forms of objects suited to it, even 
when they are viewed luonootilarly. Two modes of [uovidiiig this 
illumiiiatioii are in use, each of which has its special advantages. 
One consists in jilacing a central .stop either u[)on or immediately 
beneath a condeii.sor of wide a[>erture, which .shall cut oil' all rays 
•save those that, after pa.ssing through tho object (as in lig, 20), 
diverge at an angle greater than tliat of the objective used ; so 
that, while the ground is darkened, the objeot is seen biiglitly 
standing out U])oii it. But if tho diveigeiiee of tho i.iys is but 
moderate (say 00°), ami tho angle of the objective is large (.say 
90"), the most divergent rays of tho condenser will cuter the mar- 
ginal portion of the objective, and, tho field not being d.aikeiied, 
tile black-ground elfcet will not be ])ioduced. This method 
has the great convenience of allowing black-ground illumination 
to be substituted for tho ordinary illumination under dilferent 
power.?, without any otjier change in tho apparatus tliau the turning 
of a diaphragm-jilate fitted witli stoj)s of diffeicnt sizes suit.able to 
tho several apertures of tho objectives ; aud the modern achro- 
matic condenseis of'wide ajjerture can be thus used with objectives 
of 120° angle. 

Au excellent hlack-grouiul illumination is also given by the para- 
bolic illuminator (fig. 19), originally worked out as a silvered 
speculum by Mr 'Wenham, but now made as a paraboloid of glass 
that reflects to its focus tho rays which fall upon its internal surface. 
A diagrammatic section of this instrument, showing tlie course of 
the rays through it, is given in fig. 20, the shaded portion vepvc- 
sonting the paraboloid. The parallel rays r, r', r", eutoriiig its lower 
surface pierpendicularly, pass on until they meet its parabolic 
surface, on which they fall at such an angle as to be totally reflected 
by it, and arc all directed towards its focus F. Tho top of the 
paraboloid being ground out into a spherical curve of which F is 
tho centre, the rays in emerging from it undergo no refraction, since 
cacli falls perpendicularly upon the jiart of tho surface through 
which it passes. A stop placed at S prevents any of the rays 
rolleoted upwards by the mirror from passing to the object, which, 
being placed at F, is illuminated by the rays reflected into it from 
all sides of tho paraboloid. Tliose rays which pass througli it 
diverge agam at various angles ; and if the least of these, GFH, bo 
greater flian tho angle of aperture of tho object-glass, none of them 
can enter it. The stop is attached to a stem of wire, which passes 
vertically through tho jiaraboloid and terminates in a knob beneath, 
as shown in fig. 19 ; and by means of this it may be pushed 
upwards, so as to cut off tlie less divergent rays in their passage 
towards the object, thus giving a black-ground' illumination with 
objectives 'Of an aimlo of aperture much wider than GFH. In using 
the p)araboloid for delicate objects, the rays which are made to enter 


it should he parallel ; consequently tho plane mirror should always 
bo employed ; and when, instead of tho parallel rays of daylight, wo 
are obliged to use the diverging rays of a lamp, these shouhl be 
rendered as parallel as possible, previously to tneir rellc.xion from 
tho mirror, by tho 
interposition of the 
“ bulTs-oyo " so ad- 
justed as to iiroduco 
this elfcet. There are 
many cases, however. 


Figs. 19, 20. — Wenhaiu’s i'araholio Illuminator. 



in which tho .stronger light of the concave mirror i.s jireferablc. 
'When it is desired that tho light should fall on the object from one 
side only, the circular opening at the bottom of tho wide tube that 
carries the p.iraboloid m.iy be fitted with a diaphragm adapted to 
cover all but a certain portion of it ; and, by giving rotation to 
this (liaphi-agm, riys of gicat obliquity may bo made to fall upon 
tlie object from every azimuth in succession. 

In order to adapt this jaraboloul to objectives of very wiilo angle 
of aperture, a special modification of it, originally devised by Mr 
'Wciiham, has been latterly reintroduced under tho dcsi^matioii of 
“imiiiersion-paraboloid," with most excellent elfect. This coiisi!it.s 
ill making tho top of tho iwraboloid fiat instead of concave, aud in 
interposing a film of glycerin between its surface and tho under 
surface of the glass slide canadiig the object. Oiilv rays of such 
extreme obliquity are alloived to pass into the slide as would be 
totally rellected Irom its under .surface if they fell upon it through 
air ; and, .as these illumin.ato the object without parsing into the 
objective, it can be thus e.xamincd under even the liigbest powers. 
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SlcTco%co)iic Bincxulari . — ^The admirable invention of the stereo- 
scope by 1’iofes.ior Wheatstone has letl to a general apprecia- 
tion of the value of the conjoint use of both eyes, in coiivej-ing to 
tho mind a coiiceptioii of tlie solid forms of objects such as tho 
use of either eye singly does not generate with the like certainty or 
elfectiveiies-s (see SteiikosCOPi;). Thi.s concejition is tho product 
of the mental combination of the dis.similar pcispeetive projections 
which our riglit aud left retina; leceivo of any object that is suffi- 
ciently near the eyes for tho foniiatiou of two images that are sen- 
sibly dissimilar. Now it is obvious that a similar diirereiice must 
c.xist between the two pci-spcctive projections of any object in relief 
tliat are formed by the right and left halves of a microscopic ob- 
jective and that this dilforeilco must increase with the angular 
aperture of tho ohjcctivo. And tho fact of this diirerence may he 
easily made apjiaront experimentally, by adapting a semicircular 
“stop” to any objective of from 20° to 30° angle in such a manner 
that it can he turned so as to cover cither its right or its left half ; 
for not only will tho two images of any projecting object formed by 
tho nays transmitted through the two uncovered halves be found 
sensibly diflereiit, hut, if they bo photographed or accurately draira. 
the “pairing” of their pictures in tho stereoscope will bring out 
the form of the object in vivid relief. "What is needed, therefore, to 
give the true stereoscopic effect to a binocular microscope is a means 
of so bisecting the cone of rays transmitted by the objective that 
its two lateral halves shall bo transmitted the one to tho right and 
tho other to tho left oye, and that tho two images shall he crossed 
(tho image formed by the right half of tho objective being sent to the 
left eye, and that formed by the loft half of tho objective being sent 
to tho right eyo) in order to' neutralize tho reversiiig eflect of the 
microscope itself. If this crossing does not take place, the eflect 
irill bo rendered “ pscudoscopic,” not “ orthoscopic,” — its projec- 
tions becoming depressions, and its depressions being brought out as 
prominences. It was from a want of due .appreciation of this fact 
that the earlier attempts at constructing a stereoscopic binocular 
ga VO representations of objects placed under it, not in their true 
orthoscopic, but in their pseudoscopic aspect. This wm tho 
case, for exainjfle, with the binocular niicroscopo first devised by 
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Professor Iiicldell of 17e\v Orleans in 1851, which separated the cone 
of rays by a pair of rectangular prisms so placed edge to edge above 
the objective that the rays passing through its right half were 
renected horizontal!}' to the right side, to be changed to the vertical 
directum and sent to the right eye by a lateral rectangular prism, 
while the rays from the left half of the objective wei'e sent to the 
left eye in a similar manner. Professor Kiddell describes the 
conversion of relief” produced by this arrangement with the 
ordin.arj' eye-piece as making a metal spherule appear “as a glass 
ball silvered on the under side, and 
a crystal of galena like an empty 
box.” And to render the images 
“normal and natural” he found 
himself obliged to use erecting eye- 
])ieces, which should produce a second 
reversal of the images that had been 
reversed in their lirst formation.* 

Subsequently, however. Professor 
Eiddell devised and perfected another 
arrangement giving a true orthoscopic 
effect, which, after being long disre- 
garded, has been latterly taken up 
and brought into, use by ilr Stephen- 
son. The cone of rays pas.sing up- 
irards from the objective meets a 
pair of prisms (A, A fig. 21) fixed 
immediately above its back lens, 
which divides it into two halves ; 
each of these is subjected to internal 
reflexion from the inner aide of the 
prism through which it riasses : and „ 

the slight separation of the tivo prisms ® Bmoeular 

at their upper end gives to the two Erisms. 

Iiencils B,B, on their emergence from the upper surfaces of the 
prisms, a divergence which directs them through two obliquely- 
placed bodies to their respective e3’e-pieces. By this internal 
reflexion a lateral reversal is produced, which neutralizes that of 
the ordinary microscopic image, so that, while each eye receives 
the image formed by its own half of the objective, the pairing 
of the' two pictures produces a true orthoscopic effect. * 

About the same date ilil. Nachetof Paris succeeded in devising a 
binocular that should give a true orthoscopic image, by placing above 
the object-glass an equianralar prism (P. fig. 22) with one of its sur- 
faces parallel to its back lens. 
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which,” receiving the pencils ah 
forming the right half of the 
cone, intenially reflects them 
obliquely upwards to the left, 
and in like manner reflects the 
pencils a'b' from the left half of 
the cone obliquely upwards to 
the right. ' These peueils, pass- 
in" out of the left and right 
oblique faces of the prism at 
right angles (so as not to imdergo 
either refraction or dispersion), 
enter right and left lateral 
prisms, also at right angles, and, 
after being internally reflected 
by these, pass out vertically, at 
right angles to their upper sur- 
faces, through rivo parallel bodies 
(fig. 23), whose eye-pieces bring 
them to a focus in the right 
and left eyes respectively'. The 





Fig. 22. — Nachet’s Binocular 
Prisms. 


distance between these bodies may' be adjusted to the varying 
distances between the axes of individual pairs of eyes, by adjust- 
ing screws at their base, which vary the distance of the lateral 
prisms from the central. This instrument gives a theoretically 
perfect representation of a microscopic object in relief, as it would 
appear if enlarged to the size of its image, and brought to within 
about 10 inches of the eye ; and its chief practical defect is that, 
as the two bodies are parallel, instead of being slightly converg- 
ent, it cannot be continuously' used without an uncomfortable 
strain. But, as its performance depends upon the accuracy of tlie 
seven plane surfaces of the three prisms, and on the correctness of 
their relations to each other, it is liable to considerable error from 
imperfections in its construction ; and, as the instrument can only 
be used for its own special purpose, the observer must be provided 
with an ordinary single-bodied microscope for the examination of 
objects unsuited to the powers of the binocular. This last objection 
applies also to Professor Riddell’s model. 

It was for these reasons that ilr Wenham, fully impressed with 
the advantages of stereoscopic vision to the microseopist, set himself 

1 See Sllliraan's Journal, vol. xv., 1853, p. G3 ; and Quorf. Jour, of Micros. 
S-l., vol. I., 1853, p. 231!. 

- Quart. Jour, of Micros. Set., vol. ii., 1854, p. IS. 



BiG. 23. — Nachet’s Binocular 
Microscope. 


ponstouction by which it might be obtained without the 
the workiugof Riddell’s and Racket’s instra- 
ments, and he soon succeeded in accomplishing this on aplart which 

sSng ito thSeraThm'’^'^'^'^ 

perfection. Only the right 
half of the cone of rays pro- 
ceeding upwards from the 
right lialf of the objective 
(a, fig. 24) is intercepted by' 
a pnsni placed immediately 
over that half of its back lens, 
which, by two internal re- 
flexions (as shown in fig. 25), 

.sends its pencils obfiquoly 
upwards into the left-hand or 
secondary body L, whilst the 
Xiencils of the left half-cone 
pass uninterruptedly into the 
right-hand body R, and form 
an image that suffers no other 
deterioration than that which 
results from the hah'ing of the 
angular aperture and the con- 
sequent loss of light. The 
moderate convergence of the 
two bodies (which, by varying 
the angles of the prism, may- 
be made greater or less, so as __ 
to accord with the ordinary 
convergence of the optic axeste 
in the individual observer) is ^ 
much more generally suitable 
than the parallelism of MM. 

Rachet’s earlier instrument; 
and the adjustment requisite for variation of distance between the 
eyes can be made by simply lengthening or shortening the bodies 
by drawing out or pushing in the diverging l 
eye-pieces. 

It may be fairly objected to Mr Wenham’s 
method (1) that, as the rays which pass 
through the prism and are obliquely reflected 
into the secondary body traveree a longer , 
distance than those which pass on uninter- 
ruptedly into the principal body, the imago 
formed by them will be somewhat larger than 
that which is formed by the other set, and (2) 
that the image formed by the rays which have 
been subjected to the action of the prism must 
be inferior in distinctness to that formed by 
the unintei’rupted half of the cone of rays. 

But these objections are found to have no 
practical weiglit. For it is well known to 
those who have experimented upon the phe- 
nomena of stereoscopic vision (1) that a slight 
difference in the size of the two pictures is no 
bar to their perfect combination, and (2) that, 
if one of the juctures be good, the full effect 
of relief is given to the image, even though 
the other picture be faint and imperfect, pro- 
vided that the outlines of the latter are suifi- 
ciently distinct to represent its perspective 
projection. Hence vif, instead of the two 
equally half-good pictures which are obtain- 
able by ilM. Racket’s original construction, , , 

we had in Mr IVenham’s one good and one Fig. 24. Wenham .s 
indifferent picture, the latter would be de- 
cidedly preferable. But, in point of fact, the Microscope, 

deterioration of the second picture in Mr AVenham s arrangement 
is less considerable than that of both pictures in the original 
arrangement of iOr. Kachet ; so that the optical perfomiance of 
the Wenliam binocular is in every way superior. It has, in addi- 
tion, these further advantages over the preceding:— first, the 
greater comfort in using it (especially for some length of time 
together) which results from the convergence of the axes of the 
eyes at their usual angle for moderately near objects ; second, tliat 
tms binocular arrangement does not necessitate a S2)ecial instrument, 
but may be applied to any microscope which is capable of carr>^ 
in" the weight of the secondary body,— the prism being so fixed 
in a movable frame that 'it may in a moment be taken out ol 
the tube or replaced therein, so that when it has been removed tlie 
principal body acts in every lespect as an ordmary microscope, 
the entire cone of rays passing uninterruptedly into it ; and, tmr , 
that the simplicity of its construction renders its deran eme i 
almost impossible. Hence it is the one most generally preferred 
by' microscopists who use the long-bodied English , f. 

For short-bodied Continental microscopes, however, 3IM. Raciicr 
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-Wcnlmiu’s Binocular 
Pri.sin. 


have devised an arrangement of hvo prisms, based on Jfr AVcnliam's 
fundamental idea of deflecting one naif of .the cone of rays into a 
secondary body, whilst the other half proceeds onwards without 
change of direction into tlio principal body. And it is an interest- 
ing feature in this construction that, by a simple change in the 
position of tlie dividing prism, tlio trim ‘ ‘ orthoscopic ” image may be 
made, by a “ conversion of relief,”' to become “ pscudoscopic." ‘ 

The elTcct of stereoscopic projection may bo attained, however, 
without a double body, by the insertion of a suitably constructed 
binocular eye-piece into tiie body 
of any ordinary monocular micro- 
scope. A plan of this kind was 
first successfully worked out by 
Mr Tolies (the very able optician 
of Boston, IJnited States), who 
interposed a system of prisms 
similar to that devised by MM. 

Nachet (fig. 22), but on a much 
larger scale, between an “erector” 

(resembliu" tli.at used in the eye- 
piece of a day telescope) and a pair 
of ordinary Huygenian eye-pieces, 
the central or dividing prism 
being placed at or near the plane 
of the secondary ima"e formed by 
the erector, while the two eye- 
pieces aro placed immediately 
above the lateral prisms, — tho_ 
combination thus, making that division in the pencils forming the 
secondary (erected) imago which it makes in the Nachet binocular 
in the pencils emerging from the objective. 

A stereoscopic eye-piece of a very difierent construefion h.as been 
recently devised by Professor Abbe, who, nial.-ing use, for the 
division between the two eye-pieces of the r.ays going to form the 
first imago, of an arrangement of prisms essentially similar to that 
devised by lilr Wenham for his nou-stereoscopic binocular (fig. 27), 
obtains either an orthosdopic or a pscudoscopic ellect by placing 
on'^cach cyo-picco a cap with a semicircular diaphragm, so .as to 
extinguish half of each of the cones of mys that form the two 
retinal images, AVhilo in one position of the diaphragms true 
.stereoscopic or orthoscopic relief is given, it is sufiiciciit to turn 
the diaphragms into the opposite position to obtain a pscudo- 
.scopic conversion.^ It apjiears, however, that this arrangement, 
though possessing points of great interest in relation to the theory 
of binocular vision, is not likely to supersede the ordinary IFcnham 
prism. 

It must bo obvious to 'every one who studies with suificient 
attention the conditions under which true sterco.scopio relief can bo 
given that no combination of two dissimilar retinal perspectives 
can bo satisfactory unless the visual pictures represent with tolerable 
distinctness the features of the object that lie in dilferent focal planes. 
This is provided for, in ordinary vision, by the power of accommo- 
dation possessed by the eye, which, while focussed e.xactly to any- 
one plane, can also include in its visual puctnro (within certain 
limite) what is either nearer or more remote. How it seems prob- 
able that, as Professor Abbe has urged, this power of accommoda- 
tion comes into jday in microscopic stereoscopy, but there can be 
no question that the visual distinctness of the parts of an object 
lying within and beyond the focal plane, and therefore the com- 
pleteness of the stereoscoiiic image, mainly depends upon tho “ focal 
depth ” of tho objective employed, — which, as already explained, is 
a function of its angular aperture. When, however, objectives of long 
focus and small aperture are employed in binocular microscopj-, 
although each of tho two perspective projections may bo fairly 
distinct throughout, the effect of solid relief will bo very incon- 
siderable, because tho pictures are not sufficiently dissimilar to one 
another, — the case being exactly analogous to that of tho stereo- 
scopic combination of two photographic portraits taken at an angle 
of no more than a few degrees from each other. Still, with an 
objective of li inches focus and an angular aperture of from 15° to 
20°, a very distinct separation is made of the focal planes of trans- 
parent sections of structures having no great minuteness of detail, 
— such, especially; as injected preparations, — tho solid forms of 
their capillary networks being presented to the mind’s eye with a 
vividness that no monocular representation of them can afford. 
■\Vhen a 1 inch objective of 20° or 25° is used, tho stereoscopic effect 
becomes much more satisfactory ; so that objects of moderate pro- 
jection (such as many of the siliceous Fohjcystvia, Diatomaccas, 
&c. ) can be seen in nearly their natural projection, and, if the foc.al , 
adjustment is made for a medium plane, with tolerable distinctness 
both of their nearer and remoter parts. With a ■§■ inch of 30° or 
35°, the stereoscopic relief becomes more pronounced ; but the 
diminution of the focal depth prevents the several planes of objects 
in strong relief from being as distinctly seen at the same time. A 

' See Trans, of Roy. Micros. Soc., N. S., vol. xv., 1807, p. 105 ; and MonlMy 
Micros. Jour., veil, i., 1800, p. 31. 

2 See Jour, of Roy. Micros. Soc., 2d ser., vol, I., 1881, p. 298. 


J inch objective of about -10° of aperture, however, affords tho most 
satisfactory results with suitable objects, — full stereoscopic relief 
being gained without cx.aggcration, so as to present, c.y., tho 
discoidai diatoms and tho smaller PolycysUna in their true forms, 
whilst their nearer and more remote parts are seen with sufficient 
distinctness to require only a very .slight adjustment of tho focus 
for their perfect definition. Still more minute objects m.ay be well 
shown by ^'oths and ith objectives whoso angular aperture does 
not exceed 50° ; but it can bo shown both theoretically and 
practically.^ that the dissimilarity of the two perspective projections 
of objects in relief formed by objectives of any angle much exceed- 
ing -10° is sucli .as to ex.aggcrato tho stcrco.scopic effect; besides 
which, cveiy enlargement of angular aperture so greatly diniini.shes 
the foc.al depth of tlio objectives that only those parts of the objects 
which lie very near tho focal plane can be seen with distinctnc.ss 
sufiiciciit for tho formation of a good stereoscopic imago. Hence, 
for the purposes of minute hi.stological research, tlie stereo.scopic 
binocular is (in tho present writer’s o]iinion) alnio.st valueless ; 
since, if anj' dLstinct perspective differentiation can be gained with 
objectives of tho short focus and enlarged angle that are most 
siiit.able to such investigations, that differentiation will be so great 
as to produce a highly o.\-.agger.ated stereoscopic effect. If such 
objectives bo used biuocularly at all, they must be so mounted that 
their back Icnsc.s are in very close pro.xiinitj- to the iiri.sin ; and the 
(transparent) object must be illuininated by an achromatic condenser 
of sufficiont apcrtiiro to send through it pencils ofsuflicient diver- 
gence to produce tho secondary image. 

In regard to tho advantage derived from the use of tho stereo- 
scopic binocular, with tho powers, and upon the objects, suitable to 
produce the true effect of solid form, tho writer can unhesitat- 
ingly .a.s,scrt, as the result of- a long and varied cxpeiiciico, that 
in no other way could ho as cerfainly or .as vividly ini.ago those 
forms to liimscff, and that in prolonged work upon such subjects 
he is conscious of a great .saving of fatigue, which seems attributable 
not merely (perhaps not so much) to tho conjoint use of both eyes 
as to the absence of tho mental olfort required for the interpretation 
of tho microscopic picture, when tho solid form of tho object has to 
bo ideally constructed from it (ehiclly by means of the iiiforiiiation 
obtainable through tho focal adju.stmciit), instead of being dir.ectly 
presented to the mind’s eye.-* 

ybn-Slcrcoscopie Binoculars . — The great comfort which is experi- 
enced by tho microscopist in the conjoint use of both' eyes has led 
to tho invention of more than one arrangement by which tin’s can 
bo secured when those high powers are required which cannot be 
employcil with tho ordinary stereoscopic binocular. 

’fins is accomplished by Messrs Powell and Lea- 
land by taking advantage of tho fact that, when a 
pencil of rays falls obliipicly upon tbc surfaco of I 
a refracting 'medium, a part of it is reflected with- ‘ 
out entering that medium at all. In tho place 
usually occupied by tho Wenliam prism they 
interpose an inclined plate of glass with iiarallel 
sides, through which one portion of the rays pro- 
ceeding upwards from the whole aperture of the 
objective piasses into tho inincipal body with very 
little change in its course, whilst another portion 
is reflected from its -surface into a rectangular 
prism so placed as to direct it obliquely upwards j 
into tho secondary body (fig. 20). Although 
there is a decided did’erenco in brightness between ■ 
the two images, that formed by tho reflected rays j 
being the fainter, yet there is marvellously little 
loss of definition in cither, even when the inch 
objective is used. Tho disk and prism aro fixed 
in a short tube, which can bo readily .substituted in any ordinary 
binocular microscope for the one containing tho 'Wenham prism. 

Other arrangements wore devised long ago bj- MrlVenhain,® with 
a view to obtain a gi-eatcr equality in tho amount of light-rays forint 
iiig the two pictures ; and ho has latterly' 
carried one of these into practical clfeot, 
with tho advantage that tho compoiiiul 
prism of which it consists has so nearly 
the same shape and size a.s his ordinary 
stereoscopic pirism as to bo capiable of j 
being mounted in precisely tho same 
manner, so that the one maybe readily 
exchanged for tho other. The axial ray n, 
proceeding upwards from the objective, 
enters the prism ABDEF (fig. 27) at 
right angles to its lower- face, and passes f ’ 

on to c, where it mefets tho inclined face AB, at which this pn-ism 
is nearly in contact with the oblique face of the right-angled 

^ Sec The idcvoscope and its UetetationSt Gth cil., PP» ‘12-41. 

4 A very elaborate investigation, by Professor Abbe, ** On the Conditions of 
Ortlioscoidc and Pseudobcoi-ic Effects in the Binocular Microscope," vlll be found 
in the your, of the Roy. ^{icvos. Soc., 2d ser., vol. i., 1B81, p. 203. 

5 Transactions of the Micros. Soc., N. S., vol. xlv., 1800, p. 105, 
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prism ABO. By internal refle.’Lion from the former and external 
reflexion from the latter about half the beam 6 is reflected within 
the first prism in the direction cb, while the other half proceeds 
straight onwards through the second prism, in the direction cal, 
so as. to pass into the principal body. The reflected half, meeting 
at d the oblique (silvered) surface DE of the first prism, is again 
reflected in the direction dt', nnd, passing out of that prism per- 
pendicularly to its surface AF, proceeds towards the secondary 
body. The two prisms must not be in absolute contact along the 
plane AB, since, if they were, Newton’s rings would bo formed ; 
and much nicety is required in their adjustment, so that the two 
reflexions may be combined without any blurring of the image in 
the secondary body. 

For the prolonged observation, under high powers, of objects not 
.requiring the extreme of perfection in definition, —such, for example, 
as the study of the cyclosis in plants, — gi-eat advantage is gained 
from the conjoint use of both eyes by one of the above arrangements. 

llECIIANIC.tl, CoXSTnUCTIOK OF TUB hllCROSCOPE. 

The optical anungements on which the working of the compound 
achromatic microscope depends having now been explained, we have 
next to consider the mechanical provisions whereby they are brought 
to bear upon the different purposes which the instrument is destined 
to serve. Every complete microscope must possess, in addition to the 
lens or combination of lenses which affords its magnifying power, a 
stage whereon the object may securely rest, a concave mirror for the 
illumination of transparent objects from beneath, and a condensing- 
lens for the illumination of opaque objects from above. 

1. Now, in whatever mode these may be connected with each 
other, it is essential that the optical part and the stage should bo 
so disposed as either to be altogether free from tendency to vibra- 
tion or to vibrate together ; since it is obvious that any movement 
of one, in which the other does not partake, null be augmented to 
the eye of the observer in proportion to the magnifying power 
employed. In a badly-constructed instrument, even though placed 
upon a steady table resting upon the firm floor of a well-built house, 
umeu hi"h powers are used, the object is seen to oscillate so rapidly 
at the slightest tremor— such as that caused by a person walking 
across the room, or by a carriage rollin" by in the street — as to be 
frequently almost indistinguishable ; wTiereas iii a well-constructed 
inshniment scarcely any perceptible effect will be produced by even 
greater disturbances. Hence, in the choice of a microscope, it 
should always be subjected to this test, and should be unhesitatingly 
rejected if the result be unfavourable. If the instrument should be 
found free from fault when thus tested with high powers, its 
steadiness uitli low' powers may be assumed ; but, on the other 
hand, though a microscope may give an ima"c free from perceptible 
tremor when the lower powers only are employed, it may be quite 
unfit for use with the higher. The method still adopted by some 
makers, of supporting the body by its base alone, is the woist 
possible, especially for the long body of the largo English model, 
since any vibration of its lower part is exaggerated at its ocular end. 
nie firmer the support of the body along its length the less ti'cmor 
will be seen in the microscopic image. > 

2. The next requisite is a capability of accurate adjustment to 
every variety of focal distance, without movement of the object. It 
is a principle universally recognized in the construction of good 
microscopes that the stage whereon the object is placed should be 
a fixture, the movement by which the focus is to be adjusted being 
given to the optical portion. This movement should be such as to 
allow free range from a minute fraction of an inch to three or four 
inches, with equal power of obtaining a delicate adjustment at any 
part. It should also be so accurate that the optic axis of the in- 
strument should not be in the least altered by any movement in a 
vertical direction, so that, if an object be brought into the centre of 
the field with a low power, and a higher power be then substituted, 
the object should be found in the centre of its field, notwithstand- 
ing the great alteration in the focus. In this way much time may 
often be saved by employing a low power as a “finder” for an object to 
be examined by a higher one ; and when an object is being viewed 
by a succession of powers little or no readjustment of its place on 
the stage should be required. A rack-and-pinion adjustraent, if it 
be made to work both tightly and smoothly, answers sulficiently 
well for the focal adjustment, w'hen objectives of low power only are 
employed. But for any lenses whoso focus is less than half an inch 
a “ fine adjustment,” or “.slow motion,” by means of a screw-move- 
ment operating cither on the object-glass alone or on the entire body 
(preferably on the latter), is of great value ; and for the highest 
pow’ers it is quite indispensable. It is essential that in this motion 
there should bo no “lost time," and that ite working should not 
produce any “ twist ” or displacement of the image. In some micro- 
scopes which are provided with a fine adjustment the rack-and- 
pinion movement is dispensed with, the “ coarse adju.stment" being 
given by merely sliding the body up and down in the socket which 
grasps it ; but this plan is only admissible where, for the sake of 
extreme cheapness or portability, the instrument has to be reduced 
to the form of utmost simplicity, as in figs. 28, 29. 


■ 3. Scarcely less important than the preceding requisite, in the 
of the compound microscope, especially with the long bodv of 
the ordinary English model, is the capability of being placed in cither 
a ycrtiiral or a horizontal position, or at any angle with the horizon 
■without deranging the adjustment of its parts to each other and 
without placing the eye-piece in such a jiosition as to be incon- 
venient to the observer. It is certainly a matter of surririsc that 
sqme microscopists, e.specially on the Continent, should still forego 
the advantages of tho inclined position, these being attainable by°a 
very small addition to the cost of the instrument ; but the incon- 
venience of the vertical arrangement is much less when the body 
of the microscope is short, as in the ordinary Continental model ; 
and there are many cases in which it is absolutely necessary that 
the stage should be horizontal. This position, however, can at any 
time be given to tho stage of the inclining microscope, by bringing 
the optic axis of the instrument into the vertical direction. In 
ordinary cases, an inclination of the body at an angle of about 55'’ 
to the horizon will usually be found most convenient for uncon- 
strained observation ; and the instrument should be so constructed 
as, when thus inclined, to give to the stage such an elevation above 
the table that, when the hands are employed at it, the anus may 
rest conveniently upon the table. In this manner a degi-ee of 
support is attained which gives such free play to the muscles of tho 
hands that movements of the greatest nicety may be executed by 
them, and the fatigue of long-continued observation is greatly 
diminished. When the ordinar}' camera lucida' is used for drawing 
or measuring, it is requisite that the microscope should be placed 
horizontally. It ought, therefore, to be made capable of every such 
variety of position ; and the stage must of course be provided with 
some means of holding tho object, whenever it is itself placed in 
such a position that tho object would slip down unless sustained. 

4. The last principle on which we shall here dwell, as essential 
to the value of a microscope designed for ordinary work, is simpli- 
city in the construction and adjustment of every part, llany in- 
genious mechanical devices have been invented and executed for 
the purpose of overcoming difficulties which are in themselves really 
trivial. A moderate amount of dexterity in the use of the hands is 
sufficient to render most of these superfluous ; and without such 
dexterity no one, even with the most complete mechanical facilities, 
will ever become a good microscopist. There is, of course, a limit 
to this simplification ; and no arrangement can be objected to on 
this .score which gives advantages in the examination of difficult 
objects, or in the determination of doubtful questions, such as no 
simpler means can afford. Tho meaning of this distinction will 
become apparent if it be applied to the cases of tho mechanical 
stage and tho achromatic condenser. For, although the mechanical 
stage may bo considered a valuable aid in observation, as facilitating 
the finding of a minute object, or the examination of tho entire 
surface of a large one, yet it adds nothing to the cleaniess of our 
view of either ; and its place may in great degree be supplied by tho 
fingers of a good manipulator. On the other hand, the use of the 
achromatic condenser not only contributes verj' materially, but is 
absolutely indispensable, to the formation of a perfect image, in the 
case of many objects of a difficult class ; the want of it cannot be 
compensated by the most dexterous use of the ordinary appliances ; 
and consequently, although it may fairly be eonsidered superfluous 
as regards a large proportion of the purposes to which the micro- 
scope is directed, whether for investigation or for display, yet as 
regards the particular objects just alluded to it is a no less necessary 
part of the instimment than the achromatic objective itself. 

As a typical example of the simplest form of compomid micro- 
scope that is suitable for scientific research, — which, with various 
modifications of detail, is the one generally employed on the Con- 
tinent,— the Microscojic de dissection et d’obscrcalion (fig. 28) of il. 
Nachet, especially as constructed for portability (figs. 29-31), ^eins 
particularly worthy of description. In its vertical fonn (fig. -.8) the 
solid foot to which the mirror is pivoted gives siipport to the 
pillar F, to the top of which the stage P, having a dianliragm-plato 
beneath it, is firmly attached. On the top of this pillar the tubu- 
lar stem A is fitted in such a manner that it may be removed by 
unscrewing the large milled head L, — though, when this is uell 
screwed down, the stem stands quite firmly. This stem bears at 
its summit a short horizontal arm, which carries a strong vertical 
tube that firmly giasps the “body” of the microscope, while per- 
raittin" this to be easily slid upwards or downwards, so as to niake 
a “coaree adjustment” of the focus. The “ fine adjustment is 
made bv turning the milled head V, which either presses down tl.c 
outer tube of the stem, or allows it to be raised by the upward pres- 
sure of a strong spiral spring in its interior. By unscrewing t be 
milled head E, the stem A with its ann and compound body c.iii bo 
detached from the pillar ; and, a small light arm H r' 

single lenses or doublets being slid into this, ^50“'’®.’”7i‘,n^,.nnstruc” 
microscope is thus provided. The only drawback in th . 
tion of this simple model is its not being provided with a joint for 

A camera luclila adapted for use with the vertical microscope has been de- 
ed by JL Nachet. 
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the inclination of the body ; but this is introduced into the port- 
able form of the instrument shown in fig. 29, the basal portion of 
which (fig. 30) can be used, like that of the preceding model, as a 
simple microscope, and, by a most ingenious construction, can be 
so folded as to lie flat in a shallow case (fig. 31) that holds also the 
upper part with the objectives of both thesunple arm andthecom- 



Fig. 28. — Naohet’s Combined Simple and Compoimd Jlicroscope. 

pound body. SI. Nachet now connects his objectives with the 
body of his microscopes, not by a screw, but by a cylindrical fitting 
held in place by the pressure of a spring-clip against a projecting 
shoulder. This method jiot only allows one objective to be re- 
moved and replaced by another much more readily than does the 
screw-fitting, but also renders the centring of diffeient objectives 
more exactly con- 
formable. It may 
be safely' affirmed 
that a very large 
proportion of the 
micioscopic work 
of the last half- 
centuiy, which has 
given an entirely 
new aspect to bio- 
logical science, has 
been done by in- 
struments of this 
simple Continental 
type. 

A huger model, 
however, was from 
the first adopted 
by English opti- 
cians ; and, as a 
typical example of 
the general plan 
of construction 
now moat followed 
both in England 

and in the X/nited 

States, the im- 
proved Jackson- 
Zontmayer micro- 
scope of Messrs — ^^chet s Portable Compound Microscope. 

Kos3_(fig. 32) may be appropriately selected. The tripod base of 
this instniment carries two pillars, betw een which is swung upon a 
horizontal a.xis (cayxable of being fixed in any position by a tighten- 
ing screw) a solid “ limb,” with winch all the other p)arts of the 
instrument are connected, — a plan of construction originally devised 
by Mr George Jackson. The binocular body', having at its lower end 
(as in fig. 24) an opening into which either of the Wenhain prisms 
:aix be inserted, and at its top a rack movement for adjusting the eye- i 



pieces to the distance between the eyes of the observer, is attached 
to a racked slide, which is so acted on by the large double milled 




Fig. 30. — Nachet’s Portable Dissecting Microscope; on the left as set 
up for use, on the right as having the stage P turned back upon the 
joint 0, so as to lie flat on the bottom of the case. 

head in the upper part of the limb as to give a “ (iidck ” upward or 
downward motion to the body; while the “ slow ” motion, or fine 



Fig. 31.— Nachet’s Portable Compound and Dissecting Microscope, 
as packed in case. 

adjustment, is given by means of the vertical micrometer screw at 
the back of the limb, which raises or lowers a second slide behind the 
rack.^ The stage is 
supported upon a 
firm ring, which is 
immovably fixed, 
irot to the lirrrb, but 
to a strong conical 
pivot which passes 
tluough the limb, to 
bo clanrped by a 
screw-nrrt at its 
back, — the purpose 
of tlris being to allow 
the wholo stage to bo 
inclined to one side 
or the other at arry 
angle, so that a solid 
object nray’be viewed 
sideways or from 
below, as well as 
from above. Uporr 
this ring the stage 
rotates horizontally, 
its angular move- 
ment being mea- 
sured by a graduated 
scale arrd verrrier at 
its edge ; arrd it carr 
be fixed in any azi- 
muth by' a clarnpiug- 
scrcwbencath. Rect- 
angular movement 
is giverr to the 
traversing idatform 
which carries the ob- Fig. 32.— Ross's Jackson-Zentniayer Compound 
ject by two milled Microscope, 

heads on the right of the stage, the ivlrolo construction of which is 
adapted to allow light of extreme obliquity' to bo thrown rrpoir tire 
object from beneath. Orr the strong pivot by' which the stage is 



* In the oWer form of construction still retained by some mahers tlio flno 
adjustment acts directly on the objectlse, the lilting of wliich is made to sliUo 
up and down witlim tlie nose of the body; but tills plan is attended with nniiy 
disadrontaKes. 
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atf.'ichcd to tli<! limb (the axis of wliich ms-sM tliroiigli tlio point iit 
\vliich thu object-plaiii! is intersected by tlio optic axis of tho 
i ” .y) tl'e swiiiging tail-piece invented by ilr Zentmaycrof 
1 lulade.lpbia, wbieli, carrying tlio whole illuminating apjeiratus, 
may bo so set as to give to tho axis of the illuminating pencil any 
reiiuired degree of obliipiity. To the uiijier jeirt of it is attaolied 
a raelc-anil-^iinion movement carrying tho “substage," which is 
provided with two millcd-headcd screws for centring it pirc- 
cisely with tho inieroseo]ie-bod 3 '. Into this may bo lilted tho 
achromatic comleiiser, jurabolic illuminator, [lolariziiig prism, or 
any other hind of ilhiminatiiig appamtiis ; whilst at its lower end 
it carries tho mirror, thu position ot which may bo varied hysliding 
its fitting up or down tlio “tail-piece," or by turning ‘tho ann 
which carries it to ono aide or tiic otiier ; while, if direct illumina- 
tion from a lamp ahould bo preferred, it may be turned altoguther 
aside, liy swinging tho t.ail-pieco round above the stage, obliipio 
light may bo rellected from tho mirror, through tho condeii.ser, upon 
the niiper siirlaces of objects. The condeii.ser usually fitted to 
this in.slriiinent is of about focus, with a largo back lens ; 

behind which are placed an iris-diaphmgin for rediieiiig tho light 
to the central niy.s, ami a di iphnigin-piato witli apertures of tho 
various forms most suited for tho re.sohitioii of lined objects by 
oblinue r.iy.s. ' 

No iiistrunieiit, in thu writer's judgment, is hotter adapted than 
thi.s for tho highest purposes of iiiieroscopical re.seareh. It works 
admiiubly -.vith every power from the lowest to tho highest, and is 
eajabJo ul receiving any one of the numerous pieces of apparatus 
which have Incii devhed for .special re.searehcs of various kinds. 
Thu det^iih.d di scription of the.so not being hero admi.s.sili!e, it will 
is; sulficieiit to indicate tlio jHil.iriscopo and tho speetro.seopo as the 
most important of tbe.-o accc.vioiics. 

-MlCilO.MKTIlV. 

Thu niiero.-.copist h.Ls const.int need of .some means of taking exact 
ini.isurcinent.s of the dimensions of tho minute ohjecLi, or parts of 
objects, on tho study of which he is engaged; and the iieouracy of 
the operation will oi' course bo jiroportioiied to the correctne.s.s of 
the .standard n.-e.l, .mil tlio caro with which it i.s applied. 

Thu instriimeiit.s einploveil iii microscopic micrometry are of two 
riind.s, the me.i-surenieut lieing taken in one iiy tlio rotation of a 
fine screw with a divided inilleil head, whilst ill tho other a slip 
of gla.s-i ruled with lines at fixed distances gives a scale which forms 
a l.c'isi.s of computation. Imeh of thiesc has its advantages and its 
di-sadvantige-i. 

Thu atage-microiiiuter con.stnictcd by Fr.iueiihofer was formerly 
much u.-,cd by Continental micro.icopLsts, and has tho advantage of 
indicating the actual dilnensioli.i of tho ohjeets to be- liic.esiired ; 
but it h.'Ls iho two .special disadvantages that a sulficictitly small 
-.•alno c-miiot . bo conveiiiciitly given to its divi.siuii.s, and that any 
error in its con.striietioii and working i.s augmented by tho whole 
magnifying power employed. This instrument has now, howea'er, 
-almost entirely given place to one of tiio.so to bo next described. 

Tlio serew-iiiicrometer ordinarily u.-ied in lestronomical riicxsure- 
meiits (see MlimoMBrnn) e.ui be adapted to the eye-piece of the 
microscope in a manner c.s.seiitially the same les that in which it is 
applied to the telescope, — its two leirallel threads — of which one is 
lixeil and the otln-r riia Ic to approach towards or rcceilo from this 
hv the turning of the screw — being placed hr the focus of the cye- 
glas.s, and being theieforc .seen as lines crossing its field of view. 
*riie object is .so foousscd that its imago is formed in tho same plane ; 
and, tho latter being brought into such a position that one of its ends 
or margins lies in oplie.U contact with the fixed line, the screw is 
turned .so .u to bring the movahio lino into tlio. like coincidenco 
rvith the other. l!ut the distaiieo hctweeii tho linos, as given by tho 
number of divi.sioiis of tho micrometer, will hero ho tlio mca.suro- 
meiit. Hot of the oliject it.iolf, hut of its magnified image ; and the 
v.iluc of these division.s, therefore, will depend upon tlio aniiilifiea- 
tioii givoli by the [lartieillar ohjectivu used. Thus, suppiose each 
division of the micrometer to have an actual value of TuJiretJ* of an 
Jneh, and the vi.sual image to have one hundred times tho linear 
(limeii.sioiis of tho object, the theoretical microinotric value of each 
division would he ilr.th of ToJssth, oroiie-iiiillioiith, of an inch,— 
a degree of miiiiiteiies.s, however, not practically attaiiiahlo. It is 
neces-sary, moreover, to determine tho microinotric value of tho 
•divisions of thu mieromcler, not only for every objective, but for 
variations in tin; comlitioiis under which that- objeetivo may ho 
employed, as regards the length of the tube or “body" of tho 
microscoiie, which is varied not only by the draw-tube, but also, 
in many ca.se.s, in tho working of the linp adjustment or .slow 
motion, and .also, in the c.iso of thu large-iinglod powers furnished 
with adju.stment for thickne.ss of thu covering-glass, for tho degree 
of sojiaratioii of the front- from thu hack-glasses of tho objective, 
which makes a very sensible dilfereiico in its magnifying piowcr. 
This determination is m.sdc by means of a divided gla.ss stage- 
micrometer put in tho place of the object, so that tho lines ruled upon 
it at fixed intervals .shall ho projected upioii the field of view. Tho 
stage-iiiicrometcr is usually ruled either to lOOOths of an inch or 
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, lOOths of a imlhmetrc ; and it is convenient that one of the divisions 
o lU image should be made to coincule exactly with a certain number 
; ol divisions of the screw-micrometer. This may he done by loimthen- 
; *'* 0 .“*“ draw-tube, so as to increase the amplifleafiou of the scale 
until coincidence hits been reached; and the exact amount of this 
ksigthening should bo noted,— as should also the precise position 
of the ladled head of tho slow motion (if it acts on tho objective 
instciul ol on the body as a whole), and of the adjusting screw-collar 
of tho objeetivo it.self. Tims, if tiro lines of the stage-micrometer 
separated by 1000th of an inch bo brought into coincidence with 
the_ two threads of the uye-iiicco niierometer, sep.irated by forty 
divisions of the screw milled head, tho value of each of those divi- 
sions is -^^J^^th of ail inch. It the above couditions bo precisely 
recorded for each objective used in micrometry, the micromotric 
y.ajuo of tho divisions remains the same for that objective, whenever 
it is employed under tho same comlitioiis. 

The errors to which inieromcters are subject arise (1) from iii- 
eiinalities in the niliiig of the stiigc-micrometer, (2) from irregulari- 
ties in the .screw of tho eye-piece mieronieter, (3) from “ lost time ” 
ill its lyorkiiig, and (-1) from tho thickness of its threads. In order 
to eliminate the first and second, it is well to determine the rela- 
tion of the divisions of tho two micrometers by the comparison of 
a considerable number of both ; tho third proceeds from an imper- 
fection of workmanship whieh, if it shows itself sensibly, entirely 
destroys the value of the instnnueiit, while tho fourth can be 
rectified by the exercise of skill and judgment on the part of the 
observer, [''or, if the niierometer is so eoiistnicted as to read zero 
when 0110 tlire.id lies exactly iiimn the other, its divisions indicate 
the distance betwi-en the axes of the.so threads when separated ; and 
tho (liiiieiisions of any object (such as a blood-corpuscle) lying 
between their borders will obviously be too great by half the thick- 
ness of tlie two threads, that is, by tho entire thickness of one 
thre.id. When, on the other hand, the measurement is being made 
(as of the distaiice.s of tho stiiie on diatoms) by tho coincidence 
hctweeii certain lines on the object ami the axes of the threads of 
the niierometer, thu dimensions indicated by tho divisions of the 
screw millod-head will ho correct. 

The eostliiie.ss of a well-constructed screw-inierometer being a 
forniidiible obstacle to its general u.se, a simidcr method (devised by 
-Mr George Jackson) is more commonly adopted, which consists in 
tho iiisertioii of a riilcd-gla.ss scale into the focus of an ordinarj 
Iliiygenian eyc-piece, so that its lines are projected on the field of 
view. This scale (ruled, like an ordinary measure, with every fifth 
line long, and every tenth line double tho length of tho fifth) is 
fixed ill a bnis.s inner fraine,.^tliat has a slight motion in the direc- 
tion of its length within an outer fraiiio ; and this last, being intro- 
duced through a ^lair of slits into the eye-piece just above the 
diaphragm, and being made to occupy tho centre of the field, is 
brought exactly into focus by unscrewing tho eye-glass as far as 
may bo reiiuisitc. When tho image of the object to be measured is 
brought by tho focal udjustiiieiit of the object-glass into the same 
plane, a small pushing-screw at the end of the iiiicrometer (whose 
action is antagonized by a spring at the other end) is turned until 
one of tho long divisions of the scale is brought into optical contact 
with ono edge of the image of tho object to be measured, and the 
number of divisions is then counted to its other edge, — the operation 
being exactly that of laying a rule across the real object if enlarged 
to the size of its image. The mieroiuetric value of each division of 
this cye-i>iece scale must bo carefully ascertained for each objective, 
as in tho case of the screw-mieroiueter, the error arising from in- 
equality of its divisions being eliminated as far as possible by taking 
an average of several. The principal iioiiit of inferiority in this 
form of niicroiiioter is that, as its divisions cannot bo made of 
nearly so sinall a value as those of the screw-micrometer, an 
estimate of fractional parts of tliem often becomes necessary, which 
is objectionable as involving an additional source of error. To meet 
this objection, Ilartiiack has introduced the diagonal scale used in 
mathematical instruments before the iiiveiitioii of the vernier. 

Another mode of making micrometrio measurements, which for 
some purposes has considerable advantages, is to employ a stage- 
inicroineter in eombiiiatiou with some form of camera lucida 
attached to the eye-piece of tho microscope, so that the image of 
its divisions may be projected ujioii the same surface as that on 
which tho image of tho object is thrown. By first using the iiiled 
stagc-micromoter, uiid marking on the paper the average distance 
of its liiius as seen in the central part ot the field, and then ruling 
the iiaper accordingly, tho micrometric value of the divisions so 
projected may be exactly determined for the objective employed and 
tlio distance of the drawing-plane from tlieoye-piece,— so that, when 
tlio iiiia^o of any object is projected under the same conditions, tlic 
dimensions of that image or of any parts of it can bo e.xactly measured 
upon the divided scale previously projected, an^d the true oimen- 
sioiis of the object thus easily ascertained. If, 
lines of a stage-micrometer ruled to the thousandth of an men 
should, when thus projected, fall at a distance of “1 
thou the ajiplication of an ordinary scale of inches (divide 1 into 
tenths) to the imago of an object projected by the same objectno 
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and on the same plane would give its real dimensions in 
thousandths of an inch, while the tenths of the inch scale would 
represent a real dimension of as many ten-thousandths. It is often 
desirable to make such measurements from careful tracings of the 
outlines of objects, rather than from the visual images, — this plan 
being especially advantageous when the exact dimensions of many 
similar objects liave to be compared, as in the case of blood-cor- 
puscles, precise measurements of which are not uufrequently required 
in judicial inquiries. It was bj' the use of this method tliat the 
late Ulr Gulliver made his admirable series of measurernerrts of the 
average and extreme dimensions of the blood-corprtscles of diflererrt 
animals. And more recently Mr Dallittger has shown, -^^by first 
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making a very fine camera lucida tracing of Bacterium tervio 
urrdcr an airrplification of 2000 diameters, atrd measurittg the breadth 
of its body in the mode above indicated (which gave it as TTrirrulh 
of an iirch), artd then by magnifying his tracing from five to ten 
diameters, and comparing, by means of the screw-jnicrometer, the 
breadth of the llagellum with that of the body (which last proved 
to be jrrst terr times as great), — that, although the theoretical limit 
of resolving power for closely apirroximated Hires is -iTSTiTxth of an 
irrch, a scmitransiiarent filament whose breadth is not greater than 
■JcnW util of an irrch may bo clearly discerned, and even nreasured 
with a close approxinration to accuracy {Jour, of Royal Micros. 
Society, vol. i., 1879, p, 169). (W. B. C.) 


]\nDAS, king of Pliiygia, is one of those half-legendary 
heroes in whom religious legends have gathered round a 
real person. The name ilidas the king, MIAAI /ANAKTEI, 
occurs on a very ancient tomb in the vaUey of the Saugarius, 
the legendary seat of the Phrygian kingdom {Iliad iii. 
189). The Phrygian monarchy was destroyed by the 
Cimmerians about 670 b.c., and the last king Midas com- 
mitted suicide by drinking bull’s blood. The name Midas 
became in Greek tradition the representative of this ancient 
dynasty, but all that is told of him is religious myth. He 
is a figure in the cycle of Cybele legends, the son of the 
goddess and her first priest. He is also closely connected 
with the cultus of Dionyous, like the tivo heroic jrersouages 
Marsyas and Silenus. The ilidas legend was known on 
Mount Bermius in Macedonia, and must at one time have 
existed in Greece; two cities Midea, in Argolis and in 
Boeotia, recall the Plmygian city ilidteium. 

See Herod, viii. 138; Xeu., Aaab., i. 2, 13; Pims. i. 45, &c. 

MIDDELBUEG, in Holland, the ancient capital of the 
province of Zealand, situated in the middle of the island 
of Walcheren, is mentioned as early as 1153, and receives 
the title “town” in a charter granted it in 1227. It has 
all the characteristics of an old and worn-out place. The 
pojmlation (25,000 in 1739) had sunk to 12,000 or 13,000 
by the beginning of the 19 th century, and has only begun 
recently to increase again, being 15,939 in 1882. The 
dwelling-houses, which in 1739 were about 3800, are now 
but 3000, and of these about 600 are unoccupied. The 
vast warehouses and imposing mansions once belonging to 
wealthy families, which have either died out or left the 
place, call up the memory of that prosperity which Middel- 
burg enjoyed before its extensive trade, uith the East and 
West Indies, with England and Flanders, was ruined by 
the war with England and the French occupation. By 
the opening of the railway (1872) and of the ship canal 
(1873) to Flushing Middelburg was lifted out of its isola- 
tion, and, with the assistance of the chamber of commerce, 
manufacturing industries (iron, machinery, furniture, oil, 
cigars, &c.) were established ; but the prosperity anticipated 
for Flushing, and consequently for Middelburg, remains 
unrealized. One of the chief sights of Middelburg is the 
splendid town-house, for the most part erected in 1512-13, 
with its front gable adorned with twenty-five statues of 
counts and countesses of Holland and Zealand ; it contains 
the archives, and a most valuable antiquarian and historical 
collection. The abbey, begun in 1150, has frequently been 
the residence of royal visitors (Maximilian, Philip the Fair, 
Charles V., and so on down to Napoleon I., and William I., 
II., and III.) ; part of it is now an hotel, and part of it is 
occupied by the provincial authorities. The great hall of 
the building, in which the states of Zealand assemble, is 
adorned with beautiful tapestries by Jan de ilaecht, repre- 
senting the heroic feats of the men of Zealand in the 
contest with Spain. MTiat was formerly the nave' of the 
abbey church is now the New Church, and the ancient choir 
constitutes the Choir Church. The Wmer contains a fine | 
pulpit resting on an eagle, the monument of 'William/ king i 


of the Eomans (d. 1256), and the tombs of Jan and 
Cornelis Evertsen, two naval heroes who fell in the war 
against England in 1666; the latter has the monuments 
of the learned Hadrian Junius and of Jan Pieterszoon. 
The provincial conrt, the corn exchange, the Hof St Joris 
and the Hof St Sebastian (formerly buildings belonging to 
the guilds of archers, and now places of amusement) deserve 
mention. The great museum of Zealand antiquities, col- 
lected by the Zealand Society of Arts and Sciences (founded 
at Flushing in 1769 and transferred to Middelburg in 
1801), shows that the town is the intellectual centre of the 
provinefe. 

Tiro principal facts in the liistory of Middelburg are the sieges bj' 
the Flemings in 1288, 1296, and 1303 (the last resulting in the 
capture of the town by Guy of Dampierre); the recovery of the 
town from the Spaniards in 1574, after an investment of nearly two 
years; the frequent disturbances among the townsfolk in the 17th 
and 18th centuries; the surrender to the English in 1809 ; and the 
arrival and departure of the French in 1809 and 1814. 

MIDDLEBOEOUGH, a town of the United States, in 
Plymouth county, Massachusetts, 34 miles south of Boston. 
It has a handsome town-hall and a public library, manufac- 
tures woollen goods, straw goods, shovels, shoes, carriages, 
(fee., and in 1880 had 5237 inhabitants. 

MIDDLESBEOUGH, situated near the mouth of the 
Tees, on its south bank, in the North Eiding of Yorkshire, 
has now become the principal seat of the English iron 
trade. It is a municq^al and parliamentary borough, 
locally governed by a mayor and corporation, and returns 
a member to parliament. The earlier history of the place 
is meagre. AVhere Middiesbrough now stands (Graves’s 
History of Cleveland) there were at one time a small chapel 
and priory founded by Eobert de Brus of Skelton Castle. 
These were dedicated to St Hilda, and with some lands 
were given by De Brus to the abbey of St Hilda at Whitby 
in 1130. Tlie priory fell into ruins at the time of the^ 
Eeformation, and no trace now remains beyond some stones 
built into the wall of a brewery. The mayor’s chair also 
is made from a fragment. In 1801 there were upon the 
site of iliddlesbrough only four farm-houses. In 1829 a 
company styling itself the Middlesbrough Owners bought 
500 acres of land, and commenced building the town. In 
1830 the Stockton and Darlington Eailway was extended 
from Stockton to Middlesbrough ; fom- years later the to^vn 
was lighted with gas ; and after six years more a public 
market was established. The census of 1831 showed the 
Xjoprdation to be 154; that of 1841 showed 5709. In 
1843 the opening of the docks gave additional importance 
to the town. First containing an area of 9 acres, they 
were extended in 1872 to 12 acres, with 1700 feet of 
quays." Vessels of 3000 tons burden can be accommodated. 
From the year 1851, when J. Vaughan discovered the 
presence of ironstone in the Eston Hills, the town advanced 
with rapid strides. "When the jubilee of the town was held 
in 1881 (a year late) the population had risen to 55,934, 
the area to 2731 acres, and the rateable value to J6140,000, 
the pox^ulation of the parliamentary borough (area 4715 
acres) being 72,145. In the district there are upwards of 
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130 bla^fc furnaces, bejide^ large iron and steel works; and 
the Tlionias-GilcbrLit process of making steel promises for 
^Middlesbrough imiiortance in the future as a jiteel entre- 
pot. The make of pig-iron in 1880 was 1,901,032 tons, 
'i'liere are al-.o .shiitbuilding, potteries, chemical works, and 
a .‘•alt trade, 'iliddle.ibrough is well laid out, nearly all 
the .streets lymg at right angles to one another, ilany of 
the churche.s and the excliange are handsome buildiri"s 
while the station of the North Ea.stern llailway Ij probably 
t!ie finest in the north of England. A splendid park of 72 
acre.s, the gift of the late H. E. W. Bolckow, adds greatly 
to the amenity of the town. 

MIDDLESEX, an inland county in the south-east of 
England, lying between -oD 25' and SV 40' X. lat., and 
between 0' and 0' 30' W. long. On the south it is divided 
from Surrey and Kent by the Tliarnes, on the east from 
EmCx by the Lea, on the vrest from ljuckinghani.shire by the 
Colne, and on the north from Hertfordshire by a partly 
artificial and very irregular line. eUthough with the av- 
ception of llutland it is the .smalle.st county in England, 
i:s population is e.xceeded by that of Lancashire only. Its 
total area Is 181,31 / acre.s, of 'which 2.592 acre.s are common 
or waste lands. The longest .straight line that can be 
drawn in the county is one of nearly 28 miles from the 
north-eastern extremity' near 'Waltham Abbey to the .south- 
western at Staine.s. From north to south in the broadest 
part the distance is about 15 mile.s. 

Surface and Grolo;/;/. — 'The greater portion of the county 
is Hat, although there are .sufficient undulation.s to allow of 

proper drainage of the land. A range of hills runs along 
the Hertfordshire Ixirder by Barnet, Elstree, Stamnore, and 
i 'inner, averaging 100 feet in height; another range occupies 
tlie ground just north of London by Hornsey, Highgate, 
and Hampstead ; Harrow occuifies an isolated eminence 
ijctween the two ranges. 

The county lies entirely within the ba-sin of the 'Thames, 
and the London Clay extends over a large portion of the 
surface. This formation stretches from the mouth of the 
estuarj' of the 'Thames to the neighbourhood of Marl- 
borough, It attains its greatest breadth (little .short of 30 
inile-s) in the neighbourhood of London, and extends north- 
ward until it is lost beneath the drift of Suffolk and 
Norfolk, Tlie follovdng is a table of the various beds of 
rock -which occur at the .surface, with their greatest thick- 


ness (in feet) in the district: — 

Alluvium (recent river deposits; 15 

I'o il-Vli'jOMC 1’irliarU.). 

Poit-gl.ici.il beds (iiriek-esrtli, gravel, ire.) 50 

Glacial drift (boulder clay, gravel, he.) 80 

Koanc Tcrliaric.i. 

Lov.er Bagdiot sands, 100 

Djndon Clay -120 

Yi'oolvrich and Beading Dais 90 

Crelaceoiu, 

Chalk with Hints 800 


Chalk comes to the surface in .‘•.o very few places that it 
is .scarcely worth mention. It is seen near Harefield and on 
the north-west .side of South Mirnras. The depth from the 
.surface to the chalk varies greatly in different parts of the 
county. This has been proved by the borings for w'elL; 
thus at Isleworth the depth is 400 feet and at Hampstead 
378, while at Buislip it is 76 feet and at Pinner only 60. 
'The Beading beds (phestic clay.s) are brought to the sur- 
face at "Windsor. They follow roughly the cour.se of the 
river Colne from the north of Uxbridge along the flank of 
the hills north-eastward, but are .‘jomefimes cut back .south- 
ward along small .side valleys. An outlying mas-s is 
expo,-ed at Pinner. The Bagshot .sands, consisting of 
/'ravel and .sand permeable to water, once stretched over 
tile whole extent of the London Clay, but they are now to 
be found only on the high grounds at HamiMtead, High- 
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gate and Harrow. A corner of the main mass enters the 
south-west corner of the county near Littleton. Beds of 
brick-earth occur in the drift between Iv'est Drayton and 
U,xbridge. 

Several deep borings in the London basin prove the 
existence beneath the chalk of beds which do not crojj out 
in Middlesc.x, Three of the.se are in the county; and the 
most interesting is that at Meux’s Brewery, Tottenham 
Court Iioad (about Il-IG feet), w'hich pa.sses throu"h the 
following formations gravel and clay, 21 feet; London 
Clay, 61 feet; Beadjng beds, 51 feet; Than et sand, 21 feet; 
chalk, 655 feet; L'liper Green.sand, 28 feet; gault, 160 
feet Lower Green,‘-and, 61 feet; Devonian, 80 feet. 

Idvers and Ca/i/dn, — ^The Thames is very tortuous in the 
*41 miles of its course from Staines to Blackwall, and makes 
a remarkable bend at the eastern limit of the county where 
it forms the so-called Lie of Dogs. The width at Staine.s 
is 200 feet, at Chiswick opposite Barnes. 310 feet, at 
HnwmcTjwhh 525 k-i-t, ut Fulham 820 [eat, at Westmia- 
ster Bridge 1100 feet, but at London Bridge it is less than 
800 feet ; above the junction of the Lea at the Isle of Dogs 
the width is 1350 feet. The ordinary rise of the tide at 
London Bridge is 16 feet, and the tide-way ends at Ted 
dington. The port of London begins below London Bridge, 
and the channel for from 2 to 3 miles is called the Pool. 

The Colne from Hertfordshire enters Middlesex at the 
north-western corner of the county. It then runs .south, 
joining the 'Thames at Staines, and in its course divides 
iliddlescx from Buckinghamshire for 15 miles. After the 
river leaves Uxbridge it divides out into several small 
channels. The Lea from Hertfordshire enters Middlesex 
at the north-eastern comer of the county near Waltham 
Abbey. It runs south, dividing Middlesex from Essex for 
15 mile.s, and falls into the 'Thames at Bow Creek Several 
branches flow off from the river during its course. The 
Brent from Hertford.shire enters Middlesex near Finchley. 
It takes a circuitous direction southward through the 
middle of the county by Hendon, Kingsbury, Twyford, 
Greenford, and Hanwell to the town of Brentford, where it 
unites with the 'Thames. MTiere the river crosses the Edge- 
ware Eoad (about 3 miles south of the towm of Edgeware) 
it is expanded by artificial means into an extensive reser- 
voir. 'The Cran (or Yedding Brook) rises in the district 
between Harrow and Pinner and flows under Cranford 
Bridge; it crosses Hounslow Heath, and bends round to 
Twickenham and Lsleworth, where in a divided stream it 
falls into the Thames. 

'There were several other small streams in the neighbour- 
hood of London which have left their mark in the names 
of places, but which are now merely sewers, such as the 
■Wallbrook, the Westbourn, the Tyburn, the Fleet river, 
ifcc. The last-mentioned, which runs into the 'Thames near 
Blackfriars Bridge, w'as formerly navigable as far as 
Holborn Bridge ; but, the Fleet Ditch, as it w'as then called, 
having become in the last century a dangerous nui-.ance, 
the lord mayor and citizens were empowered by Act of 
Parliament to arch it over. 'The work was commenced in 
1731, and in 1737 Fleet market, occupying the site of the 
space from Holborn Bridge to Fleet Bridge, was opened to 
the public. 'The New Eiver, an artificial water-course con- 
structed by Sir Hugh Myddelton in the reign of James I. 
to supidy London with water, runs through the county from 
north to south a little to the west of the river Lea. It 
derives its waters from the .springs of Amwell and Chadwell, 
inaea&ed hy a cut horn the Lea, in the neighhourhooH of 
Ware, and enters Middlesex from Hertford.shire about 2 
miles north of Enfield. It passe.s Enfield, Tottenham, 
Hornsey, and Stoke Newington, and is received into the 
reservoir in Clerkenwell known as the New Eiver Head. 

'The Grand Junction Canal leaves the Thames at Brent- 
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ford, proceeds in a westerly direction by way of Hanwcll 
and Cranford to West Drayton ; thence in a northerly 
direction it follows the valley of the Colne. It passes 
Uxbridge, and after ‘ leaving the county takes its further 
course by Kickmansworth through Hertfordshire. The 
Paddington Canal leaves the Grand Junction Canal at 
Cranford, and passes Northolt, Apperton, Twyford (where 
it is carried over the Brent by an acpicduct), and Kensal 
Green. At Paddington it joins the Itegent’s Canal,- which 
jxisses the north of Regent’s Park, and after proceeding 
through the eastern portions of London joins the Thames 
at Limehouse. The Regent’s Canal is joinc<l to the river 
Lea by means of Sir George Duckett’s Canal, and thus 
there is a through communication from the north-eastern 
corner of the county to the south-eastern corner, thence 
from east to west, and northward to the north-west corner. 

Climate, Soil, Afjriculture, <Cr. — The climate of the 
county is equable and good, and the shelter of the northern 
hills makes the air mild. Highgate, Hampstead, and 
some other parts are supposed to be specially healthy, and 
are recommended for invalids by the medicid profession. 

The heavy poor clay in the north and north-western [lor- 
tion of Middlesex is chiefly covered with permanent gra.ss. 
In some parts it has been made fit for arable cultivation 
by the addition of chalk, lime, and ashes, 'riie rich 
deposits from the Thames have formed a .soil which when 
well manured is specially suitable for market garden.s. 
From its nearness to London the district has long been 
famous for high farming, and the divisions devoted to 
different kinds of farming are well marked. The greater 
part of Gore and Ossulston hundreds, portions of Spel- 
thorne and Edmonton hundreds, and a strip down the 
western side of Elthorne hundred are devoted to meadow 
and pasture. The arable land is chiefly found on the 
western side, and between the Great Western Railway and 
the Thames. It is also to bo seen in the north-western 
district. With the constant increase of London, houses 
have encroached upon the fiehls, and most of the market 
gardens which were situated in the neighbourhood of 
Islington and Hackney have disappeared. The striii of 
land by the 'riiames from Brentford to Chelsea was given 
up almost entirely to market gardens, but Fulham is fast ; 
being built over. j 

According to the returns for 1882, tfie area occupied by gr.aiu | 
and green crops, gi‘.ass, kc., was 110,170 acres. Of tliis amount, | 
16,337 acres were under com crops (wlie.at, 6110; .l)arluy, 3083; ! 
cats, 3895; and beans and i)e.asc, 2630) ; 13,151 under green crops 
(including potatoes, 3019; turnips, 1539; mangolds, 1692; cabbage, 
&e., 1188); 3025 under clover .and grasses sown in rotation ; and 
82,782 under permanent p.rsturc. Orchards occupied 3119 acres; 
market gardens, 6900; nursery grounds, 117; and woods, 2382. | 
In the same year the horses numbered 5939 (1188 used for .agri- 
cultural puri)oses); cattle, 23,283 (cows, 15,390); sheep, 23,916; 
and pigs, 12,035. 

Tlio following were tlie landowners in the county (exclusive of 
London) at the time of the Dome.sday suiwcy; — the king, tlie avch- 
bisliop of Canterbury, the bishop and canons of London, tlie abbeys 
of AYestminster and Holy Trinity at Caen, the nunnery of Barking, 
the Earls Ifoger and Jlorton, (.Jeolfrcy do Jlannovele, Ernulf de 
Hesding, AYalter Eitz Other, lYalter do St lYalcry, Richard Fitz 
Gilbert, Robert Gernon, Robert Faiiton, Robert Fitz Roselin, 
Robert Blund, Roger de Raines, William Fitz Anseulf, Edmund do 
Salisbui-y, Aubrey de Vere, Ranulf Fitz Ilger, Dennan, Countess 
Judith, and the king’s almoners. 

In 1873, according to t\ia Itelurn of Owners of Land, the total 
number of owners in the county (also exclusive of London) was 
11,881, of whom 9006 owned less than an .acre. The extent of 
lands (including common or waste lands) is given as 115,605. The 
gross estimated rental was £1, 611, 055. Sixteen ownei-s each pos- 
sessed over 1000 acres. The crown owned 2382 acres (annual 
value £5503); the duchy of Lancaster, 2273 acres (£4192) '; Ecclesi- 
astical Commissionci-s, 1308 acres’ (£46,519) ; All Souls’ College, 
Oxford, 1813 acres (£4724); Christ .Church, Oxford, 1132 acres 
(£1635) ; and King’s College, Cambridge, 1097 (£1084). 

Many villages of ;^Iiddlesex, especially those near to 
London, were formerly famous for their mineral springs. 


Some places are still supplied with wa^r from wells • but 
the Barnet, the East Middlesex, the Grand Juiictioii, the 
West Middlcse.x, and the New River Water Companies 
servo a large part of the county. 

JIanu/aetures and Trade. — There is little to remark with 
rej^rd to the manufactures of the county outside of Loudon. 
Brick-making and tile-jiiaking have always nourished, and 
malting, distilling, and .soap-making are favourite indu.stries. 
Gunpowder mills exist at Twickenham and Bedfont. 
Tlie market-to^vn.s for corn are Uxbridge, Brentford, and 
Staincij, for cattle and sheep Southall. A horse and cattle 
fair is held at South Mimms and Barnet. 

Jtailicays a)ul Jiuatls. — .Vs Lomlou is the centre of the railway 
system of Eimlaml, it is cyiileiit tliat many of tiiu lines must run 
througli ilidule.sex. For similar ie.a.sons it is well provided witli 
roads. 

Populuiioii. — The total iioptilation of .Middlcse.x w.is 2,539,765 in 
1871 ami 2,9'20, 1.S5 in ISSl, or excluding the s'jvcii metropolitan 
horoiiglis lying within the county 276,028 in 1871 and 394,039 
in 1881. ilost of the towms and vill.iges have largely im-n.'ised 
during the period lietweeii 1871 and 1881 ; the populations of Acton 
and 'rotteiiliam have more than dotihled, and Chiswick, Ealing, 
Edmonton, and Wille-sden have almost donbled. Of the larger 
id.aces the Ic.i.st ini;re.i.se lias been at Brentford, whieli ninnhered 
10,271 in 1871, and le.iched 11,808 in IbSl. .\t the time of the 
Domesday survey tlie populath.u of .Mid.lh.sex, exclusiveof Loudon, 
was 2302. 

(Jofcrnuuut. — Unlik.3 other eountie,, Middles.j.x has no high 
•sherilf appointed by tlio .sovereign. It Is subjeet to the City of 
London, and one of tliesheriirsappointeil by the lortl mayor is shurilf 
for .Middlesex. When ilenry 1. came to the tlivouc he gave the city 
an extensive charter, and one of tlie privileges either granted or 
confirmed by the king w.'cs the perpetual sheiilfwiek of Mhhllcse.x. 

The whole of till) eoiinty is included in the diocese of London, 
and is divided hetweeii the iirchdeacoiirics of l.cmlon ami .Middlesex. 
When Henry VI 11. created the bishopric of Westminster ho allotted 
tlie whole eoiinly (the nari.sh of Fiilhaiii alone exeeqdcd) for iU 
diocese. Kdw.iid '\’l., -liowever, dissolved the hislioiiric in the 
fourth year of liis reign. 

Tlio county is divideil into six liundreds, wliich roiiiain tlie same 
as they were at the lime of the Domesrlay survey, except that the 
name of one lias been cb.iiigcd:— t»-,suUton(Osulvestaue D.), Edmon- 
ton (Delmetone 1).), Gore (G.ir.t D.), Elthorne (Ilcletonio or 
Ilelethoniu D.), Spelthoruo (Spelctorne or Spelethornu D.), Isle- 
worth (Hoiicslaw D., i.e,, Hounslow). The division into hundreds 
is now merely a mime, and a record of a former system of local 
govcriiiiieiit. 

’riiore are thirty-two poor-l.iw unions, but tlie unions beyond 
London aie only eight in number, viz., Brentford, Edmonton', 
Fiilliuni, Hackney, Hampstead, Hendon, Staines, U.\bniige. 

The m.ijority of hospitals are in [.oiidoii, but there is a traiuiiig 
hospital at Tottenham, St John’s Hospital at Twiekenhaiii, and 
colLigo hospitals at Enfield, E.iliiig, i].iye.s, Hillingdon, .Sudbury, 
and Teddiijgtoii. 'J’he Royal India Lunatic Asylum is at Ealing, 
mill the two cmiiity asylums at Colney Hatch and llauwcjl. 

The county Is within the jurisdiction of the central criminal court 
and alsoof the metropolitan j)oIice(with the exception ot tho City). 

I'arlMuwntanj Jicprcsentation, — 'riieru are nine eoiistitueneics in 
Jliddlesex, returning nineteen nienibci-s, viz., two for tho county, 
four for the City of Loudon, two for each of the boroughs of West- 
minster, Finsbury, .Marylebone, the Tower Hamlets, Chelsea, aud 
Hackney, with one for the university of London. 

Ill tho parliaiiient of 1295 Middle.se.x was represented by two 
members ; in 1298 London sent two members as well .as the county. 
For the p.irliaiuent of 1320 and subsequent parliaments London 
elected four meiiiber.s, but it docs not appear that all were allowed 
to sit. From tlie 15th century, however, tho city has always sent 
four meuihcrs to iiarliamcnt. In 1547 Westminster first sent her 
two members, ami from that time until 1832 the only seats were 
those for tho county and the two boroughs. In 1832 tho boroughs of 
Finsbury, Marylohoue, aud Tower Hamlets were added, and in 1866 
the boroughs of Chelsea and Hackney and tho university of London. 

llistori/. — Tho district now included in Jiliddlesox was largely 
occupied by forest up to a comparatively recent period, and iU 
population must ulw.ays have been very sparse. A few prehistoric 
remains li.avo been discovered at various times, — hones of tlio 
elephant, hippopotamus, deer, ke., at Old Brentford, elk horns 
near Chelsea Hospital, fossil teeth, fish, fruit, &c., at Highgate, 
and quite recently, in 1879, while the foiiiidations were being dug 
out for Drummond’s New Bunk at Charing Cross, a large uumhor 
of prehistoric animal remains. Flint instniments_ have also been 
found to cover a considerable area. During the Britjsh period the 
district is supposed to have been inhabited by the Triuobantes, but 
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tliG liitG Dr Guest uffirms tliut tlie^ valley of tlie Dea was tlio western 
boundary of that tribe. In answer to the question — AVhat became 
of the district between the Lea and the Brent ? this great authority 
states tliat the district was merely a inarch of the “ Catuvellauni,” 
a common through which ran a wide trackway, but in which was 
neither town, village, nor inhabited house. Dr Guest also declares 
that the boundaries of the Catnvellaunian state, a central kingdom 
formed or much c.xtended by Cassivellannus, can be traced in part 
along the northern limit of Middlesex by following an earthwork 
railed Grimesditch “ from Brockley Hill to the woodland of the 
Colne Valley and thence to the Brent, and down the Brent to the 
Thames.”^ Some earthworks and encampments still e.xist which 
are attributed to tlie Britons. 

When the country was under Eoman rule great improvements, 
due to the growing importance of Lqndinium, were made in this- 
district. Sereral roads in connexion with the city must have been 
constructed, more especially the great northern and eastern roads. 
Dr Guest does not believe that the present Watling Street could 
have had any connexion' with the Watling Street winch came down 
the Edgeware Road, passed along by Park Lane, and crossed the 
Thames at Westminster. _ In the Antouine Itinerary mention is 
made of three stations, viz., Londinium, Sulloniaca:, and Pontes. 
Sulloniacre is now Brockley Hill ; Pontes is supposed by Stukeley 
to mean Staines, but Horsley held that it was intended for Old 
Windsor, and others supported the claims of Colnbrook and Lon"- 
ford. Roman camps have been found in many jiarts of the county, 
and Dr Stukeley supposed that the Brill, near St Pancra.s, was the 
site of the battle between Boadicea and the Roman legions which has 
left a slight record in the name of Rattle Bridge. The Roman 
remains found at different times are too numerous to mention here 
in detail. Coins, urns, and tiles were found at Enfield, a sepulchral 
urn at Hamiistead, and numerous gold coins and ornaments at 
Bentley Priory, Great Stanmore, in 1781. 

Cowey Stakes, about a furlong west of Walton Bridge, is supposed 
to be the locality of the ford by which Julius C.-esar crossed the 
Thames. Csesar makes special mention of the sharp stakes which 
he had to encounter, and Bede says that the remains of the .stakes 
were to bo seen in his day. Camden was the first to fi.x upon this 
as the spot where Caisar crossed, and he is supported by Dr Guest, 
but the identification is not undisputed. Although a ford existed 
here as late as 1807, and stakes were found up to the end of the 
18th century, it has been affirmed that they were placed in their 
position with another object than to oppose an enemy’s progress. 
Roman remains have been found at Shepperton near Halliford, at 
the Middlese.x end of the ford. A vase was dug up in 1817, and 
the remains of a Roman cemetery have also been dLscovered. 

, As to the earliest Saxon occupation wo are left very much to con- 
jecture, and the name itself is somewhat of a puzzle. It is evident 
that no tribe could have obtained the name of Jliddle Saxons until 
after the settlement of the districts on each side of it by the East 
and the West Sa.xons. As iliddlese.x was for a period dependent 
upon the kingdom of Esse.x, it is probable that the name did not 
come into use until London had become a Saxon city, although there 
is reason to believe that previously Saxon settlements had been 
made on several places by the river and elsewhere. Bede tells us 
that London was in the hands of King Sieberct in (104, and was then 
the chief town of Essex. Just a century afterwards — that is, in 704 
— the kin" of the East Saxons granted aw.ay land at Twickenham, 
showing tliat !Middlese.x was then dependent upon Essex. It is 
worthy of note that the two districts now forming the counties 
in which London and Southwark are situated were separated 
from the kingdoms to which they originally belonged probably 
on account of the importance of the city of London and the borough 
of Southwark, Sliddlcsex from the kingdom of Esse.x and Surrey 
or the South Ridge (A.-S. SulS-rige) from the -kingdom of Kent. 

Middlesex appears never to have been independent. The admini- 
strative shire was let to the men of London and their heirs to bo 
held in farm of the king and his heirs, and “the subject shire Ims 
to submit to the authority of the sheriffs chosen by the ruling 
city.” - 

Middlesex is only once mentioned in the Saxon Chronicle, under 
date 1011, -ivhere it is noticed as one of the districts overrun -by 
the Danes. One manuscript (A. Winchester) mentions the Middle 
Saxons as receiving the true faith under their alderman Peada 
in 653 ; but this is evidently a mistake of the scribe, for the fact is 
taken from Bede, and he writes Jliddle Angles, as do the other 
MSS. of the Chronicle.^ 
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' “ Lecture on the Ori«in of London," Mhenxurn ISGG, ^o. 2022. 

= Freeman, Norman Conqueit, voL v. (1876) p. -408. ,h~ 

3 In tlie above passage from tlie Chronicle, where the 
Danes in Kill aie enumerated, the sliires, which took Z™!" 

from the peoples wlio inliabited tiiem. Of the 4®,? ““ 

Middle Saxons, the East .Viigles, the Kcntlngs, and 

is styled an administrative shire, because it was , torty 
only one for the purposes of administrative Pronto 

counties twenty-eight nrc and twelve are not shires, . Pntiand taken 

, bhii-es, and 3Icrcla into eighteen, with the subsequent addition of Kutland, taken 


The Saxons appear to have settled over a large portion of the 
purpose of settlement they must have made 
considerable clearings m the vast forest of Middlesex. There seems 
to be good reason for believing that previous to their coming the 
roads passed through waste lands. By the time of Edw.ard tho 
Confessor a large proportion of the present towns and villages were 
in exwtence. ilr Elton, in his Origim of EncjlUh History,^ 
a curious fact with relation to the tenures which prevailed in some 
of these places. He alludes to a ring of manora encircling ancient 
London where the custom of Borough English or junior riglit was 
prevalent.-' He then goes on to point out that in this cluster of 
manors there are several varieties of the custom:—" Its benefit in 
Islington and Edmonton was confined to the youngest son ; at 
Ealing, Acton, and Isleworth it extended to tho brothers and male 
collateral heirs ; and in a great number of instaiice.s the privile"e 
was given to females as well as to males in every degree of relation- 
ship. These variations are of no very great importance, the custom 
being modified in all parts of the country by the rule that special 
proof must be given of any e.xtension of that strict form of Borough 
English for the benefit of the younger son of which alone the courts 
have cognizance. But it is of the greater interest to observe that 
m several places near London ‘ it is tho custom for tlie land to 
descend to the youngest, if it is under a particular value of five 
pounds, hut if it is worth more, it i.s parted among all the sons’ 
{First Real Property Commission Evidence, p. 254).” 

'The great forest of Middlcse.x continued long after the Korman 
Conquest, and even as late as the reign of Elizabeth portions of it 
still existed quite close to London. Fitz Stephen, tlie monk of 
Canterbury and secretary of Thomas a Becket, mentions in his 
interesting description of London the immense forest with its 
ilensely wooded thickets, and its coverts of game, stags, fallow 
deer, boars, and wild bulls. A few years after Fitz Stephen’s death, 
in the reign of Henry III. (1218), the forest wa,s disafibrested, and 
some of the wealthy citizens took tho opportunity of purchasing 
land and building upon it. Matthew Paris, in bis life of the twelfth 
abbot of St Alban-s, describes the woods contiguous to the Watling 
Street between London and St Albans as almost impenetrable, and 
so miicb infested by outlaws and by beasts of prey that tho numer- 
ous pilgrims who travelled along the Roman road to the shrine of 
Albanus were exposed to imminent danger. 

There is little further liistory that can be told of Middlesex. 
There are many interesting incidents connected with some of the 
places, hut corporate life 1ms been crushed out of the county by the 
greatness of London. Not a single place except London has grown 
into importance, and nowhere outside of Loudon is there a building 
of first-rate interest. The villages on the Thames early began to 
increase in size on account of the convenience of locomotion 
supplied by the river. It is only since the extension of the railway 
system that tho villages to the north and north-west of London 
have grown in size, and this growth has been mainly due to the 
building of houses for tiie use of tho Londoners. 

Jlihliograplxy. — John Xorden, Speculum Britannix: thefirtt parte , an hUtori- 
call and chorof/raphicaJl discription of ^liddleseXf -ito, London, 1593, rcpilnted in 
1637 and 1723; John Bowack, The Antiquities of Middlesex ^ paits 1 and 2, folio, 
London, 1705-6; Rlc. Newcourt, Repertorium Ecclesiasticum Parochiale Lon- 
dincnsCf 2 vols. folio, London, 1708; Rev. Thomas Magna Dtitannia et 
JJiberniaf antiqua ct «oca, 6 voh. 4to, London, 1720 (vol. iii. contains Jliddlescx); 
A Description of the County of Middlesex^ 8vo, London, 1775; Rev. Daniil 
Lysons, The Environs of London, 4vol3. 4to, London, 1792*96 (vols. ii., Iii., and 
supplement, 1811, contain ^Ilddfcsex); John Middleton, General Vicio of the 
^Agriculture of Middlesex, 4to, London, 1793; Peter loot, General Mew of the 
Agriculture of Middlesex, John Middleton, View of the Agri- 

culture of Middlesex, 8vo, X<ondon, 1798, second edition, 1S07 ; Rev. D. Ljsons. 
Art Historical Account of those Parishes in the County of Middlesex xchich are not 
described in The Environs of London, 4to, London, 1800 ; G. A. Cooke, Modern 
British Traveller, 12mo, London, 1802-10 (vol. xii. contains 31iddlesex); h. 
W.sBrayley, Rev. Joseph Nightingale, and J. Norris Brewer, “London and 
3Iiddlescx,'* in Beauties of England and ]Vales, 5 vols. 8vo, London, 3S10-16; 
Rev. 'Wniiam Bawdwen, A Translation of the Record called Domesdaihso far as 
relates to the Counties of Middlesex, Her! ford, Buckingham, Oxford, andGlonce/ier, 
4to, Doncaster, 1812: other publications conceining the Domesday of 31iddlcscx 
arc facsimile, folio, Southampton, 1861; a literal extension of the Latin text, 
folio, London, 1862; Wm. Eyiey and Hy. Detliick, T/ie T^ulaltm of MtMl.sex 
teaun in 1GG3, folio, Saiisbuiy, 1820; William Pinnock, T/ie l/istonj ami Topo- 
graphy of Middleiex. 12mo, London, 1821 (rol. 3 of rmaock’s Coantg J/yt^ 
W. Smith, Delineations of the Couniy^of Mtddlesa, 8vo, London, IWl, --‘’"bcl 
Tymms, A Compendious Account of Middlesex and London and hestminshr (Cam- 
den's Britannia epitomized and continued, Tol. vii.), London, l&13; J. n..Spcr- 
lintr Church Walks in Middlesex, being an Ecclesiologist s Guide to that County, 
lomo London, 1810; tThe Beauties of Middlesex, being a particular description of 


James E. HaitinB, The Birds of Middlesex, Svo, London, 1866; Henry Mipcn 
and W. T. Tliiselton Dyer, Flora of Middlesex, 8vo, London, 1860 ; \\ ilhani 
Ifunhes The Geography of Middlesex for the use of schools, Itrao, London, 18>p 
WiUlam Lawson, Collins's County Geographies (Middlesex), Svo, 18<-; Me 
Geography of the Counties of Eng' and and Wales (No. 10, Middicse.x,', 6> o, Man- 
chester 1872 ; W. E. Baxter, The Domesday Book for the lounly of Middles^, 
being that portion of a Return of Oicners of Land in England and hales '« 18..t 
irhich refers to Middlesex, -Ito, Lew es, 1877. (ii. i>. » . ) 

fills heliered) from Northamptonshire. Yorksliiro was takenfrom N'orthumhrij. 
LancMhlre from Cumbritr, and, last of alI,,3Ionmoutlislnro from Males, by an 
Act of Henry VIII.’s reign. 

3 Mr Corner gives the number of histanccs he has found at sixteen. 

XVL — 30 
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MIDDLETON 


MIDDLETON, a market and -manufacturing toum of 
Lancasliire, is situated on the Irk, near the Eochdale 
Canal^ and on the Lancashire and Yorkshire Eailway, 
about 5 miles north of Manchester and 4 west of Oldham. 
It includes the township of Tonge, an isolated portion of 
the parish of Prestwick. The church of St Leonards is an 
old structure of mixed architecture, with a low square 
tower. The oldest portion of the building dates from the 
12th century, but the main portion from 1412, -and the 
south aisle from 1524. It underwent extensive restoration 
in 1869. The Queen Elizabeth Grammar School, a build- 
ing in the Tudor style, was founded in 1572. There are 
public baths and a free library. The prosperity of the. town 
dates from the introduction of manufactures at the close of 
last century. The staple trade is the spinning and weaving 
of cotton, and the other industries include silk weaving, 
calico printing, bleaching, dyeing, ironfounding, and the 
manufacture of soap and chemicals. There are several 
collieries in the neighbourhood. The town was at an early 
period in possession of the Bartons, from whom it passed 
by marriage in the 1 6th century to Sir Ealph de Assheton. 
The population of the urban sanitary district of iliddleton 
and Tonge in 1881 was 18,952. 

MIDDLETON, Conyers (1683-1750), the earliest and 
most eminent example of the sijirit of theological rational- 
ism in the English Church of the 18th century, rvas the 
son of the rector of Hinderwell near Whitby, and was born 
at Eichmond in Yorkshire, on December 27 (or, according 
to another account, on August 3), 1683. He graduated at 
Cambridge, took orders, and in 1706 obtained a fellowship, 
which he soon resigned upon contracting an advantageous 
marriage. In 1717 a' dispute with Bentley, upon an 
extortionate demand of the latter on occasion of Middleton’s 
being created D.D., involved him in an acrimonious con- 
troversy, which called forth several pamphlets from his 
pen frdl of powerful invective, and among them his first 
considerable literary performances, the Remarlcs and 
Further Bemarlcs on Bentley’s Proposals for a Ifeiv Edition 
of the GreeJc Testament (1721). “You have laid Bentley 
flat upon his back,” wrote Colbatch. “I scorn to read 
what the rascal has written,” wrote Bentley, — ^^vho, how- 
ever, only resorted to, this affected disdain after a fruitless 
attempt to fix the authorship upon Colbatch, but who 
might justly have commented upon the impropriety of 
Middleton’s endeavour to visit his grievances upon the text 
of the New Testament. Private resentment and uncurbed 
personality were throughout his life too frequently the 
motive and the note of Jliddleton’s controversial publica- 
tions. In 1723 he was involved in a laAvsuit by person- 
alities against Bentley, which had found their way into 
his other^vise judicious tract on library administration, 
written on. occasion of his appointment to the honourable 
office of university librarian. In 1726 he gave great 
offence to the medical profession by a dissertation contend- 
ing that the healing art among the ancients was only 
exercised by slaves or freedmen. Between the dates of 
these publications he visited Italy, and made those observa- 
tions on the pagan pedigree of Italian superstitions which 
he subsequently embodied in his Letter from Borne (1729). 
This cogent tract, while establishing the author’s main 
proposition with abundant learning and wit, gave at the 
same time the first clear indication of the anti-suj^ernatural- 
istic bias of his intellect, and probably contributed to 
prepare the storm which broke out against him on his next 
publication (1731). In his remonstrance with lYaterland 
on occasion of the latter’s reply to Tindal’s Christianity as 
Old as the Creation, Middleton takes a line which in his 
day could hardly fail to expose him to the reproach of 
infidelity. He gives up the literal truth of the primeval 
Mosaic narratives ; and, in professing to indicate a short 


and easy method of confuting Tindal, lays principal stress 
on the indispensableness of Christianity as a mainstay of 
social order. This was to resign nearly everything that 
divines of the Waterland stamp thought worth defending. 
Middleton was warmly assailed from many quarters, and 
retreated with some difficulty under cover of a sheaf of 
apologetic pamphlets, and a more regular attendance at 
church. A freethinker in the strict sense of the term he 
certainly was ; but how far freedom of thought was carried 
by him it is not easy to ascertain. His adversaries — some 
of them men who gravely maintained that Egyptian 
civilization originated in the age of Solomon — were unable 
to fi.x any serious imputation upon him ; on the other hand 
it is clear that the natural attitude of his mind towards 
supernatural pretensions was one of suspicion, and that his 
temperament was by no means devout. That he was 
nevertheless not incapable of a disinterested hero-worship 
was evinced by his next important publication, the elegant 
but partial Life of Cicero (1741), a work which, if far 
below the standard of modern exactness, may yet compare 
in spirit and execution with the best productions of the 
Italian Eenaissance. It is, indeed, as remarked by 
Forsyth, “ rather an historical composition, in which 
Cicero is the principal figure, than the portrait of the man 
himself”; and Dr- Parr has pointed out Middleton’s 
unacknowledged obligations to the forgotten Bellendenus, 
which, however, ^-ndth the ardour of a discoverer, he seems 
to have considerably overrated. The work was undertaken 
at the instance of Lord Hervey, in correspondence Avith 
Avhom also originated his disquisition on The Boman 
Senate, published in 1747. The same year and the follow- 
ing produced the most important of all his writings, the 
Introductory Discourse and the Free Duiuiry concerning 
the miraculous pov;er3 then commonly deemed to have 
subsisted in the church after the apostolic age. In com- 
bating this belief Middleton indirectly established two pro- 
positions of cajjital importance. He showed that ecclesi- 
astical miracles must be accepted or rejected in the mass ; 
and he distinguished between the authority due to the 
early fathers’ testimony to the beliefs and practices of then- 
times and their very slender credibility as ^^-itnesses to 
matters of fact. Some individual grudge seems to have 
pronqjted him to expose, in 1750, Bisho]^ Sherlock’s 
eccentric notions of antediluvian prophecy, which had then 
been before the world for a quarter of a century^. The 
same year he died of a decline at his seat at Hildesham in 
Cambridgeshire, leaving a widow, but no children. 

Middleton’s roost ambitiou.s work is obsolete from no fault of 
liis, but bis controversial writings retain a permanent place , in the 
history of opinion. In his more restricted sphere he may not in- 
appropriately be compared to Lessing. Like Lessing’s, the character 
of his intellect was captious and iconoclastic, but redeemed ftom 
mere negation by a passion for abstract truth, too apt to slum her 
until called into activity by some merely personal stimulus. PJis 
diction is generally ma,sculine arid harmonious. Pope thought hi'ni 
and Hooke the only prose writers of the day who deseived to I'je 
cited as authorities on the language. Parr, while exposing htis 
plagiarisms, heaps encomiums on his style. But his best quaUtiei, 
his impatience of superstition and disdain of mere extern&l 
authority, are rather moral than literaiy. As a scholar he is rathiW 
elegant than profound; as a controversialist he has more vigour tha|r. 
urbanity, and more wit than humour. He has been unjustljy 
attacked both as author and as man by De Quincey, who strangel/ y 
accuses his style of colloquialism, and taxes him with eating tly,e 
church’s bread while denying her doctiines. In fact Middletoitq'g 
private means w-ere ample, his ecclesiastical emoluments trifliiiig, 
and his candour obstructed his path to much more considerable p qe- 
ferment. The best general view of his intellectual character c^ni 
influence is to be found in Leslie Stephen’s English Thought in' the 
Eighteenth Century, chap. vi. A handsome edition of his wori'es, 
containing several posthumous tracts, but not including the L{ife 
of Cicero, aiipeared m 1752. J 

MIDDLETON, THOiLvs (c. 1570-1627), held a leading 
place among the dramatists of the reign of James L His 
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popularity would seem to have first come to a height about 
1607. This is a fair inference from the fact that in this 
and the followng year a whole swarm of comedies from 
his pen >vere licensed and published — A Trkh to Catch the 
Old One, The F amily of Love, The Phcenu;, Michaelmas 
Term, Your Five Gallants, A 3[ud World My Masters. 
Only the first of these kept the stage 'after the author’s 
own generation, though in point of wit and constructive 
skill it is not superior to The Phcenix (a serious comedy) or 
Your Five Gallants (a bustling and gaily humorous farcical 
comedy). The plot of the Trick bears a family likeness 
to that of Massinger’s New Way to Pay Old Debts-, the 
titles in fact might be interchanged. A ruined scapegrace 
outwits his creditors and a usurious uncle by coming to 
town with a courtesan and passing her oS as a widow ivith 
a fortune, whom he treats with deferential friendship, but 
liardly dares to love, ruined and hopeless as he is. His 
uncle lends him money that he may woo in proper state ; 
his creditors also intrigue to have the honour of supplying 
him with all the needs of fashion ; and the lady receives 
many costly presents from aspirants to her hand and 
fortune. Though Middleton was apparently not in high 
popxdarity till 1607, he had made his debut as a satirist 
ten years before; and if Malone is-right in his conjecture 
that the Mayor of Queenshorough is identical udth the 
Randall Earle of Chester mentioned by Henslowe in 1602, 
he had done dramatic work of a much higher kind. Like 
The Changeliwj, a later production, in which Middleton 
had the assistance of Rowley, the tragedy of the Mayor is 
named after a character in the insignificant comic underplot. 
Such a title scares away readers weary of half-intelligible 
Elizabethan fun and satire ; but Simon the comic mayor 
is a very subordinate figure in the play, and the tragic 
portions alike in situation, characterization, and language 
rank among the very noblest ])roductions of the Shake- 
spearian age. There are scenes in the Changeling also 
which Mr Swinburne, with a judgment that will not be 
disputed, assigns to Jliddleton, unsurpassed for intensity 
of passion and appalling surprises in the whole range of 
Elizabethan literature. The e.xecution of these scenes is 
far beyond any power that Rowley showed in single-handed 
work, but Avell witlun the scope of the author of the 
Mayor of Queenshorough and iroinen Beware Women. 
This last play, in which every one of the characters 
important enough to be honoured with a name perishes at 
the end in a slaughter so rapid as to be somewhat confus- 
ing, was apparently one of Middleton’s later works, and 
the simple and measured development of the plot in the 
first acts seems to show traces of the influence of iMassinger. 
iliddleton’s . verse, when charged with the e.xpression of 
impassioned love, contains , many echoes of the verse of 
Romeo and Jxdiet, as if his ear had been fascinated by it 
in hLs youth. His language generally proclaims him an 
admiring disciple of Shakesiieare’s ; and in daring and 
Irappy concentration of imagery, and a certain imperial 
confidence in the use of words, he of all the dramatists of 
that time is the disciple that comes nearest the master. 
The Witch, by which Middleton’s name has of late been 
linked with. Shakespeare’s in groundless speculation as 
being part author of Macheth, is by no means one of 
MidSeton’s best plays. The plot is both intricate and 
feeble, as if the play had been written with a view to the 
half-comic spectacular exhibition of the witches, with their 
ribald revelry, their cauldron.s, hideous spells, and weird 
incantations. Charles Lamb’s comparison of iNIiddleton’s 
witches with Shakespeare’s is one of the most exquisite 
morsels of criticism ; but, when he says that iliddleton s 
witches are “ in a lesser degree fine creations,” he • ought 
perhaps to have added that they are merely embodiments 
of the vulgar .superstition, put on the stage to excite 
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laughter rather than fear among a half-believing audience 
an audience ready to' laugh at them in the light and in a 
crowded meeting, whatever each might do in the dark 
alone. That Middleton* had any share in Macheth is a 
conjecture resting solely on the fact that the opening 
words of the song of the witches about the cauldron in 
Shakespeare’s Macheth occur also in the incantatiqns about 
a cauldron in the last act 'of Middleton’s Witch, and 
that Middleton's song was inserted by Davenant in an 
“amended ’’ reproduction 'of J/ac&c</i. If either borrowed 
the words of this song from the other, that is no evidence 
of further co-operation ; besides all that is common to the 
two was probably as much public property as a nursery 
rhyme. There is no evidence as to whether The Witch 
appeared before or after Macbeth. Middleton co-operated 
with Dekker in the Roaring Girl ; with Rowley in A Fair 
Quarrel, The Spanish Gipsy, and The Changeling-, and 
with Jonson and Fletcher in The Widaiv (one of the few 
of hliddleton’s plays reproduced after the Restoration). 
Towards the close of his life Middleton got into difficulties 
with the privy council from writing a very clever political 
play apropos of Prince Charles’s unsuccessful wooing of the 
Spanish infanta in 1623. The chief personages in Spanish 
politics and their manoeuvres were represented with most 
ingenious skill in the pieces and movements of A Game at 
Chess. This play was sto^iped by royal authority, and the 
prosecution of the author was allowed quietly to drop. 
The few unimportant facts known in IRddleton’s private 
history are collected in i\Ir Dyce’s admirable edition of his 
plays. He enjoyed the office of city chronologer, and was 
often employed to write pageants and masques, in one case 
at least contracting for the whole exhibition, besides fur- 
nishing the words. He died in 1627, and was buried at 
Newington Butts. 

MIDDLETOWN, a city and port of entry of the 
United States, and one of the shire towns of Middlesex 
county, Connecticut, lies on the right bank of the Con- 
necticut river, about 30 miles from its mouth, directly oppo- 
site the well-known Portland quarries, and 21 miles from 
New Haven by rail. Built on ground rising gently from 
the river, with its principal streets keeping the direction of 
the valley, and the cross streets climbing the slope, Middle- 
town is a place of considerable attractiveness, and the views 
from the higher points are particularly fine. Water Street, 
with the wharves and shipping, Main Street, with the 
commercial houses and hotels, and High Street, with its 
mansions and gardens and trees, are the leading lines of 
the city. On the high grounds behind stand the handsome 
buildings of the Wesleyan (Methodist E 2 )iscopal) University. 
The institution, mainly organized by Wilbur Fisk, D.D., 
was chartered in 1831. To the two buildings with which 
it started have been added Rich Hall, with the library of 
about 30,000 volumes, Judd Hall, with scientific collections 
of great value, the Llemorial Chapel, erected in the 
centenary year of American Methodism, and the Observa- 
tory Hall. Since 1872 the courses of the university have 
been open to both sexes. In 1882 the number of pro- 
fe.ssors was 20, and of students 191, including II females. 
The Berkeley Theological School (Main Street), founded 
by the Episcopal Church in 1854, had in 1882 7 pro- 
fessors and 41 students, with a library of 17,000 volumes. 
A hill 1^- miles to the south-east of the city is occupied by 
the State General Hospital for the Insane, the principal 
building having a frontage of. 768 feet, and the grounds 
e.xtending to 230 acres; and on another hill to the south- 
west of the city stands the State industrial school for girls. 
As vessels drawing 10 feet of water can reach its wharves, 
Middletown carries on a considerable trade by the river. In 
1882 1613 vessels, with a burden of 240,000 tons, entered 
the port, and 1613 vessels, with a burden of 350,000 tons. 
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cleared; and the Middletow district owned S3 sailing 
vessels and 22 steamers. Both the silver and the lead 
mines which were formerly woh-ed in the vicinity have 
been abandoned, but cast-iron, britannia, and silver-plated 
goods, serving-machines, pumps, webbing, and tape are 
among the local manufactures. The population of the city 
increased from 5182 in 1860 to 6850 in 1880. First 
settled in 1636, Middletown was incorporated as a town in 
1651, and as a city in 1784, . 

^MIDDLETOWN, a manufacturing village of the United 
States, in WalUdll township. Orange county. New York, 
55 miles N.N.W. of New York, at the junction of four 
railroads. It is a clean well-built i^lace, in the midst of a 
line dairy-farming and stock-raising district, manufactures 
.saws, files, felt hats, blankets, agricultural implements, 
printers’ materials, (fcc., and is the seat of the State 
Homceopathic Insane Asylum. The population was 6049 
in 1870 and 8494 in 1880. 

illDHURST, an ancient parliamentary borough and 
market-town of Susse.v, is picturesquely situated on a 
gentle eminence above the south bank of the West Bother, 
on three railway lines, 50 miles south-west of London and 
12 north from Chichester. The church of St Denis (re- 
stored in 1881-83) is chiefly Perpendicular in style, but 
the lower part of the embattled tower is probably Norman. 
At the grammar school, founded in 1672, Richard Cobden 
and Sir Charles Lyell were educated. A new public hail 
was opened in 1882. The old castle of the De Bohuns 
stood on a mound above the river, now overgi'own with 
trees. In ancient times a commandery of the Knights of 
St John of Jerusalem had jurisdiction over the district 
now forming the liberty of St John. The prosperity of 
the town depends chiefly on agriculture. A market is held 
weekly, and a fair three times a year. The population of 
the parliamentary borough, which has an area of 26,172 
acres, was 6753 in 1871, and 7221 in 1881. 

Jlidhurst is not mentioned in Domesday, being inclnded under 
Easebourno. In the reign of Henry I. it was held by the king 
as a minor barony. In the time of Edward I. it passed into 
the possession of the Do Bohuns. From the time of Edward II. 
till 1832 it returned two members to parliament, but since then 
only one. 

illDIAN was one of the iieoples of North Arabia whom 
the Hebrews recognized as distant kinsmen, representing 
them as sons of Abraham’s wife Keturah. The word 
Keturah means “ incenSe thus the sons of Keturah are 
the “ incense-men,” not indeed inhabitants of the far south 
incense-land, but pre.sumably the tribes whose caravans 
brought the incense to Palestine and the ?ilediterranean 
ports. So the ilidianites appear in connexion with the 
gold and incense trade from Yemen (Isa. lx. 6), and with 
the trade between Egypt and Syria (Gen. xxxvii. 28, 36). 
At the time of the exodus the pastures of the Midianites, 
or of the branch of Midian to which hloses’s father-in-law 
(Jetliro or Raguel, or Hobab) belonged, lay near Mount 
Horeb (Exod. iii. 1); and Num. x. 29 sq. implies that the 
tribe was at home in the desert of the wanderings. The 
Kenites, who, in spite of their connexion with Amalek (1 
Sam. XV. 6), had friendly relations with Israel, and ulti- 
mately coalesced with the tribe of Judah, are represented 
in Judg. i. 16, iv. 11 as the kin of Moses’s father-in-law. 
The Kenites, however, can have beeq but one fractiorf of 
^Midian which took a separate course from their early 
relations to Israel.^ The main body appear in Judg. vi. as 
a powerful Bedouin confederation, invading Canaan from 
the eastern desert, and ravaging the land as similar tribes 
have done in all ages when Palestine lacked a strong 

* 'Ihe .adiiii.Yturc of ^Ildianite elements in Judah and the other 
border tnb<^ of Israel is confirmed by a comparison of the names of 
the iliilianito clans in Gen. xxv. 4 with the Hebrew genealogie.s 
U Chron. iL Id iv. 17, v. 21; Gen, .xlvi. 9) 
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government. With their defeat by Gideon and another 
defeat by the Edomites in the field of Jloab, probably 
about the same time (Gen. xxxvi. 35), the recorded history 
of Midian closes. 

A phaco Midian is mentioned 1_ Kings xi. 18, and in later times 
the name lingered in the district east of the Gulf of 'Akaha, where 
Eusebius knows a city lladian in the country of the Saracens and 
Ptolemy pdaces Slodiana. Still later Sladyau was a station on the 
pilgrim route from Egypt to Slecca, the second beyond Aila (Elath). 
Here in the Middle Ages was shown the well from which Moses 
watered the flocks of Sho'aib (Jethro), and the pflace is still known 
iis “the caves of Sho'iiib.” It has considerable mins, which liave 
been described by Ruppoll (Seism, 1829) and Burton (Land of 
Midian, 1879). 

MIDNAPUR, a district in the lieutenant-governorship 
of Bengal, India, between 21° 37' and 22° 57' N. lat., and 
between 86° 35' 45" and 88° 14' E. long., is bounded on 
the N. by Bdnkurd and Bardw.dn, on the E. by Hooghly 
and Howrah, on the S. by the Bay of Bengal, and on the 
W. by Singbhum and Mdnbhiim, with an area of 5082 
square miles. Its general appearance is that of a largo 
open plain, of which the greater part is under cultivation. 
In the northern portion the soil us poor, and there is little 
wood. The country along the western boundary, known 
as the Jungle MahAls, is undulating and picturesque ; it 
is almost uninhabited. The eastern and south-eastern 
portions are swampy and richly cultivated. The chief 
rivers of the district are the Hooghly and its three tribu- 
taries, the Rupndrayan, the Haldi, and the Rasulpur. 
The Midnapur high-level canal runs almost due east and 
west from the town of Midnapur to Ulubari.i, on tho 
Hooghly 16 miles below Calcutta, and affords a continuous 
navigable channel 53 miles in length. There is also 
a tidal canal for navigation, 26 miles in length, extend- 
ing from the Rfipndrflyan river. The jungles in tho 
west of the district yield lac, tasar silk, wax, resin, fire- 
wood, charcoal, ikc., and give shelter to large and small 
game. 

Tho census of 1872 returned the population of Slidnapmr at 
2,540,963 (1,257,194 males and 1,283,769 females), including only 
122 Europeans and 157,030 Mohammedans. The aboriginal tribes 
belong chiefly to the jungles and hills of Chutia Nagpur and B.-in- 
kux~a ; the most numerous of them are Santals (96,921) and Bhumfjs 
(35,344). Of high-caste Hindus tho returns show 136,500; and tho 
number of Kayasths is given as 101,663. Among the semi-Hiiulu- 
ized aborigines, the most numerous are tho Bagdis, a tribe of culti- 
vators, fisliermen, and day-labourcis (76,825). Belonging to .agii- 
cultural castes there are 1,018,686. The four municipalities aro 
Midnapur (31,491), Chandr.akona (21,311), Gliatal (15,492), ami 
Tamliik (5849). Kice is tlie staple crop. Irrigation is cil'ected 
cliieliy from the high-level canal. Bent r.ates vary from lOJd. an 
acre for tho poorest quality of rice land to 18s. an acre for tho best 
irrigable lands. The district sulfers occasionally from drought ; 
floods are common, and very disastrous in their results. The prin- 
cipal exports are rice, silk, and sugtir ; and the chief imports con- 
sist of cotton cloth and twist. Salt, indigo, silk, mats, and bia-ss 
and copjier utensils are manufaeturod. Apart from the rivers, com- 
munication is afibrded by 482 miles of road. The total lovcnno in 
1870-71 w!is £262,578, and the expenditiue £53,777. 'The jire- 
v.ailing diseases are fever, diarrhoea, dy.seutery, and cholera. Tho 
average mean temperature is 80° Fahr., and tho average annual 
rainfall 66 inches. 

The early history of Slidnapur centres round the ancient town of 
Tamli'ik, which in the beginning of the 5th century was an import- 
ant Buddhist sottlement and maritime harbour. Tho first con- 
nexion of tho English with tho district dates from 1760, when Mir 
Kiisim ceded to tho East India Company Midnapur, Chittagong, 
and Bardw.an (then estimated to furnish one-third of tho on tiro 
revenue of Bengal) as the piice of his elevation to tho tlirono of 
Bengal on the deposition of ih'r Jafar. 

AIidnapur, chief toivn and lieadquarters station of the 
above district, is situated on tho north bank of tho KasAi 
river, with a population in 1872 of 31,491. The town has 
a large bazar, with commodious public offices. It is healthy, 
dry, and well .supplied with water. An American mission 
maintains an excellent training school, together with a 
printing press, and has founded .several village schools in 
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the district. Its efforts liave been particularly successful 
among the Santals, and some of the earliest and most 
valuable works on their language have issued from the 
Midnapur mission press. A brisk manufacture of brass 
and copper utensils takes place in the town ; it is also the 
centre of Or large indigo and silk industry./ 

SIIDIiASH. Like all nouns of a similar form Midmsh 
is the equivalent of the Niph'al participle, ^ and as such 
yields as many modified meanings as the root Darosk 
to search, &c., itself has., Tlie practical significa- 
tions, however, of Midraah-, taken in historical ' order, are 
as follows : — (1) a book of records ; (2) a recension of 
older, especially historical, materials; (3) search in and 
exidanation of the Scripture.s, notably the Pentateucli (in 
which case the plural is invariably Midrasholh) ; (4) theory 
as distingmished from practice; (5) a college for study 
and teaching ; (6) an A<jadic (that is, a free) explanation, 
in contradistinction to an Ualuhhic one ; (7) a collection 
of such free explanations (in which case the plural is 
Midrashim and occasionally also Midrashoth). Of these 
seven significations (1) and (2) are to be found in the Bible, ^ 
(3) and (4) are mentioned for the first time in the Mish- 
nah^ (5) is to be met with in the Midrash, ^ while (6) apd 
(7) are to be found in early Eabbinic writings.^ 

The subject of this article will be — (1) the nature of 
Midrash in the sense of Afjadah, to the exclusion of 
Ilalalchah (for which see ^Iisiinaii), and (2) the develop- 
ment of this Midrash A<jadah into books (Midrashwi). 

The thinking reader of the Scriptures cannot have failed 
to observe that by the side of their ceremonial element, be 
it negative or affinnative, permi.ssive or jussive, there is 
also often to be met with (and sometimes so as to be insepar- 
able from it) a si)iritual element. This spiritual element 
rests chiefly on feeling or emotion, and produces pious 
works only indirectly. Now the explanation or aq)piication 
of this elerhent, either by the Scriptures themselves or by 
the rabbis, is traditionally called Afidrash Hayyadah 
(recitation, preaching) or Alidrash Ar/adah'^ (binding the 
soul to God and all that is godly). 

This lla(j(jadah or Agadah varies considerably both in 
nature and form. In its nature it sometimes humours, at 
other times threatens ; it alternately promises and admon- 
ishes, persuades and rebuke, s, encourages and deters. In 
the end it always consoles, and throughout it instructs and 
elevates. In form it is legendary, historical, exegetic, 
didactic, theosophic, epigrammatic; but throughout it is 
ethical. 

And varied as was and is the Alidrash Agadah, so varied 
have been its fortunes. Whilst at times it stood very 
high in the estimation both of the teachers and the con- 
gregations in Israel,'^ it sank at other times very low 
indeed.'* Nay, at one and the same time, whilst some 


1 Coil)]), Nehem. viii. 8, wliere evidently stands for 

See al.so Kiinlii on 2 Cliron. xiii.'22, and Sohiller-S/iincssy, .Kr^osifion, 
kc., Cambridge, 1882, p. 11. ■’ 2 Cliron. xiii. 22 and xxiv. 27. 

^ See NeUarim, iv. 3, anA A both, i. 17. ' ' , , , 

•* liereshilh llabbah, c. Ixiii. (on Gen. xxv. 22): nDpn it? t<?ni 
. . • ^31K1 DK>) ItJ'nD? Alidrash Ls used in the J&st to this 

ilay for Beth Jlammidrash. See JIB. Oo. 0, 63 (of tlie University 
Library, Cambridge), leaf 135a, lower margin (itPTTo!) {p'lp DHI 
. . . 

“ Kashi (r.^., on Gen. iii, 8) and Tosapholh, passim. 

“ Tliose who identify tliis word as merely the Chald.aic form of the 
Hebrew JIafjr/adah (and they have, certainly, some authority on their 
side) ought to write it Aggadah which, however, is not the 

traditional spelling of it (iTllK). Singularly enough, the L.atin rcligio 
is .similarly derived by some from religare and by otiiers from religcre, 

7 Siphere on Dent. § 49 : “If thou wisliest to know Him who but 
spake and the world came into being, leani lluggadalf, for by so doing 
tliou wilt recognize the Holy One (ble-wed be Ho !) and cling to His 


w.ay.s ! ” , , , • 

“T. Y., M'aseroth, iii. 4: “And K. Ze'erah was teasing those rabbis 
Ilf the Agadah." 


rabbis exalted it to the skies,** other rabbis treated it 
with hatred, w or, worse still, with contempt.n There have 
actually been teachers whose treatment of it differed with 
the difference of the occasion.^** The fact is the .Jews 
liked, or disliked the Alidrash Agadah r.ccording to their 
political condition on the one hand and their proximity 
to Jewish professors of Christianity on the other. In the 
hour of prosperity the Jews preferred the Ilalalchah 
in that of adversity they ran to hear the consoling words 
of the Agadah.^-^ When near Judmo-Christians,” whose 
religious strength and argument chiefly rested on Agadah,'^'' 
tlie Jews disliked it; when among themselves, or when 
dwelling among Gentiles (heathen or Christian), they 
showed their wonted partiality for it. 

But, whatever were the likings or dislikings of the Jews 
for the Alidimhoth, it is certain that these traditions were 
early I® committed to writing, and formed into special 
volume-s, known as “ Books of Agadah." Such were first 
some of the Targumim and then the Alidrashim. Against 
writing down the traditional explanations of the Mo.saic 
ceremonial there existed a distinct law,^® which was observed 
down to near the end of the 6th century. At an earlier 
period isolated disciples only, in order to refresh their 
memory, wrote down short Halakhic notes, which, how- 
ever, they kept in secret.^** The Targumim and Alidrashim, 
on the other hand, were composed veiy early and were 
numerous, while their extensive contents were circulated 
in public. 

The Midrash, from whatever point of view it may be 
regarded, is of the highest value. It is of the highest 
value, of course, to the Jew as Jew first, inasmuch as he 
finds there recorded the noblest ideas, sayings, and teach- 
ings of his venerable sages of early times. In the next 
place it has value to the Christian as Christian, since only 
by these ideas, teachings, reasonings, and descriptions can 
the beautiful sayings of the Founder of Christianity, the 
reasonings of the apostles, and the imagery of the sublime 
but enigmatic Apocalypse bo rightly understood. But its 
importance ajipeals also to the general scholar, because of 
the inexhaustible mines of information of all kinds it con- 
tains. The pliilologist will find here numerous hints on lexi- 
cograjihy and grammar, chiefly, of course, of the Semitic 
languages, but also of other tongues, notably Greek and 
Latin. The historian will gatherv here a rich harvest on 
geograjiliy, chorography, topography, chronology, numis- 
matics, Ac. The philosopher will find hero abundant and 


® Ibid.'. “Then said to him R. Bo bar [son of] Kohano, Wliy dost 
thou tease tlieni ? Ask, and they will surely answer thee ! ” 

T. Y., Shabbath, .vvi. 1: “He who holds it forth becomes burned 
by it : he who listen.? to it gets no reward." 

" Ibid , : “I never in my life looked into Agadio books.” 

Ibid.-. “Let the hand of him who wrote it bo cutoff”; and com- 
pare with this T. B., ISoijo liathro, 1236: “goodly pearl.” 

Beginning of Besilcotho Balwdtsh Ilasshciishi’. “kirstrvhen the 
money was at hand one desired to hear the word of the Alishnah and 
the word of the Talmud. ...” 

11 Ibid. : “ How, liowevor, when the money is not to be got, and, 
moreover, when we are .sick in consequence ol the (treatment b) the) 
government, one pine.? for the word of the Bible and for the word of 

^\s^'p%^[%habbath, xvi. 1, and T. B., Shabbath, 116a : “Hie Kvan- 

oefia and other Christian writings.” 

i« See Tosephlo Shabbath, xiv. : “ I remember that one brought before 
Rabban Gamliel the elder [St Paul’s teacher] the book ol Job (in the) 
Chaldaic paraphr.ase"; .and T. Y., Kdagim, ix. 4: “At that time 1 
ran (my) eyes through the whole Book of the PBalms (in the form) ot 
the Ilaggadah [Agadah of the Psalms].” R. I.Iiyya ICubboh belonged 
to the middle of the 2d Christian century. 

NmiXI '13D- See T. B,, lieraUicih, 23a, Temurah, 116, and 

the Talmudim, vassim. ..... , . . 

w T. B., Gitlin, 606: “In the college of R. Yishmacl it was taught, 

‘ Tliese [see Exod. x.xxiv. 27] thou oughtest to write down, but thou 

must not write down y/atoMof/i.’ ” . 

13 T.B., Shabbath, 66: “ I found a ‘secret roll, that h, a roll ot 
Ilalaldtoth kept secret. Comp. Rashi, in loco. 
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valuable ' notices on logic, psychology, metaphysics, theo- 
logy, theosophy, lesthetics, rhetoric, poetry, mathematics, 
geometry, astronomy, zoology, botany, biology, morphology, 
chemistrj^, medicine, physics, &c. The statesman — parti- 
cularly if he be inclined to follow the Psalmist’s advice — 
“from the ancients I gather understanding ” (cxis. 100) — 
will find here valuable information on ancient ethnography 
in the full sense of the term — politics, political economy, 
law, military science, naval affairs, &c. The true scholar 
AviU find out by the study of the Agadah that many a dis- 
covery thought to belong to a recent age was well known 
to these ancient doctors. 

The sources of the Agadah are five : — (1) the Targumwi 
and especially those on the Prophets and Hagiographa; 
(2) the non-canonical Mishnah {Mathnitho Boraitho] see 
Mishxah), which contains many valuable pieces, the age 
of which is often anterior, in essence if not in form, not 
only to those contained in the canonical Mishnah, but 
also to the sayings of the New Testament ; (3) the canonical 
(olficially recognized) Mishnah, which contains several 
entire treatises of an Agadic nature, as Ahoth^ Middoth, 
ikc,,“ and numerous pieces scattered here and there among 
the Halalchah) (4) both Talnmditn^ (the Palestinian and 
Babylonian), which have thousands of Agadic notices 
interspersed in their Malahhoth ■ and (5) the 2Iidrashim, 
/car eiox>]v. It is of the last alone, as represented by their 
principal collections, that we give an historical enumeration 
here ; — 

(1) Mcgillath Ta'anith is an historical Midrash consisting of 
twelve Perakim, and is called so on the principle of luciis a non 
lucendo, seeing that in it are enumerated the days of the year on 
which a Jew must not fast. The Aramaic part of it alone consti- 
tutes the real Mcgillah, and belongs to the beginning of the 2d 
Christian century. •* The cditio priiuxps came out at llantua, 1513, 
4to ; but cheap editions Have been printed at Warsaw and elsewhere. 

(2) Scplusr Yczirah is a philosophico-cabbalistio Midrash divided 
into six Perakim, which, in their turn, are subdivided into 
Mishniyyoth. It is variously ascribed to the patriarch Abraham 
and to R. 'Akibah, the illustrious teacher, who suffered martyrdom 
under Hadrian. To this rabbi the book, no doubt, belongs both in 
substance and form.® It has gone through numerous editions, the 
ed. princ. being of 1562 (Mantua, 4to), and has been translated into 
Latin, German, and English (New York, 1877). 

(3) Othiyyoth dc-Pahbi 'Aldhah is a juasi-cabbalistic Midrash on 
the alphabet, belonging, in essence if not in form, to the aforesaid 
teacher and martyr. Ed. princ., Constantinople, 1520, 4to. 

(4) Massekheth Hekhaloih is an astronomico-oabbalistic Midrash 
in seven Perakim. It is ascribed to B. Yishma'el the high priest. 

^ A, valuable edition of this treatise (in Hebrew and English) has 
been published by Dr C. Taylor, Cambridge, 1878. 

- To these we may add, for the sake of corrvenieuce, although they 
do not, strictly speaking, belong to the canoirical Jfishnah, the, Perek 
Rabbi Meir and the Agadic parts of the Massekhtoth Kelannoth. 

® Two collections of Talmudic Ayadoth were made early in the 16th 
century; — (1) Ilaggadoth Ilattalmud, Constantinople, 1511, folio, of 
which apparently only five copies are in existence, the finest of these 
being preserved in the University Library of Cambridge ; and (3) 'En 
Ya'akob (or 'En Yisrael), of which numerous and cheap editions exist, 
the ed. prine. being that of Salonika, 1516-22. 

■* Alnrost all that the latest critics have said 'concerning the .age of 
the various Taryiwiim and Midrashim will have to be unsaid. Not 
only are negative statements difficult of proof ; in this case they are 
absolutely incorrect. We shall only give two examples. The state- | 
ment “ Vayyikra Rabbah cannot be e.arly, as Eashi did not know of it, 
since he nowhere mentions it,” i.s doubly incorrect : Kashi does quote 
it {e.g., on Haggai i. 1). Again the statement “ We must not omit to 
observe that no e.arly Jewish commentator — Kashi, Ibn Ezra, &c. — 
mention.s the T.argum either to Proverbs or to Job and Psalms; N.athan 
ben Jechiel (12th century) is the first who cpiotes it,” contains a re- 
ductio ad absurdum in itself. For Nathan b. Yehiel was, as is well 
known, a somewhat older contemporary of Kashi (oh. 1105), and lived 
full a hundred years before Ibn 'Ezra ! 

®Se6T. B., Syit/tC(/rm,656and676. In the former place it distinctly 
speaks of the Segdier Yezirah (m'S' ^^D), and, although in the 
hatter place it spe.aks of the Jlilekhoth Yczirah (m’h'* 7113771), there 

cannot be a doubt that Sepher (32D) and Jlilekhoth (7113771) are 
there identical. Moreover, Mishniyyoth .and llalakhoth are, in a cer- 
tain sense, convertible terms (see JIisiinah) ; and orw book (as 
remarked above) consists of Mishniyyoth, 


Judging from inteni.al evidence on the one hand, and from what is 
known of E.. Yishma'el in the Talmudim and Midrashim [Babli 
Berakhoth, 7a and elsewhere) on the other hand, there seems to bo 
no valid re.ason for doubting that he is the author of this small but 
sublime book. This Midrash is printed in the collection Areze 
Lebanon (Venice, 1601, 4to) under the title of “ Pireke Hckhaloth" 
and “ Massekheth Sekhaloth,” and a MS. of it is preserved in the 
University Library of Cambridge (Dd. 10. 11. 7. 2). The work, 
however, called “The Greater and the Lesser UekhalojJi,'’ in thirty 
Perakim, printed in this century, somewhere in Poland, contains, 
besides the ancient literature, a good deal of matter which is of 
much later date. 

(5) Seder 'Olam (the Greater and the Lesser) are two historical 
Midrashim, the former of which belongs to the 2d century, whilst 
the latter (which is a mere extract of the former) belongs to a late 
age indeed (the Gaonaic). They have. been repeatedly printed, 
always together, the ed. princ. being Mantua, 1513, 4to. 

(6) Haggadah shel Pesah is a liturgical Midrash of the middle of 
the 2d century, as far as its main portions go. It exists now in 
three principal and several minor recensions in accordance with the 
various rituals (see ALvhzou), and is recited at the domestic seVvice 
of the first two Passover evenings. The editions are too numerous 
to be mentioned, the ed. princ. being Constantinople, 1505, folio. 

(7) Mcgillath Antiokhos treats ostensibly, ns- its name indicates, 
of the sulferings of the Jews under Autioebus Epipbanes^ and their 
deliverance from his tyranny, but in reality of their'sutferiiigs under 
Hadrian and their deliverance under Antoninus Pius. The Aramaic 
text, with the exception of a few interpolations, belongs to the middle 
of the 2d century. This little “roll” was for the first time published 
by Filipowsky (London, 1851, 32mo). A MS. copy of the Hebrew 
is preserved in'the University Library of Cambridge (Dd. 8. 34). 

(8) Zoliar (Midrash Hazzohar, Midrasho shel Rabbi Shim'con b. 
Yohai, Midrash Yehi Or, &c. ) is a cabbalistic Midrash on the Pen- 
tateuch, Canticles, Ruth, and part of Lamentations. It is variously 
ascribed to the famous R. Sbim'eon (disciple of R. 'Akibah, &:o.) and 
to R. Mosheh b. Shemtob of Leon (a second-rate cabbalist of the 
time of Nahmanides and Ibn Addoreth). The Zohar belongs, 
strictly speaking, to neither of these, whilst, in a certain sense, 
it belongs to both. The fact is — the nucleus of the book is of 
Misbuic times, and E. Sbim'eon b. Yobai was the author of the 
Zohar in tlie same sense that R. Yoliaiian was the author of the 
P.alestiuian Talmud, i.e., he gave the iirst impulse to the composi- 
tion of the book. But R. Mosheh of Leon,® on the other hand, was 
the first not only to copy and disseminate the Zohar in Europe, 
but also to disfigure it by sundry explanatory interjiolations. For 
more details see Lumby, “ Introduction to the Epistle of Jude,” in 
the Speaker’s Commentary, vol. iv. p. 388. The first two editions 
of the Zohar ^ on the Pentateuch came out simultaneously (Mantua, 
1558-60, 4to, and Cremona, 1558, folio), and the ed. princ. on 
Canticles, Ruth, and part of Lamentations came out at Salonilra 
(1597, 4to). The best, though by no means critic.al, edition on the 
Pentateuch is that of Brody, 1873, 8vo. Of translations, sucli as 
they are, tlierc exist those of Knorr v. Eosenroth, Kabbata denudata 
(vol. i., Sulzbach, 1677, and vol. ii., Frankfort, 1684, 4to), and 
Tholuck, Wichtige Stellcn, kc. (Berlin, 1824, 8vo), &c.® 

(9) Pesikotho^ (commonly, but by mistake, called Pesikla) 
dcrab JCohano is a homiletic Midrash consisting of thirty-two 
Pesiktoth for the principal festivals and fasts, and the historically 
noted sabbaths and other days. It is of the end of the 3d or the 
beginning of the 4th century. Having been but rarely quoted 
since the 12th century, so that most scholars knew of it only 


® K. Jlosheh of- Leon is a, fair sample of the mediocrity of,his time ' 
in wibbalistic lore, and combined, as is usual, with his mediocrity an 
illimitable v.anity, see MS. Dd. 11. 22 (Cambridge University Library), 
leaf 2a: “ And I adjure evefy one who should deeply study this book, 
or who should copy it, or r.ead it, that he do not blot out my name 
from my property (inherita'uce), for I have composed it. . . .” This 
•statement alone would sufiice to prove that K. Mosheh of Leon could 
never have ascribed a hook composed by himself to anybody else. 

’’ The Zohar, cleaied of ithe main works by which it is sunounded, • 
and of the interpolations by -which it has been disfigured botli by its 
first European copyist and by others down even to our own days, was 
begun in Palestine' late in the 2d or early in the 3d century, ami 
finished, at the latest, hi the 6th or 7th century. It is impossible 
that it should have bee n composed after that time .ru'd before the 
Renaissance, as both laugu.age ami contents clearly show. 

* Wliilst the principal editions of the many textual extracts made 
from the Zohar (as the 'fddci oth, &c. ) need not he .specified here, those 
of the following supple mentai-y and kindred works ought to he men- 
tioned: — (1) Tikkune lllazzohar (ed. princ. Mantua, 1557, 4to), and 
(2) Zohar Madash (cdt princ, Cracow, 1603). Nor should the Eontres 
missepher JIazzohar, iJIibhnro Tinyono (by the otherwise very learned 
"Yitshak h. Jlosh'eh of I'Satanow) he passed over. It is a mere imitation 
of the Zohar, — an im.positiou of a kind which is a disgrace to literature. 

®For the three Jlidrashim — Mekhillo, Sijdiro, and Siphere — see 
under Mishnah. f 
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indirectly, it was long considered lost, till, in 1868, Salomon Buber 
of Lemberg, a man of learnina wealth, and love for the ancient 
literature of his nation, edited it from four MSS., one of which 
{formerly in possession of Carmoly) is now preserved in the Uni- 
versity Library of Cambridge (Add. 1497). The printed edition 
appeared at Lyck, 8vo. 

■ (10) Pesiklo Pabbathi, consisting in the latest edition of eighty- 
four Pishoth, is a Midra^h of the same nature, and, in its main part, 
almost of the same date, as (9). Both drew from the same sources. 
This Midrash has been edited live times, — the latest, best, and 
cheapest edition being that of Friedmann (Vienna, 1880, 8vo). 

(11) Tamxa debe Eliyyahit, consists of two parts, the Greater 
(Rabbc) and the Lesser (Zutto), — tlio former in thirty-one and the 
latter in twenty-five Perakim. It is an exegetical Jdidrash, the 
name of which is already known to the Bereshith Rabbah (c. liv.) 
and the Babylonian Talmud {Kdhubolh, 106a). It is only un- 
critical criticism that can declare it a Gaonaic work, although, like 
all other old books of the Jews, it is not without later additions. 
Ed. princ., Venice, 1598,- 4to. There are modern and cheap Polish 
editions. 

(12) Midrash Rabbah (^^^) or Rabboth (^13^) is chiefly an 
exegetical and homiletical Midrash on the Pentateuch and the 
“Five Rolls” {Mamesh Mcijilloth\ i.c., Canticles, Ruth, Lamenta- 
tions, Ecclesiastes, and Esther). It is called Rabbah either from 
the third (the first distinctive) word of its beginning ('’Jltt'in ’3T 
• • • n 3"l) or from its being the moat voluminous ^ Midrash-, hence 
also Rabbo (N33). The Midrash on Canticles (and Ecclesiastes) 
is now and then also called J/icfros/i J/azilha (from the first distinc- 
tive word of the beginning Tl'tn). ' These ten Midrashim are, 
ccrtainlj% of various styles and ages ; yet none of them is, inter- 
polation excepted, later than the beginning of the 5th century.- It 
is remarkable that, althou"h the J/c(/i7Zot/i tlieniselves had been early 
attached to the Pentateudi (since they were long before the 10th 
century, and still are, read through the synagogal year, even, as was 
and still is the Pentateuch itself), the Rabboth had no common 
editio 2 >riHccps '^ — that on the Pentateuch appearing for the first time 

^ The Rabbah on Genesis has 100 Parshiyyoth, that on Exodus 52, 
that on Leviticus 37, tliat on Numbers 23, and that on Deuteronomy 
11. These five J7iVbns/im are quoted according to tlieir chapters. The 
Rabbah on Canticles acconmiodates itself to tlie sacred te.xt, and is 
quoted accordingly. Ruth lias 8 ParshiyyoOi, and is (pioted according 
to, these. Lamentations has 1 chapter consisting of 33 introductions 
{Pclhihotho Deliakkime), accommodating itself, for the rest, to the 
sacred text, Ecclesiastes has 3 Sedarim, and Esther has 6 Parshiyyoth. 
At v.arious times various modes of quoting the.se Midrashim are 
current, — ^the most common and most e.vpedient, however, being that 
of quoting them according to the verses of the Bible. 

- Here might with advantage be mentioned some pieces of literature 
which are kindred in nature, although some of them are of much 
earlier date, whilst others are much later, than the ten Midrashim 
just mentioned ; — (1) Ayadath Bereshith on Genesis, in eighty-three 
chapters, — edited for the first time by R. Menahem de Lonsauo in his 
Bhete Yadoth, Venice, 1618, 4to ; (2) Midrash Vayyisa'u on Genesis 
XXXV. 5, in one ch.apter, — to be found in Jellinek’s Bel ha-Midrasch, 
Leipsic, 1855, 8vo ; (3) amplifications of chapter Ixx. of our Midrash 
Rabbah, on Genesis xxviii. 22, by the incorporation of the whole 
Apocryphon I'obit in Aramaic, &c. (see The Book of Tobil, &c., 
Oxford, 1878, 8vo) ; (4) Midrash Vayyosha' on Exodus xiv. 30, xv. 
1-18, — printed at Constantinople, 1519, 4to ; a MS. of this Midrash 
is preserved in the University Library, Cambridge (Add. 854) ; (5) 
Midrash 'Asereth Iladdibberoth on Exodu.s xx., — printed in Jellinek’s 
Bet ha-Midrasch, Leipsic, 1853, 8vo ; (6) Midrash Petirath Aharon 
on Numbers x-x, 23-29 ; (7 ) Midrash Petirath Mosheh on Deuteronomy 
xxxiv. ; (8) Midrash Abbo Gorion on Esther ; the last three are to be 
found in the before-mentioned Ret ha-Midrasch-, (9) Midrash Shemucl, 
also called, from its beginning, 'Eth la'asoth Ladonai, Constantinople, 
1517, folio; (10) Midrash Yonah, Prague, 1595, 4to; (11) Midrash 
Tillim {Tchillim), 1512 ; (12) Midrash Mishele, 1517 ; the last two 
are printed at Constantinople, .and in folio ; (13) Sepher Ilayyashar 
(in which a good many old traditions are preserved, although it is, 
of course, not the one mentioned in various books of the Bible), 
Venice, 1625, 4to ; (14) Dibere Ilayyamim shel Mosheh, Constanti- 
nople, 1516, 4to ; a fragment of this is to be found in MS. Add. 
532. 4 in the University Library of Cambridge ; (15) Yosephon (or 
Josippon), various works of Flavius Josephus worked up rather freely, 
Mautu.a, 1480, folio,— translated into Latin (German and Spanish) 
several times ; (16) Zcrubbabel, Constantinople, 1519, 8vo ; (17) Elleh 
Ezkerahon the “ Ten Martyrs. ” For several other smaller il/itfnis/mn. 
see Jellinek’s Bet ha-Midrasch, i. and ii., 1853, iii., 1855, iv., 1857,. 
all at Leipsic; v., 1873, and vi., 1877, both at Vienna; and corap. 
also Horowitz, Sammlnny Kleiner Midraschim, i., ii., Frankfort, 
1881-82. The Midrashim on Isai.ah and on Job seem now irretriev- 
ably lost. 

■* As if to compensate' for this dnawback, the well-known Cornelio 
Adelkind brought out at Venice, in 1545, two editions^ of the Rabboth 
on the Pentateuch and Meyillolh, the one at Bombergi s house and the 


in 1512 (Constantinople, folio), and that on the MeyiUoth in 1519 

(somewhere in Italy, ninon. also in folio). ■> The latest 

and best edition is that of Vilna, 1880, folio. A translation in 
German is now coming out at Leipsic, by Dr A. Wiinsche. 

(13) Pirckc dc-Rabbi Eliezer (also called Boraitho dc-Rabbi 
Elzczcr) IS an astronomico-theosophical Midrash consistin->- of 
fiftjr-foiir Pdra^-iwi. It goes through the so-called “ eighteen b°eue- 
dictions, the signs of the zodiac, &c., but is unfinished. It belon-'s 
no doubt, to the 5th century. The fact that the name “ Fatima ’’’ 
occurs in it is no proof whatever that the book is post- Mohammedan, 
as that name must have been already known to the idolatrous Arabs! 
Ed. prin., Constantinople, 1514, and with a Latin translation! 
Leyden, 1644, both editions being in 4to. There are also now 
ito be found cheap editions (Lemberg, Warsaw). 

(14) Tanhnma is an exegetical and homiletical Midrash on the 
whole Pentateuch. It is quoted according to the Parshiyyoth of 
the week. Although originally of the end of the 5th or the 
beginning of the 6th century, it has now two principal additions, 
which form part of the book (1) several of the Shectloth of Rab 
Ahai Gaon (of the 8th century), and (2)' several pieces of the 
Yesodoi R. Mosheh Haddarshan, of Narbonne(of the 11th century). 
On its relation to the “Yclammedcnu’’ (often quoted in the 11th 
century, but supposed to be lost) light will soon be thrown by the 
before-mentioned Salomon Buber, who is now preparing a critical 
edition of it. The ed. princ. of the Tanhnma is Constantinople, 
1522, folio ; and a very valuable ilS. copy of it is in the Cam- 
bridge University Library (Add. 1212). 

(15) Bahir is a small cabbalistic Midrash ascribed to tlie pre- 
Mishnic teacher, R. Nehunyah b. Hakkanah,— no doubt from 
its beginning with the words • • ■ • rupii' J3 n'lini '31 “IDX. 
Naliraanides [ob. c. 1268) quotes this book olten in his commentary 
on the Pentateuch, under the names of Sepher Ilabbahir, or of 
Midrasho shel Rabbi Kchunyah b. Hakkanah. Some have pro- 
nounced this work a late fabrication, but others, who have 
thoroughly studied it, justly describe it as “old in substance ,if 
not inform.” Ed. princ., Amsterdam, 1651, 4to. A cheapedition 
appeared at Lemberg (1865, Svo), and a MS. of this work is pre- 
served in the University Library of Cambridge (Dd. 10. 11. 4). 

(16) Yalkut is the only existing systematic if not exhaustive 
collection of the Ayadoth on the whole Bible. Its author drew not 
only from most of the Midrashim named in this article, but also 
from the Boraitholh (see Misiinaii), both Talmudim, and the 
Midrashic works now lost (as the Abkhir, Hasshekhem, or 
Hashkem, i:c.).® This fact constitutes one of the principal points 
of its. value. The author was R. Shim'eon, brother (and not son) 
of R. Helbo, and father of the distinguished grammarian, critic, and 
divine’R. Yoseph Kara. Ho lived somewhere in the north of Franco 
in the 11th century. The cd. iminc. of the Yalkut on Ezra, 
Nehemiah, and the books of Chronicles came out at Venice, 1517, 
folio (in the first Rabbinic Bible) ; that on the Prophets and 
Hagiographa in 1521, and that on tlie Pentateuch in 1526-27, both 
at Salonika, and in folio. An English translation of the whole 
work has been undertaken by a hand of Rabbinic scholars in 
Cambridge. The first instalment, “The Yalkut on Zechariah,” 
by B. G. King, B.D., Hebrew lecturer of Sidney Sussex College, 
appeared in 1882. This specimen, besides giving a correct trans- 
lation, contains many valuable notes. 

(17) Leka.h Tob is a Midrash on the Pentateuch and the five 
Mcyilloth,' hy R. Tobiyyahu b. Eli'ezer of Greece, who lived during 
the crusade of 1096. 'rhis work draws, certainly, upon the old and 
well-known Midrashim, and as such it would have thoroughly 
deserved the censure passed upon- it by the witty but somewhat 
irreverent Abraham Ibn 'Ezra (in his preface to his commentary 
on the Pentateuch). But the Lekah Tob has also most valuable 
explanations both by the collector himself and by his father (R. 
Eli'ezer), a fact passed over by Ibn 'Ezra in silence. The Lekah 
Tob on Leviticus, Numbers, and Deuteronomy came out for 
tlie first time at Venice, in 1546, folio, under the title of Pcsikto 
Zultarlo (see leaf 935 in the postscript by the editor, NDp'DSn 
Nmon, which explains the somewhat vague title on the title- 
p.age Nn3*l IN NmOU NDp'DS). In 1753-54 it _ was repub- 
lished at Venice, with a Latin translation, by Blamus Ugolinus 
in his Thesaurus Antiquitatum Sacrarum (xv.-.xvi.) under the 
name of Pcsictha. The Lekah Tob 011 Genesis and Exodus was 


her at Giustiniani’s. These two editions differ in nothing but in 
0 title-pages, &c., and the vignette's of the v.yious boolis. The 
rmer edition is in possession of Dr W. Aldis Wright, and the latter 
that of Dr C. Taylor. The fact of these editions having appeared 
nmltaneously is, apparently, uulmown to the bibliograpliers. 

•* It is noteworthy that in this edition Ahashverosh, i.c., Esther, 
inds between Lamentations and Ecclesiastes, with which latter the 
qdrash on t\\o Mcyilloth cuds. , , ,. 

5 We may mention here the ed. princ. of three cabb.ahstic-Mi^.^hic 
lleetions which go under the name of Yalkut -.—{1) 
iblin 1648, 4to ; (2) Yalk-ut Reubeui llakkatan, Prague, IbbU, 
o; a’nd (3) Yalkut RcubeniMayyadol. Wilhermsdorf, 1681, folio. 
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publislieil, ^vitll a critical commentary, at Yilna, by Salomon Buber 
(ISSO, Svo), -where also simultaneously a third edition of this 
Midrasli on the last three books of Moses, ^vith a short commentary 
on it, came out by ^Viiaron ^losheli Padova, of Carlin. The Ldcafj. 
Toh on the five SfcgiUoth is as yet unpublished ; there exist, how- 
ever, several good MSS. of it, both in public and private libraries, 
the finest cop)’ in every respect being that preserved in the Uni- 
versity Library, Cambridge (Add. 378. 1). 

(18) Menorath Ilammaor is a scientific, though, incomplete, 
collection of the principal Agadotli of the Talmndim and 
Mhlrasldm^ by 11. Yiriiah Abohab the elder( flourished 13tli centuiy^). 
The editions, \Yitli aiid witliout translations, are very numerous, — 
the cd, pn'nc. being Constantinople, 1514, folio. There are trans- 
lations in Spanish, Judceo-Germau, and German, but not in English. 

We append two specimens of ^idrasliivx ^ — the first from 
Pcsikotho, leaf 127&, and the second from Midrash Shcmoth -Rabbahy 
cap. ii. 

First SrKcniKN'.—The Holy One (blessed be He!) said to the Prophets^ Go ye 
and comfort ye Jeniaalem! 

Then went HosEa to comfort her and said, The Holy One (blessed be Hel) sent 
me to thee to comfort thee. Slie said, Wliat hast tliou in tldne hand to comfort 
me? The Prophet said (xir, “I will be as the den* unto Isinell*' But 

Jerusalem said to him, Only yesterday thou toldcst me (i.x. IG), “Ephraim is 
>mitten, their loot is dried up, they shall bear no Iruitr yea, though they bring 
forth, yet will I slay even the beloved finiit of their womb!" and now thou 
speake^jt to me thus.’ Which shall we believe, the lirator the second prophecy? 

Tiicn went Joel to comfort iier and said, Tlie Holy One (blessed be He!) sent 
me to thee to comfoit thee. She said to him, ‘What hast thou in thine hand to 
comfort me? Tlie Piopliet said (iv. 18), “And it fahall come to pass in that 
day that the mountains shall drop down new wine, and the hills shall how with 
milk, ifcc.r' But Jerusalem said to him. Only yeatei'day thou toldcst me (i, 5), 

** Awake, ye diainkards, and weep; and howl, all ye drinkers of wine, because of 
the new wdne; for It is cut off from your mouth! ” and now thou speakest to me 
thus. Which shall we believe, the fiist or the second prophecy? 

Then went Amos to comfort her and said, The Holy One (blessed be He !) sent ‘ 
me to thee to comfort thee. She said to him, What hast thou in thine Iwnd to 
comfort me ? Tlie Prophet said (lx. 11), “ In that day will 1 raise up the taber- 
nacle of David that is fallen ! ” But Jenisalem said to him. Only yesterday thoii 
toldcst me (v. 2), *' The Virgin of Israel is fallen; she shall no more rise!" and 
now thou speakest to me thus. Which shall w*e believe, the tli-st or the second 
prophecy? 

Then went Miraii • to comfort her and said, The Holy One (blessed be He!) 
sent me to tlico to comfort tiiee. She said to him, AMiat hast thou In thine hand 
to comfoit mo? Tlie Prophet said (vii, IS), “Who is a God like unto Thee, that 
pardonetli iniquity and passeth by tlie transgression of the remnant of His 
heritage?" But Jerusalem said to him, Only yesterday thou toldcst me (i. 5),* 
- f^orthc transgres'ion of Jacob is all this, and for the sins of the house of Israel, 
«tc,!" and now thou speakest to me thus Which shall wc believe, the first or 
the second prophecy? 

Tlien went Nahum to comfort her and said, Tlie Holy One (blessed be He!) 
sent mo to thco to comfort thee. She said to him, Wliat luist thou lu thine hand 
to comfort me? Tlie Prophet said (d. 1 [i. 15]), For the wicked shall no more 
iwiss through tlice!" But Jerusalem said to him, Only yesterday thou toldcst 
me (1. II), “Tliere is one come out of thee that imagineth evil against the Lord, 
a wicked counsellor!" and now thou speakest to me thus. Which shall wc 
believe, the first or the second prophecy ? 

Then went Harakkuk to comfort lier and said. The Holy One (blessed bo He!) 
sent me to thee to comfort thee. She said to him. What ha^t tliou In thine hand 
to comfort me? The Prophet said (ili. 13), " Thou wentest forth for the salvation 
of 'fliy people, even for the s.ilvatiori with Thine Anointed One!" But Jerusalem 
said to him, Only yesterday thou toidest me (i, 2), “ 0 Lord, how long shall I cry 
and Thou wilt not licar, e\en cry out unto Tlice of \ioleacc and Tliou wilt not 
Mve ! " and now* thou si>eakcst to me thus. Which shall we believe, the first or 
the second prophecy? 

Then went ZiuniANiAH to comfort her and saUl, The Holy One (blessed be He!) 
stint me to thee to comfort thee. She said to him, What hast tliou in thine hand 
to comfort mo? The Prophet said (i. 12), “ And it shall come to pass at that time 
that I shall scal'd! Jerusalem with lightsl" But Jerusalem said to him. Only 
j csterday tlmu toldcst me (i. 15), “A day of darkness and glorminess! " and now 
iJjoii .“pLMkest to me thus. WJileh shall we believe, tJic fii^c or the second 
propliccy ? 

Then went IIagoai to comfort her and said, Tlie Holy One (blessed bo He!> 
sent me to tlicc to comfort thee. She said to him, What Iia-st thou in fliiiie hand 
to comfort me? The Prophet said (H. 19), “ Is the seed yet in the banU Yea, as 
yet llic ^Ino and the fig tree and the pomegranate and the olive tree hath not 
brought forth: from this day will I bless you!" But Jerusalem said to him, 
Only yc^terduy thou toldcst me (L G), “ Ye have sown much and bring In little, 
ttc.!" and now thou speakest to me tlius. Which shall wc believe, the first or 
the second prophecy. 

Then went Zeciiakiau to comfort her and said, The Holy One (ble.^kscd be lie!) 
sent me to thee to comfort thee. Slie said to him, Wliat hast thou in thine Ii.uid 
to comfort me? The Prophet said (1. 15), “And I am %cr>' sore displeased with 
the licatheu that are at e.ase : for 1 was but a lUtlo displeased and they helped 
forwanl the aftliciion!" But Jerusalem s,iid to him. Only yesterday thou toldcst 
me (I. 2), “The I.ord hath been sore displeased with your fathers! "and now* thou 
speakest to mo tliu.'«. Which shall wo believe, the first or the last prophecy? 

Tlien went M ^lacki to comfort her and said, Tlic Holy One (blessed be He!) 
scut me to thee to comfort thee. She said to him, Wnit hast thou in thine hand 
»o comfort me? 'Die Prophet said (ill. 12), “.\nd all iiatlon-i shall call you 
blessed : for yo sliall bo a dellchtsomc land ! " But Jerusalem said to him, Only 
jc'tcrday thou toldcst me (L 10), “I ha\c no delight in you!” and no»v thou 
speakest to me thus. WlUch shall we believe, the lUst or the l.ist prophecy? 

'Dien went all the Prophets to the Holy One (blessed be He!) s.iylng to Him, 
Ivonl of the Universe, Jeru».ilem will not accept consolation at our hands, nicii 
the Holy One (blosed be He!) said to them, “I and you will together go to 
comfort her; and thU Is why It says (Isaiah xl. 1), Cunfort ye, comfort yc mv 
I' l.oi'us. comfoit her wmi Comfort hc.“, >c celc'tlal ones! comfort her, ye 
lcrr«.^;ri.d ones! Comfort her. yc living ones! comfort hir, yo dead ones! 
Comfort her In this worM ! comfort her In the world to come I 


t Comp. cd. Friedmann. leaf 

^ See JiitUntfAi (ed- Friedmann, leaf where it s-iys (before the 

pimgraph on *Va/<u..O, “‘Obadyuh prophesied fur Edom, and Yonih for Nineveh." 
'fhU, it Is true, Is % mere glo^s; but it Is the inie leasou why ihcac two prophets 
are left out. 

i There Is a play here upon ths mcanlna of the Hebrew 'Oy, which may bo 
read citlivT'Ammf (“my people") or (“with me*'). 
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Secosd Sflcime-s-.— A nd whom does lie trj'? The righteous one; for !t says 
(Ps. 0.1. 5). “ The Lord tricth the righteous.” And by what docs lie try liim? lie 
the feeding of sheep. B.avid He tried by sheep and found him a good shepheni’ 
for it saysfPs. Ixxvili. 70),“ And Ho took him from the ‘restraints ' of aheep.” 
What is ilie meaning of ‘J/fmnuTA/eoHi/’ The root is tho same as that of 'rdoyti- 
iate [Aaffjes/iein] (Gen. viii. 2), “And the rain was restrained.” David resttained 
the hig sheep in favour of the small ones. He brought out lirst the voung ones 
so that they should feed on the lender herbs; then ho hrmight out the old ones 
that they should feed on the less tender herbs; and, tinallv, he brought out tho 
strong sheep tliat they should feed on tho co.«ser herbs. Dpun this the Holy One 
(blessed be He!) -said, lie who understandeth to feed sheep according to their 
strength, let him Come and feed My people! And this it is «hat H wiitten 
(f‘s. lx.’cviiJ. 71), “ Trom following the owes great with young He brought him to 
feed Jacob His people!” And the same was tho case as regauls Moses, whom 
the Holy One {blessed be lie 1) tried by sheep. Our rabbis say. When Mosis our 
teacher (peace be upon him 1) was feeding the sheep of Jethro in the wildeniess 
a kid ran away from him, and Moses ran after It till they came to a mouuuln- 
hollow. When it had reached tho niountain-hollow there wms a pool of water 
and the kid stood still In order to drink. 'When Moses reached the' kid he said to 
it, I did not know that thou didst run away from me because thou wast tlilrsty and 
faint Thereupon he put it on his shoulders and walked back with it to the 
liock.» Then said the Holy One (blessed be Hel), Thou art corap.i 5 sionate in the 
feeding of sheep belonging to mere flesh and blood (man); as then Uvest, thou 
Shalt feed My flock, even Israel! BehoUl, tills it is that Is written (Exod. lit. 1), 
■“ And iloscs was feeding the flock, Ac.” (S. S.-S.) 

MEEDZYEZECZ PODLASKI (Eussian, Jlejir^ec/iic), a 
district town of Eussian Poland, in the government of 
Siedlce, 16 miles to the east of the government capital, 
on the railway between lYarsaw and Brest-Litovskiy. It 
is first mentioned in the year 1390 as a feudal dominion 
of King YagheUo. After frequentlj' changing hands it 
became the property of the Czartorj'ski, and afterwards 
of the Potocki family, nfiiose palace is still to be seen in 
the town. Its 10,000 inhabitants — half of whom are 
Greek nonconformists, and half Jews and Poles — carry 
on some trade in bristles, and pursue minor \ industries. 

MIEEIS, the name of a family of artists who practised 
painting at Leyden for three generations in the 17th and 
ISth centuries. 

I. Peans van hliEEis, the elder, son of Jan van ^Mieris, 
a goldsmith and diamond setter, was born, according to 
Houbraken, at Leyden on the 16th of April 1635, and 
died there on the 12th of March 1681. His father wished 
to train him to his onm business, • but Frans preferred 
drawing to chasing, and took service vvith Abraham Tor- 
envliet, a glazier who kept a school of design. As often 
happens, the youth’s style was influenced by his earliest 
surroundings. In his father’s shop he became familiar 
with the ways and dress of people of distinction. His 
eye was fascinated in turn by the sheen of jewellery and 
stained glass ; and, though he soon gave up the teaching 
of Torenvliet for that of Gerard Dow and Abraham van 
den Tempel, he acquired a manner which had more of the 
finish of the exquisites of the Dutch school than of the 
breadth of the disciples of Eembrandt. Lt should be 
borne in mind that he seldom chose panels of which the 
size exceeded 12 to 15 inches, and whenever his name is 
attached to a picture above that size we may surely assign 
it to his son Willem or to some other imitator. Unlike 
Gerard Dow when he first left Eembrandt, or Jan Steen 
when he started on an independent career, he never ven- 
tured to design figures as large as life. Characteristic of 
hi.s art iu its minute proportions is a shiny brightness and 
metallic polish. The subjects which he treated best are 
tliose in which he illustrated the habits or actions of the 
wealthier classes ; but he sometimes succeeded in homely 
incidents and in portrait, and not unfrequently he ven- 
tured on allegory. He repeatedly painted the satin skirt 
which Terburg brought into fashion, and he often rivalled 
Terburg in tho faithful rendering of rich and highly- 
coloured woven tissues. But he remained below Terburg 
and Metzu, because he had not their delicate perception of 
harmony or their charming mellowness of touch and tint, 
and he fell behind Gerard Dow, because he was hard and 
had not Ids feeling for effect by concentrated light and 
shade. In the form of his composition, which sometimes 
represents the framework of a window enlivened with 

■‘ Who, on reading thit. does not think or such pa.'uagoa in the Netv Tcatnment 
asM.iti. xTiii. l”,xxv. 21,and Johnx. 14? 
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greenery, and adorned with bas-reliefs within which figures 
are seen to the waist, his model is certainly Gerard Dow. 
It has been said that he iJossessed some of the humour of 
Jan Steen, who was his friend, but the only approach to 
humour in any of his works is the quaint attitude and 
look of a tinker in a picture at Dresden, who glances know- 
ingly at a worn copper kettle which a maid asks him to 
mend. 

• It is a question whether Houbraken has truly recorded 
this master’s birthday. One of his best-known pieces, a 
party of ladies and gentlemen at an oyster luncheon in 
the hermitage at St Petersburg, bears the date of 1650. 
Celebrated alike for composition and finish, it would 
prove that Mieris had reached his prime at the age of 
fifteen. Another beautiful e.xample, the Doctor Feeling 
a Lady’s Pulse in the gallery of Yienna, is dated 1656; 
arid Waagen, in one of his critical essays, justly observes 
that it is a remarkable production for a youth of twenty- 
one. In 1657 ilieris was married at Leyden in the pre- 
•sence of Jan Potheuck, a painter, and this is the earliest 
written record of his existence on which we can implicitly 
.rely. Of the numerous panels known to the writer of 
these lines, twenty-nine at least are dated, — the latest 
being an allegory, long in the Euhl collection at Cologne, 
illustrating the kindred vices of drinking, smoking, and 
dicing, in the year 1680. 

hlieris had numerous and distinguished patrons. He 
received valuable commissions from Archduke Leopold, the 
elector-palatine, and Cosmo III., grand-duke of Tuscany. 
His practice was large and lucrative, but never engendered 
in him either carelessness or neglect. If there be a differ- 
ence between the painter’s earlier and later work, it is that 
the former was clearer and more delicate in flesh, whilst the 
latter was often darker and more livid in the shadows. 
When ho died his clients naturally went over to his son 
Willem, who in turn bequeathed his painting-room to his 
son Frans. But neither Willem nor Frans the younger 
equalled Frans the elder. 

n. WiLLEir VA>' Mieuis (1662-1747), son of Frans. 
Has works are e.xtreraely numerous, being partly imita- 
tions of the paternal subjects, or mythological episodes, 
which Frans habitually avoided. In no case did he come 
near the excellence of his sire. 

HI. FmaNS VAN Mieuis the younger (1689-1763) also 
lived on the traditions of his grandfather’s painting-room. 

The pictures of all the generations of the Slicris family were suc- 
cessfully imitated by A. D. Snapliaan, who lived at Leipsic and 
was patronized by the court of Anhalt-Dessau. To those who woidd 
study his deceptive form of art a visit to the coUeetion of Worlitz 
near Dessau may afford instruction. 

MIGHAED, PiEEEE (1610-1695), called — to distinguish 
him from his brother Nicholas — Le Eomain, was the chief 
French portrait-painter of the 17 th century. He was born 
at Troyes in 1610, and came of a family of painters. In 
1630 he left the studio of Simon Vouet for Italy, where 
he spent twenty-two yeans, and made a reputation which 
brought him a summons to Paris. Successful with his 
portrait of the king, and in favour with the court, Mignard 
pitted himself against Le Brun, declined to enter the 
Academy of which he was the head, and made himself the 
centre of opposition to its authority. The history of this 
struggle is most important, because it was identical, as 
long as it lasted, wth that between the old guilds of 
France and the new body which Colbert, for political 
reasons, was determined to support. Shut out, in spite of 
the deserved success of his decorations of the cupola of 
Yal de Grace (1664), from any great share in those public 
works the control of which was the attribute of the new 
Academy, ' ilignard was chiefly active in portraiture. 
Turenne, Bossuet, Main tenon (Louvre), LaYaUiere,Srivign6, 
Montespan, Descartes (Castle Howard), all the beauties 


and celebrities of his day, sat to him. His readiness and 
.skill, riis happy instinct for grace of arrangement, atoned 
for want of originality and real power. With the death of 
Le Brun (1690) the situation changed; ilignard deserted 
his allies, and succeeded to aU the posts held by his 
opponent. _ These late honours he did not long enjoy; in 
1695 he died whilst about to commence work on the cupola 
of the Invalides. His best compositions have been en- 
graved by Audran, Edelinck, Masson, Poilly, and others. 

MIGNONETTE, or Mignonnette (i.e., “little dar- 
the name given to a popular garden flower, the 
Reseda odorata of botanists, a “ fragrant weed,” as Coivper 
calls it, highly esteemed for its delicate but delicious perfume. 
The mignonette is generally regarded as being of annual 
duration, and is a plant of diffuse decumbent twiggy habit, 
scarcely reaching a foot in height, clothed with bluntish 
lanceolate entire or three-lobed leaves, and bearing longish 
spikes — technically racemes — of rather insignificant flowers 
at the ends of the numerous branches and branchlets. 
The plant thus naturally assumes the form of a low dense 
mass of soft green foliage studded over freely with the 
racemes of flowers, the latter unobtrusive and Hkely to be 
overlooked until their diffused fragrance compels attention. 
The native country of the original or typical mignonette 
has sometimes been considered doubtful, but according to 
the best and latest authorities it has been gathered wild on 
the North African coast near Algiers, in Egypt, and in 
Syria. As to its introduction, a MS. note in the library 
of Sir Joseph Banks records that it was sent to England 
from Paris in 1742 ; and ten years later it appears to have 
been sent from Leyden to Philip Miller at Chelsea. Though 
originally a slender and rather straggling plant, there are 
now some improved garden varieties in which the growth 
is more compact and vigorous, and the inflorescence bolder, 
though the odour is perhaps less penetrating. The small 
six-petalled flowers are somewhat curious in structure : the 
two upper petals are larger, concave, and furnished at the 
back with a tuft of club-shaped filaments, which gives 
them the appearance of being deeply incised, while the two 
lowest petals are much smaller and undivided ; the most 
conspicuous part consists of the anthers, which are 
numerous and of a brownish red, giving the tone of colour 
to the inflorescence. In a new variety named Golden 
Queen the anthers have a decided tint of orange-yellow, 
which imparts a brighter golden hue to the plants when 
in blossom. A handsome proliferous or double-flowered 
variety has also been obtained, which is likely to be a very 
useful decorative plant, though only to be propagated by 
cuttings j the double white flowers grow in large massive 
panicles (proliferous racemes), and are equally fragrant 
with those of the ordinary forms. 


What is called tree mignonette in gardens is due to the skill of 
the cultivator. Though practically a British annual, as already 
noted, sineo it flowers abundantly the first season, and is utterly 
destroyed by the autumnal frosts, and though recorded as being- 
annual in its native habitat by Desfontaines in fhe Flora Atlanl^, 
the mignonette, like many other plants treated in England as 
annuals, will continue to grow on if kept in a suitable temperature. 
Moreover, the life of certain plants of this semiannual character 
may be prolonged into a second season if their flowenng and, seeding 
are persistently prevented. In applying these facts to the pro- 
duction of tree mignonette, the gardener grows on the young 
plants under glass, and prevents their flowenng by nipping off the 
blooming tips of the shoots, so that they continue their vegetative 
growth into the second season. The young jilants are at first sup- 
ported in an erect position, the laterals being removed so as to- 
Lcure clean upright stems, and then at the height of one or tw^ 
feet or more, as may be desired, a head of branches is encourage 
to develop itself. In this way very large plants the 

For ordinary purposes, liowever, other plans are =*‘^“1’*,®^- 
open borders of the flower garden mignonette is dually sown in 
spring, and in great part takes care of itself ; but, being a favourite 
cither for window or balcony culture, and on account of its fragrance 
SoL inmate of town conservatories, it is ako very extensively 
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grown as a pot plant, and for market purposes with this object it is 
sown in pots in the autumn, and thinned out to give the plants 
rei^uisite space, since it does not transplant well, and it is thereafter 
specially grown in pits protected from frosts, and marketed when 
just arriving at the blooming stage. In this way hundreds of 
thousands, probably, of pots of blooming mignonette are raised and 
disposed of year by year. 

In classifying the odours given off by plants Eimmel ranks the 
mignonette in the class of which he makes the violet the typejand 
Fee adopts the same view, referring it to his class of “ iosmoids ’’ 
along rvith the violet and wallflower. 

The name is sometimes, but it would appear less correctly, written 
mignionette. The genus Reseda contains some other interesting 
and useful species, — among them the Reseda Luleola, which is 
commonly called dyer’s-weed and weld, and 3 delds a valuable 
yellow dye. 

illGUEL, 3Iaeia Evaeist (1802-1866), usually known 
as Do:y iliGUEL, whose name is chiefly associated with his 
pretensions to the throne of Portugal, was the third son of 
King John VI. of Portugal, and of Carlotta Joachima, one 
of the Spanish Bourbons; he was born at Lisbon on 
October 26, 1802. In 1807 he accompanied his parents 
in thftir flight to Brazil, where he was permitted to grow 
up a spoiled child and a worthless youth; in 1821, on his 
return to Europe, it is said that he had not yet learned 
to read. In 1822’ his father sw'ore fidelity to the new 
Portuguese constitution which had been proclaimed in his 
absence; and this led Carlotta Joachima, who was an 
absolutist of the extremest Bourbon type, and otherwise 
hated her husband, to resolve to seek his dethronement in 
favour of iliguel her favourite son. The insurrections 
which ensued (see Poetugal) resulted in her relegation to 
the castle of Queluz and the exile of iliguel (1824), who 
spent a short time in Paris and afterwards lived in Vienna, 
where he came under the teaching of Metternich. On the 
sudden death of John VI. in May 1826, Pedro of Brazil, 
his eldest son, renounced the crown in favour of his 
daughter Maria da Gloria, on the understanding that she 
shordd become the -vvife of Miguel. The last-named 
accordingly swore allegiance to Pedro, to Maria, and to 
the constitution which Pedro had introduced, and on this 
footing was appointed regent in July 1827, He arrived 
in Lisbon in February 1828, and, regardless of his 
promises, dissolved the new Cortes in March; having 
called together the old Cortes, with the support of the 
reactionary party of which his mother was the ruling 
spirit, he got himself proclaimed sole legitimate king of 
Portugal in July. The power which he now enjoyed he 
wielded in the most tyrannical manner for the repression 
of all liberalism, and his private life was characterized 
by the wildest excesses. The public opinion of Europe 
became more and more actively hostile to his reign, and 
after the occupation of Oporto by Don Pedro in 1832, the 
destruction of iLguel’s fleet by Captain (afterwards Sir 
Charles) Hapier off Cape St Vincent in 1833, and the 
victory of Saldanha at Santarem in 1834, Queen Christina 
of Spain recognized the legitimate sovereignty of Maria, 
and in this was followed by France and England. Don 
Miguel capitulated at Evora on May 29, 1834, renouncing 
all pretensions to the Portuguese throne, and solemnly 
promising never thenceforward to meddle in Peninsular 
affairs. He lived for some time at Home, where he en- 
joyed papal recognition, but afterwards retired to Bronn- 
bach, m Baden, where he died on November 14, 1866. 

MIGULINSKAYA, a Cossack village (stafiitsa) of Russia, 
m tte government of the Don Cossacks, and in the district 
of Hst-Medvyeditsa, 79 miles to the west of that town, on 
the left bank of the Don. It is one of the largest and 
wealtMest stanitsas of the government, and has 20,600 
inhabitants, who are engaged in agriculture and stock- 
breeding, and in the export of agricultural produce. 

^HKHAILOVSKAYA, a Cossack village (stanitsa') of 
Russia, in the government of the Don Cossacks, and in the 
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district of Khopersk,. 14 miles to the north-west of 
Uryupino, on the low left bank of the Khoper, which is 
inundated when the river is full. It has an important 
fair, where ■ Tartars from Astrakhan exchange furs and 
cottons for manufactured and grocery wares imported from 
central Russia; the inhabitants of the district also sell 
corn, cattle, and plain woollen stuffs. Population, 18,000. 

MILAN (the Latin Mediolanum, Italian Milano, and 
German Mailand), a city of Italy, situated near the middle 
of the Lombard plain, on the small river Olona, in 4.5° 27' 
35" N. lat. and 9° 5' 45" E. long. It is 390 feet above 
the sea-level, and lies 25 miles south of the Alps at Como, 
30 miles north of the Apennines, 20 miles east of the 
Ticino, and 15 miles west of the Adda. 

The plain around ililan is extremely fertile, owing at 
once to the richness of the alluvial soil deposited by the 
Po, Ticino, Olona, and Adda, and to the excellent system 
of irrigation. Seen from the top of the cathedral, the 
plain presents the appearance of a vast garden divided 
into square plots by rows of mulberry or poplar trees. 
To the east this plain ‘ stretches in an unbroken level, 
as far as the eye can follow it, towards Venice and the 
Adriatic ; on the southern side the line of the Apennines 
from Bologna to Genoa closes the view; to the west rise 
the Maritime, Cottian, and Graian Alps, wth Monte Viso 
as their central point; while northward are the Pennine, 
Helvetic, and Rhsetian Alps, of which Monte Rosa, the 
Saasgrat, and Monte Leone are the most conspicuous 
features. In the plain itself lie many small villages; 
and here and there a larger town like ilonza or Saronno, 
or a great building as the Certosa of Pavia, makes a white 
point upon the greenery. 

The commune of Milan consists since 1873 of the city 
within the walls (area 1513 acres) and the so-called Corpi 
Santi^ without the walls (area 15,415 acres). The popu- 
lation of the whole area increased from 134,528 in 1800 
to 242,457 in 1861, 261,985 in 1871, and 321,839 in 
1881, — the city within the walls contributing 110,884 in 
1801, 196,109 in 1861, 199,009 in 1871, and 214,004 
in 1881. The climate is very variable ; there is a difference 
of 41° Fahr. between the extreme summer heat and rvinter 
cold. The average number of wet days is 72, and of 
snowy days 10 per annum. 

Milan is built in a circle, the cathedral being the central 
point. The city is surrounded by a wall 7 miles in 
circumference, and immediately outside the wall a fine 
broad thoroughfare makes the circuit of the city. The 
streets inside are for the most part narrow and crooked ; 
the main streets are the Corso Vittorio Emanuele, the 
Strada S. Margherita, the Via Manzoni, the Corso Porta 
Ticinese, and the Corso Porta Romana. There are few 
piazzas of any size ; the largest is the Piazza del Duomo, 
which has recently been extended, and the houses around 
it modernized. To the west of the city is the open space 
of the Foro Bonaparte and the Piazza d’Armi, with the 
square keep of the Visconti castle, flanked by two granite 
towers, between them. The castle was partly destroyed 
in 1447 by the Ambrosian republic, rebuilt by Francesco 
Sforza, enlarged by the Spanish governors, and taken by 
Napoleon in 1800, when the outer fortifications were razed 
to the ground, and the walls left as they now are. North 
of the Piazza d’Armi is the modern cemetery, with a special 
building and apparatus for cremation, erected in 1876. 

Among the buildings of ililan the most important is the 
cathedral, begun under Gian Galeazzo Visconti, in 1386. 
It is built of brick cased in marble from the quarries which 
Visconti gave in perpetuity to the cathedral chapter. The 


* The name Corpi Santi (of doubtful origin) is also applied to the 
extra-mural jjortions of Cremona and Pavia. 
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but it is not so rich in MSS. as tl^ celebrated Ambrosian 
library, for which see Libr^vuies, vol. xiv. p. 531. 

Agriculture . — The district of Milan is renowned for its excellent 
agriculture. It may he divided into t\vo regions, where different 
systems of farming are pumued and different crops produced. The 
first region lies on the lower slopes of the Alps, where they sink 
into the plain. This is called the dry Mlanese, for it is watered 
by torrents only, whieh have worn themselves too deep a bed to 
allow of irrigation, and the peasants are obliged to collect the rain- 
water in large mud-lined tanks called “poppe.” The soil is for 
the most part thin and light, and is frequently washed down the 
incline into the plain ; in some parts it is only kept in its place by 
stone walls reared at great cost. The farms aie smaller here than 
in the lower plain, and are let on a system which is a compromise 
between the mezzadria, which once obtained in the district, and 
regular leases. The tenant p.ays a money rent for the house ; and 
for the land he either pays in kind or in a money equivalent, 
supplemented by labour given to the lantllord. In cases where 
vines or fruit trees are grown, the landlord supplies and maintains 
them till they come into fruit. The landlord carries out all 
improvements, and the tenant holds the farm at his pleasure. 
The rotation of cropping is for three years. The value of these 
farms varies greatly, ranging from 7 to 14 lire the pertica (1000 
square }'ards). The distinct produces maize and wheat in abund- 
ance, a little flax and mUlet, apples, and wine. Tlie second 
agricultural district is that which lies in the plain ; it is called the 
wet Milanese, from the elaborate system of irrigation which makes 
the meadows yield a constant succession of crops. The plain is 
traversed by innumerable canals at various levels, crossing one 
another on bridges, or by siphons, so that the peasant can flood 
his fields at any moment. The system is as old as the 12th 
century; it was improved by Leonardo da ATnci, and is now the 
most perfect network of irrigation in Europe. The farms vary in 
extent from 1500 to 4500 pertiche. They are let upon leases for 
nine, twelve, or fifteen years, at rents ranging from 8‘50 to 12‘50 
lire the pertica, while those near a city may bring from 15 to 20 
lire. The rotation of cropping is five-j'early. The meadows yield 
four crops of ^ss in the year ; the first three — the maggengo, the 
agostino, and the terzuolo— are cut, the fourth is grazed off. 
Where the ground is perfectly flat and water can stagnate, rice is 
gi'own ; this crop is continued for four years in succession, then 
the land is rested with cereals and grass. The other crops are 
maize and wheat. But the chief occupation is the supply of dairy 
produce. The cows are bought in the Swiss cantons of Uri, Zug, 
Lucerne, and Schwyz, the last furnishing the best milkers. The 
cheese called Parmesan comes from the Milanese ; and the rich 
cheese, made of unskimmed milk, known as Stracchino, is made 
principally at the village of Gorgonzola, 12 miles east of Jlilan. 

Industries . — The industries of this district have increased very 
rapidly since the union of Italy, and the city is now the chief 
commercial centre in North Italy. The principal industry of 
Milan and the Milanese is the production and manufacture of silk. 
For feeding the worms mulberry trees are largely cultivated on the 
plain ; and the district counts upwards of 200 factories, where the 
silk thread is unwound from the cocoons, yielding 4,000,000 lb of 
raw silk in the year. Some of this is exported to France for 
manufacture, but the Milanese can now almost rival their 
neighbonrs in the production of silk stuffs, velvets, and brocades. 
Cotton is manufactured at Saronno and Leguano, fustian at Busto, 
linen at Cassano, combs at Burlando, and porcelain and carriages 
of very excellent workmamship in ililan itself. 

History. — Bellovesus, king of the Celts, who crossed the Alps 
when Tarquinius Prisons was king in Rome, is the traditional 
founder of ililan. The city became the capital of the Insubrian 
Gauls, and was taken by the Romans in 222 n.c. As a Roman 
mnnicipium it continued to increase in magnificence and import- 
ance ; and under Constantine it was the scat,of the imperial vicar 
of the West. Under Theodosius, in the 4th century, ililan, to 
judge from Ausouius’s description {Ordo Noh. Urhium, v.), must 
have been rich in temples and public buildings. Theodosius died 
at Milan after doing penance, at the bidding of St Ambrose, for 
his slaughter of the people of Thessaloirica. Ambrose is still 
venerated in ililan as the founder of the ^lilanese church and the 
com])iler of the Ambrosian rite, which is still in use throughout 
the diocese. After his death the period of invasions begins ; and 
Jlilan felt the power of the IIuus under Attila (152), of the 
llenrli under Odoacer (476), and of the Goths under Theodoric 
(493). When Belisarius was sent by Justinian to recover Italy, 
D.atiu.s, the archbishop of ililan, joined him, and the Goths were 
e.xpclled from the city. But Urain, nephew of Vitigis the Gothic 
king, subseiniently assaulted and retook the town, after a brave 
resistance, uraia destroyed the whole of ililan in 539 ; and hence 
it is that tliis city, once so important a centre of Roman civilization, 
possesses so few remains of antiquity. Narses, in his campaigns 
against the Goths, had invited other barbarians, the Lombards, to 
hi» aid. They came in a body under Alboin, their king, in 568, 


and were soon masters of North Italy, and entered Milan the year 
following. Alboin established his capital at Pavia, and Milan 
remained the centre of Italian opposition to the foreign conquest 
The Lombards were Arians, and the archbishops of Slilan from 
the days of Ambrose had been always orthodox. Though the 
struggle was unequal, their attitude of resolute opposition to the 
Lonibards gained for them great weight among the people, who 
felt that their archbishop was a power around whom they mit'ht 
gather for the defence of their liberty and religion. All the innate 
hatred of the foreigner went to strengthen the hands of the 
archbishops, who .slowly acquired, in addition to their spiritual 
authority, powers military, executive, and judicial. These powers 
they came to administer through their delegates, called viscounts. 
When the Lombard kingdom fell before the Franks under Charles 
the Great in 774, the archbishops of Milan were still further 
strengthened by the close alliance between Charles and the church, 
which gave a sort of confirmation to their temporal authority, and 
also by Charles’s policy of breaking up the great Lombard fiefs and 
dukedoms, for wliich he substituted the smaller counties. Under 
the confused government of Charles’s immediate successors the 
archbishop was the only real power in Milan. But there were 
two classes of difficulties in the situation, ecclesiastical and political; 
and their presence had a marked effect on the development of the 
people and the growth of the commune, which was the next stage 
in the history of Milan. On the one hand the arclibishop was 
obliged to contend against heretics or against fanatical refonners 
who found, a following among the people ; and on the other, since 
the archbishop was the real power in the city, the emperor, the 
nobles, and the people each desired that he .should be of their party ; 
and to whichever party he did belong he was certain to find 
himself violently opposed by the other two. From these causes it 
sometimes happened that there were two archbishops, and there- 
fore no central control, or no archbishop at all, or else an archbishop 
in exile. The chief result of these difficulties was that a spirit of 
independence and a c-apacity of judging and acting for themselves 
was developed in the people of Milan. The terror of the 
Hunnish invasion, in 899, further assisted the people in their pro- 
gress towards freedom, for it compelled them to take arms and to 
fortify their city, rendering Milan more than ever independent 
of the feudal lords who lived in their castles in the country. 
The tyranny of these nobles drove the peasantry and smaller 
vassals to seek the protection for life and property, the equality of 
taxation and of justice, which could bo found only inside the walled 
city and under the rule of the archbishop. Thus ililan grow 
populous, and learned to govern itself. Its inhabitants became for 
the first time Milanese, attached to the standard of St Ambrose, — 
no longer subjects of a foreign conqueror, but a distinct people, 
with a municipal life and prospects of their own. For the further 
growth of the commune, the action of the great archbishop Heri- 
bert, the establishment of the carroccio, the development of 
Milanese supremacy in Lombardy, the destruction of Lodi, Como, 
Pavia, and other neighVouring cities, the exhibition of free spirit 
and power in the Lombard league, and the battle of Leguano, see 
the article Italy. See also Lombards. 

After the battle of Legnano, in 1174, although the Lombard cities 
failed to reap the fruit of their united action, and fell to mutual 
jealousy once more, Milan internally began to grow in material 
prosperity. After the peace of Constance (1183) the city Avails 
were extended ; the arts flourished, each in its oaa'u quarter, under 
a syndic who watched the interests of the trade. The manufacture 
of armour Avas the most important industry. During the struggles 
Avith the emperor Barbarossa, Avhen freedom seemed on the point 
of being destroyed, many Milanese A'OAved themselves, their goods, 
and their families to the Virgin should their city come safely out 
of her troubles. Hence arose the powerful fraternity of the 
“Umiliati,” Avho established their headquarters at the Brera, and 
began to develop the avooI trade, and subsequently gave the fust 
impetus to the production of silk. From this period also date the 
irrigation Avoiks Avhich render the Lombard plain a fertile garden. 
The government of the city consisted of (A) a parlamento or con- 
siglio grande, including all Avho possessed bread and Avine of their 
oAvn, — a council soon found to be unmanageable owing to its size, 
and reduced first to 2000, then to 1500, and finally to 800 mem- 
bers ; (B) a credenza or committee of twelve members, elected 
in the grand council, for the despatch of urgent or secret business r 
(C) the consuls, the executive, elected for one year, and compelled 
to report to the great council at the term of their office. The Avay, 
in which the burgheis used their liberty and poAvers, seemed by 
the peace of Constance, in attacking the feudal nobility ; hoAV they 
compelled the nobles to come into the city and to abandon their 
castles for a certain portion of the year ; hoAv the A\’ar between the 
two classes Avas continued inside the city, resulting in the establish- 
ment of the podcsta ; and the nature and limits of this office, — all 
this has been explained in the article Italy. 

This bitter and Avell-balanced rivalry between the nobles and the 
people, and the endless danger to Avhich it exposed the city owing 
to the fact that the nobles Avere ahrays ready to claim the protec- 
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tion of their feudal chief, the emperor, brought to tho front two 
noble families as protagonists of the contending factions,— the 
Tomani of Valsassina, and the Visconti, who derived their name 
from the office they had held under the archbishops. After the 
battle of Cortenova, in 1237, where Frederick II. defeated the Guclf 
army of tho Milanese and captured their carroccio, Pagano della Torre 
rallied and saved the remnants of the Jlilanese. This act recom- 
mended him to popular favour, and he was called to the government 
of tho city,— but only for the distinct purpose of establishing the 
“catasta,” a property tax which should fall with equal incidence on 
every citizen. This was a democratic measure which marked the 
party to which tho TorrLani belonged and rendered them hateful 
to the nobility. Pagano died in 1211. His nephew Martino fol- 
lowed as podesta in 125G, and in 1259 as signore of Milan,— the 
first time such a title was heard in Italy. Tlie nobles, wlio had 
gathered round the VLsconti, and who threatened to bring Ezzelino 
da Romano, tho Ghibellinc tyrant of Padua, into the city, were 
defeated by ilartino, and nine hundred of their number were 
captured. Martino was followed by two other Torriani, Filippo 
hLs brother (1203-05) and Jlapoleone his cousin (1265-77), as lords 
of ililan. Napoleone obtained the title of imperial vicar from 
Rudolph of Hapsburg. Rut the nobles under tlie Visconti had been 
steadily gathering strength, and Napoleone was defeated at Desio 
in 1277. He ended his life in a wooden cage at Castel Baradello 
above Como. 

Otho Visconti, archbishop of Jlilan (1202), the victor of Desio, 
became lord of !JIiIan, and founded the house of Visconti, who nilcd 
tho city— except from 1302 to 1310— till 1147, giving twelve lords 
to ililan. Otho (1277-95), Matteo (1310-22), Galeazzo (1322-28), 
Azzo (1328-39), Lucchino (1339-19), and Giovanni (1319-54) fol- 
lowed in succession. Giovanni left the lordship to three nephews — 
Matteo, Galeazzo, and Beniabo. ilatteo was killed (1355) by liis 
brothers, who divided the Jlilanesc, Bernabb reigning in Milan 
(1351-85) and Galeazzo in Pavia (1351-78). Galeazzo left a son, 
Gian Galeazzo, who became sole lord of Milan by seizing and im- 
prisoning his uncle Bernabb. For an account of tliis most powerful 
prince see Itai.y. It was under him that the cathedral of Milan 
and the Certosa of Pavia were begun. He was the first duke of 
Milan, having' obtained that title from the emperor Wenceslaus. 
His .sons Giovanni Maria, who reigned at Jlilau (1102-1112), and 
Filippo JIaria. who reigned at Pavia (1102-1117), succeeded him. 
In 1112, on his brother's death, Filippo united the whole duchy 
under his sole rule, and attempted to carry out his father’s policy 
of aggrandizement, but without success. 

Filippo was the hist male of tho Visconti house. At his death a 
republic was proclaimed, which lasted only three years. In 1150 
the general Francesco Sforza, who had married Filippo’s only child 
Bianca Visconti, became duke of 31ilan by right of conquest if by 
any right. Under this duke the canal of the Martesana, which 
connects Milan with the Adda, and the Great Ho.spital were carried 
out. Fkancesco was followed by five of the Sforza family. His son 
Galeazzo ilaria (1100-70) left a son, Gian Galeazzo, a minor, whose 
guardian and uncle Lodovico usurped the duchy (1179-1500). Lodo- 
yico was captured in 1500 by Louis XII. of France, and Milan 
remained for twelve years under the French crown. In the partial 
settlement which followed the battle of Ravenna, ilassimiliano 
Sforza, a protege of the emperor, was restored to the tlirone of ililan, 
and held it by the help of the Swiss till 1515, when F’rancis 1. 
of Fiance reconquered the Jlilancse by the battle of 3Iarignano, 
and ilasaimiliano resigned the sovereignty for a revenue from France. 
This arrangement did not continue. Charles V. succeeded the 
emperor iJaximilian, and at once disputed the possession of the 
Milanese with Francis. In 1522 the iiniierialists entered ililan and 
proclaimed Francesco Sfoi-za (son of Lodovico). France.sco died in 
1535, and with him ended the house of Sforza. From this date till 
the war of the Spanish succes.sion (1714) ililan was a dependency of 
the Spanish crown. At the close of that war it was handed over 
to Austiaa ; and under Austria it remained till the Napoleonic 
campaign of 1790. For the results of that campaign, and for the 
history of Italian progress towards independence, in which Milan 
played a jirominent part by opening the revolution of 1818, the 
reader is referred to the article Italy. '1110 Lombard campaign of 
1859, with the battles of Solferino and Magenta, finally made Milan 
a part of the kingdom of Italy. 

Literature.— V\t:ttoVcxr\, Storia <Il Milano; Corio.Storia til Milano; Cantii, 
Illuitrazione Grande del Lombardo Veneto; the Jliluiicso clironlclers in Muni- 
toxi'h Her. Jtal. Seriptores; .Slsmonill, Jialian ICepublia; Ferrari, Rxxoluzione d' 
Italia; Littr, Famvjliecelebri, i.c." Toiriani," “Visconti." “ Sforza," and “Trivuizi;" 
Muratori, Annoff (T Italia ; Ifaliam, IlUtonj of the Middle Ages ; and Mediolanum, 
i voJs., 1B81. lionvicino da Jtiva gives a contemporary account of iliJan in the 
12th century. (•!• 1’ • 

MILAZZO, a city of Italy in the province of Messina 
in Sicily, 20^ miles west of Messina, is built on the eastern 
shore of the Bay of Milazzo, partly on the isthmus of the 
promontory. Capo Milazzo, which divides it from the Bay 
of Olivieri. It consists of an old or upper town protected 
by strong bastioned walls, and a lower or modern town 
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outside of the enceinte. The fine old castle is now used 
as a prison. Besides a certain amount of foreign com- 
merce (37 vessels ivith a burden of 6707 tons entering in 
1881, 93 with 13,496 in 1863), Milazzo carries on a good 
coasting trade (194,366 tons in 1881, 40,138 in 1861), 
and is one of the seats of the tunny-fishery. The com- 
niunal population increased from 10,493 in 1861 to 13,565 
in 1881, and that of the city was 7427 in 1871. 

Milazzo is the ancient 31ylie, a seaport and fortress founded by 
the Zanckeans (Messanians), which gives its njime to the battle of 
the ilytean plain in which the Mamertines were defeated by Hiero 
in 270 B.c. In 1523 it was the scene of an unsuccessful conspiracy 
to transfer Sicily to the French. Captured by the Germans in 1718, 
it was besieged by the Spaniards, but relieved by a Neapolitan and 
English force. In July 1800 the defeat of the Neapolitans in the 
vicinity, and the seizure of the fortress, formed almost the crown- 
ing act of Garibaldi’s victorious campaign. The Bay of 31ilazzo has 
been the scene of the defeat of the Carthaginian navy by Duilius 
(200 B.C.), of Pompeius by Octavian’s general Agrippa (30 n.c.), and 
of the French and Alessinian galleys by the Pisans (1268). 

MILDEW (explained as “meal-dew” or, with more 
probability, as “honey-dew”) is a popular name given 
to various minute fungi from their appearance, and from 
the sudden, dew-like manner of their occurrence. Like 
many other popular names of plants, it is used to denote 
different species which possess very small botanical 
affinity. The term is apphed, not only to species be- 
longing to various systematic groups, but also to such 
as follow different modes of life. The corn-mildew, 
the hop-mildew, and the vine-mildew are, for example, 
parasitic upon living plants, and the mildews of damp linen 
and of paper are saprophytes, that is, they subsist on 
matter which is already dead. It is generally possible to 
draw a distinct line between parasitic and saprophytic 
fungi ; a species which attacks the living body of its host 
does not grow on dead matter, and vice versa. This is true 
so far as is known of perhaps all the higher fungi except 
Siaprolegnia ferax (Gruith.), a parasite of freshwater 
fishes (especially of the salmon), which also grows freely 
on their dead bodies and on those of flies, ikc. As regards 
mildews in general, the conditions of life and growth are 
mainly suitable nutrition and dampness accompanied by a 
high temperature. The life-history of the same species of 
mildew frequently covers two or more generations, and 
these are often passed on hosts of different kinds. In 
some cases again the same generation confines its attack 
to the same kind of host, while in others the same genera- 
tion grows on various hosts. For information regarding 
fungi generally see Fungus, vol. ix. p. 827. 

The folloiving examples are of common occurrence. 

The Corn-Mildew {Puccinia graminis, Pers., Order 
Uredinece). — This disease of our grain crops and of many 
other grass plants is very widely distributed, like its hosts, 
over the earth, and is by far the most important to man of 
all mildews. Its life-history is passed in three generations 
— two of them on the grass plants and one on the barberry. 
In early spring the first generation is found on the dead 
leaves and leaf-sheaths of grass plants (in which the 
disease has hibernated), presenting to the naked eye the 
appearance of thin black streaks. When examined with a 
microscope these streaks are seen to consist of a great 
number of minute two-celled and thick-walled teleutospores 
(reproductive bodies), each situated at the end of a stalk 
(see A in fig. 2, vol. ix. p. 831). These have burst through 
the epidermis of the plant from their origin on threap 
among the tissues beneatL "When they have been in 
contact with excessive moisture for a few hours, each of 
the spore-cells germinates by emitting a fine tube called a 
promycelium, on which there are borne small round thm- 
walled sporidia (reproductive bodies). The sporidia are 
easily detached and carried from place to place by the 
wind, and on alighting on the leaves of a barberry plant 
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soon germinate by pushing out a small tube which per- 
forates the epidermis and thus gains access to the interior 
of the leaf, where it branches copiously, and forms a mass 
of thread-like tissue called mycelium. The gerzn-tubes of 
sporidia are unable to enter the leaves, &c., of grass plants. 
In from si.x to ten days this mycelium gives rise to flask- 
shaped bodies called spermogonia (vol. i.x. p. 831, fig. 2 
B, sp), immediately under the surface of the leaf (usuall}' 
the upper one), but breaking through it at the neck of the 
flask, out of which there protrudes a bunch of hairs. 
^Vithin the flasks are formed at the end of stalks many 
exceedingly small oval bodies called spermatia, wliich escape 
through the neck. The function of these bodies has not yet 
been definitely made out, but that they bear a very strik- 
ing resemblance to the male sexual organs of other fungi 
there can be no doubt. In the same leaves and on the same 
mycelium there arise several days later numerous basin- 
shaped bodies cozitaining erect stalks, bearing at the apex 
a number of round mcidiosporcs (reproductive bodies) in 
vertical series (vol. i-x. p. 831, fig. 2 B, a). These con- 
stitute the second generation. On their escape they 
germinate by emitting a tube which, if the host on which 
they fall be a grass plant, enters the leaf through one of 
the stomata in the epidermis, and there by branching forms 
a new mycelium. On this there soon appears, bursting 
through the epidermis, a new generation consisting of round 
or oval uredosporcs produced at the end of stalks (vol. ix. 
]). 831, fig. 2 0). The uredosporcs constantly reproduce 
this generation, and in such abundance that the grain crops 
arc extensively ravaged Izy its attack. It is in this genera- 
tion that the term mildew is popularly given to the fungus. 
Later in autumn on the same mycelium the two-celled 
teleutospores appear, and these after hibernating renew in 
spring the life-history. This very remarkable cycle of 
generations was first traced by Professor de Bary. 

Tho Ifo})-MUdcw {Sjiherothcca C'(ista<j>ici, Lev., Order Erysi- 
p/icx) is a parasitic disease of the hop, though it is often to bo 
found on many other plants, sueh an Poientilla, Spima, Epilohium, 
balsams, cuciimbei’s, dandelions, plantains, i:o. The thread-like 
mycelium appears on the young shoots and leaves of tho hop in 
white spot.s, which giadually extend and finally unite. This 
mycelium bears many minute, round conceptacles (perithecia) whieb 
with their supporting threads are brown-coloured. Within each 
perilUecium is found a somewhat oval body termed an ascus, con- 
taining eight ascospores (reproductive bodies). 

Tho Vinc-MUdew {Erysiphe Tiickcri, lierk., Order ErysipJicm) is 
known only in one generation — called the oidium stage. Soon after 
tho llowcring of the vino the attack takes place on tho young leaves, 
from which tho thin white mycelium spreads i-apidly to the older 
leaves and twigs, which it does not appear to ailect so injuriously. 
The chief damage is done to tho grapes while they are in a very 
immature condition. ' Tlio mycelium which travels over tho surface 
sends down at intervals into tho tissues short irregular protuber- 
ances called haustoria, wliich perform for it the functions of roots. 
Above these rise from tlie mycelium short stidks bearing each a single 
oval spore at tho apex, Thu disease spreads on tho same plant not 
only by the extension of the mycelium but by tbo scattering and 
germination of the sjiores. Hero no perithecia are known. 

Tho Paper- Mildew {Ascolrkhacharlunim, Berk., Order Alri/syz/icm) 
grows on damp paper, and tliereforo is sapropliytic in its mode of 
life. It consists at lirst of a branching hhimcntous inycelimn on 
which minute globular sjiores occur. Finally a round brown pori- 
theohim is formed among tho threads which ajipear as radiating 
from it. Within tho perithecium are numerous linear osci contain- 
ing each a tow of dark elliptic asco.ipores. 

For the Hnjiiphem generally see Fuxuus, vol. ix. p. 833. 

MILE'L'US, an ancient city on tho southern shore of 
the Latinic Gulf opposite tho mouth of the ilteander. 
Before the Ionic migration it was inhabited by tbo Carians 
[Iliad \\. 87G; Herod, i. 146); other authorities call the 
original people Lolegcs, who are ahvay.s hard to distinguish 
from Cariau-s. The Greek .settlers from Pylus under 
Neleus miuwacred all tho men in the city, and built for 
Iheiiuelvcs a new city on tho comst. It occupied a very 
favourable .siiuatiou at the mouth of tho rich valley of 
the Ma'andcr, and was the natural outlet for the trade 
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of southern. Phrygia (Hipponax, Fr. 45); it had four 
harbours, one of considerable size. Its power extended 
inland for some distance up the valley of the Mieander, 
and along the coast to the south, where it founded the city 
of lasus. The trade with the Black Sea, however, was 
the greatest source of wealth to the Ionian cities. Miletus 
like the rest turned its attention chiefly to tho north, and 
after a time it succeeded in almost monopolizing the traffic. 
Along the Hellespont, the Propontis, and the Black Sea 
coasts 'it founded more than sixty cities — among them 
Abydus, Cyzicus, Sinope, Dioscurias, Panticapazum, aud 
Olbia. All these cities were founded before the middle of 
the 7th century ; and before 500 B.c, ililetus was decidedly 
the greatest Greek city. During the time when the enter- 
prise and energy of the seafaring population, the demaurat, 
raised Miletus to such power and wealth, nothing is known 
of its internal history. The analogy of all Greek cities, 
and some .casual statements in later writers, suggest that 
the usual bloody struggles took place betw'een the oligarchy 
and the democracy, and that tyrants sometimes raised 
themselves to supreme power in the city ; but no details 
are known. Miletus was equally distinguished at this early 
time as a seat of literature. The Ionian epic and lyric 
poetry indeed had its home farther north ; philosophy and 
history were more akin to the practical race of Miletus, 
and Thales, Anaximander, Anaximenes, Hecatreus, all 
belonged to this city. The three Ionian cities of Caria — 
Miletus, Myus, and Priene — spoke a peculiar dialect of 
lonic.^ 

lyhen the Mermnad kings raised Lydia to be a great 
military kingdom, Miletus was their strongest adversary. 
War was carried on for many years, till Alyattes concluded 
a peace with Thrasybulus, tyrant of ililetus ; the ^lilesiaus 
afterwards seem to have peaceably acknowledged the rule of 
Croesus. On the Persian conquest Jliletus passed under a 
new master; it headed the revolt of 500 B.C., and was 
taken by storm after the battle of Lade. Darius treated 
it with peculiar severity, massacred most of the inhabitants, 
transported the rest to Ampo at the mouth of the Tigris, 
and gave up the city to the Carians. Henceforth (ho 
history of Miletus has no special interest ; it revived indeed 
when the Persians were expelled from the coast in 479 B.c., 
and was a town of commercial importance throughout the 
Graico-Eoman period, when it shared in the general fortunes 
of the Ionian cities under the rule of Athenians, Persians, 
Macedonians, Pergaraenians, and Komans in succession. 
Its harbours, once izrotected by Lade and the other 
Traguszean islands, were gradually silted up by the 
Mfcander, and Lade is now a hill some miles from the coast. 
Ephesus took its izlaco as the great Ionian harbour in tho 
Hellenistic and Eoinan times. It was the seat of a 
Christian bishopric, but its decay was sure, and its site is 
now a marsh. 

See Seliroeder, Comment, de Eeh, Miles.’, Solilaii, Ecr. Miles. 
Comment. ; Rayet, Milct ct Ic Oolfe Latmiqiie-, Head, “Early Elec- 
truni Coins," in Sfumism. Cliran., vol. xvi. 

MILFOED, a seaport, market-town, and contributory 
parliamentaiy borough (one of the Pembroke district) 
of Pembrokeshire, South Wales, is finely situated on 
the north side of Milford Haven, about 8 miles west- 
north-west of Pembroke. The land-locked estuary of 
Milford Haven stretches about 10 miles inland, with a 

* TUq coinage of ilUctus during this imrly period is an iinpoitant 
snliject on account of tho wide coimnercial connexions of the city* 
Tlio early elcctrnm coinage belongs to tho Phoenician or Gncco-iVsiatic 
htandani, which was introduced Iroiii Pliccnicia and spread over many 
of the Ionian and Thracian cities through the inlluence of Milesian 
trade. Very archaic coins of Miletus, Ephesus, Cyme, and Sardis are 
known of this standard, and at a somewhat later date of Chios, Samos, 
Clozomemc, Lanipsacus, Abydus, and Cyziciu, The lion is the regular 
Milesian tyjie, often with a star beside or above him. 
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breadth of from^l to 2 miles. In most places it has a 
depth of from 15 to 19 fathoms, and, as it is completely 
sheltered by hills, vessels can ride in it at anchor in all 
kinds of weather. The royal dockyard, founded at 
Milford in 1790, was removed in 1811, and from that time 
trade has been in a languishing condition. The town 
possesses iron-worlcs. The shipping trade is confined 
chiefly to coasting vessels, but with the completion of new 
docks, capable of receiving vessels of the largest tonnage, 
it is supposed that a considerable trade may be carried on 
with America. The population of the urban sanitary dis- 
trict in 1871 was 3252, and in 1881 it was 3813. 

MILFORD, a post-village of the United States, in 
Worcester county, Massachusetts, lies 34 miles south-west 
of Boston, at the junction of the Milford branch of the 
Boston and Albany Railroad with the Hopkinton, Jlilford, 
and Woonsocket Railroad. It is one of the principal seats 
of the boot manufacture in New England, and also pro- 
duces large quantities of straw goods. The population 
was 9310 in 1880. 

MILICZ, or ilinTSCir, of Kremsier, iloravia, was the 
most influential among those preachers and writers in 
Moravia and Bohemia who during the 14th century paved 
the way for the reforming activity of Huss and through 
him. for that of Luther. He was born about 1325, was 
already in holy orders in 1350, in 1360 was attached to 
the court of the emperor Charles IV., whom ho accompanied 
into Germany in that year, and about the same time also 
held a canonry in the cathedral of Prague along with the 
dignity of archdeacon. About 1363 he resigned all his 
appointments that ho might become a preacher pure and 
siniplo ; he addressed scholars in Latin, and (an innovation) 
the laity in their native Czech, or in German, which he 
acquired for the purpose. The success of his labours in 
reclaiming the fallen made itself apparent in the reforma- 
tion of a whole quarter of the city of Prague. As he dwelt 
more and more on ecclesiastical abuses and the corruption 
of the clergy, and viewed them in the light of Scripture, 
the conviction grew in his mind that the “ abomination of 
desolation” was now seen in the temple of God, and that 
antichrist had come, and in 1367 he went to Rome (where 
Urban V. was e.xpected from Avignon) to expound these 
views. He affixed to the gate of St Peter's a placard 
announcing his sermon, but before he could deliver it was 
thrown into prison by the Inquisition. Urban, however, 
on his arrival ordered his release, whereupon he returned to 
Prague, and from 1369 to 1372 preached daily in the Teyn 
Church there. In the latter year the clergy of the diocese 
complained of him to the papal court at Avignon, whither 
he was summoned in Lent 1374, and where he died before 
his case was decided. He was the author of a Libellus de 
Antichristo, written in prison at Rome, a series of Poslillx 
and Lectiones Qnadruf/esimales in Latin, and a similar 
series of Postils in Czech. 

^MILITARY FRONTIER (German, Militdrgrenze ; 
Slavonic, Granitza), a narrow strip of Austrian-Hungarian 
territory stretching along the borders of Turkey, which 
had for centuries a peculiar military organization, and from 
1849 to 1873 constituted a crown-land. As a separate 
division of the monarchy it owed its .existence to the 
necessity of maintaining during the 15th, 16th, and 17th 
centuries a strong line of defence against the invasions of 
the Turks, and may be said to have had its origin mth 
the establishment of the captaincy of Zengg by Matthias 
Corvinus and the introduction of Uskoks (fugitives from 
Turkey) into the Warasdin district by the emperor 
Ferdinand I. By the close of the 17 th century there were 
three frontier “ generalates ” — Carlstadt, Warasdin, and 
Petrinia (the last also called the Banal). After the defeat 
of the Turkish power by Prince Eugene it was proposed to 


abolish the military constitution of the frontier, but the 
change was successfully resisted by the inhabitants of the 
district ; on the other hand, a new Slavonian frontier dis- 
trict was established in 1702, and Maria Theresa extended 
the organization to the march-lands of Transylvania (the 
Szekler frontier in 1764, the Wallachian in 1766).i 

As a reward for the service it rendered the Government 
in the .suppression of the Hungarian insurrection in 1848, 
the Military Frontier was erected in 1849 into a crown-land’ 
with a total area of 15,182 square miles, and a population 
of 1,220,503. In 1851 the Transylvanian portion (1177 
square miles) was incorporated with the rest of Transyl- 
vania; and in 1871 effect was given to the imperial decree 
of 1869 by which the districts of the Warasdin regiments 
(St George and the Cross) and the towns of Zengg, Belovar, 
Ivanig, &c., were “provincialized" or incorporated with 
the Croatian-Slavonian crown-land. In 1872 the Banat 
regiments followed .suit; and in 1873 the old military 
organization was abolished in all the rest of the frontier. 
Not till 1881, however, were the Croatian-Slavonian 
march-lands completely merged in the kingdoms to which 
they naturally belonged. 

The social aspect of tlio military frontier rdgime is interesting. 
A coininiiiial system of i.and tenure natural to tlie old Slavonians 
was artificially kept in existence. Tile mark or plot of ground 
assigned to tho original family of settlers remained tho property of 
the family as such, and could not bo portioned out among the several 
members. In this way tho house-community, all under the rule 
of the same house-father and house-mother (who were not neces- 
sarily man and wife, nor tho oldest members of the community), 
and all living within the same palisade, sometimes came to num- 
ber two or three hundred per-sons. Tho “family” dined in a com- 
mon hall, and after dinner discussed and settled matters affecting 
the common weal. Every man possessing real property in tho 
country, and capable of bearing arms, was liable to militaiy soiTioo 
from his twentieth year. The house-communities arc now begin- 
ning to avail themselves of the permissive partition laws, and 
strangers are free to Come and aenuiro property in land. Watch- 
towers with wooden clappers and tho beacons which flashed the 
alarm along tho whole frontier in a few hours are still features in 
tho landscape. 

MILITARY LAW consists of the statutes, rules of pro- 
cedure, royal warrants, and orders and regulations which 
prescribe and enforce the public obligations of the officers, 
soldiers, and others made subject to its provisions. Its 
essential purpose is the maintenance of discipline ; but it 
also includes the administrative government of tho military 
forces of the state, more 'especially in the matters of enlist- 
ment, service, and billeting. The term “martial law” 
sometimes applied to it is, as regards modern times at least, 
a misnomer. For martial law as it is now understood 
applies not only to military persons but to the civil com- 
munity, and may be described generally as the abrogation 
of ordinary law and the substitution for it of military 
force uncontrolled save by what, in the discretion of the 
commanding general, may be considered the necessity of 
the case. 

Tho military law of England in early times existed, like 
the forces to which it applied, in a period of war only. 


* By 1848 tlio following had come to bo the division of tho Military 
frontier ;—(l) T/ie Carlstadt (Carlowitz), Warasdin, and Banal 
leneralate : tho Licca Ecgiment (headquarters at Gospich), tho Otto- 
haz Ecgiment (Ottochaz), tho Ogiilin (Ogulin), the Sluin (C.arlstadt), 
he Cross (Belovar), tho St George’s (Belovar), tho Ist Banal (Glina),- 
he 2d Banal (Petrini.a). (2) The Slavonian Generalate: the Gradiska 
IcKiment (Neu Gradiska), tho Brood Eegimeqt (Vinkovezo), the Peter- 
rardein (Mitrovicz), the Tchaikist Battalion (Titel). (3) The Banat 
leneralate : the German Bap.at Ecgiment (Pancsova), the Wallachian 
lanafc (ICaransebes), tho Illyrian Banat (Woisskirchen). (4) The Tran- 
ulvanian Generalate: The Szekler Eegiment No. 11 (^s'k Szere^), 
iio Szekler Eegiment No. 15 (Kcszdi Vasarhely), tho Wallachian No. 
0 fOrlath), tho Wallachian No. 17 (Naszod). Twelve tmvns, known 
3 “military communities,” had communal constitutions not uiilike 
ho.se of the free towns of Hungary— Carlopago, Zengg, Petnnia, Kos- 
ainicza, Belovar; Ivanig Brood, Petcrwardein, Carlowitz, Semlin, 
*aiicsova, and Weisskirclien. 
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droops were raised for a particular service, and were dis- 
banded upon the cessation of hostilities. The crown, of its 
mere prerogative, made laws known as Articles of War, 
for the government and discipline of the troops while thus 
embodied and serving. Except for the punishment of 
desertion, which offence was made a felony by statute in 
the reign of Henry VI., these ordinances or Axticles of 
War remained almost the sole authority for the enforce- 
ment of discipline imtil 1689, when the first Mutiny Act 
was passed and the .military forces of the crown were 
brought under the direct control of parliament. Even the 
Parliamentary forces in the time of Charles I. and Cromwell 
were governed, not by an Act of the legislature, but by 
articles of war similar to those issued by the king and 
authorized by an ordinance of the Lords and Commons, 
exercising in that respect the sovereign prerogative. This 
power of law-making by prerogative was, however, held to 
be applicable during a state of actual war only, and 
attempts to exercise it in time of peace were ineffectual. 
Subject to this limitation it existed for considerably more 
than a century after the passing of the first Mutiny Act. 
From 1689 to 1803, although in peace time the Mutiny 
Act was occasionally suffered to expire, a statutory power 
was given to the crown to make Articles of War to operate 
in the colonies and elsewhere beyond the seas in the same 
manner as those made by prerogative operated in time of 
war. In 1715, in consequence of the rebellion, this power 
was created in respect of the forces in the kingdom. But 
these enactments were apart from and in no respect affected 
the principle acknowledged all this time that the crown of 
its mere prerogative could make laws for the government 
of the army in foreign countries in time of war. The 
Mutiny Act of 1803 effected a great constitutional change 
in this respect : the power of the crown to make any 
Articles of War became altogether statutory, and the pre- 
rogative merged in the Act of Parliament. So matters 
remained till the year 1879, when the last Mutiny Act 
was passed and the last Articles of War were promulgated. 
The Mutiny Act legislated for offences in respect of which 
death or penal servitude could be awarded, and the 
Articles of War, while repeating those provisions of the 
Act, constituted the direct authority for dealing with 
offences for which imprisonment was the maximum punish- 
ment as well as with many matters relating to trial and 
procedure. The Act and the Articles were found not to 
harmonize in aU respects. Their general arrangement was 
faulty, and their language sometimes obscure. In 1869 a 
royal commission recommended that both should be recast 
in a simple and intelligible shape. In 1878 a committee 
of the House of Commons endorsed this view and made 
certain recommendations as to the way in which the task 
should be performed. In 1879 the Government submitted 
to parliament and passed into law a measure consolidating 
in one Act both the Mutiny Act and the Articles of War, 
and amending their provisions in certain important respects. 
This measure was called the “Army Discipline and 
Begulation Act, 1879.” After one or two years’ experience 
of its working it also was found capable of improvement, 
and was in its turn superseded by the Army Act, 1881, 
which uow forms the foundation and the main portion 
of the military law of England. It contains a proviso 
saving the right of the crown to make Articles of War, 
but in such a manner as to render the power in effect 
a nullity ; for it enacts that no crime made punishable by 
the Act shall be otherwise punishable by such Articles. 
As the punishment of every conceivable offence is provided 
for by the Act, any Articles made thereunder can be no 
more than an empty formality having no practical effect. 
Thus the history of English military law up to 1879 may 
be divided into three periods, each having a distinct con- 
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stitutional aspect ; — (1) that prior to 1689, when the army, 
being regarded as so many personal retainers of the 
sovereign rather than servants of the state, was mainly 
governed by the will of the sovereign ; (2) that between 
1689 and 1803, when the army, being recognized as a per- 
manent force, was governed within the realm by statute 
and without it by the prerogative of the crown ; and (3) 
that from 1803 to 1879, when it was governed either 
directly by statute or by the sovereign under an authority 
derived from and defined and limited by statute. Although 
in 1879 the power of making Articles of War 'became in 
effect altogether inoperative, the sovereign was empowered 
to make rules of procedure, having the force of law, which 
regulate the administration of the Act in many matters 
formerly dealt with by the Articles of War. These rules, 
however, must not be inconsistent with the provisions of 
the Army Act itself, and must be laid, before parliament 
immediately after they are made. Thus in 1879 the 
government and discipline of the army became for the first 
time completely subject either to the direct action or the 
close supervision of parliament. 

A further notable change took place at the same time. 
The Mutiny Act had been brought into force on each 
occasion for one year only, in compliance with the con- 
stitutional theory that the maintenance of a standing army 
in time of peace, unless with the consent of parliament, is 
against law. Each session therefore the text of the Act 
had to be passed through both Houses clause by clause and 
line by line. The Army Act, on the other hand, is a fixed 
permanent code. But constitutional traditions are fully 
respected by the insertion in it of a section providing that 
it shall come into force only by virtue of an annual Act of 
Parliament. This annual Act recites the illegality of a 
standing army in time of peace unless with the consent of 
parliament, and the necessity nevertheless of maintaining a 
certain number of land forces (exclusive of those serving 
in India) and a body of royal marine forces on shore, and 
of keeping them in exact discipline, and it brings into force 
the Army Act for one year. 

Military law is thus chiefly to be found in the Army Act 
and the rules of procedure made thereunder, the Militia Act, 
1882, the Eeserve Forces Act, 1882, and the Yolunteer 
Act, 1863, together with certain Acts relating to the 
yeomanry, and various royal warrants and regulations. 
The Army Act itself is, however, the chief authority. 
Although the complaint has been sometimes made, and not 
■without a certain amount of reason, that it does not accom- 
plish much that it might in point of brevity, simplicity, 
and clearness of expression, it is a very comprehensive 
piece of legislation, and shows some distinct improvements 
upon the old Mutiny Acts and Articles of War. 

The persons subject to military law are the officers on 
the active list and the soldiers of the regular forces (includ- 
ing the royal marines), the permanent staff of the auxiliary 
(f.e., the militia, volunteer, and yeomanry) forces, and the 
officers of the militia. The above persons are amenable to 
its provisions at all times except wliile embarked on board 
a commissioned ship of the royal navy, when they become 
subject to the Naval Discipline Act and certain orders in 
council made under its authority. Those who are subject to 
military law in certain circumstances only are — officers and 
men while serving in a force raised out of the United 
Kingdom and commanded by an officer of the regular 
forces ; pensioners when employed in military service 
under the command of a regular officer ; the non-commis- 
sioned officers and men of the militia, during training, 
when attached to the regulars or when permanently 
embodied ; the officers of the yeomanry and the volunteers 
when in command of or attached to a body of men subject 
to military law, or when their corps is on actual military 
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service, or -when ordered on duty with their own consent ; 
the men of the yeomanry when they or their corps are being 
trained, when they are attached to or acting with the 
regular forces, when their corps is on actual military service, 
or when serving in aid of the civil power ; the men of the 
volunteers when they are being trained with or are attached 
to any body of troops, or when their corps is on actual 
military service ; the men of the army reserve and the 
militia reserve when called out for training or on duty in 
aid of the civU power ■, any person who in an official 
capacity equivalent to that of an officer accompanies a 
body of troops on active service beyond the seas; any 
person accompanying a force on active service holding a 
pass from the general entitling him to be treated on the 
footing of an officer. In this last category would of course 
be included newspaper correspondents, also sutlers and 
followers. In one or two cases persons are subjected 
to military law to a limited extent and in respect only of 
certain offences. Thus a militiaman even when not out 
for training or not embodied is liable to a military trial 
and punishment for fraudulent enlistment or making a 
false answer on attestation. In the same manner an army 
reserve man may be tried and punished by court martial 
for neglect to appear at the place where he is bound 
periodically to report himself, or for insubordination to his 
superiors on these occasions, or for any fraud in connexion 
with the receipt of his pay. A man of the army reserve 
or the militia reserve has the legal status of and in fact 
becomes a regular soldier when called out on occasions of 
national danger or emergency under the sovereign’s pro- 
clamation. 

■\Vhen a person subject to military law commits an 
offence he is taken into military custody, which means 
either arrest in his own quarters or confinement. He 
must without unnecessary delay be brought before his 
commanding officer, who upon investigating the case may 
dismiss the charge if in his discretion he thinks it ought 
not to be proceeded with, or may take steps to bring the 
offender before a court martial. Where the offender is not 
an officer he may dispose of the case summarily, the limit 
of his power in this respect being seven days’ imprison- 
ment with hard labour, fines not exceeding 10s. for 
drunkenness, certain deductions from pay, confinement to 
barracks for twenty-eight days, this involving severe extra 
drills, deprivations, and other minor punishments. Where 
the offence is absence mthout leave for a period exceeding 
seven days, the commanding officer may award a day’s 
imprisonment in respect of each day of such absence up 
to twenty-one. It is only in the case of the imprisonment 
exceeding seven days that the evidence before the com- 
manding officer is taken on oath, and then only in the 
event of the accused so desiring it. The commanding 
officer is enjoined by regulation not to punish summarily 
the more serious kind of offences, but his legal jurisdiction 
in this respect is without limit as regards any soldier 
brought before him, and when he has dealt summarily 
with a case the accused is free from any other liability in 
respect of the offence thus disposed of. In any instance 
where the commanding officer has summarily awarded 
imprisonment, fine, or deduction from pay, the accused 
may claim a district court martial instead of submitting 
to the award. 

Ordinary courts martial are of three kinds, viz.: — (1) a 
regimental court martial, usually convened and confirmed 
by the commanding officer of the regiment or detachment, 
presided over by an officer not under the rank of captain, 
composed of at least three officers of the regiment or 
detachment with not less than one year’s service, and 
having a maximum power of punishment of forty-two days’ 
imprisonment with hard labour ; (2) a district coxurt 


martial, usually convened by the general of the district 
consisting in the United Kingdom. India, ilalta, and 
uibraltar of not less than five and elsewhere of not less 
than three officers, each with two years’ service or more, 
and having a maximum power of punishment of two years’ 
imprisonment ivith hard labour ; (3) a general court martial, 
the only tribunal having authority to try a commissioned 
officer, and with a power of punishment extending to death 
or penal servitude, for offences for which these penalties 
are authorized by statute; it consists of not less than 
nine officers in the United Kingdom, India, Malta, and 
Gibraltar and of five elsewhere, each of whom must have 
over three years’ service, five being not under the rank of 
captain. _ There is another kind of tribunal incidental to 
service in the field, or where, in the case of an offence 
against the person or property of an inhabitant, an ordinary 
court martial cannot be held, namely, a field general court 
martial This court may consist of three officers only, and 
it has the power of sentencing to death. Another kind of 
court, called a summary court martial, may be held where 
an offence has been committed upon active service and an 
ordinary court cannot be conveniently assembled. In the 
event of three officers not being available it may consist of 
two. When thus constituted it can award only a “summary 
punishment” or imprisonment; where it consists of three 
officers, however, it can sentence to death. In the case of 
a field general or a summary court martial many forms 
and precautions prescribed in the case of ordinary courts 
are not necessarily observed, the whole proceeding being 
from the necessity of the case a somewhat rough and ready 
means of dealing promptly with crime. 


Tho Army Act prescribes the maximum punishment wliich may 
be inflicted in respect of each offence. That of death is incurred 
by various acts of treachery or cowardice before tho enemy, or by 
when on active service interfering with or impeding autliority, leav- 
ing without orders a guard or post, or when sentry sleeping or being 
drunk on a post, plundering or committing an oflence against the 
person or property of an inhabitant, intentionally causing fajse 
alarms, or de.serting. "Whether upon active service or not, a soldier 
also becomes liable to the punishment of death who mutinies or in- 
cites to or joins in or contrives at a mutiny, who uses or offers violence 
to or defiantly disobeys the lawful command of his superior officer 
when in the execution of his office. Penal servitude is the maximum 
punishment for various acts and irregularities upon active service 
not distinctly of a treacherous or wilfully injurious character, for 
using or offering violence or insubordinate language to a superior, or 
disobeying a lawful command when upon active service. 'The same 
punishment is applicable when not upon active .service to a second 
offence of desertion or fraudulent enlistment (i.c., enlistment by 
one who already belongs to the service), certain embezzlements of 
public property, wilfully releasing without authority a prisoner or 
wilfully permitting a prisoner to escape, enlisting when previously 
discharged from the seivice with disgrace without disclosing the 
circumstances of such discharge, or any other offence which by the 
ordinary criminal law of England is punishable with penal ser- 
vitude. Imprisonment with hard labour for trvo years is the’ 
maximum punishment for minor forms and degrees of those offences 
which if committed upon active service would involve death or 
penal servitude, such as using or offering violence or insubordinate 
language to a superior or disobeying a lawful conitnaud, and for tlio 
followin'^ offences: — resisting an escort, breaking out of barracks, 
neglect of orders, a first offence of desertion or attempted desertion 
or aiding or conniving at desertion, or of fraudulent enlistment, 
absence without leave, failure to appear at parade, going beyond 
prescribed bounds, absence from school, malingenng or produc- 
ing disease or infirmity, maiming with intent to render a soldier 
un°fit for service, an act of a fraudulent nature, disgraceful con- 
duct of a cniel, indecent, or unnatural kind, drunkenness, releasing a 
prisoner without proper authority or allowing him to escape, being- 
concerned in the unreasonable detention of a person awaiting trial, 
escapin" or attempting to escape from lawful custody, conniving at 
exorbitant exactions, making away with, losin" by neglect, or wilfully 
injuring military clothing or equipments, ill-treating a horse used 
in the s^ervice, making false or fraudulent representations in public 
documents, making a wilfully false accusation against an ofliccr or 
soldier, making a false confession of desertion or fraudulent enlist- 
ment, or a false statement in respect of the prolongation of furlougl^ 
misconduct as a witness before a court martial or contempt of such, 
court "iving false evidence on oath, any offence specified in relation’ 
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to billeting or the impressment of carriages, making a false answer 
to a question put upon attestation, being concerned in unlawful 
enlistment, using traitorous or disloyal words regarding the 
sovereign, disclosing any circumstance relating to the numbers, 
position, movements, or other circumstances of any part of her 
majesty’s forces so as to produce effects injurious to her. majesty’s 
service, fighting or being concerned in or conniving at a duel, 
attempting suicide, obstructing the civil authorities in the apprehen- 
sion of any officer or soldier aceused of an offence, any conduct, 
disorder, or neglect to the prejudice of good order and military 
cipline, any offence which if committed in England would bo punish- 
able by the law of England. There is another offence which can be 
committed by officers only, namely, “ scandalous conduct unbecom- 
ing the character of an officer and a gentleman.” It necessitates 
cashiering, a punishment which in the case of an officer may bo 
awarded as an alternative to imprisonment in several other instances. 
There is also an offence peculiar to officers and non-commissioned 
officers, that of striking or ill-treating a soldier or unlawfully 
detaining his pay, A sentence of cashiering as distinguished from 
that of dismissal in the case of an officer involves an incapacity to 
serve the crown again. An officer may be also sentenced to forfeiture 
of seniority of rank and to reprimand or severe reprimaud. A 
non-commissioned officer may be sentenced to be reduced to a lower 
grade or to the ranks, and where sentenced to penal servitude or 
imprisonment is deemed to be reduced to the ranks. 'The com- 
mander-in-chief at home or the commander-in-chief in India or in 
either of the presidencies may also cause a non-commissioned officer 
to be reduced to a lower grade or to the ranks. An acting non- 
commissioned officer may be ordered by his coniinanding officer for 
an offence or for inefficiency or othenviso to revert to his per- 
manent grade, — in other words, to forfeit his acting rank. 

It will have been observed that jiersons subject to military law- 
are liable to be tried by court martial for offences which if com- 
mitted in England would be punishable by the ordinary law, and to 
suffer either the punishment prescribed by the ordinary criminal 
law or that authorized for soldiers who commit offences to the 
prejudice of good order and military discipline. The effect of the 
latter alternative is that for many minor offences for whicli a civilian 
is liable to a short term of imprisonment, or perhaps only to a fine, 
a soldier may be awarded two years’ Imprisonment with liard labour, 
A court martial, however, cannot take cognizance of the crimes of 
treason, murder, manslaughter, treason-felony, or rape if committed 
in the United Kingdom. If one of these offences be committed in 
any place within her majesty’s dominions other than the United 
Kingdom or Gibraltar, a court martial can deal with it ouly if it be 
committed on active service or in a place more than 100 miles from 
a civil court having jurisdiction to try the offence. "With regard to 
all civil offences the military law, it is to be understood, is subor- 
dinate to the ordinary law, and a civilian aggrieved by a soldier 
in respect of a criminal offence against his property or person 
does not forfeit his right to jnosecute the soldier as if he were a 
civilian. 

The criines for which soldiers are most usually tried are desertion, 
absence without leave, loss of necessaries, violence or insubordina- 
tion to sujieriors, drunkenness, and various forms of conduct to the 
prejudice of discipline. The punishments are generally speaking 
gauged as much with regard to the character and antecedents of 
the_ prisoner as to the p.articular offence. For a first offence of an 
ordinary kind a district court martial would give as a rule fifty-six 
days’ imprisonment with hard labour, for a second or graver crime 
eighty-four days. There are not many instances in which the 
period of imprisonment exceeds six months. Corporal punishment, 
which had been practically limited to offences committed upon 
active service, and in 1879 to crimes punishable with death, was 
finally abolished in 1881, and a summary punishment substituted. 
This summary punishment includes the fiability for a term of three 
months to be kept in iron-fetters and handcuffs, and while so kept 
to be attached to a fixed object so that the offender may remain in 
a fixed position for a period not exceeding two hours in the day for 
not more than three out of any four consecutive days and for not 
more than twenty-one days in the aggregate. The offender may 
also be subjected to the like labour and restraint, and may he dealt 
with in the same manner as if sentenced to hard-labour imprison- 
ment. But these summary punishments are to be inflicted so as 
not to cause injury to health or leave a permanent mark on the 
nffen^r.^ The first instances in which this kind of punishment 
was_ inflicted occurred during the campaign of 1882 in Egypt. 
Estimated _hy the results, the abolition of flogging does not appear 
to have injnnously affected discipline, the conduct of the troops in 
Egypt having been exceptionally good, 'The practice of marking a 
soldier with the letters “D” (deserter) or “BC” (bad character), 
in order to prevent his re-enlistment, was abolished about a dozen 
ago in deference to public opinion, which erroneously adopted 
the idea that the “ markmg” was effected by red-hot irons or in 
some other manner involving torture, ililitary men for the most 
part regret its abolition, and maintain that if the practice were still 
in force the army would not be tainted by the presence of many bad 
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characters who find means of eluding the vigilance of the authorities 
and enlisting after previous discharge. 

The course of procedure in military trials is as follows. When a 
soldier is remanded by his commanding officer for trial by a district 
or general court martial, a copy of the charge, together with the 
statements of the witnesses for the prosecution (called the sum- 
mary of evidence), is furnished to him, and he is given proper oppor- 
tunity of preparing his defence, of communicating with liis witnesses 
or legal adviser, and of procuring the attendance of his witnesses. 
Further, if he desires it, a list of the officers appointed to form the 
court shall be given him. Any officer is disqualified to sit as a 
member wlio has convened the court, who is the prosecutor or a 
witness for the prosecution, who has made the preliminary inqury 
into the facts, who is the prisoner’s commanding officer, or who has 
a personal interest in the case. The prisoner may also. object to 
any officer on the ground of bias or prejudice similarly as a civilLm 
might challenge a juror. Except as regards the delay caused by 
the writing out of the evidence, the procedure at a court martial 
is very much the same as that at an oidinary crimiiwl trial,— the 
examination and cro.ss-examination of the witnesses, addresses of the 
prosecutor and prisoner, and tho rules governing the admission or 
rejection of evidence being nearly identical. At a general court 
martial, and sometimes at a district court, a judge advocate repre- 
senting the judge advocate general olfie'iatta, his functions being very 
much those of alegala-ssessorto tlie court. He advises upon all points 
of law, and sums up the evidence just as a judge charges a jury. 
When the prisoner jileads guilty the court finds a verdict accord- 
ingly, reads the summary of evidence, hears any statement in 
nutigation of punishment, and takes evidence as to character beforo 
proceeding to pass sentence. The sentence is tliat of the majority 
of the court, except wlierc death is awarded, when two-thirds of the 
incmhers in the case of a general court martial and the whole in 
that of a field general court martial must concur. When an acquittal 
upon all the charges takes jdace the verdict is announced in open 
court, and tho prisoner is released without any further proceeding. 
When the finding is “guilty,” evidence as to character is taken, 
and the court deliberates in private upon tho sentence, but the 
result is not made known until the proceedings are confirmed and 
promulgated, No conviction or sentence has any effect until it is 
thus confirmed by the jjroper authority. The confinmng authority 
in the case of a regimental court is tlie commanding officer, in that 
of a district court martial tho general officer commanding the 
district, and in that of a general court, if held in the United 
Kingdom her majesty, and if abroad in most cases the general officer 
commanding. The confirming authority may order the reassembling 
of the court in order that any question or irregularity may he revised 
and corrected, but not for tlie purpose of increasing a sentence. He 
may, however, of his own discretion, and witliout further reference 
to the court, refuse confirmation to the whole or any portion of tho 
finding or sentence, and ho may mitigate, commute, or entirely 
remit tho punishment In tho case of a general court martial 
the proceedings are sent to the judge advocate general, who submits 
to the queen his opinion as to the legality of the trial and sentence. 
If they are legal m all respects he semis the proceedings to the 
commandcr-in-chief, upon whom rests the duty of advising the queen 
regarding the exercise of clemency. In addition to confirmation, 
however, every general or district court martial lield out of India 
has another ordeal to go througli. It is reviewed and examined in 
the office of the judge advocate general, and any illegality that may 
be disclosed is corrected and the prisoner is relieved of the con- 
sequences. To a certain extent a protection against illegality also 
exists in the case of regimental courts marthiL A monthly return 
of those held in each regiment is laid before the general command- 
ing the district or brigade, by whom any question that might appear 
to him doubtful would bo referred to the adjutant general or the 
judge advocate general for decision. It is to bo noted, however, that 
the judge advocate general, although fulfilling duties which are in 
their nature judicial, is only an adviser. He is not actually a judge 
in an executive sense, and h.os no authority directly to interfere with 
or correct an illegal convietion. In many cases the law thms pro- 
vides no remedy for an officer or soldier who may have been ivronged 
by the finding or sentence of a court martial, — for instance, 
through a verdict not justified by the evidence or through a non- 
observance of the rules and practice prescribed for these tribunals. 
A person who has suffered injustice may appeal to the Queen’s Bench 
division of the high court of justice. But, speaking generally, that 
tribunal would not interfere with a court martim exercising its 
jurisdiction within the law as regards the prisoner, the crime, and 
the sentence. In most cases, therefore, the virtual protector of an 
accused person against illegality is the judge advocate general, 
who personally advises the queen and the military authorities that 
the law shall be complied with. As a privy councillor and member 
of the House of Commons that officer is responsible both to the 
queen and to parliament for the right and due administration of 
militaiy law; and, notwithstanding his want of direct executive 
authority, it is not to be contemplated that any military officer 
would hesitate to act upon advice given by him with reference to a 
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legal question connected with a court martial. The department of 
the judge advocate general consists of the judge advocate general, 
who is a lawyer, a privy councillor, and a member of parliament, 
of a permanent deputy judge advocate general who is also a lawyer, 
and of three military officers as deputy judge advocates having 
special experience in the working of military law. 

The Army Act applies to European officers and soldiers serving in 
India in the same manner as to the rest of the army, hut natives 
of India are governed by their own Articles of War, and in the case 
of civil offences they are dealt with according to the provisions of 
the Indian penal code. The department of the judge advocate 
general in India is distinct from and independent of that of the 
judge advocate general of the array, and courts martial held in that 
country are not subject to the supervision of a professional lawyer. 
Certain prominent irregularities led to the appointment of a 
barrister as judge advocate general in India in 1869, but after a few 
years that appointment again became filled by a militaiy officer. 
The staff of the department is, however, far more numerous in India 
than elsewhere. There are judge advocates general for each of 
the presidencies, and a deputy judge advocate at each of the more 
important military centres. 

Statistics of Crime in the Army. — Commissioned officers are 
rarely pbjected to trial by court martial. Where an officer com- 
mits himself in a military sense, and his misconduct is too serious 
to be passed over merely with a mark of official displeasure, he is 
usually given and seldom fails to accept the alternative of resigning 
his commission. In some instances the crown is advised to exercise 
its prerogative and remove him from the army on the ground that 
her majesty has no further occasion for his services. In no circum- 
stances can an officer or soldier claim a court martial as a right. 
In the result, the annual number of trials of officers does not average 
more than four of late years. Among the non-commissioned officers 
and soldiers of the army, however, the trials and summary punish- 
ments by commanding officers are exceedingly numerous, as will 
presently be seen. In India this observation hardly holds good, for 
la that country desertion is physically almost impossible except at 
the two or three seaports where troops are stationed. Absence 
without leave is for a similar reason of rare occurrence, while the 
fact of the troops living in their own cantonments, and being free 
from many temptations of life existing in the largo towns and garri- 
sons at home, jdaces them outside the influence of certain prevalent 
causes of crime. For this reason mainly the proportion of courts 
martial held in 1881 was 107 per 1000 men at home as compared 
with 76 abroad. Similarly the proportion of minor punishments 
per 1000 was 1449 at home to 1042 abroad. It is also generally 
found that men engaged upon active service in the field commit 
less crime than those serving in ordinary circumstances. But the 
general criminal statistics of the army for 1881 show a formidable 
amount of crime and punishment. Upon an average strength of 
181,186 non-commissioned officers and men there were 16,523 courts 
martial, of which 179 were general, 8549 district, and 7795 regi- 
mental courts. There were also 224, 681 minor punishments by com- 
manding officers, including 44,108 fines for drunkenness. These 
figures generally show an increase of crime as compared with the 
two years immediately preceding, but these two exhibited a decrease 
upon previous years. Of the offences tried by court martial in 
1881 the following were the principal:— mutiny 7, desertion 1597, 
offenees in relation to enlistment (fraudulently enlisting while 
already belonging to the service or making false answers upon 
attestation) 1190, violence to and disobedience of superiors 1650, 
minor insubordination and neglect of orders 1472, quitting or sleep- 
ing on post 681, drunkenness on duty 2661, drunkenness (tried by 
court martial when the offence has been committed on a fifth 
occasion within twelve months) 2147, disgraceful conduct of various 
kinds 660, absence without leave not amounting to desertion 3293, 
making away with or losing by neglect equipment or neceMaries 
3768, and miscellaneous offences chiefly of an ordinary criminal 
character or to the prejudice of discipline 4181. Upon the 16,523 
trials there were 349 findings of acquittah Regarding the punish- 
ments awarded, it appears that no soldier was sentenced to death 
during the year, and the other awards were as fellows : — penal 
servitude 104, imprisonment with or without hard labour (almost 
invariably the former) 12,125, discharge with ignominy without 
other punishment 42, stoppages of pay without other punishment 
65, flogging (before the abolition of that punishment by the Act of 
1881) 15, and th& new summary punishment (authorized as a sub- 
stitute for flogging) 3. Of the non-commissioned officers 3228 
^ were punished by reduction to a lower grade or to the ranks, while 
591 more suffered imprisonment in addition to loss of grade, the 
former number being in the proportion of about 12 and the latter 
of 2 per cent, to strength. Of the men tried 305 were pardoned. 

Military Law of other Countries.— The administration of military 
law in other countries having large armies harmonizes in many 
important respects rvith that of England. In_ some indeed it is a 
question whether their systems are not superior and in advance. 
They have a considerable body of “auditors” or military lawyers 
who expound the law and do much to secure a uniform and e.xact 


administration of justice. Thus in Austria there are about bve 
hundred of these auditors, one being attached to each regiment In 
the same countnr there are also courts of appeal from the cou^ of 
first instance, these latter consisting of eight persons including the 
auditor. Where the prisoner is a non-commissioned officer or a 
private, that rank is represented on the court. Here also the 
confarmation of superior authority is required. In the German 
army there are general and regimental courts. An auditor who 
IS a lawyer is attached to each division, and it is his duty to 
e.xpound the law, collect the evidence, and read it to the court 
in the presence of the prisoner, who is asked if he has any thing to 
say. The court consists of eleven members, of whom upon the trial 
of a private soldier or non-commissioned officer three are of the 
rank of the accused. The power of commanding officers in regard 
to disciplinary punishments is greater than in the British army, 
especially in relation to officers, who may be placed in arrest for 
fourteen days. The non-commissioned officers and privates are liable 
to extra guards, drills, fatigues, and different degrees of arrest, some 
of a very severe character. Dismissal from the army, which is re- 
garded as a most severe punishment, involving civil disgrace, is 
often awarded. In Russia there are three kinds of military courts — 
namely, the regimental court martial, the tribunals of military 
districts, and the supreme tribunal at St Petersburg. They are 
permanent cou^, are attended by legal persons, and in certain 
instances have jurisdiction over the civil population as well as the 
army. There is a judge advocate general at St Petersburg, where 
the supreme tribunal consists of general officers and high war-office 
functionaries who have studied military law or possess a large 
experienee of its working. In Italy there are permanent military 
tribunals for the tiial of non-commissioned officers and soldiers, 
while special tribunals are appointed to try officers. The court is 
the absolute judge of the facts, but regarding legal errors or 
irregularities an appeal lies to the supreme war tribunal, which con- 
sists of four civilian judges and three general officers. The French 
code corresponds in many respects with those of the other great 
Continental armies, but it tends rather to give individual officers 
large powers of imprisonment graduated according to their rank. 
The chief distinctive feature of the French system is the institution 
of regiments of discipline for refractory characters. When the 
general officer’s power of imprisonment (two months) is exhausted 
the offender may be sent before a court of discipline and by them 
drafted into a compagnie de discipline', and cases of habitual miscon- 
duct are thus dealt with, the man being struck off the strength of 
his original corps and transferred to one in Algeria. The military 
law of the United States is founded upon and proceeds much upon 
the same lines as that of England. (J. C. O’D.) 


MILITARY TACTICS. See 

MILITIA. The militia of the United Kingdom 
consists of a number of officers and men maintained for 
the purpose of augmenting the military strength of the 
country in case of imminent national danger or great 
emergency. In such a contingency the whole or any part 
of the militia is liable, by proclamation of the sovereign, 
to be embodied, — that is to say, placed on active military 
service within the confines of the United Kingdom. The 
occasion for issuing the proclamation must be first com- 
municated by message to parliament if it be then in session ; 
if it be not sitting, parliament must be called together 
rvithin ten days. Kor the purpose of keeping the force in 
a condition of military efficiency, the officers and men are 
subjected to one preliminary training for a period not 
exceeding six (usually about two) months, and further to 
an annual training not exceeding fifty-six (usually twenty- 
eight) days. The force is composed of corps of artillery, 
engineers, and infantry. Infantry mihtiamen^ are formed 
into battalions constituting part of the territorial regiment 
of the locality of which the regular forces are the senior 
battalions. The officers and men when called out are liable 
to duty "with the regulars and in all respects as regular 
soldiers within the United Kingdom. Of late years the 
men have been raised exclusively by voluntary enlistment, 
but where a sufficient number for any county or place is not 
thus raised a ballot may be resorted to in order to complete 
the quota fixed by the queen in council for that county or 
place. Each man is enlisted as a militiaman for the county , 
to serve in the territorial regiment or corps of the district. 
The period of engagement is not to exceed six yearn, but 
during the last of these years a militiaman may be r^ 
engaged for a further period also not exceeding six yeaii.. 
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Men wlio illegally absent themselves are liable, in addition 
to punishment for the offence, to make up for the time of 
their absence by a corresponding extension of their service. 
The officers are appointed and promoted by the crown, but 
first appointments are given to persons recommended by 
the lord lieutenant of the county who may be approved 
as f ulfilli ng the prescribed conditions in respect of. age, 
physical fitness, and educational qualifications. Since 1877 
the officers have been permanently subject to military law. 
The general body of the non^iommissioned officers and men 
are so subject only when called out for training or embodi- 
ment. At other periods they have simply the legal status 
of civilians, except as regards a liability to trial and 
punishment for ofiences in connexion with enlistment or 
for military offences committed while called out. Each 
militia regiment has a permanent staff, consisting of an 
adjutant and a small body of non-commissioned officers and , 
drummers, to conduct the recruiting drills and ordinary 
business of the corps; and the members of this permanent 
staff are always subject to military law. They mostly 
consist of non-commissioned officers who belong to or 
have served in the regular portion of the territorial 
regiment. Many of the militia corps have their head- 
quarters at the brigade depCt or local establishment of the 
territorial regiment, and aU are under the general supervision 
of the (regular) colonel commanding the brigade dep6t. 
The area of service does not extend beyond the United 
Kingdom; but those who voluntarily offer to serve in the 
Channel Islands, the Isle of Man, Malta, or Gibraltar may 
be employed therein. The muform of the officers and men 
of the militia is precisely the same as that of the regular 
corps with which they are associated, or rather of which 
they form part, except that in addition to the regimental 
distinguishing mark they bear the letter “ M ” upon their 
appointments, to denote that they belong to the militia 
portion of the corps. 

As above stated, the ranks of the militia are usually 
filled by voluntary enlistment; but by a statute which, 
though temporarily suspended, can be put in force provi- 
sions are made for filling up any deficiency in the allotted 
quota in any county, city, or riding by ballot of the male 
inhabitants if within certain limits of age. The enactment 
provides as follows: — 

The secretary of state is to declare the number of militiainen re- 
quired, whereupon the lord lieutenant is to cause meetings to be 
held of the lieutenancy for each subdivision. To these meetings the 
householders of each parish are to send in lists of all male persons 
between the ages of eighteen and thirty dwelling in their respective 
houses. Before the ballot, however, the parish may supply volun- 
teers to fill up the quota, every volunteer so provided and approved 
countin" as if he were a balloted pereon. If a deficiency still 
exists, the persons on the lists shall he balloted for, and double the 
numter of those required to supply the deficiency shall be drawn 
out. Any person whose name is so drawn may claim exemption or 
object; and the deputy lieutenants settle the question of his liability 
to serve. From the corrected list those who are of the requisite 
physique (the height is 5 feet 2) are enrolled in the order in which 
their names are numbered until the quota is completed. If the list 
is not sufficient to fill the quota, another ballot in the same manner 
is to be taken. Any balloted man becoming liable to serve may, 
however, provide a substitute who has the requisite physical qualifi- 
cations, and is not himself liable to serve. 

Within, the general body of the militia is contained 
another having an additional and important obligation in 
the matter of service. It is called the “ mili tia, reserve,” 
and is formed of men who voluntarily undertake a liability 
to join the regular forces and serve in any place to which 
they may be ordered in case of the proclamation of a state 
of i mm i n ent national danger or great emergency. -In this 
respect they are in fact upon the same footing as the army 
reserve, and on the occasion of the mobilization of 1878 
more than 20,000 of these-men became part of the regular 
army. The present strength of the militia reserve is a 


little under 29,000 men, and judging by past experience it 
may be computed that about 25,000 could be at once 
added to- the ranks of an army in the field in the event of 
national danger or emergency. It is to be observed, how- 
ever, that every man thus added to the regulam would be 
taken away from the effective strength of the militia. 

There is no statutory provision for the number of men 
to be maintained, that number being what from time to 
time may be voted by parliament. The latest information 
available respecting the actual condition of the militia of 
Great Britain relates to the year 1881, and that of Ireland 
to 1880, the militia of the latter country for obvious 
political reasons not having been called out for training in 
1881 or 1882. Taking the nulitia of the United Kingdom 
in 1881, we find that the establishment provided for was 
139,501, of whom 18,618 were artillery, 1317 engineers, 
and 119,566 infantry. Divided into ranks, this establish- 
ment was made up of 3534 sergeants and 1260 drummers of 
the permanent staff, and of the general body 3909 officers, 
2520 sergeants, 5040 corporals, and 123,238 privates. 
The number actually enrolled was 127,868 of, all ranks; 
leaving 11,633 wanting' to - complete. Of the number 
enrolled 84,864 belonged to English, 14,138 to Scotch, and 
28,866 to Irish regiments, the numbers wanting to complete 
being for England 7420, for Scotland 162, and for Ireland 
4051. As the Irish regiments were not called out, our 
information regarding the actual effective condition of the 
force as shown at the annual training does not include 
Ii-eland. With regard to the English regiments, 74,945 
were present out of an emoUed strength of 84,864. Of 
the absentees 3144 wei’e with and 6775 -without leave. 
In the Scotch regiments, 12,401 appeared at the training, 
and of the absentees 616 were -with leave and 1121 -with- 
out. Of the total establishment (106,584) for Great 
Britain, 99,002 were enrolled, and of those enrolled 87,346 
presented themselves and 3760 were absent with leave-and 
7896 actual defaulters. Of the English regiments five- 
sixths and of the Scotch regiments two-thirds were born in 
the county to which their regiments respectively belonged. 
Of 92,677 men (for Great Britain) whose occupations 
are disclosed, 17,665 were artisans, 22,221 mechanical 
labourers, 26,227 agricultural labourers, and 26,564 other 
trades. Speaking approximately, more than one-half of 
the men were between twenty and thirty years of age, 
about 4 per cent, between seventeen and eighteen, about 
9 per cent, between eighteen and nineteen, and about 12 
per cent, between nineteen and twenty, -vyhile some 20 per 
cent, were over thirty years of age. More than one-half 
those inspected in 1881 were between 5 feet 5 inches and 

5 feet 7 inches in height, about 20 per cent, were under 5 
feet 5 inches, while only 585 out of a total of 92,677 were 

6 feet and upwards. At the date of inspection there were 
296 men in military confinement and -465 in the custody 
of the civil power. On the last occasion (1880) on which 
the Irish militia were called out, upon an establishment 
of 32,813 fin'd an enrolled strength of 30,515 the number 
present at the training was 26,399, lea-ving 706 absent -with 
and 2264 -without leave. Eegiments numbering in the 
aggregate 1146 men were not trained. 

As distinguished from the regular forces or standing army, the 
militia has been described as the constitutional military force of the 
country ; and its history justifies the description, at least up to a 
recent period -ivhen it lost its distinctive character and became to a 
great extent merged in the regular army. It is the oldest force 
Britain possesses, and in fact represents the train bands of early 
English history. Its origin is to be found in the obligation of all 
freemen behveen certain ages to arm themselves for the preservation 
of the peace -within their respective counties, and' generally for the 
protection of the kingdom from invasion. This obligation, imposed 
in the fii-st instance upon the indi-viduals themselves, became shifted 
to the owners of land, who were compelled to keep up their propor- 
tion of horses and armour for the national defence. The forces were 



M I L — M I L 


301 


placca u^dor tho lieutenant of the county, empowered in this respect 
by a commission from tlic crowii. Tliis prerogative of tlie sovereign, 
whicii had been in some instances a matter of controversy, was 
declared by shitute shortly after tho Restoration. By the same 
statute the militia of each county was placed under the lieutenant, 
who was vested with tlie appointment of odicers, but with a reserva- 
tion to the crown in tlio way of commissioning and dismissal. Tlie 
cost of tho annual training — for fourteen days — fell upon the local 
authority. Ollences against discipline were dealt with by the civil 
niagistrates, but with a power to tho ollicors of fining and of 
imprisoning in default. Upon this footing the militia of England 
remained for nearly a century, with tho general approval of tho 
community. It was recognized as an instrument for .defence and 
for the preservation of intornal order, while it was especially 
popular from tho circumstance that from its constitution and 
organization the crown could not use it as a inoaiis of violating tho 
constitution or abridging tho liberty of tho subject. It was con- 
trolled and regulated in the eounty ; it was oflicered by tlio land- 
owners and_ their relatives, its ranks ■were filled hymen not depend- 
ing for their subsistence or advancement upon tho favour of tho 
crown; its numbers and maintenance were beyond the royal control; 
its government was by statute. AVhilc the supreme command was 
distinctly vested in tho crown, every practical security was thus 
taken against its use by the crown for any object not constitutional 
or legitiinate. It was regarded as, and was, in fact, tho army of tho 
state as distinguislicd from tho standin" army, wliicli was very much 
the army of the king pemonally. Tlio latter consisted of hired 
soldiers, and was more tlian once recruited by a conscription, con- 
fined, however, to iiersons of the vagrant class not having a lawful 
employment, while tho former was mainly composed of those having 
a fixed abode and status. The militia thus enjoyed for many years 
as compared with tho regular forces a social as well as a consti- 
tutional superiority. About tho middle of the last century tho 
militia was reconstituted, with certain modific.ations, not involving 
a sacrifice of tho principle of its local government, but strengthening 
somewhat the supervising influence of tho crown. Tims the king 
directly appointed tho permanent staff, and was given a veto upon 
tho appointment and promotion of the ofliccrs, who were to have a 
property (pialifieation. A quota was fixed for each county, to bo 
raised bji ballot of those between tho ages of eighteen and forty-five, 
each parish having tho option of sujiplyiug volunteers at its own 
cost, and each man halloted being iiermitted in lieu of serving to 
pay £10 to provide a substitute. When called out for service the 
pay teas to bo the same as that of tho regulars, and while embodied 
or assembled for annual training tho ollicers and men tvere placed 
under the ilutiny Act and Articles of War, with, however, a proviso 
that in time of training no punishment was to extend to “life or 
limb." Tho crown was given the power to call out tho militia in 
case of apprehended invasion or of rebellion, and associate it with 
the regular army, but only upon tho condition of previously in- 
forming parliament if then sitting, and if it were not sitting of 
calling parliament together for the purpose. A further and im- 
portant security was established to prevent an unconstitutional use 
of tho militia by tho crown: tho estimato for its training was framed 
each year, not by an executive minister of the sovereign, but by 
tho House of Commons itself. Upon tho initiative of a committee 
of tho House, an Act was passed providing for tho pay and clothing 
of tho militia for the year. Upon this footing substantially the 
militia of England remained for many years, tho lrish and_ Scotch 
militias being meantimo brought under tlie same eonditions by 
various enactments. Tho force was embodied on several occasions 
during the last and in tho early years of tho nresont century, and 
it contributed largely to the array engaged in tho Peninsula. From 
1803 to 1813 just 100,000 men, or two-fifths of thoso raised for the 
anny, came from tho militia. In this way, howover, it lost its 
distinctive character as a defensive force. During tho jieace which 
followed tho final fall of Napoleon the militia was sull'ercd to fall 
into decay; and up to 1852 it had only a nominal oxistcnco in the 
shape of an effeto pormaneiit staff with no duties to perform. In 
1853 tho militia was revived just in time to enablo it to fulfil most 
valuable functions. In the war with Russia it was embodied and 
did garrison duty not only in the United Kingdom but in tho 
Slediterranean garrisons, thus enabling the authorities to send most 
of tho available regular troops to tho scene of hostilities. It further 
contributed many officers and some 30,000 men to tho line. It 
still gives annually about 8000 recruits to the regulars. During 
tho Indian mutiny it filled scarcely less useful functions when 
again called out. It has sinoo tlicn been’ regularly assembled for 
annual training ; ' and when it is brigaded with tho regular forces at 
Aldershot and other camps of instruction its military aptitude and 
proficiency have generally elicited the surprised admiration of pro- 
fessional soldiers. In 1871 an important constitutional change, was 
made. It was part of the now army system inaugurated in that 
year that the control of the militia should bo removed from tho lord 
lieutenant of tho county and vested wholly in the croryn. It has 
now virtually ceased to exist as a distinct body, and is a part of 
the regular forces with a limitation as to the time and area and 


‘Conditions of service. There is no longer a regiment of 
nnhtia. Iho body that would formerly bo thus deseribcu is now a 
collection of militiamen of a regiment largely composed of regulars, 
ihe votes foL* the iiiaintenauco of the niilitin, arc now part of tho 
army estimates. Tho officers of tho militia and the line are eligible 
for duty with either force, and m.ay sit upon courts martial indis- 
criminately. This practical amalgamation of tho old constitutional 
force with tho standing army may appear tlieoretieally open to tho 
objection that it is tliereby placed under the direct control of tho 
sovereign. But the day has passed when such an objection could 
have any v.aluc. The fact of tho whole army being placed in all 
respects under tho direct control of a minister responsible not only 
to tho crown but to p.arliamont is enough to dissipate any constitu- 
tional apprehensions under this head. 

Tho only colonial militia that forms an effectivo force is that of 
Canada, which is organized as an efficient local army. Tho 
Government of tho Dominion includes a minister of militia and 
defence. T'ho force is placed under tho command of a general 
officer, assisted by an adjutant-general, belonging to tho regular 
army and appointed by tho queen. Tho training of tho officers is 
a matter of special caro, there being a military college at Kingston, 
several of tho governing body and professors of which ai'c olliceis 
of tho Royal Artillery and Royal Engineers, as well as schools of 
gunnery and musketry. For military purposes tho Dominion is 
mapped out in twelve districts. Tho militia is divided into tho 
active and tho reserve, and tho male inh.abitants between tho ages 
of_ eighteen and sixty, with tho usual exceptions, are liable to 
military service, the extent of which varies with tlio ago of each 
man, the larger amount of duty falling upon tho younger. Tho 
active militia comprises 12 regiments of cavalry, 17 field and 31 
garrison batteries of artillery besides a mouut.aiu battery, 4 com- 
p.anics of engineers, 2 mounted rifle corps, 97 battalions of from 5 
to 10 companies each and 16 independent companies of infantry. 
The uniform is for tho most part liko that of tho regular anny, 
and the organization and general efficiency of tho whole body h.avo 
been very favourably reported upon. Although tho obligations of 
tho Canadian militia are purely local, a largo number on a late 
occasion offered themselves for general service; and, in tho event 
of a war on a largo scale, it is believed that tho force would con- 
tribute a valuable addition to tho fighting strength of tho imperial 
army. (J. C. O’D.) 

3IILK is the fluid secreted by tiie mammary glands of 
the division of vertebrate animals called Mammalia. These 
glands are in a rudimentary form in the Monotromes. In 
Ornithorhi/nclMs there is no nipple, but the mouth and 
tongue arc closely applied over the area on which the ducts 
open, and the fluid is withdrawn by suction on tho part of 
the young and compression of tho gland by the mother. 
In Echidna the ducts of the gland open into a small pouch, 
foreshadowing the larger pouches of mai’supials. In 
hlarsupials the glands are more compact, and have a gi-eater 
number of lobules. They are found behind the marsupial 
depressions or those of the pouch; they are not feiver than 
two on each side nor more than thirteen, six on each side 
and one midway. The ducts, long and slender during lacta- 
tion, open on a nipple which is covered by a reflexion of 
the skin at -the back of the pouch, thus forming a kind of 
hood or sheath. The nipple is protruded beyond the hood 
during lactation, and is much elongated. The number of 
these nipples bears a relation to the number of young at a 
birth; thus the kangaroo, with one at a birth, has four 
nipples (two, generally the anterior pair, being in use), 
whilst tho Virginian opossum, which produces six or more 
at a birth, has thirteen nipples. Kodents show a corre- 
sponding provision for the nourishment of the young in tho 
number of nipples. A seeming exception is the common 
guinea-pig, which frequently has eight, ten, or twelve young 
at intervals of two or three months, and yet the mother 
has only two teats to serve them, turn and turn about; 
the original stock of tlie domestic species breeds, however, 
only once annually, and has but one to two young, so the 
domestic variety is a curious anomaly duo to the artificial 
circumstances of its life. In the porcupines there are two 
nipples, one midway between the fore and hind leg, and the 
other midway between this and the base of the fore leg. 
In the coypu, a creature often carrying its young on its 
back whilst it swims across rivers, the teats project from 
the flanks near the. shoulders, and are of considetaole length. 
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so that the young readily reach them. The Insectivora 
have, as a rule, more nipples than are found in any other 
order. Thus in the temec (Centetes) there are as many as 
twenty-two, and they are rarely fewer than fourteen, 
spread out in pairs from the pectoral to the inguinal 
regions. There are ten teats in the common hedgehog, six 
to eight in moles and shrews, two in' sloths and armadillos. 
In Cetacea there are two long, narrow, flat glands lying 
between the dermal and abdominal muscles, ■with the sub- 
cutaneous blubber separating them from the skin. The 
peculiarity of the arrangement in these animals, where 
suckling is performed under water, is the large size of the 
central duct, which acts as a kind of reservoir, so that the 
young may obtain a considerable supply in a very short 
time. It would appear also that when suclding takes place 
the nose of the young is above the surface of the water. 
Among Ungulates, in the elephant the glands and teats are 
between the fore legs; in the rhinoceros they are inguinal; 
in the mare and ass the glands are two in number, and are 
found between the thighs, about 9 inches in front of the 
vulva; the tapir has two inguinal nipples, the peccary 
two ventral and two inguinal, the "ivild sow eight nipples, 
whilst in the domestic breeds there are' at least ten, extend- 
ing from the pectoral to the inguinal regions. Euminants 
have the glands aggregated into a round mass in the 
inguinal region, pendulous in full function, divisible into 
two glands, each of which has a large reservoir. 'When in 
use the teats, one pair or two pairs being the number, in 
connexion with the reservoirs become so large as to receive 
the special name of “ udder.” All the deer tribe, came^ 
the giraffe, and all kinds of cows have four teats ; most 
antelopes and the gazelles have two teats, whilst a few 
antelopes have four. As to Carnivora, the felines have 
usually six nipples ; the wolf, jackal, fox, dog have usually 
eight; the seals and the walrus 'have four, the otters 
two, the weasels six, the bears six ; and in the kinkajou 
{Cercoleptes) the number is reduced to two. Amongst 
Qmdrmiana, the aye-aye (GIdromys) has only one pair of 
nipples, about an inch and a half in front of the vulva ; 
many lemurs have in addition to those a pectoral pair ; in 
all the platyrhine and catarhine Quadinimaiia there is only 
one j)air of glands, restricted to the pectoral region. Here 
the teats are between the fore legs, and the young clings to 
the mother’s breast in human fashion,' but there is no protru- 
sion of the breast as in the human being. (For further 
details see Owen’s Anatomy of Vertebrates, vol. iii. p. 7 69.) 

In the human race the glands are two in number, form- 
ing, along the skin and fat, two rounded eminences, 
one on each side, on the front of the thorax. They extend 
from the third to the sixth or seventh rib, and from the 
side of the sternum to the axilla. In the centre projects 
a small conical body, the nipple. Around the nipple is a 
coloured circle, or areola, which is darker during pregnancy, 
and even in women who have borne children than in the 
virgin state. The surface of the nipjjle is wrinkled, and 
with a magnifying glass is. seen to be covered with 
papilliB. It is perforated by munerous openings, the mouths 
of the milk ducts. The tissue of the nipple contains 
numerous minute blood-vessels, and it has at the base 
muscular fibres arranged in concentric circles and in 
radiating bands. It has much of the character of erectile 
tissue, as in the corpora cavernosa of the penis, becoming 
turgid, firm, and prominent from excitement. The base 
of the gland lies on the pectoral muscle, a thin layer of 
fascia intervening. The surface is covered with fat, which 
gives it the smooth rounded outline. It is amply supplied 
with blood by the long thoracic artery, some other minute 
branches of the axillary artery, the internal intercostal 
artery, and the subjacent intercostals. The nerves come 
from the anterior and middle intercostal cutaneous branches, 
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and the nipple is especially sensitive. The gland is com- ' 
posed of numerous lobes boirnd together by connective and 
adipose tissue, and each lobe is formed of smaller lobules. 
Each lobe has an excretory duct, and these ducts, from 
fifteen to twenty in number, converge towards the areola, 
beneath which they are dilated so as to form sinuses from 
^th to ^th of an inch.in calibre. From these sinuses arise 
the ducts which open on the surface of the nipple. The 
general structure ■will be imderstood by referring to the 
accompanying figures, along with the description. 



Fig. 1. — HaU-diaRrammatJc Tiew of a section tlirough a lobule of the mam- 
mary gland, after Klein {Atlas of Histology^ plato xl. fig. 1), magnified 45 
diameters, o, a duct dividing Into two branches; 6, h, 6, connective tissue 
surrounding and going between the ultimate pouches of the gland; c, the 
pouches or alveoli ot the gland, the dots representing the cells lining them. 



Fic. 2.— A. portion of the same gland, magnified about 400 diameters, showing one 
complete and two incomplete alveoli, a, a, a, sliort, columnar, epithelial cells 
lining tlie alveolus, each having an oval or rounded nucleus; 6,5,5, epithelium 
cells, containing, next the interior of the alveolus, a milk globule ; c, c, c, c, milk 
globules wliich have been set free from epithelial cells. 

When a duct is traced into the gland, it is found to sub- 
divide into smaller ducts, and these into still smaller, until 
the smallest ductlet is reached, roimd the end of which are 
clustered several alveoli or pouches. Each alveolus has 
a wall, lined ■with epithelium cells. In the wall of the 
alveolus there are capillary blood-vessels which bring the 
blood near the cells. By this blood the cells are nourished. 
There is a minute cavity in the centre of each alveolus into 
which cells or their products ca,n accumiilate. There can 
be no doubt that the formation of the milk globule takes 
place in these cells. Whilst milk is not being formed the 
cells have a granular appearance, and the lumen or central 
cavity of the alveolus is small ; but during secretion the 
cavity is enlarged and shows a few milk globules, whilst 
one or more milk globules can be seen in the interior of 
the cell. If the milk globule in the cell he very large, the 
nucleus of the cell is pressed outwards and the protoplasm 
of the cell is reduced to a thin covering, over the globule, 
at this stage presenting a striking resemblance to a fat 
cell containing an oil globule. Thus each milk globule is 
formed in4he protoplasm of the epithelium cell, and even 
at an early stage each milk globule consists of a minute 
drop of fat or oil surrounded by a thin albuminous envelope. 
It has not been clearly ascertained whether epithelial cells, 
after having secreted milk globules, degenerate and fall 
off, or whether they have the power of ejecting the milk 
globules. The fluid constituents of milk (water holding 



303 


MILK 


salts in solution) may be separated from the blood by a 
kind of filtration under blood pressure, as is the case in 
other secretory processes. The origin of the sugar of milk 
and of the casein is unknown.- (For a description of the 
minute structure of the 
milk gland, see Klein’s 
Atlas of Ilistology, p. 

300, and references.) 

At the beginning of 
lactation the milk is 
rich in large irregularly- 
formed corpuscles (fig. 3, 
a, a, a) called colostrum 
corpuscles. These are 
contractile bodies, slow- 
ly changing their form 
and squeezing out the 
oily particles. At first Fig. 3. — ^AdropormUkinaffnlflcdSOOdlaroetera. 
they are the only bodies corpuscles. 

present, but they are soon replaced by the ordinary milk 
globules. Such globules have bright refractive edges, 
Sie surface is smooth, they vary in size from -gp^th to 
TT o Vg^l*^ 0^ diameter, and each consists of a 

iop of fatty matter surrounded by a layer of albumen 
(“Ascherson’s membrane ”). 

A secretion of milk takes place in newly-bom children, 
from the fourth to the eighth day, and also in rare cases 
in men (Hermann’s F/iysio/oyy, x). 158). During gestation 
in the human being the mammary glands increase in size ; 
immediately after the birth of the child active secretion 
commences; and usually it is on the stoppage of the secre- 
tion, ten months afterwards, that the process of menstrua- 
tion, which has been arrested by impregnation, again is 
re-established. 

The secretion of milk is undoubtedly afiected by the 
nervous system, as is shown by fear or mental distress 
arresting or injuring the quality of the secretion, and by the 
“ rush ” or feeling of fulness in the breast e.xperienced by 
the mother when the child’s mouth touches the nipple, or 
even when she sees her offspring. The nervous mechanism, 
however, is unknown, as it has been observed that secretion 
may continue even after section of all the nerves known to 
pa-ss to the gland. The nature of the diet has a marked 
influence on the quality of the secretion. Thus the 
amount of casein and of fat is greater during an animal 
than during a vegetable diet. Fatty foods do not seem to 
increase the amount of fat or butter ; an ample supply of 
carbo-hydrates (starches and sugars) increases the amount 
of sugar. These facts indicate that most if not all of the 
coastituents of milk are formed from changes in the pro- 
toplasm of the epithelial cells. In some women the milk 
is deficient in fat and casein, and consequently is less 
nutritious. Prolonged lactation diminishes the amount of 
fat and sugar svithout materially affecting the amount of 
albuminous matter ; but the milk is lass nutritious and is 
unfit for the child. The occurrence of menstruation during 
lactation also deteriorates the milk. (j. g. m.) 

Milh as Food. . 

The milk of various domesticated animals is more or less 
used by man for food. The milk of the cow, which may 
be taken as typical of all others, and is indeed by far the 
most important and valuable of aU, is, when newly drawn, 
an opaque white fluid, with a yellowish tinge, soft, bland, 
and sweetish to the taste, and possessed of a faintly animal 
odour. This odour, according to Schreiner, is due to the 
presence of sulphuretted hydrogen, and disappears after a 
short exposure. 'The specific gravity of milk: ordinarily 
ranges from 1'029 to 1-033, very seldom reaching 1-035 or 
falling so low as 1-027. In chemical constitution it con- 



smts of an emulsion of fatty globules (cream) m a watery 
alkaline solution of casein, and a variety of sugar, peculiar 
to milk, called lactose. 'The fat (which when separated we 
know as butter) and the lactose constitute the carbonaceous 
portion of the imlk regarded as food. The casein, which 
forms the principal constituent of cheese, and a certain 
proportion of albumen which is present, form the nitro- 
genous, while the complex saline substances and water 
are the. mineral constituents. These various substances are 
present in the proportions which render milk a perfect and 
typical food suitable to the wants of the young of the 
various animals for whom it is provided by nature. The 
milk of all animals, so far as is known, contains them, 
although they are present in somewhat different propor- 
tions. It is probable that the milk of ruminants possesses 
certain physical and physiological distinctions from that of 
non-ruminant animals, which will account for the virtues 
attributed to the milk of the ass and mare. The following 
table exhibits the chemical constitution of the kinds of 
milk most frequently used by man ; — 



Cow. 

Goat. 

Ewe.^ 

Mare. 

Ass. 

namun. 

0 ^ 

c 

0 

a 

0 

0 

0 

“o 

0 

> 

u 

0 

> 

5 

0 

S 

CS 

0 

a 

2 

5 

a 

0 

0 

0 

Water 

Fat 

Casein and 
albumin... 

Sugar 

Ash 

86-87 
3 "50 

1 4-75 
4-00 
0-70 

87-00 

4-00 

4-30 

4-28 

0-62 

84-48 

6-11 

3- 94 

4- 68 
0-79 

83-70 

4 - 45 

5- 16 

5-73 

0-96 

90-310 

1'055 

1-953 

6-285 

0-369 

91-65 

0-11 

1-82 

6-08 

0-34 

88-02 

2-90 

1-60 

7-03 

0-31 


In addition to these constituents milk contains small pro- 
portions of the gases carbonic acid, sulphuretted hydrogen, 
nitrogen, and oxygen, and minute quantities of other prin- 
ciples, the constant presence and essential conditions of 
which have not been determined. These consist of galactin 
and lactochrome, substances peculiar to milk, discovered 
by Winter Blyth, with certain animal principles such as 
leucin, pepton, kreatin, tyrosin, &c. The salts in milk 
consist, according to the average of numerous analyses by 
Flelschmann, of the following constituents: — 


Phosphoric acid 28-31 

Chlorine 16-34 

Lime 27-00 

Soda 10 "00 


Potash 17 '34 

Magnesia 4 '07 

Ferric oxide 0-62 


Milk thus is not to be regarded as a definite chemical 
compound nor even as a mixture of bodies in fixed and 
invariable proportions. Not only does the milk of different 
races and breeds of cows vary within comparatively wide 
limits ; the milk of the same animal is subject to extensive 
fluctuation. The principal causes of variation in the 
individual are age, period of lactation, nature and amount 
of food, state of health, and treatment, such as frequency 
of milking, &c. The following table indicates the range 
of normal variations: — 


"Water 

Fat 

Casein and albumin 

Sugar 

Ash 


90-00 to 83-65 

2- 80 „ 4-50 

3- 30 ,, 5-55 
3-00 „ 5-50 
0-70 „ 0-80 


The average quantity of milk yielded by cows is also 
highly variable, both in individuals and breeds. As a 
rule the smaller breeds of cows yield a smaU amount of 
rnillr rich in cream (butter fat), while the yield of the 
larger breed is greater in quantity, but comparatively 
deficient in cream, A good milch cow_ should peld in 
a milk-giving period of from . eight to nine months about 


Ewe’s milk is exceedingly variable, especj^y m / 

The above analysis is one of nine by Dr Voeicker, m which 
fat wa-s found to range from about 2 to 12} per cent. 
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500 gallons of milk, from ■wMch nearly 500 lb of cheese 
or 200 Bi of butter -stouIcI be obtainable. 

Dairy Treatment . — Cows are commonly milked by hand 
two or three times a day. A milking machine of American 
origin, which was introduced about the year 1862, has been 
entirely abandoned. The milk should be drawn from the 
animals in as clean a condition as possible, but notwith- ' 
standing every precaution some amount of hair and 
epithelial and other animal debris invariably enters the 
milk-pail. It has therefore to be immediately strained 
through a sieve with fine wire-cloth or hair strainer. ^ 
milk is peculiarly susceptible of taint, and absorbs odours 
of all kinds with great avidity, it is of the utmost con- 
sequence that all vessels in which it is placed or kept 
should be so made as to be easily purified and that 
they shordd be kept scrupulously clean. In Switzerland 
milk is strained with most beneficial effect through sprigs 
of washed fir tops, which inserted loosely and uprightly 
into the hole of a fimnel arrest all hair, skin, clots, and 
slimy matter on the acicular leaves. The milk drains 
through in a clean condition rvith a fresh slightly 
aromatized flavour favourable to its keeping. A fresh 
sprig is used on each occasion of straining milk, so that 
there is freedom from the risk of taint which arises through 
the use of imperfectly cleaned wire gauze. The milk must 
be removed from the cow-house as quickly as possible ; 
and, if intended for use as new milk and for sale in the 
neighbourhood of the dairy, it may at once be put up for 
delivery. But if it has to travel a distance, or if it is to 
be kept for creaming or cheese-making, it should be rapidly 
cooled down, and kept in a cool airy milk-room if prac- 
ticable, surrounded with fresh cold water. 

The ordinary method of separating cream either for 
direct use or for butter making is by allowing it to form 
on the surface and skimming it o2 with a broad flat spoon; 
but ingenious adaptations of centrifugal machines — of 
which Laval’s separator is one of the best known — have 
been introduced for the purpose of effecting the rapid and 
complete separation of the cream. The centrifugal force 
of such machines throws the denser portions of the fluid 
towards the sides of a rapidly revolving cylinder, collecting 
the cream on an inner layer, which is carried off by one 
channel while the impoverished milk escapes by another. 
The Laval separator gives very rich cream, as will be seen 
from the following analyses by Voelcker : — 



Ordinary 

Cream. 

Cream by 
Separator. 

Skimmed MUk 
by Laval 
Separator. 

Ordmaiy 

Skimmed 

3111k. 

"Water 

77-30 

66-12 

90-82 

89-25 

Butter fat 

15-45 

27-69 

0-31 

1-12 

Casein 

3-40 

2-69 

3-31 

3-69 

ilUk sugar 

3-15 

3-03 

4-77 

5-16 

Mineral matter . ...... 

0-70 

0-47 

0-79 

0-78 


After being kept some time, depending principally on 
the temperature at which it is maintained, milk begins to 
turn sour owing to the formation of lactic acid, by a 
process of fermentation, at the expense of the lactose or 
milk sugar. The acid so developed causes a coagulation 
of the casein, and the milk separates into a solid rvhite 
curd, and a thin transparent yellow milk serum or whey. 
These changes can to a certain extent be artificially pro- 
duced, hindered, and controlled. The following are the 
results of analyses by Fleischmann: — 


Constiluents of 100 Parts of Sweet Milk. 


20'00 cieam. 

79'70 slammed milk.. 
0‘30 loss 


( 3 "56 butter. 

< 16 '30 buttermilk. 
( 0*14 loss. 

( 7'93 curd. 

< 71'45 whey. 

( 0'32 loss. 

0'30 lo?"’. 



tVater. 

Fat. 

Cuacin. 

Albumin, 

llilk 

Sugar. 

Ash. 

Whole mUk 

87-60 

3-98 

3-02 

0-40 

4-30 

0-70 

Cream 

77-30 

15-45 

3-20 

0-20 

3-15 

0-70 

Skim-milk 

90-34 

1-00 

2-87 

0-45 

4-63 

0-71 

Butter 

14-89 

82-02 

1-97 

0-28 

0-28 

0-56 

Buttermilk. :.. 

91-00 

0-80 

3-50 

0-20 

3-80 

0-70 

Curd 

59-30 

6-43 

24-22 

3-53 

5-01 

1-51 

Whey 

94-00 

0-35 

0-40 

0-40 

4-55 

0-60 


The simplest and most advantageous form in which 
milk can be disposed of as a commercial product is by its 
sale as sweet or new milk, and it is in this manner that 
the greater proportion of the mUk produced -within the 
reach of large centres of population is disposed of. New 
milk, cream, and skimmed milk are the only primary forms 
in which milk is sent into the market. Cheese and 
Butter have been dealt -with in separate articles {q.v!). 
Whey, the yellow liquid remaining after the separation of 
the curd in cheese making, is a source of milk sugar, 
employed to a limited extent in pharmacy ; but it is prin- 
cipally used for feeding pigs. The buttermilk which re- 
mains after separating butter is a most wholesome and 
nutritious article of food. 


Preservation of Milk. — Tlio numerous methods which have been, 
proposed for the preservation of milk in a condition fit for use over 
a lengtheued period resolve themselves into (1) chemical treatment 
with alkaline salts- and antiseptic bodies, (2) physical treatment, 
such as cooling or icing, boiling, and aeration, and (3) condensation 
with or without the audition of a preservative agent. All systems 
of preservation, liowevcr, are subject to serious disadvantages either 
frojin their serving their purpose for too limited a time, or their 
interfering with the natural constitution and properties of the 
milk. Of all preservatives cold is the most efficient and least 
objectionable. It has been shown by So.vhlet {Dmjlefs Polyteeh. 
Journal, cc.x.xiil. 329) that milk cooled by ice-water remains sweet 
and unaltered for fourteen days, but after tliat time acfjuires a 
raneid taste. After twenty-eight days it coagulates on boiling 
owing to the presence of aci'ds resulting from tho oxidation of the 
cream, and in thirty-four days it coagulates even in the ice-water. 
It is also found that milk which has undergone aeration with 
atmospheric air has its keeping properties much improved. The 
aeration is effected by allowing the milk to fall from some height 
in a state of fine division by passing it through the meshes of a 
sieve. By another method air cooled by jiassing over ice is blown 
through the milk. 

Jlilk keeps sweet for a longer time when boiled, but the smell, 
taste, and other properties are affected, partly owing to the escape 
of gases mixed with it when fresh. The unpleasant flavour com- 
municated by boiling can bo avoided if the action takes place in a 
closed vessel and the milk is immediately cooled down in a 
refrigerator connected therewith. In the case of any suspicion of 
taint in milk either from disease in the cow, contamination from 
unhealthy pei-sons, or the use of infected water in cleaning vessels, 
boiling is also strongly to be recommended, as it effectually 
destroys the genus of disease, in tho carrying and spreading of 
which milk is a most active agent. It is with tlie utmost difficulty 
that boiled milk can be coagulated by means of rennet; but by 
treatment with acid it coaglUates more rapidly and freely than if 
unboiled. 

Of the various chemical compounds which have been suggested 
and more or less used for preserving milk, the most successful 
hitherto has been salieylie acid, which has the advantage of being 
tasteless and inodorous. By briskly stirring in rather less than 2 
grains to a pint of milk, it can be kept liquid and sweet in a tem- 
perature of from 65° to 68° Fahr. for twelve hours, and at 55° Falir. 
for a whole day. If 4 grains be used to a pint, coagulation in the 
higher temperature is delayed from two or three da}'s, and at tho 
lower temperature the milk may be kept good from three to five days. 
Boracio acid and borax are also employed by dairymen, the former 
being known as glaeialine salt. The presence of any chemical anti- 
septic in milk is, however, at best a matter of doubtful advantage. 

Condensation. — Milk is now treated on a large scale by a proce^ 
of concentration, the product of which comes into the market in 
two forms — as “ plain condensed mUk ” and as “ preserved milk.” 
The_ credit of originating the industry is due to Mr GaU Borden of 
liVhite Plains, New York, who began his experiments about 1849. 
In 1851 he -hitrodiiced his plain condensed mUk, which is simply 
milk from which between three-fourths and four-fifths of the water 
has been removed, and in 1861 he rendered important services to 
tho army in the field by supplying preserved mUk which was in 



effect milk similarly concentrated, v.'ith a proportion of sugar 
added, and hermetically sealed in tin cans. The manufacture was 
transplanted to Switzerland in 18C5, after which condensing 
factories were established in England, Ireland, Denmark, Bavarhi^ 
ISTorway, and elsewhere. With the introduction of the condensing 
trade there lias also been associated the factory system of dealiii" 
with dairy products, by which the milk, of many dairies is carric3 
to one centre and dealt with either for condensing or for cheese or 
butter making. The following epitome of the process of condens- 
ing milk is Irorn a jjaper by .Mr Willard of Cornell university. 
New York (Jour. lioy. A'jric. Hoc., 2d series, vol. viiL, 1872). 
The milk when received at the factory is first tia-sscd, he says, 
“ through a strainer to the receiving vat; from this it is conducted 
off, going through another strainer into the heating cans, each 
holding about 20 gallons ; these cans are set in hot water, and the 
milk is held in them till it reaches a temperature of 150’ to ijo’ 
Fahr. ; it then goes through another strainer into a large vat, at 
the bottom of which Ls a coil of copper piijc, through which steam 
is conducted, and here the milk is heated up to the boiling point. 
Then the best quality of white granulated sugar is added, in the 
proportion of 1} lb of sugar to the gallon of milk, when it is drawn 
into the vacuum-pan having a capacity of condensing 3000 quarts 
or more at a time. The milk remains in the vacuum-paii subjected 
to steam for about three hours, during ivhich time about 75 fier cent, 
of its bulk in water Ls removed, when it is drawn off into cans, 
holding 40 quarts each. The cans are only partially filled, and arc 
then set in a large vat containing cold water, the water being of a 
height equal to that of the milk in the cans. Ifcrc it is stirred 
until the temperature of the condensed fluid Ls reduced to a little 
below 70°; it Ls then turned info large drawing-cans with faucets, 
in order to facilitate the filling of the small cans, .... holding 
1 lb each, which are immediately soldered to exclude the air.” 

In the case of plain condensed milk the concentration Ls usually 
carried farther than is practised in preparing the preser^'cd milk, it 
being evapxirated dowrn to between one-fourth and one-fifth of the 
original bulk. It is not put up in sealed tires, being intended for 
immediate u-sc, and keeps sweet only for a few days, varying with 
the state of the weather, whereas the sugared milk in scaled cans 
keeps for years. The large amount, however, of cane sugar added 
to preserved milk seriously disturbs its balance of proportion as a 
perfect food, and renders it unfit to be used alone in a dilute state 
as a substitute for mother’s milk by infants, a purpose for which it 
is largely employed. It should also bo obsen'ed tliat the relative 
proportion of fat Ls small, the milk bein;; partially skimmed before 
it Ls ojierated ou, so that the statement that preser/ed milk diluted 
with a small proportion of water Ls equal to cream is not to be 
relied on. Preserved milk, rich in cream, lias always a more or 
le.s,s rancid oily taste, and cannot be obtained so .sweet and even in 
favour as that largely deprived of fat. .iVccording to a German 
jjatent of E. Klebs "in Prague, plain condcn.sed milk may be 
preserved by adding to every 100 litres of thq original milk a 
solution of 50 grains of benzoate of magnesium in one litre of 
vmter. 

Adu!(cratioii.-r-Fracti<ially the invariable mode of .sojihLsticatiug 
milk for sale consists in the addition of water and in tlic subtrac- 
tion of cream,— in other words, ijassing off skimmed or jiartly 
skimmed as new milk. Now and again there arc found certain 
little refinements on the.se simple frauds, sucli as adding a quantity 
of sugar to correct the specific gravity, flour or starch to increase 
opacity, and a touch of (yjlouring matter to cover the bluLsh tinge 
which would betray skimmed milk. In the United Kingdom no 
official standard of what constitutes pure milk lias been promul- 
gated, but the .so-called Somerset House standard has been 
generally recognized in laiv courts. According to thLs, new milk 
should contain as a minimum of solids not fat 8'0 per cent, and of 
fat 2*5 per cent., and of water a maximum of 88'2 per cent. Tlie 
most satLsfactory manner of dLscovering the probable genuineness 
of a sample of milk Ls by chemical analysis carried sufficiently far 
to ■ determine the amount of fat and of other solids jnesent. 
Numerous attempts Iiave been made to place in tbe hands of dairy- 
men,, dealers, 'and consumers of milk a trustworthy method of 
e,stimating the condition and value of the article by simjde 
quantitive tests for cream or fat — at once the most valuable con- 
stituent and one the presence of -which in average proportion is 
indicative of the quality, of the whole. The simplest but at the 
same time the least trustworthy and efficient method is bv means 
of the so-called “creamometer,’’ v/hich consists merely of a 
graduated glass tube in vdiich a measured amount of milk Ls placed 
and the amount of cream it throws up is read off by means of the 
scale. Specific gravity detenninations liave by thcniselve.s no 
significance, seeing milk deprived of its cream can by dilution with 
water be brought to correspond exactly with the original milk. 
But by a combination of tw'o methods,— first taking the sjiccific 
gravity, next observing the yield of cream by the ‘‘ creamometer,” 
and finally taking the specific gravity of the milk deprived of 
cream, regard being had to the temperature of the milk in these 
observations, an approximately accurate idea of the value of a 
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sample may be obtained. Among so-called ” lactoscopcs ” the 
pperatioms of which are based on the fact tliat milk liKctwm 
w a much more opMue fluid than that from which cream hw btem 
token or to winch water is added, that invented by i'rofe.Mor 
heser of Munich is one of the simplest and most useful. It con- 
SLHtH of a glass tube open at the upper end and attenuated at its 
lower extremity. Into this narrower portion is fused a small 
cyluidncal rod of opaque milk glass on which black lines are 
marked. These lines arc invisible when the lower portion of the 
tube IS nlled with a measured quantity of milk, but on addition of 
water they become visible. When the black lines become by the 
gradual admixture of water perfectly distinct, the richnc.s 3 of the 
milk in cream globules is indicated by the height to which the 
mixture of milk and water lias risen in the wide portion of the 
tube, which lias engraved on it a scale showing on one side the 
amount of water adiied and on the other the j.roportion of cream 
equivalent to the transparency resulting from such addition. 

In the year 1878 it was calculated byMrJ. C. Morton 
tliat the total yield of milk from the 2,250,000 cows and heifers 
in milk or in calf in England and Scotland amounted to about 

1.000. 000.000 gallons yearly. He assumed that about one-sixth of 
tliat quantity (107,000,000 gallons) went to feed calves, and tliat 
the daily consumption of the population was 1,000,000 gallons, 
being rather more tlian a quarter of a pint per head, which accounts 
for 365,000,000, still leaving 468,000,000 gallons to be used for 
butter and chee.se making. 'Two-thirds of tliLs quantity, or 

312.000. 000 gallon.s, ilr ilorton assumes was used for cbce.sc-making, 
yielding 2,800,000 cwts, of cheese (ratlier less than 1 lb per gallon 
ofmilk), and tbe remainder, 150, 000,000 gallon.s, of milk devoted to 
butter-making would yield 530,000 lb of butter, or 1 lb of butter 
for every 21 pints of milk. In these figures no account is taken of 
Ireland, whence at that period tliere were sent to England alone 
yearly 3,500,000 lb of salted butter. In June 1882 the number of 
cows and heifers in milk and in calf in Great Britain did not vary 
greatly from the number on wliieh ilr Morton’s estimate for 1873 
was ba.sed, being 2,207,175, whilst in Ireland the number was 
1,398,005, making the total for tbe LTnited Kingdom 3,682,317. 
If we take approximately Mr Morton’s data as the basis of calcu- 
lation, the 3,082,317 milk cows and heifers in the United King- 
dom would yield, at 410 gallon.s per head, 1,620,219,480 gallons 
of milk. Further, assuming that one-sixth of this Ls consumed 
by calves, one-third consumed by population, one-third used for 
cfieesc-making, and oue-sixth nseu for butter-making, we have as 
the yield of cheese 4,840,000 cwLs, and as the yield of butter 
920,000 cwts. As Ireland is much more a huttcr-produciug than a 
cheese-yicldiu" country, the quantity of chec.se made is probably 
overe.stimatcd in these figure.s, and the amount of butter made is 
correspondingly understated. To bring out the consumption of 
dairy products for the year the following imports must bo added: — 


'Thus we find the total supjily of cheese to the United Kingdom 
in 1882 was 0,538,495 ewte., and of butter the suiqdy was 3,087,428 
cwts. Estimating tlie home produce of both articles at tlie same 
value as tlie imports, the cheese sunply cost £18,320,000, and 
the butter £10,150,000. Adding to these the probable cost of tbe 
milk consumed as such (.say 550,000,000 gallons at Is. per gallon 
=•£27,500,000), we have for the year 1882 in rqunil numbers 
£62,000,000 expended on dairy produce within the United Kingdom, 

The total number of milch cows at pre.seiit (1883) in the United 
States is stated at 15,000,000, which, taking the 440 gallons basis, 
yield annually 6,600,000,000 gallons, or nearly 30,000,000 tons of 
milk. In America the factory system of treating milk has attoiiied 
much greater dimensions than in Europe, and that perfection of 
treatment, combined with the cbeapnc.s.s of raising and feeding stock, 
enables tbe American companies to enter the European inarkets 
with large quantities of cheese and other dairy products of uuifonnly 
good quality which find a ready and remmierative sale. 

Kouruva . — Under this name is properly understood a fermented 
drink prepared from mare’s milk by the Tartar tribes of the Fiussian 
empire and by all the nomad races of the northern parts of .iUia. 
It IS made by diluting mare’s milk with about one-sixth part of 
its quantity of water, and adding as a ferment about one-eighth 
part of very sour milk or of old koumiss, Tliis mixture Ls placed 
in a wooden vessel which is covered over with a thick cloth, and to 
left for about twenty-four hours in a moderately wann situation. 
During that time a thick coaguluiu rises to the surface, wliich is 
thoroughlyrcincorporated by churning. After standing for anotlier 
diay, the- whole ma-ss is again thoroughly churned and mixed up, 
and in this state it forms nev/ koumi-ss, having an agreeable subacid 
taste. The liquor is mo-stly stored and preserved by the 'Tartars in 
skin bottles, in which the fennentation continues developing its 
alcoholic qualities, andmcllowingand improving its taste. Genuine 
Tartar koumiss has the following composition : — alcohol 3'21, lactic 
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aoid 0‘19, sugar 2‘10, albuminoids 1'86, fat 1‘78, salts 0'609, 
carbonic acid 0'177, and water 93 ’te. A distilled spirit is prepared 
from koumiss, which is drunk among the Tartars under the name 
of araca or arsa. Koumiss has of late years come into prominent 
notice as a remedial agent in cases of pulmonary consumption, and 
generally as a nutritious form of food easily assimilated by delicate 
stomachs. It is probable that all its virtues reside in the original 
milk from which it is prepared, in which case the koumiss can only 
be regarded as valuable in so far that it is a convenient form under 
which the essential properties of the milk can bo preserved for use. 
Under the name of koumiss a preparation of cow’s milk is now very 
generally sold. It is made by adding to each quart of new milk 
about a tablespoonful of common sugar and brewer’s yeast, allowing 
the fermentation to proceed a sufficient length, then bottling and 
corking as in the case of aerated waters. Such a preparation con- 
tains about the .same proportion of alcohol as genuine koumiss, but 
a non-alcoholic variety can also be obtained, made by a process of 
natural fermentation, which continuing after bottling develops 
a large amount of carbonic acid and renders the liquor highly 
effervescent. (J. PA.) 

MILL, James (1773-1836), Mstorian and political and 
mental philosopher, was born 6th April 1773, in the 
little village called Northwater Bridge (Bridge of North 
Esk), in the parish of Logie-Pert, in the county of Forfar. 
His father, James Mill, was a shoemaker; his mother, 
Isabel Fenton, belonged to a race of respectable farmers. 
The father was industrious, good-natured, and pious, but 
not kno^vxl as specially intelligent. The mother was of a 
proud disposition, and resolved to educate James, her eldest 
son, for a superior destiny. He began his education at 
the parish school, and went on to the Montrose Academy, 
where he remained till the unusual age of seventeen and a 
half, when he went to the college of Edinburgh (1790), 
According to the usage of the time and neighbourhood, he 
ought to have been sent about thirteen or fourteen to 
Marischal College, Aberdeen. His remaining so long at 
the Montrose Academy, and his going to Edinburgh for 
his university course, must be connected with his being 
taken up by Sir John and Lady Jane Stuart of Fettercairn, 
who engaged him to be tutor to their only daughter, 
known for having inspired the affection of Sir Walter 
Scott, and for being the mother of Principal James David 
Forbes, Sir John and Lady Jane Stuart contracted a 
warm attachment for Mill, which lasted throughout their 
lives. At Edinburgh University hlillwas distinguished as 
a Greek scholar. But he received his greatest impulse 
from Dugald Stewart, for whom he always expressed 
unbounded admiration. In October 1798 he was licensed 
as a preacher, but seems to have preached very seldom. 
His years from 1790 to 1802, besides being occupied with 
incessant studies extending into history and moral and 
political philosophy, were devoted to various tutorships. 

Failing to find a career to his mind in Scotland, in 1802 
he went to London in company wth Sir John Stuart, 
then member of parliament for Kincardineshire. He soon 
obtained literary occupation, to which he applied himself 
with untiring energy. His first important venture was to 
start a periodical on a new plan, entitled The Literary 
Journal, which began to appear in January 1803, and 
continued under his editorship till the end of 1806. It 
was the most comprehensive in its aims of any periodical 
hitherto in existence, being a summary view of all the 
leading departments of human knowledge, Thomas 
Thomson, the chemist, took charge of science ; and many 
other men ^ of ability co-operated. Mill himself 'wrote 
largely in biography, history, political philosophy, political 
economy, and also in theolo^, on which his views at the 
time were broad without being sceptical. The publisher 
of the journal was Bald^vin, who was also the proprietor 
of th.e St J dines s Chronicle, a Conservative paper appear- 
ing three times a week. For two or three years, from 
1805 onwards. Mill was editor, but at last gave it up, 
partly on conscientious grounds, although in conducting 
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it he never lent himself to the expression of any illiberal 
views, but often made it the vehicle of the opposite. 

In 1804 he wrote a pamphlet on the. Coni Trade, 
advocating the impolicy of a bounty on the exportation of 
grain. This was the beginning of his career as a political 
economist. In 1805 he published a translation of Villers’s 
work on the Jteformation, an unsparing exposure of the 
vices of the papal system. He added notes and quotations 
by way' of confirmation of the author’s views. On this 
subject also he continued to hold strong opinions all through 
life, and often recurred to it in his articles in the reviews. 
In 1805 he married Harriet Burrow, whose mother, a 
widow, kept an establishment for lunatics in Hoxton. He 
then took a house in Kodney Street, Penton'ville, where his 
eldest son, John Stuart, was born in 1806, It was about 
the end of 1806 that he entered upon the composition of 
the History of India, which he e.xpected to finish in three 
or four years. He was actually engaged upon it for twelve, 
giving, however,' a considerable portion of his time to other 
■writing for the support of his family. The' strain upon his 
energies for those years was enormous. 

He became acquainted with Jeremy Bentham in 1808, 
and was for many years Bentham’s chief companion and 
ally. In 1810 Bentham, to have Mill nearer him, gave 
him Milton’s house, which adjoined his o^vn, and was his 
property. After a few months’ trial Slill had to give up 
this house on account of his wife’s health, and went to live 
in Newington Green; but in 1814 Bentham leased the 
house No. 1 Queen’s Square, now 40 Queen Anne’s Gate, 
close to his o^vn garden, and gave it to Mill at a reduced 
rent; here he remained till 1831. The intimacy ■with 
Bentham was rendered still closer. For four years, from 
1814 to 1817, Bentham was at Ford Abbey, near Chard, 
in Somersetshire, and . there hlill and his family were 
domesticated with him nine or ten months each year, — in 
which retirement it is probable that Mill was able to 
accelerate the completion of his history. 

In the twelve years between 1806 and 1818 he wrote a 
great many articles for various periodicals. Among these 
were the Anti-Jacobin Review, the British Review, and the 
Eclectic Review ; but there is no means of tracing his con- 
tributions. In 1808 he began to write for the Edinburgh 
Review, and contributed steadily till 1 8 1 3, most of his articles 
being known. In the Annual Review for 1808 tw'O articles 
of his are traced — a “Review of Fox’s History,” and an 
article on “Bentham’s Law Reforms,” probably hw first 
published notice of Bentham. The first knomi article in 
the Edinburgh was on “ iloney and. Exchange ” (October 
1808). In 1809 (January and July) he wrote at gr^t 
length on Spanish America and General Miranda, with 
whom he was on terms of intimate friendship. In the J uly 
number he also wrote on China. In 1810 (April) he made 
a severe attack on the East India Company. He also 
wrote on the liberty of the press and on the Church of 
England in connexion with the Lancasterian schools. He 
was -an active member of the committee for promoting 
education on Lancaster’s plan. In 1 81 1 a periodical named 
the Philanthropist was started by William Allen, and 
published in quarterly numbers till 1 8 1 7. Mill co-operated 
with AUen both in the writing and in the management. 
He contributed largely to every number, — his principal 
topics being education, freedom of the press, and prison 
discipline (under which he expounded Bentham’s “ Panop- 
ticon ”). He made powerful onslaughts on the church in 
connexion with the Bell and Lancaster controversy. In 
1814 Maevey Napier engaged him to contribute to the 
supplement to the fifth edition of the Encyclopedia 
Britannica. Many of the articles became notable. The 
list included “Government,” “Jurisprudence,” “Liberty 
of the Press,” “ Prisons and Prison Discipline,” “ Colony,” 
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“Law of Nations,” “Education,” “Beggar,” “Benefit 
Societies,” “Banks for Savings.” In “Jurisprudence” and 
“Prisons" lie was largely indebted to Bentham ; in most 
of^ the others he was either altogether or in great part 
original. The article on “Government” will occupy a 
permanent position in English history. 

In 1818 was published the History of India, which had 
a great and speedy success. It was the means of changing 
the author’s future position. The year following he was 
appointed an official in the India House, in the important 
department of the examiner of Indian correspondence. 
He gradually rose in rank till he was appointed, in 1830, 
head of the office. He introduced his eldest son into the 
same department in 1823. 

In 1821 Bentham projected the Westminster Revieio, and 
Mill was a principal writer for three years. Some of his 
most vigorous writings are included among those contribu- 
tions. The first was an elaborate criticism of the Edinburgh 
Review as a whole j it was followed by an onslaught on the 
Quarterly. Other articles dealt with English history and 
with ecclesiastical establishments, which he severely im- 
pugned. To a periodical of short duration, The Par- 
liamentary History and Review, he contributed an elaborate 
political retrospect of the parliament of 1820-26. In 
1829 appeared the Analysis of the Human 2Iind. From 
1831 to 1833 he was largely occupied in the defence of the 
East India Company during the controversy attending the 
renewal of its charter, he being in virtue of his office the 
spokesman of the court of directors. In 1831 Sir William 
Slolesworth projected the London Review, and Mill con- 
tributed to it during the last two years of his life. His 
most notable article was one entitled “ The Church and its 
Reform,” which was much too sceptical for the time, and 
injured the Review. His last published book was the 
Fragment on Mackintosh, which appeared in 1835. He 
died on the 23d June 1836. 

A considerable space would bo required to do justice to Jlill’s 
character — intellectual and moral — as shown both in his writings 
and in his intensely active and inducntial career. He was .an e.x- 
cellent scholar, in the sense of knowing the Greek and Roman 
classics. IILs other accomplishments included general liistory, the 
philosophy of jwlitics in the most comprehensive acceptation, logic, 
etliics, and mental philosophy. The typo of his intellect was logi- 
cal in the highest degree; he was, above all things, clear and pre- 
cise, an enemy of every form of looseness of re.asoning, and a crusher 
of prevailing fallacies. This is the most nobahlo feature in his 
writings throughout. His was also an original mind. Except in a 
few subjects, which had been so well elaborated by Bentham that 
he was content to be little more than an expounder of Bontham’s 
views, he gave a fresh turn to whatever topic he took up. At a 
time when social subjects were subjected almost exclusively to an 
empirical handling, he insisted on bringing first principles to bear 
at every point; in this lay both his strength and his weakness. 

His greatest literary monument is the liistory of India. The 
materials for narrating the acquisition by England of its Indian 
empire were put into shape for the first time; a vast body of political 
theory was brought to bear on the delineation of the Hindu civiliza- 
tion ; and the conduct of the actors in the successive stages of the 
conquest and administration of India was subjected to a severe 
criticism. TJie work itself, and the autlior’s official connexion with 
India for the last seventeen years of his life, effected a complete 
cliango in tlio whole system of governing th.at country. 

Hill played a great part as a politician and political philosopher 
in English affairs as well. He was, more than any other man, the 
founder of what was called philosophical radicalism. His writings 
on government and his personal influence among the Liberal poli- 
ticians of' Ids time determined the change of view from the French 
Revolution theories of the rights of man and the absolute equality 
of men to the claiming of securities for good government through 
a great extension of the electoral suffrage. Under this banner it 
was that the Refonn Bill was fought and won. 

His work on Political Economy w.as intended as a text-book of 
the subject, and shows all the author’s precision and lucidity. It 
followed up the views of Ricardo, with whom Hill was in habitual 
intimacy. It urged strongly the modern application of the prin- 
ciple of population, and started the doctrine of taxing land for the 
unearned increment of value. 

By his Amlysis of the Mind and his Fragment on MeuMntosh 
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Mill acquired a position in the history of psychology and ethics. 
Attached to the^ostmors school, he vindicated its claims with 
conspicuous ability. He took up the problems of mind very much 
after the fashion of the Scotch school, as then represented by Reid 
Stewart, and Brown, but made a new start, due in pfirt to Hartley 
and still more to his own independent thinking. He carried out the 
principle of association into the analysis of the complex emotional 
stato, aa the allections, the aesthetic emotions, and tlio moral 
sentiment, all wliich he endeavoured to resolve into pleasurable and 
painful sensations. But the salient merit of the Analysis is the 
constant endeavour after precise definition of terms and clear state- 
ment of doctrines. _ The Fragment on Mackintosh is a severe ex- 
posure of the llimsiness and misrepresentations of Hackintosh’s 
famous dissertation on ethical philosophy. It discu.sses, in a very 
thorough way, the foundations of ethics from the author’s point of 
view of utility. 

ilill’s inlluence on the young men of his time by his conversation 
has been especially celebrated. Among those tliat came under this 
influence were some of the greatest names in the generation that 
succeeded him. He had himself a very high ideal of public virtue, 
which ho carried out, at the risk of sacrificing all his chances of 
worldly advancement, and he impressed this ideal on those that 
surrounded him, — most of all on his own son, who has since eclipsed 
Jiis father in fame, if not in genius. 

See J. S. Jlill’s Autobiography, Bain’s Life of James Mill, G. S. 
Bower’s Hartley and James Mill. (A. B. *) 

MILL, John (c. 1615-1707), editor of an historically 
important critical edition of the New Testament, was born 
about 1645 at Shap in Westmoreland, entered Queen’s 
College, Oxford, as a servitor in 1661, and took his master’s 
degree in 1669. Soon afterwards he was chosen fellow 
and tutor of his college; in 1676 he became chaplain to 
the bishop of Oxford, and in 1681 he obtained the rectory 
of Blechingdon, Oxfordshire, and was made chaplain to 
Charles II. From 1685 till his death he held the appoint- 
ment of principal of St Edmund’s Hall; and in 1704 he 
was nominated by Queen Anne to a prebendal stall in 
Canterbury. He died on June 23, 1707, just a fortnight 
after the publication of his Greek Testament. 

Hill’s Novum Testamentum Grxeum, cum Icctionibus variantibiu 
MSS. Exemplarium, Fersionum, Editionim SS. Patrum el Scrip- 
torum Ecclcsiasticorum, el in easdem notis (Oxford, fol. 1707), was 
undertaken by the advice and encouragement of Fell, his predecessor 
in the field of New Testament criticism ; it represents the labour of 
thirty years, and is admitted to mark a gre.at advance on all that 
had previously been achieved. The text indeed is that of R. 
Stephaiius (1550), but the notes, besides embodying all previously 
existing collections of various readings, add a vast number derived 
from his own examination of many new HSS. and Oriental versions 
(the latter unfortunately he used only in the L.atin translations). 
Ho was the first to notice, though only incidentally, the value of 
the concurrence of the Latin evidence with the Codex Alexandrinus, 
the only representative of an ancient non-Western Greek text then 
sufficiently known ; this hint was not lost on Bentley (see Westcott 
and Hort, Inlrodndion to New 2’cstamenl). Hill’s various readings, 
numbering about thirty thousand, were attacked by Whitby in his 
Examcn as destroying the validity of the text; Antony Collins also 
ar"ued in the same sense though with a different object, 'fhe latter 
caTled forth a reply from Bentley (Philelenthcrus Lipsiensis). In 1710 
Kuster reprinted Hill’s 'restament at Amsterdam with the readings 
of twelve additional HSS. 

iHLL, John Sthaet (1806-1873), sou of James Mill 
(j2.v.), was'korn. in London on the 20th May 1806. His 
education was from first to last undertaken by his father, 
and is likely long to remain a standing subject for wonder 
and discussion. Much of the wonder is no doubt due to 
his father’s monstrous inversion of custom, the boy being 
set almost as soon as he could speak to work at our time- 
honoured subjects of secondary and higher education. He 
was taught the Greek alphabet at the age of three, and one 
of his earliest recollections, as he has recorded in his aut<> 
biography, was learning lists of common Greek words with 
their English meanings, written for him by his father on 
cards. By his eighth year he had gone through in ,the 
original a great many Greek books. “ Of grammar,” he 
says “ until some years later, I learnt no more than the 
inflexions of the nouns and verbs, but after a coi^e of 
vocables proceeded at once to translation ; and I faintly 
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remember going through JEsoji's Fables, the first Greek 
book which I read. The Anabasis, Avhich I remember 
better, was the second. I learnt no Latin until my eighth 
year. At that time I had read under my father’s tuition 
a number of Greek prose authors, among whom I remember 
the whole of Herodotus and of Xenophon’s Cyropadia and 
Memorials of Socrates, some of the lives of the philosophers 
by Diogenes Laertius, part of Lucian, and Isocrates Ad 
Bemonicum and Ad Nicoclem. I also read, in 1813, the 
first six dialogues (in the common arrangement) of Plato, 
from the Euthyphron to the TJuxtetus inclusive.” Besides 
all these Greek books, he had read a great deal of history 
in English — ^Robertson’s histories, Hume, Gibbon, Watson’s 
Philip II. and III., Hooke’s Roman History, Eollin’s 
Ancient History, Langhorne’s Plntarch, Burnet’s History 
of My Own Times, thirty volumes of the Annual Reyister, 
Millar’s Historical View of the English Government, 
Mosheim’s Ecclesiastical History, M'Crie’s Knox, and two 
histories of the Quakers. 

That Mill “ knew Greek ” and “ read Plato " before he 
was eight years old is often repeated, sometimes as an 
instance of amazing precocity, sometimes as an awful 
example of injudicious parental forcing. The astonishment 
that a child should have done so much at such an age is 
probably as little grounded in reason as was Mill’s own 
opinion that any child might have done the same. It is 
forgotten that many thousands of persons have known 
Greek before the age of eight without a knowledge of the 
technicalities of Greek grammar. In presence of the fact 
that hlill was never distinguished for great memory of 
detail or richness of historical or literary allusion, it is a 
fair concldsion that the matter of his reading at this age 
was of as little service to him in after life as if he had read 
the trashiest of boy’s o^vn books. This is not to say that 
for educational purposes his early years were wasted as in 
his own and his father’s opinion they generally are. But 
undoubtedly the main factor in iliU’s education was not 
the literature put into his hands, but his constant inter- 
course with the active richly stored mind and strenuous 
character of his father. If any should be tempted to 
imitate the method, they should bear in mind that this 
was the cardinal element of it. The tutor was of more 
importance than the books. The reading of Plato’s 
dialogues would have been only an exercise in rough 
translation if the boy had not had a Socrates ■with him in 
living communion. The child was a constant inmate of 
his father’s study, and trotted by his side in his walks, 
gi'ving from jottings on slips of paper as good an account 
as he could of what he had read. He thus learnt at an 
unusually early age by example, precept, and practice the 
habit of strenuous application to difficult work. The 
fact that Mill was taught thus early to take his chief 
pleasure in overcoming intellectual difficulties, and to realize 
the meaning of general terms, accounts for the singular 
and altogether unparalleled ease which he acquired in the 
treatment of political and social generalizations, not in 
barren abstract vagueness, but in close relation with facts. 
This on the intellectual side ; and on the moral side the 
child was almost from the dawn of consciousness instructed 
to regard himself as consecrated to a life of labour for the 
public good] his ambition was kindled to follow in the 
footsteps of the great men of aU ages, and at the same 
time the utmost care was taken to purify that ambition 
from unworthy motives. 

A contemporary record of Mill’s studies from eight to 
thirteen is published in Dr Bain’s sketch of his life. It 
shows that the Autobiography rather understates than 
overstates the amount of work done. At the age of eight 
he began Latin, Euclid, and algebra, and was appointed 
schoolmaster 'to the younger children of the family — a 
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post, he hints, more serviceable to his intellect than to his 
manners. His main reading was, still history, but he went 
through all the Latin and Greek' authors commonly read 
in the schools and universities, besides several that are not 
commonly read by undergraduates. He was not taught to 
compose either in Latin or in Greek, and he was never an 
e.xact scholar in the academic sense ; it was for the subject- 
matter that he was required to read, and by the age of 
ten he could read Plato and Demosthenes with ease. Hia 
father’s History of India was published in 1818 ; immedi- 
ately thereafter, about the age of twelve, John, under his 
energetic direction, began a thorough study of the scholastic 
logic, at the same time reading Aristotle’s logical treatises 
in the original. In the following year he was introduced 
to political economy. And there, when the pupil was 
nearly fourteen, this remarkable education, terminated. 
Eroin that time be worked less immediately under his 
father’s eye. It was an inevitable incident of such an 
education that Mill should acquire many of his father’s 
speculative opinions, and his father’s way of defending 
them. But his mind did not receive the impress passively 
and mechanically. “ One of the grand objects of educa- 
tion,” according to the elder Mill, “ should be to generate 
a constant and anxious concern about evidence”; and he 
laboured with all the energy of his strong •vnll against 
allowing his son to become a parrot of his own opinions 
and arguments. The duty of collecting and weighing 
evidence for himself was at every turn 'Impressed upon the 
boy ; he was taught to accept no opinion upon authority ; 
he was soundly rated if he could not give a reason for his 
beliefs. John Stuart Mill was deliberately educated as an 
apostle, but it was as an apostle of reasoned truth in 
human affairs, not as an apostle of any system of dogmatic 
tenets. It was ptuposely to prevent any falling off from 
this high moral standard till it shordd become part of his 
being that his father kept the boy so closely with himself, 
hluch pity has been expressed over the dreary cheerless 
existence that the child must have led, cut off from all 
boyish amusements and companionship, working day after 
day on his father’s treadmill ; but a childhood and boyhood 
spent in the daily enlargement of knowledge, wth the 
continual satisfaction of difficulties conquered, buoyed up 
by day-dreams of emulating the greatest of human 
benefactors, need not have been an unhappy childhood,- 
and Mill expressly says that his was not unhappy. It 
seems unhappy only when we compare it \vith the desires 
of childhood left more to itself, and when we decline to 
imagine its peculiar enjoyments and aspirations. Mill 
complains that his father often required more than could 
reasonably be expected of him, but his tasks "were not so 
severe as to prevent him from growing up a healthy, hardy, 
and high-spirited boy, though he was not constitutionally 
robust, and his tastes and pursuits 'were so different from 
those of other boys of the same age. 

Most of Mill’s fifteenth year was spent in France in the 
family of Sir Samuel Bentham. Away from his father, 
he maintained his laborious habits; the ■ discipline held. 
Copious extracts from a diary kept by him at this time 
are given by Dr Bain, and show how methodically and 
incessantly he read and wrote, studied botany, tackled 
advanced mathematical problems, made notes on the scenery 
and the people and customs of the country. On his return 
in 1821 he continued his old studies with the addition of 
some new ones. One of the new studies was Roman law, 
which he read 'with John Austin, his father having half 
decided on the bar as the best profession open to him. 
Another was psychology. In 1823, when he had just 
completed his seventeenth year, the notion of the bar as a 
livelihood was abandoned, and he entered as a clerk in the 
examiner’s office of the India House, “ 'with ' the under- 
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standing that ho should be employed from the beginnin"' 
in preparing drafts of despatches, and be thus trained up 
as a successor to those who then filled the highest depart- 
ments of the office.” 

_ Mill’s work at the India House, which was henceforth 
his livelihood, did not come before the public, and those 
who have scouted his political writings as the work of an 
abstract philosopher, entirely unacquainted with affairs, 
have ignored the nature of his duties. From the first he 
was more than a clerk, and after a short apprenticeship he 
was promoted, in 1828, to the responsible position of 
assistant-examiner. The duty of the so-called examiners 
was to examine the letters of the agents of the Company 
in India, and to draft instructions in reply. The character 
of the Company’s government was almost entirely depend- 
ent upon their abilities as statesmen. For twenty years, 
from 1836 to 1856, Mill had charge of the Company’s 
relations with the native states. In the hundreds of 
despatches that he wrote in this capacity, much, no doubt, 
was done in accordance with established routine, but few 
statesmen of his generation had a wider experience of the 
responsible application of principles of government to 
actual emergencies. That he said so little about this work 
in the Aiitohiorjraphy was probably because his main con- 
cern there was to expound the influences that affected hi^ 
moral and mental development. A man of different 
temperament might have found abundance of dramatic 
interest in watching the personal and political changes in 
so many distinct states. But Mill makes no reminiscences 
of this kind, nor does he give any clue to the results of 
his own initiative. 

To return to his extra-official activity, which received an 
immense impulse about the time of his entering the India 
House from what must strike a man of the world as a strange 
source. The reading of Dumont’s exposition of Bentham’s 
doctrines in the Traita de Legislalion was an epoch in 
Mill’s life. It awoke in him an ambition as enthusiastic 
and impassioned as a young man’s first love. The 
language that he uses about it in his autobiography reveals 
a warmth of inner life that few people would suspect from 
the record of his dry studies. When he laid down the last 
volume, he says, he had become a different being. It 
gave unity to the detached and fragmentary component 
parts of his knowledge and beliefs. “I now had opinions — 
a creed, a doctrine, a philosophy — in one among the best 
senses of the word, a religion, the inculcation and diffusion 
of which could bo made the principal outward purpose of 
a life. And I had a grand conception laid before mo of 
changes to bo effected in the condition of mankind through 
that doctrine.” Ho had been carefully bred to contemplate 
work for human welfare as the ruling motive of his life ; 
that motive had now received definite direction. 

Many a youth has entered the world with ambition 
equally high, -but few have felt as Mill felt the first shock 
of despair, and fewer still have rallied from that despair 
with such indomitable resolution. The main secret of the 
great “ crisis ” of his youthful life is probably to be found 
in the lofty ardour of the aspirations then conceived and 
.shaped. For four years he worked with faith and hope in 
his mission, and these were years of incessant propagandist 
activity. The enthusiast of seventeen, burning to reorganize 
human affairs so as to secure the greatest happiness of the 
greatest number, set siege to the public mind through 
several approaches. He constituted a few of his youthful 
friends, imbued with the principles of his new creed, into 
a society which ho called the “ Utilitarian ” Society, taking 
the word, as ho tells us, from one of Galt’s novels. Two 
newspapers were open to him — the Traveller, edited by a 
friend of Bentham’s, and the Chronicle, edited by his 
father’s friend Black. One of his first efforts was a solid 


argument for freedom of- discussion, in a series of letters 
to the Chronicle apropos of the prosecution of Richard 
Carlile. But he watched all public incidents \vith a 
vigilant eye, and seized every passing opportunity of 
exposing departures from sound principle in parliament 
and courts of justice. Another outlet was opened up for 
him in 1824 by the starting of the Westminster Review, 
and still another in the following year in the Parliamentary 
History and Review, This year also ho found a congenial 
occupation in editing Bentham’s Rationale of Jndicial 
Evidence. Into this he threw himself with zeal. And all 
the time, his mind full of public questions, he discussed 
and argued eagerly with the many men of promise and 
distinction who came to his father’s house. He engaged 
in set discussions at a reading society formed at Groto’s 
house in 1825, and in set debates at a Speculative Society 
formed in the same year. 

“A very disquisitive youth,” was Peacock’s description 
of young Mill at this period, and this was probably how 
the enthusiast struck most of his outside acquaintances. 
But the glow of a great ambition as well as the energy of 
a piercing intellect might have been felt in his writings. 
His mission was none the less arduous that he proposed to 
convert the world by reason. Only the fulness of unbroken 
hope could have supported his powers, if ho had had a 
frame of iron, under the strain of such incessant labour. 
All of a sudden, a misgiving which he compares to the 
Methodist’s “ first conviction of sin ” made a rift in the 
wholeness of his faith in his mission. “It was in the 
autumn of 1826. I was in a dull state of nerves, such 
as everybody is occasionally liable to; unsusceptible to 
enjoyment or pleasurable excitement ; one of those moods 
when what is pleasure at other times becomes insipid or 

indifferent In this frame of mind it occurred to 

mo to put the question directly to myself, ‘ Suppose that 
all your objects in life were realized, that all the changes 
in institutions and opinions which you are now looking 
forward to could be completely effected at this very 
instant, would this be a great joy and happiness to you?’ 
And an irrepressible self-consciousness distinctly answered, 

‘ No ! ’ At this my heart sank within me ; the whole 
foundation on which my life was constructed fell down. 
All my happiness was to have been found in the continual 
pursuit of this end. The end had ceased to charm, and 
how could there ever again be any interest in the means 1 
I seemed to have nothing left to live for.” 

The passage in his autobiography in which Mill gives 
an account of this prostrating disenchantment and his 
gradual release from its benumbing spell is one of the most 
interesting chapters in personal history. The first break in 
the gloom came, he tells us, from his reading in Marmontel’s 
Memoires “ the passage which relates his father’s death, 
the distressed position of the family, and the sudden 
inspiration by which he, then a mere boy, felt and made 
them feel that he would bo everything to them--would 
supply the place of all that they had lost.” ilill was 
moved to tears by the narrative, and his burden grew 
lighter at the thought that all feeling was not dead within 
him that he was not a mere intellectual machine. This 
incident, and the delight that he now began to take in 
Wordsworth’s “ Poems founded on the Affections,” gives a 
clue to one of the secrets of Mill’s despondency. It wa.s 
an unsatisfied longing for personal affection, for love and 
friendship, of which his life hitherto had been barren. 
His father seems to have been reserved, undemonstrative 
oven to the pitch of chilling sternne.ss in his intercour.so 

with his family; and among ' young Mill’s comrades con- 
tempt of feeling was almost a watchword, because it is so 
often associated with mischievous prejudice and wrong 
conduct. Himself absorbed in abstract questions and pro- 
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jects of general philanthropy, he had been careless of 
winning or keeping personal attachment. But it was not 
till despair first seized him, as he looked back at the 
poverty of the results of his work as an apostle, that iliU 
began to feel the void in his affections and the need of 
human sympathy. We must remember how little when 
his ambition was formed he knew of the living world 
around him. He knew in terms that political and social 
change must be slow ; he could whisper patience to him- 
self, and say to himself that Ms life must be happy because 
the attainment of his great object must occupy the whole 
of it; but without experience he could not have been 
prepared for the actual slowness of the reformer’s work, or 
armed against its terribly oppressive influence. Inevitably 
he rmderrated the stolidity and strength of the forces 
arrayed against him. Four years seems a long time at that 
age. In 1826 iliU could look back to four years of eager 
toil What were the results 1 He had become convinced 
that his comrades in the Utilitarian Society', who never 
numbered more than ten, had not the stuff in them for a 
world-shaking propaganda ; the society itself was dissolved; 
the Farliamentary Feview was a failure ; the Wectmiruter 
did not pay its expenses ; Bentham’s Judicial Evidence pro- 
duced little effect on the reviewers. His own reception at 
the Speculative Debating Society, where he first measured 
his strength in public conflict, was calculated to produce 
self-distrust. He found Mmself looked upon with curiosity 
as a precocious phenomenon, a “made man,” an intellectual 
machine set to grind certain tunes. The most clear and 
cogent reasoning failed to sway his audience. Great things 
had been expected of this society as a means of bringing 
together for close discussion the leading young men then 
in public life or looking forward to it. Its first session 
proved a fiasco. The leaders that had been expected stayed 
away. With these repulses to his hopes along the whole 
line of his activity. Hill must also have suffered from the 
nervous exhaustion that only the hope and heat of the 
fight had kept him from feeling before. Ho wonder that 
he was disheartened, began to feel defects in Ms father’s 
training, to question and analyse his own faith, to yearn 
for the solace of personal affection, and to reconstitute Ms 
scheme of life. 

That in spite of this rude shock the foundations laid by 
his early training remained stable appears from the facts 
that all through the period of his gloom he continued 
working as before, and that he considered himself bound, 
once convinced that his old plan of life was insufficient, to 
build up a thorougMy reasoned new plan wherewith to 
give new heart and hope to his work. The new system 
was much less different from the old than might be sup- 
posed from what he says of the struggle that it cost him 
to reach it. Eegard for the public good was still his 
religion, the ruli n g motive that gave unity to his conduct. 
But he now recognized that this was too vague and insub- 
stantial an object to be sufficient of itself for the satisfac- 
tion of a man’s affections. It is a proof of the dominating 
force of his father’s character that it cost the younger ilUl 
such an effort to shake off his stem creed about poetry 
and personal emotion. Like Plato, the elder ilill would 
have put poets under ban as ministers of prejudice and 
enemies of tmth. And he often insisted on the vdsdom 
of restricting as much as possible the private affections, 
while expanding as much as possible the public affections. 
Lander’s maxi m of “few acquaintances, fewer friends, no 
familiarities ” had Ms cordial approval These doctrines 
the younger Hill at first took up with boyish enthusiasm 
and pedantry, but it was against this part of his father’s 
creed that he now felt himself forced in reason to revolt. 
He stood too much in awe of bi‘< father to make him the 
confidant of his difficulties. He wrestled with them in 
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the gloomy solitude of his own mind. He was victorious • 
he reached firm grotmd at last ; but the struggle left Mm 
in several respects changed. He carried out of the struggle 
as the fruits of victory a more catholic view of the elements 
of human happiness, a delight in the poetry of nature and 
the affections as well as the poetry of heroic 
character and action, a disposition to study more sympa- 
thetically the point of viev/ of opponents, a more courteous 
style of polemic, a hatred of sectariamsm, ' an ambition 
no less noble and disinterested but moderated to practical 
possibilities. 

In the course of the next few years 3Iill wrote compara- 
tively little, but he “carried on,” as he says, “a quantity 
of thinking respecting a host of subjects.” It was a period 
of search, deliberation, germination, and striking root. 
Coincident if not causally connected with the relief from 
his spiritual crisis came Ms first consciousness of power 
as “an original and independent tMnker.” In the dia- 
lectic conversations with a small band of students at 
Grote’s house, he regained the self-confidence that had been 
shaken in the larger and rougher arena of the Speculative 
Debating Society. The beginning of his w'orlm on logic 
and political economy may be traced back to those discus- 
sions, and he learnt from them, he tells us, the habit of 
“never accepting half solutions of difficulties as complete ; 
never abandomng a puzzle, but again and again returning 
to it until it was cleared up; never allowing obscure 
corners of a subject to remain unexplored, because they did 
not appear important; never tMnking that he perfectly 
understood any part of a subject until he understood the 
whole.” He learnt also an important moral lesson from 
the Speculative Society, besides learning the strong points 
of other political and social creeds and the weak points of 
Benthamism from defending it point by point against all 
comers. With all his despondency, he did not abandon 
the meetings of the society after the fiasco of the first 
session. He stood by it firmly, and in a short time had 
the triumph of seeing its debates famous enough to attract 
men with whom it was profitable for Mm to interchange 
opinions, among others ilaiu-ice and Sterling. He ceased 
to attend the society in 1829, but he carried away from 
it the strengthening memory of failure overcome by per- 
severing effort, and the important doctrinal conviction that 
a true system of political pMIosophy was “ something much 
more complex and many-sided than he had previously had 
any idea of, and that its office was to supply, not a set 
of model institutions,. but principles from wMch the insti- 
tutions suitable to any given circumstances might be 
deduced.” 

The first sketch of Hill’s political philosophy appeared 
in a series of contributions to the Examiner in the autumn 
of 1830 on “Prospects in France.” He was in Paris soon 
after the July Kevolution, made the acquaintance of the 
leading spirits among the younger men ; and in his discus- 
sion of w'hat they were doing and what they should do in 
making a new constitution we find the germs of many 
thoughts afterwards more fully developed in his Eepresen- 
tative Government. 

The division of a man’s life into periods must always 
be a rough partition, but we may convemently and with 
tolerable accuracy take these letters as marking the close 
of his period of meditative search, of radication, and bis 
return to hopeful aspiring activity. It was characteristic 
of the nature of the man that he should be stirred to such 
delight by the Eevolution in France, and should labour so 
earnestly to make his countrymen understand w'ith what 
gravity and sobriety it had been effected. Their own, 
Keform Bill came soon after, and it is again characteristic 
of Hill — at once of his enthusiasm and of his steady deter- 
mination to do for humamty the work that nobody else 
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seemed able or -vyilling to do — that we find him in the heat 
of the struggle in 1831 writing to the Examiner a series 
of letters on “ The Spirit of the Age ” which drew from 
Carlyle the exclamation, “Here is a new mystic!" We 
can easily see now what it was in these remarkable essays 
that fascinated Carlyle ; it was the pervading opinion that 
in every natural state of society power must be in the 
hands of the wisest. This was the condition of stability; 
when power and wisdom ceased to coincide, there was a 
disturbance of the' equilibrium till this coincidence was 
again effected. But whether Carlyle was right in the 
epithet “mystic” may be judged from the fact that Mill’s 
inductive logic was the direct result of his aspirations after 
political stability as determined by the dominion of the 
ivisest. “ Why is it,” he asked, “ that the multitude accept 
implicitly the decisions of the wisest, of the specially 
skilled, in physical science ? ” Because in physical science 
there is all but complete agreement in opinion. “ And why 
this agreement 1 ” Because all accept the same methods 
of investigation, the same teats of truth. Is it possible 
then to obtain unanimity as to the methods of arriving at 
conclusions in social and political matters, so as to secure 
similar agreement of opinion among the specially skilled, 
and similar general respect for their authority 1 The 
same thought appears in a review of Herschel’s Natural 
Philosophy, written about the same time. Mill remarks 
that the uncertainty hanging over the very elements of 
moral and social philosophy proves that the means of 
arriving at the truth in those sciences are not yet iJroperly 
understood. “ And whither,” he adds, “ can mankind so 
advantageously turn, in order to learn the proper means, 
and to form their minds to the proper habits, as to that 
branch of knowledge in which by universal acknowledg- 
ment the greatest number of truths have been ascertained, 
and the greatest possible degree of certainty arrived at?” 

By 1831 Mill’s enthusiasm for hiunanity had been 
thoroughly reawakened, and had taken the definite shape 
of an aspiration to supply an unimpeachable method of 
search for conclusions in moral and social science. From 
the platform on which Carlyle and Mill met in 1831 they 
travelled different roads, — the one to preach the duty of 
obedience to the wisest, the other to search for a means by 
which wisdom might be acquired such as would command 
respect and win the assent of free conviction. No mystic 
ever worked with warmer zeal than ilill. But his zeal 
encountered a check which baffled him for several years, 
and which left its mark in various inconsistencies and 
incoherences in his completed system. He had been bred 
by his father in a great veneration for the .syllogistic logic 
as an antidote against confused thinking. He attributed 
to his early discipline in this logic an impatience of vague 
language which in all likelihood was really fostered in him 
by his study of the Platonic dialogues and of Bentham, for 
he always had in himself more of Plato’s fertile ingenuity 
in canvassing the meaning of vague terms than the school- 
man’s rigid consistency in the use of them. Be this as it 
may, enthusiastic as he was for a new logic that might 
give certainty to moral and social conclusions, Mill was no 
less resolute that the new logic should stand in no 
antagonism to the old. In his Westminster review of 
'Whately’s Loyic in 1828 (invaluable to all students of the 
genesis of Mill’s logic) he appears, curiously enough, as an 
ardent and brilliant champion of the syllogistic logic against 
highfliers such as the Scotch philosophers who talk of 
“superseding” it by “a supposed system of inductive 
logic.” His inductive , logic must “ supplement and not 
supersede.” It must be concatenated with the syllogistic 
logic, the two to be incorporated in one system. But for 
several years he searched in vain for the means of con- 
catenation. 
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Meantime,_while_recurring again and again, as was his 
custom, to tms cardinal difficulty, Mill worked indefaticablv 
in other directions where he saw his way clear, expatiating 
over a wide range of political, social, economical," and 
philosophical questions. The working of the new order in 
France, and the personalities of the leading men, had a pro- 
found interest for him; he wrote on the subject in the 
Examiner. He had ceased to write for the Westminster 
in 1828; but during the years 1832 and 1833 he con- 
tributed many essays to Tail’s Mac/azine, the Jurist, and 
the iPonthly Eepository, In 1835 the London Eeview was 
started, with Mill as editor ; it was amalgamated with the 
Westminster in 1836, and Mill continued editor till 1840. 
Much of what he wrote then was subsequently incorporated 
in his systematic works ; some of his essays were reprinted 
in hjs first two volumes of Dissertations and Discussions 
(1859). The essays on Bentham and Coleridge constituted 
the first manifesto of the new spirit which Mill sought to 
breathe into English Radicalism. But the reprinted papers 
give no just idea of the immense range of Mill’s energy at 
this time. His position in the India Office, where alone 
he did work enough for most men, cut him off from 
entering parliament; but he laboured hard though 
ineffectually to influence the legislature from without by 
combating the disposition to rest and be thankful. In 
his Autobiography he admits that the attempt to form a 
Radical party in parliament at that time was chimerical. 

It was in 1837, on reading Whewell’s Inductive Sciences 
and re-reading Herschel, that Mill at last saw his way 
clear both to formulating the methods of scientific investi- 
gation and joining on the new logic as a supplement to the 
old. Epoch-making as his logic undoubtedly was, from 
the multitude of new views opened up, from the addition 
of a new wing to the rambling old building, and from the 
inspiring force with which every dusty chamber was 
searched into and illuminated. Mill did not escape all the 
innumerable pitfalls of language that beset the pioneer in 
such a subject. It is evident from a study of his purposes 
and the books from which he started that his worst 
perplexities were due to his determination to exhibit 
scientific method as the complement of scholastic logic. 
In his defence of the syllogism he confounds the syllogistic 
forms with deductive reasoning. Every deductive reason- 
ing may be thrown into the form of a syllogism, but not 
every syllogism is deductive. The reasoning in several of 
the syllogistic forms is not deductive at all in the sense 
of involving a movement from general to particular. 
Although he knew Aristotle in the original, Mill did not 
recognize the fact that the syllogistic machinery was 
primarily constructed for the reasoning together of terms. 
As regards the word induction, Mill uses it in different 
connexions to cover three or four distinguishable meanings 
— induction viewed as the establishment of predications 
about a general term, induction viewed as inference from 
the known to the unknown, induction viewed as verifica- 
tion by experiment, and induction viewed as the proof of 
propositions of causation. The form of his system was 
really governed by the scholastic notion of induction as a 
means of establishing general propositions ; the inductive 
part of his system is introduced after the deductive under 
this character ; while the greater portion of the substance 
of what he treats of under the name of induction, and 
especially the so-called experimental methods, have nothing 
whatever to do with the establishment of general proposi- 
tions, in the technical sense of general propositions. _ 

But the permanent value and influence of Mill’s inductive 
logic is not to be measured by technical inaccuracies and 
inconsistencies, to which an academic mind may e^dy 
attach undue importance. In the technical history of the 
science. Mill’s Logic may be viewed as an attempt to fuse 



the practical tests of truth set forth in Herschel’s Disccnirse 
on Natural Philosophy with the theoretic views of induc- 
tion propounded in Whately’s Logic. But in the history 
of thought the great importance of the work is due not so 
much to its endeavour to formulate the methods of science 
and lay bare the first principles on which they rest as to 
its systematic application of scientific method to what he 
called the moral sciences. Mill has often been criticized 
as if he had pretended to teach men how to conduct their 
investigations and how to make discoveries in the physical 
sciences. His ryork was rather to educe from the practice 
of men of science the principles on which they proceed in 
testing and proving their speculations concerning cause 
and effect in the physical world, and see whether .the same 
principles could not be applied in testing and proving 
speculations concerning cause and effect in the moral 
world. What is the effect upon human character and 
human happiness of given social and physical conditions — 
climate, institutions, customs, laws 1 How can conclusions 
upon such points be proved 1 These were the questions 
in which Mill was interested, and the striking novelty of 
his work was its endeavour to show that propositions of 
cause and effect in human affairs must be proved, if they 
admit of proof at all, absolute or approximate, on the 
same principles with propositions of cause and effect in 
the material world. 

The Logic was published in 1843. In 1844 appeared 
his Essays on Some Unsettled Questions in Political 
Ecommy. These essays were worked out and written 
many years before, and show Mill in his first stage as a 
political economist. Four out of the five essays are 
elaborate and powerful solutions of perplexing technical 
problems — the distribution of the gains of international 
commerce, the influence of consumption on production, the 
definition of productive and unproductive labour, the pre- 
cise relations between profits and wages. Though Mill 
appears here purely as the disciple of Eicardo, striving 
after more precise statement, and reaching forward to 
further consequences, we can well understand in reading 
these essays, searching, luminous, large and bold in outline, 
firmly wrought in detail, how about the time when he first 
sketched them he began to be conscious of power as an 
original and independent thinker. 

That originality and independence became more con- 
spicuous when he reached his second stage as a political 
economist, struggling forward towards the standpoint 
from which his systematic work was written. It would 
seem that in his fits of despondency one of the thoughts 
that sat upon him like a nightmare and marred his dreams 
of human improvement was the apparently inexorable 
character of economic laws, condemning thousands of 
labourers to a cramped and miserable existence, and 
thousands more to semi-starvation. From this oppressive 
feeling he found relief in the thought set forth in the 
opening of the second book of his Political Economy — that, 
while the conditions of production have the necessity of 
physical laws, the distribution of what is produced among 
the various classes of producers is a matter of human 
arrangement, dependent upon alterable customs and 
institutions. There can be little doubt that this thought, 
whether or not in the clear shape that it afterwards 
assumed, was the germ of aU that is most distinctive in 
his system of political economy. It was as far as possible 
from the rigidity of his method of exposition to fall into 
the confusion of supposing that it was for political 
economy to discuss the equity of different modes of 
distribution, or the value of other objects of human 
endeavour conflicting with the production of wealth ; but 
he put economic inquiries clearly in their proper place as 
leading to conclusions that were not always final and bind- 


[ ing on the practical statesman, but had to be taken with 
other considerations as governing rational human action. 
Besides thus putting political economy in its just correla- 
tion with other parts of social science and conduct. Mil l 
widened the scope of economic inquiries by discussing the 
economic consequences of various ideal social arrangements, 
and more especially different modes of distributing produce 
between landlord, capitalist, and labourer. Mill certainly 
redeemed political economy from the reproach of being a 
dry science. Nobody with any interest in human improve- 
ment can read his work with indifference. And he did 
this without in any way disturbing the original conception 
of political economy as the science of cause and effect in 
the production of wealth. One of his most eminent 
successors, the late Professor Cairnes, thus admirably 
summed U 2 > his work as a political economist : — “ As he 
himself used to put it, Eicardo supplied the backbone of 
the science ; but it is not less certain that the limbs, the 
joints, the muscular developments — all that renders 
political economy a complete and organized body of 
knowledge — have been the work of Mill.” 

While his great systematic works were in progress. 
Mill wrote very little on events or books of the day. He 
turned aside for a few months from his Political Economy 
during the winter of the Irish famine (1846-47) to 
advocate the creation of peasant-proprietorships as a 
remedy for distress and disorder in Ireland. He found 
time also to write elaborate articles on French history and 
Greek history in the Edinburgh Review apropos of Michelet, 
Guizot, and Grote, besides some less elaborate essays. 

The Political Economy was published in 1848. Mill 
could now feel that the main work he had proposed for 
himself was accomplished; but, though he vvrote comjjara- 
tively little for some years afterwards, he remained as 
much as ever on the alert for opportunities of useful 
influence, and pressed on with hardly diminished 
enthusiasm in his search for useful truth. Among other 
things, he made a more thorough study of socialist witers, 
with the result that, though he was not converted to any 
of their schemes as being immediately practicable, he 
began to look upon some more equal distribution of the 
produce of labour as a practicability of the remote future, 
and to dwell upon the prospect of such changes in human 
character as might render a stable society possible without 
the institution of private property. This he has called his 
third stage as a jrolitical economist, and he says that he 
was” helped towards it by the lady, Mrs Taylor, who became 
his wife in 1851, and with whom he had lived in intimate 
friendship for more than twenty years before. It is 
generally supposed that he writes with a lover’s extrava- 
gance about this lady’s powers when he compares her with 
Shelley and Carlyle. . But a little reflexion will show that 
he wrote with his usual accuracy and sobriety when he 
described her influence on him. Ho expressly says that 
he owed none of his technical doctrine to her, that she 
influenced only his ideals of life for the individual and for- 
society ; and his language about her is really only a. 
measure of the importance that he attached to such ideals- 
above any systems of reasoned truth. There is very little- 
propositional difference between hEll and his father ; but- 
it is obvious from what he says that his inner life became 
very different after he threw off his father’s authority. 
This new inner life was strengthened and enlarged by Mrs- 
Taylor. We must remember also that Mill in his early 
years had been so strictly secluded from commonplace 
sentiment that what the general world would consider 
commonplace must have come to him with all the freshness 
of a special revelation. 

During the seven years of his married life Mill published 
less than in any other period of his career, but four of hia 
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generally regarded as the main causes of his defeat in the 
general election of 1868. But, as he suggests himself, his 
studied advocacy of unfamiliar projects of reform had made 
him unpopular with “ moderate Liberals.” When he was 
first elected on a sudden impulse of enthusiasm, extremely 
little was kno^vn about him by the bulk of the electorate; 
and his writing about checks against democracy had pre- 
pared many for a more conservative attitude on questions 
of practical politics. He retired with a sense of relief to 
his cottage and his literary life at Avignon. His parlia- 
mentary duties and the quantity of correspondence brought 
upon him by increased publicity had absorbed nearly the 
whole of his time. The scanty leisure of his first recess 
had been devoted to writing his St Andrews rectorial 
address on higher education and to answering attacks on 
his criticism of Hamilton ; of the second, to annotating, in 
conjunction with Mr Bain and Mr Bindlater, his father’s 
Analysis of the Mind. But now he could look forward to 
a literary life pure and simple, and his letters show how 
much he enjoyed the change. His little cottage was filled 
with books and newspapers ; the beautiful country round 
it furnished him -with a variety of walks ; he read, wrote, 
discussed, walked, botanized. His step-daughter. Miss 
Taylor, his constant companion after his wife’s death, 
“architect and master-mason all in one,” carried out 
various improvements in their quiet home for the philo- 
sopher’s comfort. “Helen,” he wrote to jMr Thornton, 
“ has carried out her long-cherished scheme (about which 
she tells me she consulted you) of a ‘ vibratory ’ for me, 
and has made a pleasant covered walk, some 30 feet long, 
where I can vibrate in cold or rainy weather. The 
terrace, you must know, as it goes round two sides of the 
house, has got itself dubbed the ‘ semi-circumgyratory.’ 
In addition to this Helen has built me a herbarium, a 
little room fitted up TOth closets for my plants, shelves 
for my botanical books, and a great table whereon to 
manipulate them all. Thus, you see, with my herbarium, 
my vibratory, and my semi-circumgyratory, I am in clover ; 
and you may imagine with what scorn I think of the 
House of Commons, which, comfortable club as it is 
said to be, could ofier me none of these comforts, or, more 
perfectly speaking, these necessaries of life.” Mill was an 
enthusiastic botanist aU his life long, and a frequent con- 
tributor of notes and short papers to the Phylologist. One 
of the things that he looked forward to during his last 
journey to Avignon was seeing the spring flowers and 
completing a flora of the locality. His delight in scenery 
frequently appears in letters written to his friends during 
his summer and autumn tours. 

Ho recluse ever had a more soothing retreat than Slill’s 
Avignon cottage, but to the last he did not relax his 
laborious habits nor his ardent outlook on human affairs. 
The essays in the fourth volume of his Dissertations — on 
endowments, on land, on labour, on metaphysical and 
psychological questions — were written for the Fortnightly 
Review at intervals after his short parliamentary career. 
One of his first tasks was to send his treatise on the 
Subjection of Women through the press- The essay on 
Theism was witten soon after. The last public work in 
which he engaged was the starting of the Land Tenure 
Reform Association. The interception by the state of the 
unearned increment, and the promotion of co-operative 
agriculture, were the most striking features in his pro- 
gramme. He wrote in the Examiner and made a public 
speech in favour of the association a few months before 
his death. The secret of the ardour wth which he took 
up this question probably was his conviction that a great; 
struggle was impending in Europe between labour and 
capital. ^ He regarded his project as a timely compromise. 

Mill died at Avignon on the 8th of May 1873. ' 


-MIL - 

Witliin the limits of this article it is impossible to attempt a 
criticism of Jlill’s conclusions in so many fields of research- one 
must bo content with trying to indicate the purpose and the spirit 
of his work. Perhaps we still stand too near to judge without bias- 
some years hence men will be better able to say whether he made 
sciolism less reckless or brought mankind apprecLably nearer that 
dominion of the wisest which was the remote goal of liis endeavour. 
It will be long before humanity finds a nobler example of the 
searcher after the best means of social improvement. He sought 
after clear ideas with the ardour of a mystic, the patience and 
laborious industry of a man of science; he encountered opponents 
with a generosity and a courtesy worthy of anyprcttaj chevalier of 
mediajval romance, while he was not inferior to that ideal in the 
vigour of his blows against injustice. As regards his influence, it 
has been well said that “no calculus can integrate the innumerable 
pulses of knowledge and of thought that he has made to vibrate in 
the minds of his generation.’’ Ho quickened thought upon every 
problem that he touched. Any estimate of Mill’s service to political 
or philosophical thought at this moment is liable to be injuri- 
ously affected by the temporary diseredit into which some of his doc- 
trines have fallen. He was not infallible; he made no claim to dog- 
matic authority. But in criticism of detail, according to our present 
light, we may easily blind ourselves to the greatness of the work 
that Mill accomplished in the development of opinion. (W. II.) 

MILLAU, or Muhatj, capital of an arrondissement in, 
the department of Aveyron, France, is situated on the left 
bank of the Tarn, half a mile below the point at which 
that river is joined by the Dourbie, and 48 miles to the 
south-east of Rodez, on the Rodez and Montpellier line. 
Itself 1210 feet above the level of the sea, it is overlooked 
by hills covered \rith vineyards and fruit trees or by bare and 
scarped rocks. The streets of ilillau are narrow, and some 
of the houses of great antiquity, but the town is suiTOunded 
by spacious boulevards. On two sides the Place d’Armes 
is adorned by stone columns supporting galleries of wood; 
the only buildings of special interest are the Romanesque 
church of Notre Dame, and the belfry of the old hotel de 
ville. The i^rincipal industry is the manufacture of gloves, 
but various branches of the leather manufacture are also 
carried on. The chief articles of commerce are wool (both 
raw and prepared), Roquefort cheese, wine, almonds, and 
live stock. The population in 1881 was 16,628. 

The viscounts of Millau are mentioned as early as the 10th 
century; in the ICth it became one of the leading strongholds of 
the Reformed party in the south of France. Its industry suffered 
severely by the revocation of the edict of Hantes. 

MILLENNIUM, In the history of Christianity three 
main forces are found to have acted as auxiliaries of the 
gospel. They have elicited the ardent enthusiasm of many 
whom the bare preaching of the gospel would never have 
made decided converts. These are (1) a belief in the 
speedy return of Christ and in His glorious reign on earth; 
(2) mystical contemplation, which regards heavenly bless- 
ings as a possible possession in the present life; and (3) 
faith in a divine predestination of some to salvation and 
others to perdition. Each of these forces has at particular 
times proved too strong for church authority and burst the 
embankments mth which the chiu-ch had at once narrowed 
and protected Christian fife and thought. They have pro- 
duced ecclesiastical, social, and political convulsions, where 
the elemental force of religious conviction has destroyed 
all organization, whether of chmch or of state. They have 
released from its fetters the free spirit of Christianity, 
though often enough they have associated with it a 
fanaticism more damaging to the gospel than the temporiz- 
ing, policy of the hierarchy. 

First in point of time came the faith in the nearness of 
Christ’s second advent and the establishing of His reign of 
glory oh the earth. Indeed it appears so early that it 
might be questioned whether it ought not to be regarded 
as an essential part of the Christian religion. That 
question, however, ivill scarcely be answered in the affirma- 
tive. 'The ideas of the Sermon on the Mount, or the 
pregnant thoughts of the Pauline theology, are independent 
of the expectation that the kingdom of glory wall shortly 
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be established. On the other hand, it must be admitted 
that this expectation was a prominent feature in the earliest 
proclamation of the gospel, and materially contributed to 
its success. If the primitive churches had been under the 
necessity of framing a “Confession of Faith,” it would 
certainly have embraced those pictures by means of which 
the near future was distinctly realized. But then these 
pictures and dreams and hopes were just the things that 
made systematized doctrine impossible; it is possible to 
formulate the mytholo^cal ideas, but not the shifting 
imagery of the imagination. 

In the anticipations of the future prevalent amongst the 
early Christians (c. 50-150) it is necessary to distinguish 
a fixed and a fluctuating element. The former includes 
(1) the notion that a last terrible battle ■^vith the enemies 
of God was impending ; (2) the faith in the speedy return 
of Christ; (3) the conviction that Christ will judge all 
men, and (4) -vvill set up a kingdom of glory on earth. 
To the latter belong views of the Antichrist, of the heathen 
world-power, of the place, extent, and duration of the 
earthly kingdom of Christ, &c. These remained in a state 
of solution ; they were modified from day to day, partly 
because of the changing circumstances of the present by 
which forecasts of the future were regulated, partly because 
the indications — real or supposed — of the ancient prophets 
always admitted of new combinations and constructions. 
But even here certain positions were agreed on in large 
sections of Christendom. Amongst these was the expecta- 
tion that the future kingdom of Christ on earth should 
have a fixed duration, — according to the most prevalent 
opinion, a duration of one thousand years. From this fact 
the whole ancient Christian eschatology was kno^vn in 
later times as “ chiliasm,” — a name which is not strictly 
accurate, since the doctrine of the millennium was only one 
feature in its scheme of the future. 

1. This idea that the Messianic kingdom of the future 
on earth should have a definite dxuation has — like the 
whole eschatology of the primitive church — its roots in the 
Jemsh apocalyptic literature, where it appears at a com- 
paratively late period. At first it was assumed that the 
Messianic kingdom in Palestine would last for ever (so the 
prophets; cf. Jerem. xxiv. 6; Ezek. xx.xvii. 25; Joel iv. 
20; Daniel vi. 27 ; Sibyll. iii. 49 sq., 766; Psalt. Salom. 
xvii. 4 ; Enoch Lxii. 14), and this seems always to have 
been the most widely accepted view (John xii. 34). But 
from a comparison of prophetic passages of the Old Testa- 
ment learned apocalyptic witers came to the conclusion 
that a distinction must be dra-\vu between the earthly 
appearance of the Messiah and the appearance of God 
Himself amongst Bis people and in the Gentile world for 
the final judgment. As a necessary consequence, a limited 
period had to be assigned to the Messianic .kingdom. It 
is not altogether improbable that the mysterious references 
to the siifferings of the Messiah had also an influence on 
some minds. This, however, is doubtful. It is certain at 
all events that the whole conception marks the beginning 
of the dissolution of realistic and sensuous views of the 
future. The age was too advanced to regard the earthly 
Messianic kingdom as the end. There was an effort to 
find a place among the hopes of the future for those more 
spiritual and universal anticipations, according to which 
eternal and heavenly blessedness will be the portion of the 
faithful, this earth and heaven will pass away, and God 
■ivill be all in all. As to the period to be assigned to this 
earthly kingdom, no a^eement was ever^ r^ched in 
Judaism, any more than in the detailed descriptions of its 
joys and pleasures. According to the Apocalypse of Baruch 
(xl. 3) this kingdom will last “ donee finiatur mundus 
corruptionis.” In the Book of Enoch (xci. 12) a week 
is specified, in the Apocalypse of Ezra (vii. 28 sq.) four 
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hundred years. This figure, corresponding to the four 
hundred years of Egyptian bondage, occurs also in the 
l^lmud (Sanhedrin 99a). But this is the only passage • 
the Talmud has no fixed doctrine on the point. The 
view most frequently expressed there (see Von Otto m 
Eilgenf eld’s Zeitschrift, 1877, p. 527 sq.) is that the 
Messianic kingdom will last for one thousand (some said 
two thousand) years, “In six days God created "the 
world, on the seventh He rested. But a day of God is 
equal to a thousand years (Ps. xc. 4). Hence the world 
will last for six thousand years of toil and labour ; then 
will come one thousand years of Sabbath rest for the people 
of God in the kingdom of the Messiah.” This idea must 
have already been very common in the first century before 
Christ. The combination of Gen. i., Dan. ix., and Ps. xc. 
4 was peculiarly fascinating. 

2. Jesus Himself speaks of only one return of the Son 
of Man — His return to judgment. In speaking of it, and 
[. of the glorious kingdom He is to introduce. He makes use 
of apocalyptic images (Matt. viii. 11, xxvi. 29 ; Luke x-xii. 
16; Matt. xix. 28); but nowhere in the discourses of 
Jesus is there a hint of a limited duration of the Messianic 
kingdom. The apostolic epistles are equally free from 
any trace of chiliasm (neither 1 Cor. xv. 23 sq. nor 1 Thess. 
iv. 16 sq. points in this direction). In the Apocalypse of 
John, however, it occurs in the following shape (chap. tlx.). 
After Christ has appeared from heaven in the guise of a 
warrior, and vanquished the antichristian world-power, 
the wisdom of the world, and the devil, those who have 
remained steadfast in the time of the last catastrophe, and 
have given up their lives for their faith, shall be raised up, 
and shall reign -with Christ on this earth as a royal priest- 
hood for one thousand years. At the end of this time Satan 
is to be let loose again for a short season ; he will 2 )reparo 
a new onslaught, but God will mhaeulously destroy him 
and his hosts. Then wdll follow the general resurrection 
of the dead, the last judgment, and the creation of new 
heavens and a new earth. That all believers wll have a 
share in the first resurrection and in the Messianic 
kingdom is an idea of which John knows nothing. The 
earthly kingdom of Christ is reserved for those who have 
endured the most terrible tribulation, who have withstood 
the supreme effort of the world-power, — that is, for those 
who are actually members of the church of the last days. 
The Jewish expectation is thus considerably curtailed in 
the hands of John, as it is also shorn of its sensual 
attractions. “ Blessed and holy is he that hath part in the 
first resurrection ; on such the second death hath no power; 
but they shall be priests of God and of Christ, and shall 
' reign 'with Him a thousand years.” More than this John 
does not say. But other ancient Christian authors were 
not so cautious. Accepting the Jewish apocalypses as 
sacred books of venerable antiquity, they read theiu eagerly, 
and transferred their contents bodily to Christianity. Jvay 
more, the Gentile Christians took possession of them, 
and just in proportion as they were neglected by the 
Jews who, after the war of Bar-Cochba, became indiffer- 

ent to the Messianic hope and hardened themselves once 
more in devotion to the law— -they were naturalized in the 
Christian communities. The result was that these bwks 
became “ Christian ” documents ; it is entirely to Christian, 
not to Jewish, tradition that wo owe their ijreservation. 
The Jewish expectations are adopted, for e.xanqJe, by 
Papias, by the ■writer of the epistle of Barnabas, and by 
Justin. Papias actually confounds expressions of Jesus 
■with verses from the Apocalypse of Baruch, referring to 
the amazing fertility of the days of the Messianic kingdom 
(Papias in Iren. v. 33^ Barnabas {Ep., 15) givc-s us the 
Jewish theory (from Gen. i. and Ps. 
present condition of the ivorld D to hist six thousand years 
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The German and Swiss Kefonners also believed that the 
end of the world was near, but they had different aims in 
view from those of the Anabaptists. It was not from 
poverty and apocalypticism that they hoped for a reforma- 
tion of the church. In contrast to the fanatics, after a 
brief hesitation they threw millennarianism overboard, 
and along with it aU other “opiniones Judaicm.” They 
took up the same ground in this respect which the 
Eoman Catholic Chiurch had occupied since the time of 
Augustine. How millennarianism nevertheless found its 
way, with the help of apocalyptic mysticism and Anabaptist 
influences, into the chmches of the Eeformation, chiefly 
among the Eeformed sects, but afterwards also in the 
Lutheran Church, how it became incorporated with 
Pietism, how in recent times an exceedingly mild t^e of 
“ academic ” chiliasm has been developed from a belief in 
the verbal inspiration of the Bible, how finally new' sects 
are still springing up here and there with apocalyptic and 
chiliastic expectations, — these are matters which cannot be 
fully entered upon here. But one remark ought to be 
made in conclusion. A genuine and living revival of 
chiliastic hopes is always a sign that the church at large 
has become secularized to such a degree that tender 
consciences can no longer feel sure of their faith within 
her. In this sense aU chiliastic phenomena in the history 
of the church demand respectful attention. But when 
attempts are made to find room for millennarianism in a 
dogmatic system, it must always assume a form in which 
it would be utterly unrecognizable to the miUennarians 
of the ancient chmrch, who, just because they were 
millennarians, despised dogmatic, in the sense of philo- 
sophical theology. The claims of chiliasm are sufficiently 
met by the acknowledgment that in former times it was 
associated — to all appearance inseparably associated — 
with the gospel itself. Those who try to remodel it, 
so as to conserve its “ elements of truth,” put contempt 
on it while thej' destroy it ; for it was in its day the 
most uncompromising enemy of aE remodelling, and it 
can only exist along with the unsophisticated faith of the 
early Christians. 

Cf. Scbiirer, LcTirhwh der Xeuttslamentliclicii Zeitgeschichle, 1S74, 
§§ 28, 29 ; Corrodi, Kritische Geschkhtc dcs Chiliasmiis, 1781. A 
thorough history of chiliasm has not yet appeared. (A. H.A.) 

MILLER, Hugh (1802—1856), eminent in science and 
literature, and one of the most remarkable among self- 
taught men of genitis, was bom at Cromarty', on the north- 
east coast of Scotland, on the 10th of October 1802. His 
father, a sagacious and strong-willed seaman, who earned a 
livelihood by sailing his own sloop, perished at sea when 
Hugh was five years old. His mother looked much, in 
the upbringing of her son, to her two brothers, James and 
Alexander Wright, the one a saddler, the other a carpenter. 
Scmpulous integrity, sincere religion, unflagging industry, 
and resolute contentment were the lessons which these 
men, not so much by precept as by example, impressed 
upon the boy. But young Miller had inherited from his 
father a strong individuality and obstinate force of will, 
and began at a very early age to take a line of his own. 
The enchantment of open air and freedom — the irresistible 
charm of mother nature on the hill and by the sea — made 
him at thirteen an incorrigible truant j and his schoolmaster 
thought it likely that he would prove a dunce. Neverthe- 
less the truant schoolboy was already giving indications of 
the destination of the man. At an age too early to date 
he had found in his pen a divining rod that led him to 
waters of inexhaustible delight. His mother summed up, 
in the singular dialect of the district, the impression derived 
from her son’s boyhood and youth in the words, “he was 
aye yritin."’ But the writing from the first, and increasingly 
as time went on, could be discriminated from the ordinary 


-MIL 

productions of boyhood. A continuity of idea, an inde- 
finable grace and freshness, marked his performances. 
They were never bombastic or verbose. At no period of 
his life did he suffer from a flux of words. But, boy and 
man, he had a felicitous knack of fitting words into their 
right places and avoiding jerkiness and inequality. In 
verse he lacked the passionate intensity required for true 
rhythmic movement, but he had a fine sense of cadence 
and modulation in prose. « 

It is a curious fact that what determined Hugh Miller 
to apprentice himself to a stone-mason was his delight 
in literary composition. Unemployed during the winter 
frosts, the mason, he perceived, could enjoy for some 
months every year the ecstacy of writing. One result of 
his decision was that he never learned any language but 
English. Another was that fifteen years of the quarry and 
the hewing-shed, with stern experiences of over-work and 
privation, sowed in his frame the seeds of incurable disease. 
Meanwhile the advantages of his decision were indisputable. 
Under the discipline of labour the refractory schoolboy 
became a thoughtful, sober-minded man. Miller always 
looked back to his years of hand-labour ■with a satisfaction 
that has something in it of solemnity and pathos. “ Noble, 
upright, self-relying toil,” he exclaims ; “ who that knows 
thy solid worth and value would be ashamed of thy hard 
hands, and thy soiled vestments, and thy obscure tasks, — 
thy humble cottage, and hard couch, and homely fare 1” 
It cannot be added that his fifteen years of close and 
constant intercourse with.fellow-workmen inspired him with 
much respect for their class. He was most unfortunate 
in his comrades during the two seasons, 182-t and 1825, 
when he worked at Niddrie in the neighbourhood of 
Edinburgh. Swinish in their enjoyments, meanly selfish 
in their class ambitions, and fatuously subject to talking 
charlatans, that Niddrie squad of reprobates which he de- 
scribes in J/y Schools aivl Schoolmasters stamped on the 
mind of Hugh iliEer an indelible conviction of the inca- 
pacity and degradation of the hand-workers. 

Eeturning to Cromarty, he worked in happy patience as 
a stone-cutter year after year, sedulously prosecuting at 
the same time the grand object of his ambition, to write 
good English. He found time to invigorate and emrich his 
mind by careful reading, and was habitually and keenly 
observant both of man and of nature. His reading was 
not extensive but well chosen, and embraced Locke and 
Hume; Goldsmith and Addison were, more than any 
others, his masters in style. It was to get time to write that 
he had become a stone-mason ; another of the surprises of 
Ms career is that it ■n'as in advertising himself as a mason 
that he came before the world as a literary man. A stone- 
mason, figuring as a poetical contributor to the Inverness 
Courier, might, he thought, be asked _ by some of the 
readers to engrave inscriptions on tombs. He therefore 
forwarded some of his verses to the editor. These seem 
to have been consigned to the waste-paper basket, which 
had been the fate of an “ Ode on Greece ” offered to the 
Scotsman when he was at Edinburgh. Piqued by his 
second failure, he now resolved, at all hazards, to see Mm- 
self in print. In 1829 appeared the small volume contain- 
ing Poems Written in the Leisure Hours of a Journeyman 
Mason. It procured its author the valuable friendship of 
Mr Eobert Carruthers, and was favourably noticed by the 
press. Miller looked at his poems in print, and concluded, 
at once and irreversibly, that he would not succeed as a 
poet. It was a characteristic and very manly decision, 
proving that there was no fretting vanity in his disposition. 
Doubtless also it was right. His field was prose. But, 
though his poems yielded nothing in the way of fortune, 
they were a beginning of fame. The simple natives of 
Cromarty began to think him a ■wonder. Some very elo- 
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millet (French, millet - Italian, miglietto, diminutive 
of ni^rKo = Latin mille, a thousand, in allusion to its 
fertility) is a name applied ivith little definiteness to a con- 
siderable number of often very variable species of cereals 
belonging to distinct genera and even subfamilies of 
Graminex. The true raiUet, however, is generally admitted 
to be Panicwn (Setaria) miliaceicm, L. (German Ilirse, 
with which P. miliare, Lam., is reckoned by some 
botanists). It is indigenous to the East Indies and FTorth 
Australia, but is mentioned by Hippocrates and Theo- 
phrastus as already cultivated in iSouth Europe in their 
time. Some suppose it to be one of the earliest grains used 
in bread-making, and ascribe the origin of its name to panis, 
bread, rather than to the paniculate infiorescence. It is 
annual, requires rich but friable soil, grows to about 3 or 4 
feet high, and is characterized by its bristly, much branched 
nodding panicles. One variety has black grains. It is 
largely cultivated in India, southern Europe, and northern 
Africa, and ripens as far north as southern Germany, in 
fact, wherever the climate admits of the production of wine. 
The grain, which is very nutritious, 
is used in the form of groats, and 
makes excellent bread when mixed 
witlr wheaten flour. It is also largely 
used for feeding poultiy and cage- 
birds, for which purpose mainly it is 
imported. P. ilalicum, L. {Setaria 
italica, Beauv.), is of similar origin 
and distribution, and is one of the 
most wholesome and palatable Indian 
cereals. It is annual, grows 4 to 5 
feet high, and requires dry light soil. 

German Millet (P, fjermanicum, Ger- 
man Kolbenhihe, Moliar) is probably 
merely a Ie.ss valuable and dwarf 
variety of P. italicum, having an 
erect, compact, and shorter spike. 

The grains of both are very small, 
only one half as long as those of 
common millet, but are exceedingly 
prolific. Many stalks arise from a 
single root, and a single spike often 
yields 2 oz, of grain, the total yield 
being five times that of wheat. They 
are imported for poultry feeding like 
the former species, but are extensively 
used in soups, &c., on the Continent. 

Numerous other .species belonging to 
this vast genas — the largest among grasses, of which the 
following are among the most important — are also culti- 
vated in tropical or sub-tropical countries for their grain or 
as fodder gras.se.s, or both, each variety of soil, from swamp 
to desert, having its characteristic forms. They are very 
readily acclimatized wherever the temperature is sufficient, 
e.g., in Australia, and seem destined to rise in agricultural 
importance. 

Polisli Millet isP, digitaria ; P, fruracnlacciLm, Roxb., Shainalo, 
a Deccan gras.s, is probably a native of tropical Africa ; while the 
perennial P. sarmentosum, Roxb., also largely cultivated in tropical 
countries, is from Sumatra. P. deconqwsilum is the Australian 
millet, its grains being made into cakes by the aborigines, P. 
inaxinnm, Jacq., is the Guinea Grass ; it is perennial, grows 8 feet 
high, and yields abundance of highly nutritious grain. P. spec- 
tuhile, Nees., is the Coapim of Angola, but ha.s been acclimatized in 
Brazil and other tropical countries. Other gigantic species 0 or 7 
feet liigh form the field crops on the banks of the Amazons. _ Of species 
holotiging to allied genera, Tc'iniisetum iliypleoidcuvij Rich, {Peui- 
cellaria spicata, Willd.), Bajroe, sometimes also called Eg^mtian 
Millet, a Guinea corn, is largely cultivated in tropical Asia, Nubia, 
and Egypt. P. distichum gi'ows south of the Sahara. Species of 
Paspaluvi, Eleuiine, and Miliwn are also cultivated as millets. 

But the most important dry grain of the tropical countries 
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FiO. 1. — Panicwn 
italicum. 


Pers. {IIolcus Sorghum, L., Andropogon Sorghum. Tlm-b 1 


Millet, 


_ 'lum, lloxb.), 
Turkish Itlillet, or 



Durra, Great Millet, Indian 
Guinea Corn (the French 
sorgho, German Mohren- 
hirse or Kaffernlcorn, Ta- 
mil Cholum, Bengalese 
Joivari), It ranges prob- 
ably as extensively as 
wheat, being also largely 
cultivated in southern 
Europe, the United 
States, and the West 
Indies. In Asia Minor, 

Arabia, Italy, and Spain 
it may be said to replace 
oats and barley. It is 
annual, and may reach 
12 feet in height; it is 
extremely prolific, even 
rivalling maize, of which 
it is a near congener. Its 
flour is very white, but 
does not easily make good 
bread ; it is largely used 
in cakes and puddings 
and for feeding cattle and 
poultry. The panicles are 
used for brooms, and the 
roots for velvet-brushes. Pio. 2, — Sorghum vuhjare. 

S. bicolor, S. nigrum, S, rubrum, S. Kaffrorum (Kaffre 
Corn), S. saccharatum, and other species or varieties are 
also of economic importance, the last-named (the “ Chinese 
sugar-cane”) being much cultivated ih the United States as 
a source of molasses, the juice, which contains much glucose 
but comparatively little cane sugar, being simply expressed 
and concentrated by evaporation. S, vulgare is the grain 
referred to by Pliny as millet. 

For systematic and economic purposes, see Gkasses ; Luersson, 
Mcd.-Phwnn. Bolanih, Lcipsic, 1880 ; Drury, Useful Plants of 
India, London, 1873 ; F. v. iliillcr. Select Plants for Naturaliza- 
tion ill Victoria, Melbourne, 1876. For arcliocology, see Helm’s 
Kulturpflanzcn, &c., Berlin, 1877. On Sorghum ccrunum (“rico 
corn,” &c., of western Kansas) see Drummond’s “Report” in Pari, 
Papers, No, 2570 (1880). 

MILLET, FiiiVifqois (1814-1875), was a painter 
of French peasant life, and it may be questioned whether 
France has produced in our day any greater or more 
original artist. He himself came of a peasant family, and 
was born on the 4th of October 1814 in the hamlet of 
Gruchy, near Gr6ville (La Manche), in the wild and 
picturesque district called La Hague. His boyhood was 
jiassed working in his father’s fields, but the sight of the 
engravings in an old illustrated Bible set him drawing, and 
thenceforth, whilst the others slept, the daily hour of rest 
was spent by Millet in trying to render the familiar scenes 
around him. From the village priest the lad learnt to read 
the Bible and Virgil in Latin, and acquired an interest in 
one or two other works of a high class which accompanied 
him through life ; he did not, however, attract attention 
so much by his acquirements as by the stamp of his mind. 
The whole family seems, indeed, to have worn a character 
of austerity and dignity, and when IMillet’s father finally 
decided to test the vocation of his son as an artist, it was 
with a gravity and authority which recalls the patriarchal 
households of Calvinist France. Two drawings were pre- 
pared and placed before a painter at Cherbourg named 
Mouchel, who at once recognized the boy’s giftSj, 
accepted him as a pupil; but shortly after (1835) Millet’s 
father died, and the eldest son, with heroic devotion, took 
his place at home, nor did he return to his work until the 
^ XVI. — 41 
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pressing calls from witliout wore solemnly enforced by tbo 
wishes of his own family. He accordingly went back to 
Cherbourg, but after a short time s^jent there with another 
master (Langlois) started with many misgivings for Paris. 
The council-general of the department had granted him a 
sum of GOO francs, and the town council promised an 
annual pension of -100, but in spite of friendly help and 
introductions Millet went through great difficulties. The 
system of the ficole des Beaux Arts was hateful to him, 
and it was not until after much hesitation that he decided 
to enter an official studio — that of Delaroche. The master 
was certainly puzzled by his pupil ; he saw his ability, 
and, when Millet in his poverty could not longer pay the 
monthly fees, arranged for his free admission to the studio, 
but ho tried in vain to make him take the approved direc- 
tion, and lessons ended with “ Eh, bieu, allez a votrO guise, 
vous Gtes si nouveau pour moi quo jo no veux rien vous 
dire.” At last, when the competition for the Grand Prix 
came on, Delaroche gave ^Millet to understand that ho 
intended to secure the nomination of another, and there- 
upon Millet withdrew himself, and with his friend ^Marollo 
started in a little studio in the Euo do I’Est. Ho had 
renounced the beaten track, but ho continued to study 
hard whilst he sought to procure bread by painting por- 
traits at 10 or 15 francs a piece and producing small 
“ pastiches ” of Watteau and Boucher. These works are 
classed as those of his “ flowery manner,” and ilillet has 
been reproached — he whoso whole life was an act of con- 
viction — with having sacrificed his convictions to curry 
favour with the public. It is true that ho himself has 
recorded his aversion to both these masters. “In the 
Louvre,” he said, “I received vivid impressions from 
Mantegna, complete from Jfichelangelo ; after Michelangelo 
and Poussin I have remained faithful to the early masters.” 
Boucher was for him an object of “repulsion,” and in 
Watteau “ I saw,” ho said, “a little theatrical world which 
oppressed me.” Thus it was then that Millet naturally 
felt and .saw, but the strongest genius knows moments of 
self-doubt. Later in life ilillet was heard to say that 
were it not for the small group who believed in liim he 
should have lost faith in himself. In earlier years, before 
he was certain of his own leading, he was naturally influ- 
enced by the advice of others whose arguments were enforced 
by the pressure of dire poverty. Even so from time to 
tune the native vein showed strong. In 1810, as soon as 
he had despatched a portrait to the Salon, Millet went back 
to Gr4ville, where he painted Sailors 3Ieudiug a Sail and a 
few other pictures — reminiscences of Cherbourg life. His 
first success was obtained in 1814 when his Jlilkwomau 
and Lesson in Riding (pastel) attracted notice at the Salon, 
and friendly artists presented themselves at his lodgings 
only to learn that his wife had just died, and that he him- 
self had disappeared. Millet was at Cherbourg ; there ho 
remarried, but having amassed a few hundred francs ho 
went back to Paris and presented his St Jerome at the 
Salon of 1845. This picture was rejected and exists no 
longer, for Millet, short of canvas, painted over it Ofdipus 
Unbound, a work which during the following year was the 
object of violent criticism. He was, however, no longer 
alone ; Diaz, Eugene Tourneux, Rousseau, and other men 
of note supported him by their confidence and friendship, 
and he had by his side the brave Catharine Lemaire, his 
second wife, a woman who bore poverty with dignity and 
gave courage to her husband through the cruel trials in 
which he penetrated by a terrible personal experience the 
bitter secrets of the very poor. To this date belong 
'Millet’s Golden Age, Bird Hesters, Young Girl and Lamb, 
and Bathers ; but to the Bathers (Louvre) succeeded The 
Mother Asking Alms, The Workman’s Monday, and The 
Winnower. , This last work, exhibited in 1848, obtained 
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conspicuous success, but did not sell till Ledru Rollin, 
informed of the painter’s dire distres.s, gave him 500 franc.s 
for it, and accompanied the purchase with a commission, 
the money for which enabled ilillet to leave Paris for 
Barbizon, a village on the skirts of the forest of Pontaine- 
bleau. There ho settled in a three-roomed cottage for the 
rest of his life — twenty-seven years, in which he wrought 
out the perfect story of that peasant life of which he alone 
ha.s given a “complete impres.sioa.” Jules Breton has 
coloured the days of toil with sentiment; other.s, like 
Courbet, whoso eccentric Euneral at Ornans attracted more 
notice at the Salon of 1850 than Millet’s Sowers and 
Binders, have treated similar subjects ns a vehicle for 
protest against social misery ; ^Millet alone, a peasant and 
a miseniblo one him.self, .saw true, neither softening nor 
exaggerating what he saw. In a curious letter written to 
M. Sensier at this date (1850) Millet expressed. liLs resolve 
to break once and for all with mythological and undraped 
subjects, and the uaincs of the principal woi-ks painted 
subsequently ivill show how stedfastly this resolution wa.s 
kept. In 1 852 he produced Girls Sewing, !Man Spreading 
Manure; 1853, The Reapers; 1854, Church at Griiville 
(Luxembourg) ; 1855 — the 3 'ear of the International 
Exhibition, at which he received a medal of second class — 
Peasant Grafting a Tree ; 1857, The Gleaners; 1859, 'I’lio 
Augelus (Louvre, engraved Waltner), The Woodcutter and 
Death; 18G0, Sheep Shearing; 18G1, Woman Shearing 
Sheep, Woman Feeding Child; 18G2, Potato Planters, 
Winter and the Crows; 1SG3, ilan with Hoe, Woman 
Carding; 1SG4, Shepherds and Flock, Peasants Bringing 
Homo a Calf Born in the Fields; 18C9, Knitting Lesson; 
1870, Buttermaking; 1871, November — recollection of 
Orucliy. An}' one of these works will show how great an 
inlluence .Millet’s previous practice in the nude had upon 
his style. The dresses worn by his figures are not clothes, 
but drapery through which the forms and movements of the 
body are strongly felt, and their contour shows a grand 
breadth of line which strikes the eye at once. Something 
of the imposing unity of his work was also, no doubt, due 
to an extraordinary power of memory, which enabled 
ilillet to paint (like Horace Vernet) without a model; he 
could recall with precision the smallest details of attitudes 
or gestures which he proposed to represent. Thus he could 
count on presenting free from after thoughts the vivid 
impre-ssions which he had first received, and ^lillet’s nature 
was such that the impressions which he received were 
alwaj’s of a serious and often of a noble order, to which 
the character of his execution responded so perfectly that 
oven a Washerwoman at her 'Ikib will show the grand 
action of a Medea. The drawing of this subject is repro- 
duced in I'iouvetiirjs de Barhhon, a pamphlet in which 31. 
Pi4dagnel has recorded a visit paid to ilillet in 18G4. 
His circumstances were then less evil, after struggles as 
severe as those endured in Paris. A contract by which 
he bound liimself in ISGO to give up all his -work for 
three years had placed him in possession of 1000 francs 
a month. His fame extended, and at the e.xhibitiou of 
1867 he received a medal of the first class, and the 
ribbon of the Legion of Honour, but ho was at the same 
moment deeply shaken by the death of his faithful friend 
Rousseau. Though ho rallied for a time he never com- 
pletely recovered his health, and on the 20th January 
1875 he died. He was buried by his friend’s side in the 
churchyard of Chailly. 

Sco A. Sensier, Vic cl CEucrc de J. F. Millet, 1374 ; Piedaguel, 
Souvenirs de Barbizon, &c. (E. F. Sr P.) 

MILLVILLE, a city of the United States, in Cumberland 
county. New Jersey, at the head of navigation of ilaurice 
river, 40 miles by rail from Philadelphia by the Cape 3fay, 
Millville, and Vineland section of the West Jersey Railroad. 
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It is one of the chief seats of glass-making in the State, 
and also manufactures cotton, iron pipes for water and gas, 
turbines, ikc. The population was 7660 in 1880. 

ilILiIA27, Haut (1791-1868), dean of St 

Paul’s, was born February 10, 1791, and was the third 
son of Sir Francis Milman, physician to George HL He 
was educated at Eton and at Brasenose College, Oxford ; 
his university career was brilliant, and among other dis- 
tinctions he gained the Hewdigate prize with a poem on 
the Apollo Belvedere. In 1816 he was ordained, and was 
soon ^terwards presented to the living of St Mary’s, 
Beading. He had already made his appearance as a 
dramatic wTiter, his tragedy of Fazio, founded on a narra- 
tive in the Annual Register lov 1795, having been brought 
on the stage without his knowledge under the title of The 
Italian Wife. It was subsequently produced at Covent 
Garden, and obtained great success from the acting of 
Miss O’Heill as Bianca. The merit of the play consists 
chiefly in the powerful situation ; the diction is florid and 
ornate. The same criticism, by the author’s own confes- 
sion, applies to his epic, Samor, the Lord of the Bright 
Citg (Gloucester), a poem -written in early youth. The 
subject is taken from British legend, and ililmanhas failed 
to invest it with serious interest. He was more successful 
in his next attempts, where the subjects were well adapted 
to an imagination easily kindled by the historical or the 
moral picturesque. The death struggle of an expiring 
nation in the Fall of Jerusalem (1820), the conflict of new 
truth and old order, of religious enthusiasm and earthly 
afiection, in the Martgr of Antioch (1822), are depicted 
with great eloquence and real insight into human nature. 
Milman’s characters, however, are personified tendencies 
rather than personages, and in poetical style he was unable 
to free himself from the influence of Byron. Belshazzar 
(1822) is in general a pale copy of Byuon’s Sardanapalus, 
but contains some fine lyrics, ililman’s lyrics, indeed, 
especially his hymns, have frequently a fine ring and sweep, 
though the thought is generally commonplace. His 
tragedy of Anne Boleyn (1826) is a poor performance. 
With the exception of admirable versions of the Sanskrit 
episode of Hala and Damayanti, and of the Agamemnon 
and BaccJwe, this was Milman’s last poetical work. He 
was elected professor of poetry at Oxford, and in 1827 
delivered the Bampton lectures, selecting as his subject the 
conduct and character of the apostles as an evidence of 
Christianity. In 1830 his History of the Jews appeared in 
the-Family Library. The contracted limits of this series 
forbade any adeqimte treatment of the subject; the w'ork 
is nevertheless memorable as the first by an English 
clergyman which treated the Jews as an Oriental tribe, 
recognized sheikhs and emirs in the Old Testament, sifted 
and classified documentary evidence, and evaded or 
minimized the miraculous, ililman was violently attacked, 
esjjecially by Dr Faussett and Bishop Mant, and the odium 
thus occasioned stopped the publication of the Family 
Library, and long impeded the preferment of the -writer. 
In 1835, however. Sir Eobert Peel made him rector of St 
Margaret’s and canon of Westminster, and in 1849 he 
became dean of St Paul’s. The unpopularity attaching to 
him had by this time nearly diedhway ; and now, generally 
revered and beloved, intimate -with men of all pursuits, 
politics, and persuasions, counted among the chief ornaments 
of the, most polished society of the metropolis, he occupied 
a singularly dignified and enviable position, which he 
constantly employed for the promotion of culture and 
enlightenment, and .’in particular for the relaxation of 
subscription to ecclesiastical formularies. His History of 
Christianity under the Empire had appeared in 1840, but 
had been as completely ignored as if, said Lord Melbourne, 
the clergy had taken a universal oath never to mention it 


I L - 323 

to any one. Widely different was the reception of the 
continuation, his great History of Latin Ghistianity to 
the death of Pope Nicholas V., which appeared in 1855. 
He also edited Gibbon and Horace, and at his death in 
1868 left behind him almost finished a delightful history 
of his own cathedral, which was completed and published 
by his son. 

ililmau possessed a large share of the imagination which enters 
into and calls up the past, and of that which interprets actions and 
apprehends opinions by the power of q-mpathy. In creative 
pagination he was deficient, a defect which alone prevented him 
from attaining the first rank as an historian. His pages are 
crowded with splendid names rather than with living personan-es ; 
the springs of action are disclosed with remarkable penetration, °but 
the actor himself is rather heard than seen. There are, however, 
exceptions, such as his portrait of Sir Christopher IVren; and 
he possessed a peculiar power of investing mere intellectual 
tendencies with personality and life. His parallel of Latin and 
Teutonic Christianity, for example, is a piece of finished historical 
character painting. His power of sympathy rendered him in effect, 
as his natural equity and benignity made him in intention, a 
model of historical candour, only chargeable, perhaps, with too much 
gentleness. It will be long ere his great work is superseded ; but he 
will jrerhaps be remembered even longer as an embodiment of all 
the qualities which the higher ecclesiastical preferment can be 
supposed capable of encouraging or rewarding among the clergy of 
a great historical churcli. (R. G.) 

ilLLO, one of the most famous athletes of Greece, 
whose name became proverbial for personal strength. 
He lived about the end of the 6th century b.c., was six 
times cro-ivned at the Olympic games and six times at the 
Pythian for wrestling, and was famous throughout the 
civilized world for his feats of strength, such as carrying 
an ox on his shoulders through the stadium at Olympia. 
In his native citj*^ of Crotona he was much honoured, and 
he commanded the army which defeated the people of 
Sybaris in 511 b.c. "When Democedes, the physician of 
Darius, deserted the Persian service, he sent a boastful 
message to the king of Persia informing him of his 
marriage to the daughter of Milo. 'The traditional account 
of his death is often used to point a moral : he found a 
tree which some woodcutters had partially si)Iit \vith a 
wedge, and attempted to rend it asunder; but the wedge 
fell out, and the tree closed on his hand, imprisoning him 
till wolves came and devoured him. 

MILO was the surname of T. Annius Papianus, one of 
the best-known of the partisan leaders and ruffians in the 
stormy times that preceded the dissolution of the Eoman 
republic. His father was C. Papius Celsus, but he was 
adopted by his mother’s father "1. Annius Luscus. He 
joined the Pompeian party, and led the band of mercenaries 
and gladiators which was required to defend the cause and 
its chief supporters in the public streets. P. Clodius, the 
leader of the ruffians who professed the democratic cause, 
was his personal enemy, and their brawls in the streets and 
their mutual accusations in the law courts lasted for several 
years, beginning when Milo was tribune of the commons 
in 57 B.c. In 53 their quarrels came to a height when 
Mil o was candidate for the consulship and Clodius for the 
pnetorship ; and when the two leaders met by accident on 
the Appian ’Way at Bovill®, Clodius was murdered (J anuary 
20, 52 B.C.). This act of violence strengthened the hands 
of Pompey, who was nominated sole consul, and proposeu 
several stringent laws to restore order in the city, Milo 
was impeached; his guilt was clear, and his enemip took 
every means of intimidating his supporters and his judges. 
Cicero was afraid to deliver the speech he had prepared 
Pro Hilone, and the extant oration is an expanded form of 
the unspoken defence, ililo went into exile at Massilia, 
and his property was sold by auction. He joined the 
insurrection of M. CseHus in 48 B.c., and was soon ^m 
near Thurii in Lucania. His uife Fausta was daughter 
of the dictator Sulla. 

MILTIADES. See Geeece, vol. xi. p. 99. 
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SIILTON, John (1608-167 4), was born in Bread Street, 
''' Cheapside, London, on the 9th of December 1608. His 
father, known as Mr John Milton of Bread Street, scrivener, 
was himself an interesting man. He was a native of 
Oxfordshire, having been born there in or about 1563, the 
sou of a Richard Milton, yeoman of Stanton-St-John’s, 
of whom there are traces as one of the sturdiest adherents 
to the old Roman Catholic religion that had been left in his 
district. The son, however, had turned Protestant, and, 
having been cast off on that account, had come to London, 
apparently about the year 1586, to push his fortune. 
Having received a good education, and !(iaving good abilities, 
especially in music, he may have lived for some time by 
musical teaching and iwactice. Not till 1595, at all events, 
when he was long past the usual age of apprenticeshiiJ, do 
we hear of his preparation for the p)rofession of a scrivener; 
and not till Febnrary 1 599-1600, when he was about thirty- 
seven years of age, did he enter the profession as a qualified 
member of the Scriveners’ Company. It was then that he 
set up his “house and shop” in Bread Street, and began, 
like other scriveners, his larvyerly business of drawing up 
wills, marriage-settlements, and the like, with such related 
business as that of receiving money from clients for invest- 
ment and lending it out to the best advantage. It was at 
the same time that he married. Till recently there has 
been the most extraordinary uncertainty as to the maiden 
name of his rvife, the mother of the poet. It has been 
now ascertained, however, that she was a. Sarah Jeffrey, 
one of the two oriffian daughters of a Paul Jeffrey, of St 
Swithin’s, London, “ citizen and merchant-taylor,” originally 
from Essex, who had died before 1583. At the date of 
her marriage she was about twenty-eight years of age. 
Her -widowed mother, Mrs Ellen Jeffrey, came to reside in 
the house iu Bread Street, and died there in February 
1610-11. Before this death of the maternal grandmother, 
three children had been born to the scrivener and his -wife, 
of whom only two survived, — the future poet, and an elder 
sister, called .Anne. Of tluee more children, born subse- 
quently, only one survived, — Christopher, the youngest of 
the family, born December 3, 1615. 

The first sixteen years of ililtou’s life, coinciding exactly 
with the last sixteen of the reign of James L, associate 
themselves ■»\dth the house in Bread Street, and with the 
surroundings of that house in Old London. His father, 
while prospering in business, continued to be known as a 
man of “ ingeniose ” tastes, and even acquired sojne dis- 
tinction in the London musical world of that time by his 
occasional contributions to important musical ijublications. 
Music was thus a part of the poet’s domestic education 
from his infancy. Whatever else could be added was 
added without stint. Again and again Milton speaks Avith 
gratitude and affection of the ungi-udging pains bestowed 
by his father on his early edrrcation. “Both at the 
gi'ammar school and also under other masters at home," is 
the statement 'in one passage, “he caused me to be 
instructed daily.” This brings us to about the year 1619, 
when Milton was ten years of age. At that time his 
domestic tutor was Thomas Young,, a Scotsman from Perth- 
shu’e, and graduate of the university of St iindrews, after- 
wards a man of no small distinction among the English 
Puritan clergy, but then only curate or assistant to some 
parish clergyman in or near London, and eking out his 
livelihood by private teaching. Young’s tutorship lasted 
till 1622, when he was drawn abroad by an offer of the 
pastorship or chaplaincy to the congregation of English 
merchants in Hamburg. Already, however, for a year or 
two, his tutorship had been only supplementary to the 
education which the boy was receiving by daily attendance 
at St Pauh^pmbUc.._sdmql, close to Bread Street. The 
headmaster of the school was Mr Alexander Gill, an elderly 
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Oxford divine, of high reputation for scholarship and 
teaching ability. Under him, as usher or second master 
was his son, Alexander Gill the younger, also an Oxford 
graduate of scholarly reputation, but of blustering character. 
Milton’s acquaintancesliip with this younger Gill, begun at 
St Paul’s school, led to subsequent friendship and corre- 
spondence. Far more affectionate and intimate was- the 
friendship formed by Milton at St Paul’s with a certain 
young Charles Diodati, his schoolfellow there, the son of a 
naturalized Italian physician. Dr Theodore Diodati, who 
had settled in London in good medical practice, and was 
much respected, both on his own account, and as being the 
brother of the famous Protestant divine, Jean or Giovanni 
Diodati of Geneva. Young Diodati, who was destined for 
his father’s profession, left the school for Oxford University 
early in 1623 ; but ililton remained till the end of 1624. 
A family incident of that year was the marriage of his 
elder sister, .Anne, with Edward Phillips, a. clerk in the 
Government office called the Cro^vn Office in Chancery. 
Milton had then all but completed his sixteenth year, and 
was as scholarly, as accomplished, and as handsome a 
youth as St Paul’s school had sent forth. We learn from 
himself that his exercises “in English or other tongue, 
prosing or versing, but chiefly this latter,” had begun to 
attract attention even in his boyhood. This implies that 
he must have had a stock of attempts in English and Latin 
by him of eailier date than 1624. Of these the only 
specimens that now remain are his Paraphrase on Psalm 
CXIV. and his Paraphrase on Psalm G XXXVI, 

On February 12, 1624-25, Milton, at the age of sixteen 
years and two months, was entered as a student of Christ’s 
College, Cambridge, in the grade of a “ Lesser Pensioner.” 
His matriculation entry in the books of the university is 
two months later, April 9, 1625. Between these two dates 
James I. had died, and had been succeeded b}' Charles L 

Cambridge, Universitj- was then in the full flush of its 
prosperity on that old system of university education 
which combined Latin and Greek studies mth plentiful 
drill and disputation in the scholastic logic and philosophy, 
but with little of physical science, and next to no mathe- 
matics. There were sixteen colleges in all, dividing among 
them a total of about 2900 members of the universitj'. 
Christ’s College, to which !MiIton belonged, ranked about 
third in the university in respect of numbers, counting 
about 265 members on its books. The. master -vvas. Dr- 
Thomas Bainbrigge ; and among the thirteen fellows were 
Mr Josejjh Meade, still remembered as a conunentator on 
the Apocalyjjse, and iMr WiUiam Chappell, afterwards an 
Irish bishop. It was under Cha23pell’s tutorship that 
Milton was placed when he first entered the college. At 
least three students who entered Christ’s after Milton, but 
during his residence, deserve mention. One was Edward 
IGug, a youth of Irish birth and high Irish connexions, 
who entered in 1626, at the age of fovuteen; another was 
John Cleveland, afterwards known as royalist and satirist, 
who entered in 1627 ; and the third was Henry More, sub- 
sequently famous as the Cambridge Platonist, who entered 
in 1631, just before Milton left. Milton’s owm brother, 
Christopher, joined him in the college in February 1630- 
31, at the age of fifteen. 

Milton’s academic coui'se lasted seven years and five 
months, or from February 1624-25 to July 1632, bringing 
him from his seventeenth year to his twentj'-fourth. The 
first four years were his time of undergraduateship. It 
was in the second of these, the year 1626, that there 
occurred that quarrel between hinr and his tutor, Mr 
Chappell, which Dr Johnson, making the most of. a lax 
tradition from Aubrey, magnified into the supposition that 
Milton may have been one of the last students in either of 
the English universities that suffered the indignity of 
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! went tlu:ougli, he tells us, a systematic, course of reading 

■ in Greek and Latin classics, varied by mathematics,' 
music, and the kind of physical science we should now call 

, cosmography, 

' ‘ It is an -interesting fact that' Milton’s very first public 
appearance in the world of English authorship was in so 
honoiurable a place as the second folio edition of Slmkespeare 
in 1632. His enthusiastic eulogy on Shakespeare, written 
in 1630, was one of three anonymous pieces prefixed to 
that second folio, along ivith reprints of the commendatory 
verses that had appeared in the first folio, one of them 
Ben Jonson’s immortal tribute to Shakespeare’s memory. 
Among the poems actually 'ivritten by Milton at Horton 
the first, in all probability, after the Latin hexameters Ad 
Patrem, -were the exquisite companion pieces JJ Allegro 
and II Pemeroso. There followed, in or about 1633, the 
fragment called Arcades, It was part of a pastoral masque 
got up by the young people of the noble family of Egerton 
in honour of their venerable relative the countess-dowager 
of Derby, and performed before that lady at her mansion of 
Harefield, near Uxbridge, about 10 miles from Horton. 
That jililton contributed the -words for the entertainment 
was, almost certainly, owing to his friendship with Henry 
Law'es, one of the chief covut musicians of that time, whose 
known connexion with the Egerton family points him out 
as the probable manager of the Harefield masque. Mext 
in order among the compositions at Horton ma}’^ be 
mentioned the tlrree short pieces, At a Solemn Ilusic, On 
Time, and Upon the Circumcision', after which comes 
Comus, the largest and most important of aU Milton’s 
minor poems, y The name by which that beautiful drama 
is now universally known w^as not given to it by Slilton 
himself. He entitled it, more simply and vaguely, “A 
Masque presented at Ludlow Castle, 1634, before the Earl 
of Bridge'svater, Lord President of 'iVales.” 'The existence 
of this poem is certainly due to jMUton’s intimacy with 
Lawes. The earl of Bridgewater, the head of the Egerton 
family, had been appointed to the high office of the 
presidency or viceroyalty of Wales, the official seat of 
which was Ludlow in Sluopshire ; it had been determined 
that among the festivities on his assumption of the office 
there should be a great masque in the hall of Ludlow 
Castle, TOth Lawes for the stage manager and one of the 
actors ; iililton had been applied to by Lawes for the 
poetry ; and, actually, on Michaelmas night, September 29, 
1634, the drama furnished by Milton was performed in 
Ludlow Castle before a great assemblage of the nobility 
and gentry of the Welsh principality, Lawses taking the part 
of “ the attendant spirit,” while the parts of “ first brother,” 
“ second brother,” and “ the lady ” were taken by the earl’s 
three youngest children, Viscount Bracldey, Mr Thomas 
Egerton, and Lady Alice Egerton. — From September 1634 
to the beginning of 1637 is a comparative blank in our 
records. Straggling incidents in this blank are a Latin 
letter of date December 4, 1634, to Alexander Gill the 
younger, a Greek Translation of Psalm CXIV., a 'vdsit to 
Oxford in 1635 for the purpose of incorporation in the 
degree of il.A. in that university, and the beginning in 
May 1636 of a troublesome lawsuit against his now aged, 
and infirm father. — ^The lawsuit, which was instituted by 
a certain Sir Thomas Cotton, baronet, nephew and executor 
of a deceased John Cotton, Esq., accused the elder 3Iilton 
and his partner Bower, or both, of having, in their capacity 
as scriveners, misappropriated divers large sums of money 
that had been entrusted to them by the deceased Cotton to 
be let out at interest. The lawsuit rvas still in progress 
when, on the 3d of April ,1637, Milton’s mother died, at 
the age of about sixty-five. A flat blue stone, with a brief 
inscription, visible on the chancel-pavement of Horton 
church, .still marks the place of her burial- Milton’s 
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testimony to her character is that she was a “a most 
excellent mother and particularly kno'^wi for her charities 
through the neighbourhood.” The year 1637 was other- 
ivise eventful in his biography. It was in that year that 
his Comus, after lying in manuscript for more than two 
years, was published by itself, in the form of a small quarto 
of thirty-five pages. The authoFs name was mthheld, and 
the entire responsibility of the publication was assumed by 
Henry Lawes. ^Gililton seems to have been in London when 
the little volume appeared. He was a good deal in London 
at all events, during the summer and autumn months 
immediately following his motheFs death. The plague, 
which had been on one of its periodical visits of ravage 
through England since early in the preceding year, was 
then especially severe in the Horton neighbomhood, while 
London Avas comparatively free. It was probably in 
London that Milton heard of the death of young Edward 
King of Christ’s College, Avhom he had left as one of the 
most popular of the fellows of the college, and one of the 
clerical hopes of the university. King had sailed from 
Chester for a vacation visit to his relatives in Ireland, 
Avhen, on the 10th of August, the ship, in perfectly calm 
water, struck on a rock and went dorvn, he and nearly 
all the other passengers going dorvn with her. There is 
no mention of the sad accident in two otherwise very in-, 
teresting Latin Familiar Epistles of ililton, of September 
1637, both addressed to his medical friend Charles Diodati, 
and both dated from London ; but how deeply the death of 
King had affected him appears from his occupation shortly 
afterwards. In November 1637, and probably at Horton, 
whence the plague had by that time vanished, he •wrote 
his matcliless pastoral monody of Lycidas. It was liis con- 
tribution to a collection of obituary verses, Greek, Latin, and 
Engli.sh, Avhich King’s numerous friends, at Cambridge and 
elsewhere, were getting up in lamentation for his sad fate. 
The collection did not appear till early in 1 638, when it 
Avas published in two part.?, Avith black-bordered title-pages, . 
from the Cambridge University press, one consisting of 
tAventy-three Latin and Greek pieces, the other of tliirteen 
English piece.?, the last of Avhich Avas lililton’s monody, 
signed only Avith his initials “ J. M.” It was therefore 
early in 1638, Avhen Milton aaus in his thirtieth year, that 
copies of his Lycidas may have been in circulation among 
those Avho had already become acquainted Avith his Comus. 

Milton Avas then on the Aving for a foreign tour. He 
had long set his heart on a visit to Italy, and circum- 
stances noAv favoui-ed his -wish. The ve.xatious Cotton 
lawsuit, after hanging on for nearly tAvo years, was at an 
end, as far as the elder Milton aaus concerned, Avith the 
most absolute and honourable •vindication of his character 
for probity, though Avith some continuation of the case 
against his partner, BoAver. Moreover, Milton’s younger 
brother, Christopher, though but tAventy-tAvo years of age, , 
and just about to be called to the bar of the Inner Temple, 
had married a Avife ; and the young couple had gone to 
reside at Horton to keep the old man company. There 
being nothing then to detain jililton, all was arranged 
for his journey. Before the end of April 1638 he 
AA'as on his AAuy across the Cliannel, taking one Englisli 
man-servant Avith him. At the time of his departure 
the last great neAvs in England was that of the national 
Scottish Covenant, or solemn oath and band of all ranks 
and classes .of the Scotti.sh people to stand by each other 
to the death in resisting the ecclesiastical innovations 
which -Laud and diaries had been forcing upon- Scotland. 
To Charles the neivs of this “ damnable Covenant,” as he 
called it, was enraging beyond measure ; but to the mass 
of the English Puritans it was far from unAvelcome, 
promising, as it seemed to do, for" England herself, the 
subA'ersion at last of that system of “Thorough,” or despotic 
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governmont by tbo king and his ministers without parlia- 
ments, under which the country had been groaning since the 
contemptuous dissolution o{ Charles's third parliament ten 
years before. 

Through P.iris, where Milton made but a sliort stay, 
receiving polite atteiuiou from the English ambassador’ 
Loial Scudamore, and having the honour of an introduction 
to the famous Hugo Grotiu,s then ambass;\dor for Sweden 
at the Erench court, he moved on rapully to It;dy, by way 
of Xice, After visiting Gencxt, Leghorn, and Pisa, he 
arrived at Florence, August IboS. Enchanted by the city 
and its society, he remained there two mouths, frequenting 
the chief academies or literary clubs, and even taking part 
in their proceedings. Among the Florentines with whom 
he bev-ame intimate were Jacopo Gaddi, young Carlo Dati. 
Ihctro Frescolwldi, Agostino Coltclliui, the" grammariaii 
Peuedetto Bnonuuattei, Valerio Chimeutelli, and Antonio 
Franeiiii. It was in the neighbourhood of Florence also 
that he “ found and visited " the great Galileo, then old 
and blind, and still nominally a prisoner to the Inquisition 
for his astronomical heresy. From Floreuee, by Siena, 
ililton went to Home. Ho readied the Eternal City some 
time in October, and spent about another two mouths 
there, no: only going alKiut among the ruins and antiquities 
and visiting the galleries, but mixing also, as he had done 
in Fioi-ence, with the learned society of tlie academies. 
Among those with whom he formed acquaintance in Home 
were the German scholar, Lucas Holstenins, librarian of 
the Vatican, ami three native Italian scholars, named 
Cherubini. Saldlli, and Selvaggi. There is reconl of his 
having dined once, in cemtviny with several other English- 
men, at the hospitable table of the English Jesuit College, 
Tiie most picturesque incident, however, of his stay in 
Rome w.ts his iiresence at a great musical entertainment 
in the p.tlaee of Caialinal Francesco Ikirberini. Hero lie 
had not only the honour of a specially kind reception by 
the c.irdinal himself, but also, it would .appear, the 
supreme phasure of listening to the marvellous Leonora 
Raroni, the nuxsc renowned singer of her age. Late in 
Xovember he left Rome for Xaples. Here, also he w.rs 
fortunate. The great man of the place was the now very 
aged Giovanni Battista Jlauso, marquis of Villa, the friend 
and biographer of the graat Tasso, and subsequently the 
friend and patron of the sweet Marini. By a happy 
accident Milton obtained an iutroduetion to Mauso, and 
notlung could exceed the courtesy of the attentions paid 
by the aged marquis to the young English stranger. Ho 
had liardly been in Naples a month, however, when there 
came news from England which not oiih’ stopped an 
intentioji he had formed of e.xtendiiig his tour to Sicily 
and thence into Greece, hut urged his immediate return 
home. “ The sad news of civil war in Eiiglatul,” he s.ays, 
“called me Ktek.; for I considered it base that, while my 
fellow-countrymen were tighting at homo for liberty, I 
sliould be travelling abreetd for iutelleotual culture.’'' In 
December therefore, ho sec Ids face northwards .again. 
His return journey, however, probably because he learnt 
that the news he had Jirst received was e.xaggemted or 
premature, was broken into stages. Ho spout a second 
two months in Rome, tiscertmiiod to have been January 
and February IGoS-ot); during which two months, .as ho 
tells us, he w.is in some danger from the papal police, 
because the English Jesuits iu Rome had taken offence at 
his habit of free speech, whereverho went, on tho subject 
of religion. Though ho did not alter his demeanour in tho 
least iu this jxartictilar, nothing happened ami from Romo 
he got safely to Florence, welcomed back heartily by his 
Floreutiue frieiuls, and renewing Ids meetings with them 
privately and in their academics. His second visit to 
Florence, inclutliug an e.xonrsion to Lucca, extended over 


two mouths; and not till April 16o9 did he toko his 
leave, and proceed, by Bologna and Ferrara, to Venice. 
Alwut a mouth was given to Venice: and thence, bavin 
shippeti for England tho books he had collected in Itah° 
ho went on, by Verona and Mdan, over the Alps, to 
Geneva. In this Protestant city he spent a week or *two 
in June, forming interesting aoquaintaucesldps there too, 
and having daily conversations with tho gre.at Ih-otestant 
theologian Dr_ Jean Diodati, tho nude" of. Ids friend 
Charles Diodati. From Geneva he returned to Paris, and 
so to England. Ho was home .again in August 1G39, 
having heoii absent in all nfteeii or sixteen months. 

Milton's Continental tour, and especially the Italian 
portion of it, remained one of the cldef pleasnras of his 
memory tlirongh all his subsequent life. Nor wis it qidto 
without fruits of a literary kind. Besides two of his Latin 
Episiolx Familians. one to tho Florentine grauunarian 
Buommattei, and the other to Lucas Holstmiins, there 
have to be assigned to ,Miltou's sixteen montlis on tho 
Continent his three Latin epigrams Ad l^oitoram Fomx 
Ciiitentim, his Latin seasons A(f Snhillttm Fo<:tam 
Fotnanum his line and valuable poem in 

Lttiu hexanioters entitled ^fditsus, and Ids Fire Italiun 
SoniwU, u'ilh (f Ciiiizoiu’, celebrating the charms of some 
Italian lady he had met iu his travels. 

One sad and marring memory did mingle itself with all 
that was otherwise so delightful iu his Italian reminiscences. 
His bosom friend and comjxanion from boyhood, tho half- 
Itulian Charles Diodati, who had been to him as Jonathan 
to David, and into whoso ear ho had hoped to pour the 
whole narrative of what lie had seen and done abroad, had 
died during his absenee. Ho had died, iu Blackfriars, 
London, in August 1G3S, not four months after Milton 
had gone away on his tour. The intelligence had not 
reachoil iMilton till some inonths afterwards, probably not 
till his second stay in Florence; and, though he must liavo 
learnt some of the particulars from the youth’s uncle iu 
Genova, he did not know them fully till his return to 
Knglaud. How profoundly they affected him appears 
from liis £pi(ap/t!um Ftiiinmis, then written iu memory of 
his dead friend. Tho importance of this poem in Milton’s 
biography cannot bo overrated. It is perhaps tho noblest 
of all his Latin poems; and, though iu tho form of a 
pastoral, and oven of a jiastoral of tho most artiticial sort, 
it is unmistakably an outburst of tho most passiouato 
[)ersonal grief. In this raspect Lpcidas, artistically perfect 
though that poem is, cannot he compared with it ; and it is 
only tho fact xhiit Zpcidas is iu English, while tho Epiiapit iu»i 
Famonis is in Latin, that has led to tho notion that Edward 
King of Christ’s College was peculiarly and pre-eminently 
the friend of Jliltoii in" his youth and early manhood. 

That Milton, now in his thirty-first year, had been gird- 
ing himself for some greater achievement iu poetry than any 
ho had yet attempted, Cuiiitts not excepted, we should have 
known otherwise. V hat wo should not have known, hut 
for an incidental passage in tho Fpiiaphiuni Fnmonig, is 
that, at tho time of his i-oturu from Italy, ho had chosen a 
subject for such a high literary effort of a now Miltonic 
sort. Tho pass;rgo is ono iu which, after referring to tho 
hopes of Diodati’s medical career as so suddenly cut short 
bv las death, Milton speaks of himself as tho survivor and 
of his own projects iu his profession of literature. In 
translation, it may run thus : — 


I havo a theme of the 'IVijaus cfuisiug our southern heaiUaiuls 
ShaiiiiiL' to soue, aiiil tlio realm of Imogen, daughter ot I aiulnis, 
Bivnuus and Avvii-ach, dukes, and Bivu’s bold brother, belmua ; 
•Then tho Avmoricau settleis under tho laws of the britous, 

Av, ami tho womb of Igi-aine fatally pregnant with Arthur, 
Uthcr's sou, whom ho got disguised in Oorlois likeness, 

■Vll bv Merlin’s craft. 'O then, if life shall bo spaix'd me, 

Thou Shalt bo hung, my pipe, tar off on some dying old pmo-treo. 
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ilucli-forgotten of me ; or else your Latiaii music ' 

Changed for the British war-seree'cli! "What then? For one to 
do all things, 

One to hope all things, fits not ! Prize suHiciently ample 
Mine, and distinction great (unheard-of ever thereafter 
Though I should be and inglorious all through the world of the, 
stranger), _ ' 

If but the yellow-haired Ouse shall read me, the drinker of Alan, 
Humber, which whirls as it flows, and Trent’s whole valley of 
orchards, 

Thames, my own Thames, above all, and Tamar’s western watera. 
Tawny with ores, and where the white waves swinge the far 
- Orkneys.” 

Interpreted prosaically, this means that Jlilton w'as 
meditating an epic of which King Arthur was to bo the 
central figure, but w'hich should include somehow the 
whole cycle of British and Arthurian legend, and that not 
only was this epic to be in English, but he had resolved 
that all his poetry for the future should be in the same 
tongue. 

Not long after Milton’s return the house at Horton 
ceased to be the family home. Christopher !Milton and 
his wife went to reside at Reading, taking the old 
gentleman with them, while Milton himself preferred 
London. He had first taken lodgings in )St Bride’s 
Churchyard, at the foot of Elect Street ; but, after a while, 
probably early in 1640, ho removed to a “pretty garden 
house ” of his own, at the end of an entry, in the part of 
Aldersgate Street which lies immediately on the city side 
of what is now ilaideuhead Court. His sister, whose 
first husband had died in 1631, had married a !Mr Thomas 
Agar, his successor in the Crown Office; and it was arranged 
that her two sons by her first husband should be educated 
by their uncle. John Phillips, the younger of them, only 
nine years old, had boarded w'ith him in the St Bride’s 
Churchyard lodgings ; and, after the removal to zUdensgato 
Street, the other brother, Edward Phillips, only a year 
older, became his boarder also. Gradually a few other 
boys, the sons of well-to-do personal friends, joined the 
two Phillipses, whether as boarders or for daily lessons, 
so that the house in Aldersgate Street became a small 
private school. The drudgery of teaching seems always 
to have been liked by ^Milton. Wiat meanwhile of the 
great Arthurian epic? That project, we find, had been 
given up, and Milton’s mind was roving among many other 
subjects, and balancing their capabilities. How he wavered 
between Biblical subjects and heroic subjects from British 
history, and how many of each kind suggested themselves 
to him, one learns from a list in his own handwriting among 
the Slilton MSS. at Cambridge. It contains jottings of 
no fewer than fifty-three subjects from the Old Testament, 
eight from the Gospels, thirty-three from British and 
English history before the Conquest, and five from Scottish 
history. It is curious that all or most of them are headed 
or described as subjects for “tragedies,” as if the epic 
form had now been abandoned for the dramatic. It is 
more interesting still to observe which of the subjects 
fascinated Milton most. Though several of them are 
sketched pretty fully, not one is sketched at such length 
and so particularly as Paradise Lost. It is the first subject 
on the list, and there are four separate drafts of a possible 
tragedy under that title, two of them merely enumerating 
the dramatis personx, but the last two indicating the plot 
and the division into acts. Thus, in 1640, twenty-seven 
years before Paradise Lost was given to the world, he had 
put down the name on paper, and had committed himself 
to the theme. 

To these poetic dreamings and schemings there was to 
be a long interruption. The Scottish National Covenant 
had led to extraordinary results. Not only were Chai-les. 
and Laud checkmated in their design of converting the 
mild Episcopal^ system which King James had established 
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in Scotland into a high Laudian prelacy; but, in a 
General Assembly held at Gla.sgow in the end " of 1638 
Einscopacy had been utterly abolished in Scotland and 
the old Presbyterian system of Knox and Melville revived, y 
jTo avenge this, and restore^ the Scottish ■ bishop3,..Cliarle.s • 
'hadjnarched to the Border with an English army; but 
iuet ^ there, by the Covenanting army under ' General 
iVlexander Leslie, he had not deemed it prudent to risk'a 
battle, and had yielded to a negotiation conceding to the 
Scots all their demands. Tliis ‘lEirst . Bishops’., War,” as 
it came to be called, was begun and concluded while 
Milton was abroad., About the time of hi.s return,' how- 
ever, Charles had again broken with the Scots. ~Mj.lton 
had been watching the course of affairs since then lyith 
close and eager interest. He had seen and partaken in 
the.,j5ympathetic stir in favour of the Scots, which ran 
through the popular and Puritan mind of England. He 
had welcomed the practical proof of , tliis syjiipathy given 
in that English parliament of April 1640, called “The Short 
Parliament,” which Charle.s, in his straits for supplies against 
the', Scots, had, reluctantly summoned , at, last, but was 
obliged to dismi.ss as unnianageable. Charle.s had,' never- 
thele.s.s, with liioney raised somehow, entered on the 
“Second Bishops’ War.” This time the re sidt w as 
monieiitqiVi indeed. The Sco ts, not waiting to bo attacked 
in their own country, .took tlf? invaded 

Englnml. In August 1640, after one small engagement 
with a portion of Charles’s army, they were in pos-sessipn 
,of Newcastle and of all the northern English counties. 
The English theif had their opportunity, A .treaty with 
the,. Scots was begun, which the English PuritaiLs, who 
regarded their presence, in , England as the very blessing 
they had been praying for, were in no haste to fini.sh' ; and, 
on the 3d of November 1610, there met that parliament 
which was to bo famous in Engli.sh history, and in the 
history of the world, as “ The Long Parliament." 

. Of the first proceedings of this parliament, including the 
trial and execution of Strafford, the impeaclunen^ and (■ 
imprisonment of Laud, and others, and the break-down of t. 
the system of Thorough by miscellaneous reforms and by 
guarantees for parliamentary liberty, ililton was only a 
spectator. It was jyhen . the., .church, question emerged 
distinctly as the question.paramoimt, and there, had arisen 
divisions on that question among those who had. been 
practically unanimous in matters of civil reform, that ho 
plunged in as an active adviser. There were three j^arties 
on the church question. There was a high-cfiurch party, / . 
contending for Episcopacy by divine. right, and for the 
maintenance of English Episcopacy ver}' much as it was ; ^ 
there was a nridd le party, defending Episcopacy on grounds 
.of usage and e.xpediency, but desiring to see the powers of 
bishops greatly curtailed, and a limited Episcopacy, with 
councils' of presbyters round each bishop, substituted for 
the existing high Episcopacy ; and there was the.rootrand-... J 
toanch party, ,as it called itself, desiring the entire abolition 
of ’^Episcopacy and the.. , i-econstruction of the English 
Church, on something like the Scottish. Presbyterian model. 
_Siime_the opening of the parliament there had been a storm 
of pamphlets crossing one another in the 'air from these 
three_ partied The chief manifesto of the high-church 
party was a pamphlet by Joseph Hall, bishoji of Exeter, 
entitled Hxmihle Remonstrance to the High Court of 
Parliament. In answer to Hall, and in representation of 
the views of the root-and-branch party, there had stepped 
forth, in ^larch 1640-41, five leading Puritan parish 
ministers, the initials of whose'names, clubbed together on 
the title-page of their joint production, made the uncouth 
word “ Smectymnuus.” These were Stephen Marshall, 
Edmund Calamy, Thomas Young, Matthew Newcomen, 
and William Spurstow. The Thomas Young whose name 
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comes in the middle was no other than the Scottish 
Thomas Young who had been Milton’s domestic preceptor 
in Bread Street. •''3i%Yipg returned from Hamburg in 
^1628, he had been appointe^tq th^viparage of Stowmarket 
in Suffolk, in which living he had remained ever”” since7 
\vitL the reputation of. being one of the most solid .and 
Puritans .among the English parish clergy. The 
famous Smectymnuan pamphlet in reply to"' Hall. ..was 
hl§iply. Young’s. "What is more interesting is that his. old 
PUpif .i^iiiton was secretly in partnership wth him and.hi 3 
brother-Smectymnuans. Milton’s hand is discernible in a 
portion of the original Smectymnuan pamphlet; and he 
continued to aid the Smectymnuans in their subsequent 
rejoinders to Hall’s defences of himself. It was more in 
Milton’s way, however, to appear in print independently; 
and in May 1611, while the controversy between Hall and 
the Smectymnuans was going on, he put forth a pamphlet 
of his own. It was entitled Of Reformation touching 
Church Discipline in England and the Causes that have 
hitherto hindered it, and consisted of a review of English 
ecclesiastical history, with an appeal to his countrymen to 
resume that course of reformation which he considered to 
have been prematurely stopped in the preceding century, 
and to sweep away the last relics of papacy and prelacy. 
Among all the root-and-branch pamphlets of the time it 
stood out, and stands out still, as the most thorough-going 
and tremendous. It was followed by four others in rapid 
succession, — to wit, Of Prelatical Episcopacy and whether 
it may he deduced from the Apostolical Times (June 1641), 
Animadversions upon the Remonstrant’s Defence against 
timectymnuus (July 1641), The Reason of Church Govern- 
ment urged against Prelaty (February 1641-42), Apology 
against a Pamphlet called a Modest Confutation of the 
Animadversions, <fcc. (March 1641-42). The first of these 
was directed chiefly against that middle party which 
advocated a limited Episcopacy, with especial reply to the 
arguments of Archbishop Ussher, as the chief e.xiJonent of 
the views of that party. Two of the others, as the titles 
imply, belong to the Smectymnuan series, and were 
castigations of Bishop Hall. v/The greatest of the four, and 
the most important of all Milton’s anti-Episcopal pamphlets 
after the first, is that entitled The Reason of Church 
Government. It is there that Milton takes his readers 
into his confidence, speaking at length of himself and his 
motives in becoming a controversialist. ‘Poetry, he declares, 
was his real vocation ; it was with reluctance that he had 
resolved to “ leave a calm and pleasing solitariness, fed with 
cheerful and confident thoughts, to embark in a troubled 
sea of noises and hoarse disputes”; but duty had left him 
no option. *^1116 great poem or poems he had been meditat- 
ing could wait ; and meanwhile, though in prose-polemics 
he had the use only of his “left hand,” that hand should 
be used with all its might in the cause of his country and 
of liberty. 

The parliament had advanced in the root-and-branch 
direction so far as to have passed a bill for the exclusion 
of bishops from the House of Lords, and compelled the 
king’s assent to that bill, when, in August 1642, the 
further struggle between Charles and his subjects took the 
form of civil war. All England was then divided into the 
Royalists, supporting the king, and the Parliamentarians, 
adhering to that majority of the Commons, ivith a 
minority of the Lords, which sat on as the' parliament. 
While the first battles of the civil war were being fought 
with varying success, this parliament, less impeded than 
when it had been full, moved on more and more rapidly 
in the root-and-branch direction, till, by midsummer 1643, 
the abolition of Episcopacy had been decreed, and the 
question of the future non-prelatic constitution of the 
Church of England referred to a synod of divines, to meet 


a,t W estminster under parliamentary authority. Of Milton’s 
life through those first months of the civil war little is 
known. He remained in his house in Aldersgate Street 
teaching his nephews and other pupils; and the only 
scrap that came from his pen was the semi-jocose sonnet 
bearing the title When the Assault was intended to the City. 
In the summer of 1643, however, there was a great change 
in the Aldersgate Street household. -^About the end of May, 
as his nephew Edward Phillips remembered, Milton went 
away on a country journey, without saying whither or for 
what purpose; and, when he returned, about a month 
afterwards, it was with a young wife, and mth some of 
her sisters and other relatives in her company. He had, 
in fact, been in the very headquarters of the king and the 
Royalist army in and round Oxford; and the bride he 
brought back Avith him was a Mary Powell, the eldest 
daughter of Richard Powell, Esq., of Forest Hill, near 
Oxford. She was the third of a family of eleven sons and 
daughters, of good standing, but in rather embarrassed 
circumstances, and was seventeen years and four months 
old, while Milton was in his thirty-fifth year. However 
the marriage came about, it was a most unfortunate event. 
The Powell family were strongly Royalist, and the girl 
herself seems to have been frivolous, unsuitable, and 
stupid. Hardly were the honeymoon festivities over in 
Aldersgate Street when, her sisters and other relatives 
having returned to Forest Hill and left her alone with her 
husband, she pined for home again and begged to be 
allowed to go back on a visit. Milton consented, on the 
understanding that the visit was to be a brief one. This 
seems to have been in July 1643. >^ 8000 , however, the 
intimation from Forest Hill was that he need not look 
ever to have his wife in his house again. The resolution 
seems to have been mainly the girl’s o\vn, abetted by her 
mother ; but, as the king’s cause was then prospering in 
the field, it is a fair conjecture that the whole of the 
Powell family had repented of their sudden connexion with 
so prominent a Parliamentarian and assailant of the Church 
of England as Milton. While his mfe was away, his old 
father, who had been residing for three years with his 
younger and lawyer son at Reading, came to take up his 
quarters in Aldersgate Street. 

Milton’s conduct under the insult of his wife’s desertion 
was most characteristic. Always fearless and speculative, 
he converted his ow case into a public protest against the 
existing law and theory of marriage. The Doctrine and 
Discipline of Divorce Restored, to the good of both Sexes, was 
the title of a pamphlet put forth by him in August 1 643, 
without his name, but with no effort at concealment, declar- 
ing the notion of a sacramental sanctity in the marriage 
relation to be a clerically invented superstition, and argiung 
that inherent incompatibility of character, or contrariety 
of mind, between two married persons, is a perfectly just 
reason for divorce. There was no reference to his o^vn 
case, except by implication; but the boldness of the 
speculation roused attention and sent a shock through 
London. It was a time when the authors of heresies of 
this sort, or of any sort, ran considerable risks. The/ 
famous 'Westminster Assembly of Divines, called by the 
Long Parliament, had met on the appointed day, July 1, 
1643; the Scots, in consenting to send an army into 
England to assist the parliament in their war with the 
king, had proposed, as one of the conditions, their Solemn- 
League and Covenant, binding the two nations to endeavour 
after a uniformity of religion and of ecclesiastical discipline, 
with the extirpation of all “heresy, schism, and profan^ 
ness,” as well as popery and prelacy; the Solemn League and 
Covenant had been enthusiastically accepted in England, 
and was being sworn to universally by the ParliamentanaM ; 
and one immediate effect was that four eminent Scottish 
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divines and two Scottisli lay commissioners were added to 
the Westminster Assembly and became leaders there. 
Whether Milton’s divorce tract was formally discussed in 
the Assembly during the first months of its sitting js 
unknown; but it is certain that the London clergy, 
including not a few members of the Assembly, were then 
talking about it privately ■with anger and execration. 
That there might be no obstacle to a more public prosecu- 
tion, Milton threw o£E the anonymous in a second and 
much enlarged edition of the tract, in February 1643-44, 
.dedicated openly to the parliament and the Assembly. 
Then, for a month or two, during which the gossip about 
V • him and his monstrous doctrine was spreading more and 
more, he turned his attention to other subjects. Among 
the questions in agitation in the general ferment of opinion 
brought about by the civil war was that of a reform of 
the national system of education and especially of the 
universities. To this question hlilton made a contribution 
in June 1644, in a small Tract on Education, in the form 
of a letter to Mr Samuel. Hartlib, a German then resident 
in London and interesting himself busily in all philanthropic 
projects and schemes of social reform. In the very next 
month, however, July 1644, he returned to the divorce 
subject in a pamphlet addressed specially to the clergy 
and entitled The Judgment of Martin Bucer concerning 
Divorce. The outcry against him then reached its height. 
He was attacked in pamphlets; he was denounced in 
pulpits aU through London, and more than once in sermons 
before the two Houses of Parliament by prominent divines 
of the Westminster Assembly ; strenuous efforts were made 
to bring him within definite parliamentary censure. In 
the cabal formed against him for this purpose a leading 
part was played, at the instigation of the clergy, by the 
Stationers’ Company of London. That company, represent- 
ing the publishers and booksellers of London, had a plea 
of their o-\vn against him, on the ground that his doctrine 
was not only immoral, but had been put forth in an illegal 
manner.v/His first divorce treatise, though published imme- 
diately after the “ Printing Ordinance ” of the parliament 
of Jnne 14, 1643, requiring all publications to be licensed 
. for press by one of the official censors, and to be registered 
in the books of the Stationers’ Company, had been issued 
without licence and without registration. Complaint to 
this effect was made against Milton, mth some others liable 
to the same charge of contempt of the printing ordinance, 
in a petition of the Stationers to the House of Commons 
in August 1644; and the matter came before committee 
both in that House and in the Lords. It is to this 
circmnstance that the world owes the most popular and 
eloquent, if not the greatest, of all Milton’s prose-writings, 
his famous Areopagitica, a Speech of Mr John Milton 
for the Liberty of Unlicensed Printing to the Parliament 
of England. It appeared in the end of November 1644, v' 
deliberately nnlicensed and unregistered, as was proper 
on such an occasion, and was a remonstrance addressed 
to the parliament, as if in an oration to them face 
to face, against their ordinance of June 1643 and the 
whole system of licensing and censorship of the press. 
Nobly eulogistic of the parliament in other respects, it 
denonnced their printing ordinance as utterly unworthy of 
them, and of the new era of English liberties which they 
were initiating, and called for its repeal. Though that 
effect did not follow, the pamphlet virtually accomplished 
its purpose. The licensing system had received its death- 
blow ; and, though the Stationers returned to the charge 
in anothe^ complaint to the House of Lords, Milton’s 
offence agamst the press ordinance was condoned. He was 
still assailed in pamphlets, and found himself “ in a Avorld of 
disesteem ” ; but he lived on through the wnter of 1644-45 
undisturbed in his house in Aldersgate Street. To this 
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period there belong, in the shape of verse, only his sonnets 
ix. and x., the first to some anonymous lady, and the 
second “to the Lady Margaret Ley,” with perliaps the 
Greek lines entitled Philosophus ad Regem Quendam. 
His divorce speculation, however, stiU occupied him; 
and in March 1644-40 he published simultaneously his 
Tetrachordon, or Expositions upon the four chief places of 
Scripture which treat of Marriage, and his Colasterion, a 
Reply to a nameless Answer against the Doctrine and 
Discipline of Divorce. In these he replied to his chief 
recent assailants, lay and clerical, "with merciless severity. 

It was not merely Milton’s intellectnal eminence that 
had saved him from prosecution for his divorce heresy. A 
new tendency of national opinion on the church question 
had operated in his favour, and in favour of all forms of 
free speculation. There had occurred in the Westminster 
Assembly itself, and more largely throughont the general 
community, that split of English Puritanism into the two 
opposed varieties of Presbyterianism on the one hand and 
Hidependency or Congregationalism on the other which 
explains the whole subsequent history of the Puritan revo- 
lution. Ont of this theoretical discnssion as to the con- 
stitution of the church there had grown the all-important 
practical qnestion of toleration. The Presbyterians insisted 
that the whole population of England should necessarily 
belong to the one national Presbyterian Church, be com- 
pelled to attend its worship, and be subject to its discipline, 
while the Independents demanded that, if a Presbyterian 
Church should be set up as the national and state-paid 
church, there should at least be liberty of dissent from it, 
and toleration for those that chose to form themselves 
into separate congregations. Vehement \vithin the West- 
minster Assembly itself, the controversy had attained 
■wider dimensions out of doors, and had inwought itself 
in a most remarkable manner with the conduct of the war. 
Orthodox Presbyterian Calvinists were still the majority 
of the Puritan body ; but, in the new atmosphere of liberty, 
there had sprung up, from secret and long-suppressed seeds 
in the English mind, a wonderful variety of sects and 
denominations, mingling other elements with their 
Calvinism, or hardly Cal^vinistic at all, — most of them, it is 
true, fervidly Biblical and Christian after their different 
sorts, but not a few professing the most coolly inquisitive 
and sceptical spirit, and pushing their speculations ^ to 
strange extremes of free-thinking. These sects, gromng 
more and more numerous in the large towns, had become 
especially powerful in the English Parliamentary army. 
That army had, in fact, become a marching academy of , 
advanced opinionists and theological debaters. Now, as all 
the new Puritan sects, differing however much among 
themselves, saw their existence and the perpetuity of their 
, tenets threatened by that system,of ecclesiastical uniformit}' 
which the Presbyterians proposed to establish, they had, 
one and all, abjured Presbyterianism, and adopted- the 
opposite principle of Independency, with its appended 
principle of toleration. Hence an extraordinary conflict 
of policies among those who seemed to be all Parliamen- 
tarians, all- imited in fighting against the king. The 
auxiliary Scottish army, which had come into England in 
January 1643-44, and had helped the English generals to 
■beat the king in, the great battle of Marston Moor in July 
1644, thought that he had then been almost sufficiently 
beaten, and that the object of the Solemn League and 
Covenant would be best attained by bringing him to such 
terms as shoidd secure an immediate Presbyterian settle- 
ment and the suppression of the Independents and sectaries. 
In this the chief English commanders, such as Essex and 
Manchester, agreed substantially with the Scots. Cromwell, 
on the other hand, who was now the recognized head of 
the army Independents, did not think that the king had 



MIX 

TDeen sufficiently beaten, even for the general purposes of 
"tbe "war, and was resolved tbat the war should be pushed 
on to a point at which a Presbyterian settlement should be 
impossible wthout guarantees for liberty of conscience and 
■a toleration of non-Presbyterian sects. Through the latter 
part of 1644:, accordingly, Mlton had been saved from the 
penalties which his Presb 3 derian opponents would have 
iinflicted on him by this general championship of liberty of 
opinion by Cromwell and the army Independents. /Before 
ihe middle of 1645 he, with- others who were on the 
black books of the Presbyterians as heretics, was safer 
•still. Though the parliament had voted, in January 
, 1644-45, that the future national church of England should 
lie on the Presbyterian system, Cromwell and the Inde- 
pendents had taken care to have the question of tolera- 
■tion left open; and, wthin the next month or two, by 
■Cromwell’s exertions, a completely new face was put uphn 
the war by the removal of all the chief officers that had 
been in command hitherto, and the equipment of the 
New Model army, with Fairfax as its commander-in-chief 
and Cromwell himself as lieutenant-general. The Scots 
•and the stricter EngUsh Presbyterians looked on malignantly 
while this army took the field, calling it an “ Army of 
Sectaries,” and almost hoping it would be beaten. On 
June 14, 1645, however, there was fought the great battle 
of Naseby, utterly ruining the king at last, and leaving 
only relics of his forces here and there. ^Milton’s position 
then may be easily understood. Though nis first tendency 
on the church question had been to some form of a 
Presbyterian constitution for the church, he had parted 
•utterly now from the Scots and Presbyterians, and become 

partisan of Independency, having no dread of “ sects and 
schisms," but regarding them rather as healthy signs in 
the English body-politic. He was, indeed, himself one of 
the most noted sectaries of the time, for in the lists of 
■sects dra-svn out by contemporary Pi'esbyterian writers 
special mention is made of one small sect who were known 
as Miltonists or Divorcers. j 

So far as Milton was <5oncerned personally, his interest 
in the divorce speculation came to an end in July or 
August 1645, when, by friendly interference, a reconcilia- 
tion was effected between him and his wife. The ruin of 
the king’s cause at Naseby had suggested to. the Powells 
that it might be as well for their daughter to go back to her 
husband after their two years of separation. It was not, 
however, in the house in iddersgate Street that she rejoined 
him, but in a larger house, which he had taken in the 
adjacent street called Barbican, for the accommodation of 
an increasing number of pupils. 

The house in Barbican was tenanted by Milton from 
about August 1645 to September or October 1647. Among 
his first occupations there must have been the revision of 
•the proof sheets of the first edition of his collected poems. 
It appeared as a tiny volume, copies of which are now vei-y 
rare, ■with the title Poems of Mr John Milton, both English 
and Latin, composed at several times. The title-page gives 
•the date 1645, but January 1645-46 seems to have been 
■the exact month of the publication. The appearance of 
the volume indicates that Milton may have been a little 
tired by this time of his notoriety as a p rose-ps lemic, and 
desirous of being ' recognized once more in his original 
•character of literary man and poet. But, whether because 
his pedagogic duties now engrossed him or for other reasons, 
very few new pieces were added in the Barbican to those 
that the little volume had thus made public. In English, 
there were only the four sonnets now numbered xi.-xiv., the 
-first two entitled “ On the Detraction which followed upon 
•my writing certain Treatises,” the third “ To Mr Henry 
Xawes on his Airs,” and the fourth “To the Religious 
Memory of Mrs Catherine Thomson,” together uith the 
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po%yerful anti-Presbyterian invective or “tailed sonnet” 
entitled “ On the New Forcers of Conscience under the 
Long Parliament”; and in Latin there were only the ode 
Ad Joannem Rousium, the trifle called Apologus de 
j Rustko et Hero, and one interesting Familiar Epistle 
< addressed to his Florentine friend Carlo Dati. Some 
family incidents of importance, however, appertain to this 
time of residence in Barbican. Oxford having siurendered 
to Fairfax in June 1646, the whole of the Powell family 
had to seek ^refuge in London, and most of them found 
shelter in Milton’s house. His first child, a daughter 
named Anne, was born there on the 29th of July that 
year; on the 1st of January 1646-47 his father-in-law ilr 
Powell died there, leaving his affairs in confusion ; and in 
the follomng March his ow father died there, at the age 
of eighty-four, and was buried in the adjacent church of St 
Giles, Cripplegate. For the rest, the two years in Barbican 
are nearly blank in Milton's biography. The great 
I Revolution was still running its course. For a time 
Charles’s surrender of himself, in May 1646, to the auxiliary 
I Scottish army rather than to Fairfax and Cromwell, and 
his residence ’ with that Scottish army at Newcastle in 
negotiation with the Scots, had given the Presbyterians 
the advantage ; but, after the Scots had evacuated England 
in January 1646-47, leaving Charles a captive -with his 
English subjects, and especially after the English army had 
seized him at Holmby in June 1647 and undertaken the 
further management of the treaty rvith him, the advantage 
was all the other way. It was a satisfaction to Milton, 
and perhaps still a protection for him, that the “ Army of 
Independents and Sectaries” had come to be really the 
masters of England. 

From Barbican Slilton removed, in September or 
October 1647, to a smaller house in that part of High 
Holborn which adjoins Lincoln’s Inn Fields. His Powell 
relatives had now left him, and he had reduced the 
number of his pupils, or perhaps kept only his two 
nephews. But, though thus more at leisure, he did not 
yet resume liis projected poem, but occupied himself 
rather %vith three works of scholarly labour which he had 
already for some time had on hand. One was the com- 
pilation in English of a complete history of England, or 
■rather of Great Britain, from the earliest times ; another 
was the preparation in Latin of a complete system of 
di-vinity, drawn directly from the Bible ; and the third was 
the collection of materials for a new Latin dictionary. 
Milton had always a fondness for such labours of scholar- 
ship and compilation. \pf a poetical kind there is nothing 
to record, during his residence in High Holborn, but an 
experiment in psalm-translation, in the shape of Psalms 
j Ixxx.-lxxxviii. done into service-metre in April 1648, and 
[ the Soimet to Fairfax, written in September of the same 
year. — This last connects him again with the com'se of 
public affairs. The king, having escaped from the cu.stody 
of the army chiefs, and taken refuge in the Isle of Wight, 
had been committed to closer custody there ; all negotia- 
tion between him and parliament had been declared at an 
end ; and the result would ijrobably have been his deiJosi- 
tion, but for the consequences of a secret treaty he had 
contrived to make wth the Scots. _ By this treaty the 
Scots engaged to invade England in the king’s behalf, 
i rescue bim from the English parliament and army, and 
restore him to his full royalty, while he engaged in return 
to ratify the Covenant, the Presbyterian system of cimrcli 
government, and aU the other conelusions of the IV'est- 
niinster Assembly, throughout England, and to put 
down Independency and the sects. Thus, in May 1618, 
began what is called the Second Civil War, consistmg ffr.st 
of new risings of the Royalists in various parts of Englaiid, 
and then of a conjunction of these with a great invasion 
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of England by a Eoyalist Scottisli army, under tbe command 
of tbe duke of Hamilton. It was all over in August 
1648, when the crushing defeat of the Scottish army by 
Cromwell in the three days’ battle of Preston, and the 
simultaneous suppression of the English Koyalist insur- 
rection in the south-east counties by Fairfax’s siege and 
capture of Colchester, left Charles at the mercy of the 
victors. — Slilton’s Sonnet to Fairfax was a congratulation 
to that general-in-chief of the parliament on lus success at 
Colchester, and attested the exultation of the writer over 
the triumph of the Parliamentary cause. Hi s exultation 
continued through what followed. After one more dying 
effort of the parliament at negotiation wth Charles, th 9 
array took the whole business on itself. The king was 
brought from the Isle of Wight ; the parliament, manipu- 
lated by the army officers, and purged of all members 
likely to impede the army’s purpose, was converted into 
an instrument for that purpose; a court of high justice 
was set up for the trial of Charles; and on January 
30, 1648-49, he was brought to the scaffold in front of 
IVhitehall. By that act England became a republic, 
governed, -without King or House of Lords, by the persever- 
ing residue or “Kump” of the recent House of Commons, 
in conjunction with an executive council of state, composed 
of forty-one members appointed annually by that House. 

The first Englishman of mark out of parliament to 
attach himself openly to the new republic was John 
hlilton. Tliis he did by the publication of his pamphlet 
entitled Tenure of Kings and Magistrates, proving that it is 
lawful, and hath been held so in all ages, for any who have the 
power, to call to account a Tyrant or wiclced King, and, 
after due conviction, to depose and p)ut him to death, if the 
ordinary Magistrate have neglected to do it. It was out 
■\Hthin a fortnight after the king’s death, and was Milton’s 
last performance in the house in High Holboni, The chiefs 
of the new republic could not but perceive the importance 
of securing the services of a man who had so opportunely 
and so powerfully spoken out in favour of their tremendous 
act, and who was otherwise so distinguished. In March 
1648-49, accordingly, Milton was offered, and accepted, the 
secretai-yship for foreign tongues to the council of state 
of the new Commonwealth. The salary was to be £288 a 
year, worth about £1000 a year now. To be near his new 
duties in attendance on the council, which held its daily 
sittings for the first few weeks in Derby House, close to 
Whitehall, but afterwards regularly in Whitehall itself, he 
removed at once to temporary lodgings at Charing Cross. 
In the very first meetings of council which Milton attended 
he must have made personal acquaintance rvith President 
Bradshaw, Fairfax, Cromwell himself, Sir Henry Vane, 
Whitlocke, Henry Marten, Hasilrig, Sir Gilbert Pickering, 
and the other chiefs of the coimcil and the Commonwealth, 
if indeed he had not known some of them before. After a 
little while, for his greater convenience, official apartments 
were assigned him in IVhitehall itself. 

At the date of Milton’s appointment to the secretaryship 
he was forty years of age. His special duty was the 
drafting of such letters as were sent by ,the council of 
state, or sometimes by the Rump Parliament, to foreign 
states and princes, rvith the examination and translation 
of letters in reply, and -with personal conferences, when 
necessap^, rvith the agents of foreign powers in London, 
and -with envoys and ambassadors. As Latin was the 
language employed in the -written diplomatic documents, 
his post came to be known indifferently as the secretaryship 
for foreign tongues or the Latin secretaryship. In that 
post, however, his duties, more particularly at ‘first, were 
very light in comparison rvith those of his official colleague, 
Mr Walter Frost, the general secretary. Foreign powers 
held alpof from the English republic as much as they could; 
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and, while Mr Frost had to be present in every meeting of 
the council, keeping the minutes, and conducting all the 
general correspondence, Milton’s presence was required 
only when some piece of foreign business did turn up.v/ 
Hence, from the first, his employment in very miscel- 
laneous work. Especially, the council looked to him for 
everything in the nature of literary -vigilance and literary 
help in the interests of the struggling Common-wealth. He 
was employed in the e.xamination of suspected papers, and 
in interviews with their authors and printers; and he 
executed several great literary commissions expressly 
entrusted to him by the council. The first of these was 
his pamphlet entitled Observations on Ormond’s Articles of 
Peace with the Iiish Rebels. It wus pubEshed in May 
1649, and was in defence of the republic against a 
complication of Royalist intrigues and dangers in Ireland. 

A passage of remarkable interest in it is one of eloquent 
eulogy on Cromivell. More important stUl was the 
Eikonoldastes (which may be translated “ Image-)Smasher ”), 
published by Milton in October 1649, by way of 
counterblast to the famous Eikon Basilike (“Royal 
Image ”), which had been in circulation in thousands of 
copies since the king’s death, and had become a kind of 
Bible in all Royalist households, on the supposition that it 
had been witten by the royal martyr himself. A third 
piece of work was of a more laborious nature. In the 
end of 1649 there appeared abroad, under the title of 
Defensio Regia pro Carolo I., a Latin vindication of the 
I memory of Charles, with an attack on the English Com- 
monwealth, intended for circulation oh the Continent. As 
it had been -written, at the instance of the e.xiled royal 
family, by Salmasius, or Claude de Saimiaise, of Leyden, 
then of enormous celebrity over Europe as the greatest 
scholar of his age, it was regarded as a serious blow to the 
j infant Commonwealth. To answer it was thought a task 
worthy of Milton, and he threw his whole strength into the 
performance through the year 1650, interrupting himself 
only by a new and enlarged edition of his Eikonoklastes. 
Not till April 1651 did the result appear ; but then the suc- 
cess was prodigious. jMilton’s Latin Pro Popido Anglicano 
Defensio, as it was called, ran at once over the British 
Islands and the Continent, rousing acclamation eve^y^vhere, 
and received by scholars as an annihilation of the great 
Salmasius. Through the rest of 1651 the observation -svas 
that the two agencies which had co-operated most visibly 
in raising the reputation of the Commonwealth abroad 
were Milton’s books and Cromwell’s battles. — These battles 
of Cromwell, in the service of the Commonwealth he had 
founded, had kept him absent from the council of state, 
of which he was still a member, since shortly after the 
beginning of Milton’s secretaryship. For nearly a year he 
had been in Ireland, as lord lieutenant, reconquering that 
country after its long rebellion; and then, for another 
year, he had been in Scotland, crushing the Royalist 
commotion there round Charles H., and annexing Scotland 
to the English republic. The annexation, was complete on 
the 3d of September 1651, when Cromwell, chasing 
Charles II. and his army out of Scotland, came up -with 
them at Worcester and gained his crowning victoi-y. The 
Commonwealth then consisted of England, Ireland, and 
Scotland, and Cromwell was its supreme chief. — Through 
the eventful year 1651, it has been recently ascertained, 
ililton had added to the other duties of his secretaryship 
that of Government journalist. Through the whole of that 
year, if not from an earlier period, he acted as licenser and 
superintending editor of the Mercurius Politicus, a news- 
paper issued t-svice a week, of which ilr Marchamont 
Needham was the working editor and proprietor; Milton’s 
hand is discernible in some of the leading articles. 

About the end of 1651 Milton left his official rooms in 
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liliTiitehall for a house he liad taken on the edge of St 
v/Jaines's Park, in_ what was then called Petty France, 
Westminster, but is now York Street. The house existed 
t^ the other day, but has been pulled down. In Milton's 
time it was a villa-looking residence, with a garden, in 
a neighbourhood of villas and gardens. He had now 
more to do in the sjiecial work of his office, in consequence 
of the increase of correspondence with foreign powers. 
But he had for some time been in ailing health j and a 
dimness of eyesight which had been growng upon him 
gradually for ten years had been settling rapidly, since his 
labour over the answer to Salmasius, into total blindness. 
Actually, before or about May 1G52, when he was but in 
his forty-fourth year, liis blindness was total, and he could 
go about only -ivith some one to lead him. Hence a re- 
arrangement of his secretarial duties. Such of these duties 
as he could perform at home, or by occasional visits to the 
Council Office near, he continued to perform ; but much of 
the routine work was done for him by assistants, one of 
them a well-knowi German named Weckherlin, under the 
superintendence of Mr John Thurloe, rvho had succeeded 
Mr Walter Frost in the general secretary.ship. Precisely 
to tins time of a lull in Milton’s secretaryship on account 
of his iU-health and blindness we have to refer his two 
great companion sonnets To the Lord General Croimoell 
and To Sir Henry Vane the Younger. To about the same 
time, or more precisely to the interval between May and 
September 1652, though the exact date is uncertain, we 
have to refer the death of his only son, who had been born 
in his official 'Wliitehall apartments in the March of the 
preceding year, and tlie deatli also of his ^vife, just after 
she had given birth to his third daughter, Deborah. With 
the three children thus left him, — Anne, but six years old, 
Hilary, not four, and the infant Deborah, — the blind 
widower lived on in Ills house in Petty France in such 
desolation as can be imagined. He had recovered suffici- 
ently to resume hLs secretarial duties; and the total num- 
ber of Ids dictated state letters for the single year 1662 
is equal to that of all the state letters of his preceding 
term of .secretaryship put together. To the same year 
there belong also three of his Latin Familiar Epistles. 
In December 1652 there was published Joannis Philippi 
Anyli Resptonsio ad Apoloyiam Anonymi Cvjusdam Tene- 
Irionis, being a reply by ililton’s younger nephew, John 
Phillips, but touched up by ililton himself, to one of 
several pamphlets tliat had appeared against Milton for his 
slaughter of Sabnasius. The ablest and most scurrilous 
of these, w'hich had just appeared anonymously at the 
Hague, with the title Eeyii Sanguinis Clamor ad Coelum 
adversus Parricidas Anglicanos Cvy oi the Eoyal Blood 
to Heaven against the English Parricides ”), Milton Avas 
reserving for his own attention at his leisure. 

On the 20th of April 1653 there Avas CromAvell’s great 
act of armed interference by Avhich he turned out the small 
remnant of the Bump Parhament, dismissed their council 
of state, and assunred the government of England, Ireland, 
and Scotland into his OAvn hands. For several months, 
indeed, he acted only as interim dictator, governing by a 
council of his officers, and Avaiting for the conclusions of 
that select body of advisers Avhich he had called together 
from all parts of the country, and Avhich the Royalists 
nicknamed “The Barebones Parliament.” In December 
1653, hoAvever, his formal sovereignty began under the 
name of the Protectorate, passing gradually into more than 
kingship. This change from government by the Rump 
and its council to government by a single military Lord 
Protector and his council Avas regarded by many as treason 
to the republican cause, and divided those Avho had hitherto 
been the united CommonAvealth’s men into the “Pure Re- 
publicans,” represented by such men as BradshaAV and Vane, 
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and the “ Oliverians,” adhering to the Protector. Milton 
Avhose boundless admiration of Cromwell had shoAvn itself 
already in his Irish tract of 1649 and in his recent sonnet, 
Avas recognized as one of the Oliverians. He remained in 
Oliver’s service and Avas his Latin secretary through the 
whole of the Protectorate. For a while, indeed, his Latin 
letters to foreign states in CromAvell’s name Avere but ferv, — 
Mr Thurloe, as general secretary, officiating as Oliver's 
right-hand man in everything, with a Mr Philip Meadows 
imder him, at a salary of £200 a year, as deputy for the 
blind Mr Milton in foreign correspondence and translations. 
The reason for this temporary exemption of Milton from 
routine duty may have been that he Avas then engaged on 
an ansAver, by commission from the late Government, to 
the already-mentioned pamphlet from the Hague entitled 
Pegu Sa nguinis. Lllcmor. Salmasius Avas noAv dead, and 
the CommonAvealth Avas too stable to sufier from such 
attacks ; but no Royalist pamphlet had appeared so able 
or so venomous as this in continuation of the Salmasian 
controversy. All the rather because it was in the main a 
libel on ililton himself did a reply from his pen seem 
necessary. It came out in May 1654, Avith the title 
Joannis Miltoni Angli pro Populo Anglicano Pefensio 
Secunda {“ Second Defence of John Milton, Englishman, 
for the People of England ”). It is one of the most inter- 
esting of aU Milton’s Avritings. The author of the libel to 
which it replied Avas Dr Peter du Moulin the younger, a 
naturalized French Presbyterian minister, then moving 
about in English society, close to Milton ; but, as that v/as 
a profound secret, and the Avork Avas universally/ attributed 
on the Continent to an Alexander Morus, a Frencli 
minister of Scottish descent, then of much oratorical 
celebrity in Holland, — Avho had certainly managed the 
printing in consultation Avith the noAv deceased Salmasius, 
and had contributed some portion of the matter, — Milton 
had made this Morus the responsible person and the one 
object of his castigations. They were frightful enough. 
If Salmasius had been slaughtered in the former Defensio, 
Morus Avas murdered and gashed in this. His moral 
character Avas blasted by exposure of his antecedents, and 
he Avas blazoned abroad in Euroj)e as a detected clerical 
blackguard. The terrific castigation of Morus, however, 
is but part of the Defensio Secunda. It contains passages 
of singular autobiographical and historical value, and 
includes laudatory sk etches of such eminent Common- 
Avealth's men as BradshaAV, Fairfax, Fleetwood, Lambert, 
and Overton, together Avith a long panegyric on CroniAvell 
himself and his career, Avhich remains to this day unap- 
proached for elaboration and grandeur by any estimate of 
CromAvell from any later pen. From about the date of the 
publication of the Defensio Secunda to the beginning of 
1655 the only specially literaiy relics of Alilton’s life are 
his translations of Psalms i.— viii. in difierent metres, done 
in August 1654, his translation of Horace’s Ode i._ 5, done 
probably about the same time, and tAVO of his Latin 
Familiar Epistles, -r The most active time of his secretary- 
ship for Oliver Avas from April 1655^ onAvards.^ In that 
month, in the course of a general revision of official salaries 
under the Protectorate, Milton’s salary of £288 a year 
hitherto Avas reduced to £200 a year, Avith a kind of re- 
definition of his office, recognizing it, Ave may say, as a 
Latin secretaryship extraordinary. Mr Philip Meadows 
Avas to continue to do all the ordinary Foreign Office AA'ork, 
under Thurloe’s inspection ; but Milton Avas to be called 
in on special occasions. Hardly Avas the arrangement 
made Avhen a signal occasion did occur. In May 1655 all 
England Avas horrified by the neAVS of the massacre of the 
Vaudois Protestants by the troops of Emanuele II., duke 
of Savoy and prince of Piedmont, in consequence of them 
disobedience to an edict requiring them either to leave 
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their native valleys or to conforni to tho Catholic religion. 
Cromwell and his council took the matter up ■with all their 
energy ; and the burst of indignant letters on the subject 
despatched in that month and the next to the duke of 
Savoy himself, Louis XIV. of France, Cardinal Mazarin, the 
Swss canxons, tho States-General of the United Provinces, 
and tho kings of Sweden and Denmark, were all by Milton. 
His famous sonnet On the late ifassacre in Piedmont was 
his more private expression of feeling on the same occasion. 
This sonnet was in circulation, and the case of tho Vaudois 
Protestants was still occupying Cromwell, when, in August 
1655, there appeared the last of Jlilton’s great Latin 
pamphlets. It was Bis Pro Se Defemio, in answer to an 
elaborate self-defence which Morus had put forth on tho 
Continent since Milton’s attack on liis character, and it con- 
sisted mainly of a re-exposure of that unfortunate clergy- 
man. Thence, through tho rest of Cromwell’s Protectorate, 
Milton’s life was of comparatively calm tenor. Ho was in 
much better health than usual, bearing his blindness Avith 
courage and cheerMness j ho was steadily busy with such 
more important despatches to foreign powers as the Pro- 
tector, then in the height of his great foreign policy, and 
regarded Avith fear and deference by aU European monarchs 
and states from Gibraltar to the Baltic, chose to confide to 
him ; and his house in Petty France seems to have been, 
more than at any previous time since tho beginning of his 
blindness, a meeting-place for friends and visitors, and a 
seme of pleasant hospitalities. Tho four sonnets now 
n inhered xix.-xxii., one of them to young Mr Lawrence, 
tl' 5 son of the president of Cromwell’s council, and two of 
th j others to Cyriack Skinner, belong to this time of domestic 
quiet, as do also no fewer than ten of his Latin Familiar 
Epistles. His second marriage belongs to tho same years, 
and gleams even yet as the too brief consummation of this 
happiest time in the blind man’s life. Tho name of his 
second Avife Avas Katharine Woodcock, He married her 
on the 12th of November 1656 ; but, after only fifteen 
months, he Avas again a AvidoAver, by her death in childbirth 
in February 1657-58. The child dying Avith her, only the 
three daughters by tho fii-st marriage remained. The 
touching sonnet AA’hich closes the series of Milton’s Sonnets 
is his sacred tribute to the memory on his second marriage 
and to the virtues of the Avife he had so soon lost. Even 
after that loss Ave find him still busy for CroniAvoll. Mr 
MeadoAvs having been sent ofi on diplomatic missions, 
AndreAv Marvell had, in September 1657, been brought in, 
much to Milton’s satisfaction, as his assistant or coUeaguo 
in the Latin secretaiysliip ; but this had by no means 
relieved him from duty. Some of his greatest despatches 
for CromAvell, including letters, of the highest importance, 
to Louis XIV., Mazarin, and Charles Gustavus of SAvedeir, 
belong to the year 1658. 

One Avould hke to knoAv jArecisely in Avhat personal 
relations Milton and CromAvell stood to each other. There 
is, unfortunately, no direct record to shoAV Avhat CromAvell 
thought of Milton; but there is ample record of Avhat 
^Milton thought of CromAvell. “Om’ chief of men," ho 
had called CromAvell m his sonnet of May 1652 ; and tho 
opinion remained unchanged. He thought CromAvell the 
greatest and best man of his generation, or of many 
generations; and he regarded CromAvell’s assumption of 
the supreme poAver, and his retention of that poAver Avith a 
sovereign title, as no real suppression of the republic, but 
as absolutely necessary for the preservation of the republic, 
and for the safeguard of the British Islands against a 
return of the Stuarts. Nevertheless, imder this prodigious 
admiration of CromAveU, there were pohtical doubts and 
reserves. Milton Avas so much of a modern radical of the 
extreme school in his OAvn political vicAvs and sympathies ■ 
that he cannot but have been- vexed by tho growing con- 
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servatism of CroniAvell’s policy through his Protectorate. To> 
his grand panegyric on Oliver in tho Defensio Seeunda of 
1654 ho had ventured to append cautions against self-Avill, 
over-legislation, and over-policing; and ho cannot have 
thought that Oliver had been immaculate in these respects 
through tho four subsequent years. The attempt to revive 
an aristocracy and a House of Lords, on Avhich Cromwelk 
Avas latterly bent, cannot have been to Milton’s taste. 
Above all, Milton dissented in toto hom CromAvell’s church 
policy. It Avas Milton’s fixed idea, almost his deepest 
idea, that there should be no such thing as an Established 
Church, or state-paid clergy, of any sort or denomination or 
mixture of denominations, in any nation, and that, as it 
had been tho conne;cion betAveen church and state, begun 
by Constantine, that had vitiated Christianity in the Avorld,. 
and kept it vitiated, so Christianity Avould never flourish as 
it ought till there had been imiversal disestablishment and 
diseridoAvmcnt of tho clergy, and the propagation of the 
gospel Avere left to the zeal of voluntary pastors, self-sup- 
ported, or supported modestly by their flocks. He had at- 
one time looked to CromAvell as the likeliest man to carry 
this great revolution in England. But CroiuAvell, after 
much meditation on tho subject in 1652 and 1653, had 
come to the opposite conclusion. The conservation of the 
Established Church of England, in the form of a broad 
union of all evangelical denominations of Christians, whether 
Presbyterians, or Independents, or Baptists, or moderate 
Old Anglicans, that Avould accept state-pay with state- 
control, had been tho fundamental notion of his Protec- 
torate, persevered in to tho end. This must have been 
Milton’s deepest disappointment Avith tho Oliverian rule. 

CromAvell’s death on tho 3d of September 1658 left the 
Protectorship to his son Eiclmrd. ililton and Marvell 
continued in their posts, and a number of the Foreign Office 
letters of tho noAv Protectorate Avere of Milton’s composition. 
Thinking the time fit, he also put forth, in October 1658, a 
ncAv edition of his Defensio PrimOy and, early in 1659, a 
now English pamphlet, entitled Treatise of Civil Power in 
Ecclesiastical Causes, ventilating those notions of his as to 
the separation of church and state Avhich he had been 
obliged of late to keep to himself. To Eichard’s 
Protectorate also belongs one of hlilton’s Latin Familiar 
Epistles. MeanAvhile, though all had seemed quiet round 
Eichard at first, tho jealousies of the army officers left about 
him by Oliver, and tho conflict of political elements let 
loose by Oliver’s death, Avero preparing his doAvnfaU.. In 
May 1659 Eichard’s Protectorate Avas at an end. The 
country liad returned Avith ifleasure to AA’hat Avas called 
“the good old cause” of pure republicanism; and the 
government Avas in the hands of “ the Eestored Eump,” 
consisting of tho reassembled remains of that Eump Parlia- 
inent which OroniAvell had dissolved in 1653. To this 
change, as ine-vitablo in tho circumstances, or even promis- 
ing, liilton adjusted himself. The last of . his knoAvn. 
official performances in his Latin secretaryship are two 
letters in the name of William Lenthall, as the speaker of 
the restored Eump, one to tho king of SAveden and one to 
the king of Denmark, both dated May 15, 1659. Under 
the restored Eump, if ever, he seemed to have a chance for 
his notion of church-disestablishment ; and, accordingly, in 
August 1659, he put forth, Avith a prefatory addross to that 
body, a large pamphlet entitled Considei-atiom touching 
the likeliest means to remove Hirelings otd of the Church. 
The restored Eump had no time to attend to such matters. 
They Avero in struggle for their OAvn existence Avith the 
army chiefs; and the British Islands Avere in that state 
of hopeless confusion and anarchy Avhich, after passing 
through a brief phase of attempted niilitary government 
(October to December 1669), and a second revival of the 
1 purely republican or Eump government (December 1659 to 
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the Eestoration as one of “soKtude.” JTor was this the 
worst. His three daughters, on whom he ought now to 
liave been able principally to depend, were his most serious 
domestic trouble. The poor motherless girls, the eldest in 
her seventeenth year in 1662, the second in her fifteenth, 
and the youngest in her eleventh, had gro^vn up^ in their 
father’s blindness and too great self-absorption, ill-looked- 
after and but poorly educated; and the result now 
appeared. They “ made nothing of neglecting him ” ; they 
rebelled against the drudgery of reading to him or other- 
vrise attending on him ; they “ did combine together and 
counsel his maid-servant to cheat him in her marketings ” ; 
they actually “had made away some of his books, and 
woid have sold the rest.” It was to remedy this horrible 
state of things that Milton consented to a third mar- 
riage. The ivife found for him was Elisabeth MinshuU, 
of a good Cheshire family, and a relative of Dr Paget’s. 
They were married on the 24th of February 1662-63, the 
rvife being then only in her twenty-fifth year, while ililton 
was in his fifty-fifth. She proved an excellent wife ; and 
the Jewin Street household, though the daughters remained 
in it, must have been under better management from the 
time of her entry into it. From that date Milton's circum- 
stances must have been more comfortable, and his thoughts 
about himself less abject, than they had been through the 
two preceding years, though his feeling in the main must 
have been still that of his own Samson : — 

“Now blind, disheartened, shamed, dishonoured, {fuelled. 

To what can I be useful ? wherein serve 
My nation, and the work from heaven imposed ? 

But to sit idle on the household hearth, 

A burdenous drone, to visitants a gaze, 

Or pitied object.” 

That might be the appearance, but it was not the reality. 
All the while of his seeming degradation he had found 
some solace in renewed industiy of various kinds among 
his books and tasks of scholarship, and all the while, more 
particularly, he had been building up his Paradise Lost. 
y/Ee had begim the poem in earnest, we are told, in his 
house in Petty France, in the last year of Cromwell’s 
Protectorate, and then not in the dramatic form contem- 
plated eighteen years before, but deliberately in the epic 
form. He had made but little way when there came the 
interruption of the anarchy preceding the Kestoration and 
of the Restoration itself ; but the work had been resumed 
in Jewin Street and prosecuted there steadily, by dictations 
of twenty or thirty lines at a time to whatever friendly or 
hired amanuensis chanced to be at hand. Considerable 
progress had been made in this way before his third 
marriage; and after that the work proceeded apace, his 
nephew Edward Phillips, who was then out in the world 
on his own account, looking in when he could to revise the 
growing manuscript. 

v^It was not in the house in Jeivin Street, however, that 
Paradise Lost was finished. Hot very long after the third 
marriage, probably in 1664, there was a removal to another 
house, with a garden, not far from Jewin Street, but in a 
more private portion of the same suburb. This, which 
was to be the last of all Milton’s London residences, was 
in the part of the present Bunhill Row which faces the 
houses that conceal the London artillery-ground and was 
then known as “ Artillery Walk, leading to Bunhill Fields.” 
Here the poem was certainly finished before July 1665; 
for, when, in that month, Milton and his family, to avoid 
the Great Pla^e of London, then beginning its fearful 
ravages, went into temporary country-quarters in a cottage 
in Chalfont St Giles, Buckinghamshire, about 23 miles 
from London, the finished manuscript was taken with 
him, in probably more than -one copy. This we learn 
from his young Quaker friepd, Thomas Ellwood, whd had 
taken the cottage for him, and who was shown one of the 
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manuscript copies, and allowed to take it away with him 
for perusal, during Milton’s stay at Chalfont. Why the 
poem was not published immediately after his return to his 
Bunhill house in London, on the cessation of the Great 
Plague, does not distinctly appear, but may be explained 
partly by the fact that the official licenser hesitated before - 
granting the necessary imprimatur to a book by a man of 
such notorious republican antecedents, and partly by the 
paralysis of all business in London by the Great Fire of Sep- 
tember 1666. It was not till the 27th of Aimil 1667 that 
Milton concluded an agreement with a publisher for the 
printing of his epic. By the agreement of that date, still 
extant, Milton sold to Samuel Simmons, printer, of Alders- 
gate Street, London, for £5 down, the promise of another£5 
after the sale of a first edition of thirteen hundred copies, 
and the further promise of two additional sums of £5 each 
after the sale of two more editions of the same size respec- 
tively, all his copyright and commercial interest in Paradise 
Lost for ever. It was as if an author now were to part 
mth all his rights in a volume for £17, 10s. do%vn, and a 
contingency of £52, 10s. more in three equal instalments. 
The poem was duly entered by Simmons as ready 
for publication in the Stationers’ Registers on the 20th of 
the follo-vving August; and shortly after that date it was out 
in London as a neatly printed small quarto, with the title 
Paradise Lost : A Poem written in Ten Books : By John 
Milton. The publishing price was 3s., equal to about 10s. 
6d. now. It is worth noting as an historical coincidence 
that the poem appeared just at the time of the fall and 
disgrace of Clarendon. 

The effect of the publication of Paradise Lost upon 
Milton’s reputation can only be described adequately, as 
indeed it was consciously described by himself in metaphor, 
by his own words on Samson’s feat of . triumph over the 
Philistines : — 

But he, thoudi bliuJ of sight, 

Despised, and thought e.xtinguished quite, 

With inward eyes illuminated, 

His fiery virtue roused' 

From under ashes into sudden flame, 

.(Vnd as an evening dragon came, 

Assailant on the perched roosts 

And nests in order ranged 

Of tame villatic fowl, but as an eagle 

His cloudless thunder bolted on their heads.” 

As the poem circulated and found readers, whether in 
the first copies sent forth by Simmons, or in subsequent 
copies issued between 1667 and 1669, with varied title- 
pages, and the latest of them with a prefixed prose 
“Argument,” the astonishment broke out everywhere. 
‘•'Thm man cuts us all out, and the ancients ,too’_’ is the 
saying attributed to Dryden on the occasion ; and it is the 
more remarkable because the one objection to the poem 
which at first, we are told, “ stumbled many ” must have 
“ stumbled ” Dryden most of all. Except in the drama, 
rhyme was then thought essential in anything professing 
to be a poem ; blank verse was hardly regarded as verse at 
all ; Dryden especially had been and was the champion of 
rhyme, contencUng for it even in the drama ; and yet here 
was an epic not only written in blank verse, but declaring 
itself on that account to be “an example set, the first m 
English, of ancient liberty recovered to heroic poem from 
the troublesome and modern bondage of riming.” That, 
not^vithstanding this obvious blow struck by the poem at 
Dryden’s pet literary theory, he should have welcomed the 
poem so enthusiastically and proclaimed its merits so 
emphatically, says much at once for Ids critical perception 
and for the generosity of his temper. An opinion pro- 
claimed by the very chief of the Restoration literature 
could not but prevail among the contemporary scholars ; 
and, though execration of the blind and unhanged regicide 
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had not ceased among the meaner critics, the general vote 
was that he had nobly redeemed himself. One conse- 
quence of his renewed celebrity was that visitors of all 
ranks again sought him out for the honour of his society 
and conversation. His obscure house in Artillery Walk, 
BunhiU, we are told, became an attraction now, “much 
more than he did desire,”- for the learned notabilities of 
his time. 

The year 1669, when the first edition of Paradise Lost 
had been completely sold out, and Milton had received his 
second £5 on account of it, may be taken as the time of 
the perfect recognition of his pre-eminence among the 
English poets of his generation. He was then sixty years, 
of age ; and it is to about that year that the accounts that 
have come down to us of his personal appearance and 
habits in his later life principally refer. inThey describe 
him as to be seen every other day led about in the streets 
in the vicinity of his BunhiU residence, a slender figure, of 
middle stature or a little less, generally dressed in a grey 
■cloak or overcoat, and wearing sometimes a smaU sUver- 
hUted sword, evidently in feeble health, but stUl look- 
ing younger than he was, -svith his lightish hair, and his 
fair, rather than aged or pale, complexion. He would sit 
in his garden at the door of his house, in warm weather, 
in the same kind of grey overcoat, “ and so, as weU as in 
his room, received the visits of people of distinguished 
parts, as weU as quaUty.” Within doors he was usuaUy 
dressed in neat black. He was a very early riser, and 
very regular in the distribution of his day, spending the 
■first part, to his midday dinner, always in his o^vn room, 
amid his books, with an amanuensis to read for him and 
■write to his dictation. Music was always a chief part 
of his afternoon and evening relaxation, whether when he 
was by himself or when friends were with him. His 
manner \vith friends and visitors was extremely courteous 
and afiable, with just a shade of stateUness. In free con- 
versation, either at the midday dinner, when a friend or 
two happened, by rare accident, to be present, or more 
habituaUy in the evening and at the light supper which 
concluded it, he was tlie - dife and soul of the company, 
from his “flow of subject” a nd his “unaffected cheerfu l- 
ness and civilit y.” though ■with a marked tendency to the 
satirical and sarcastic in his criticisms of men and things. 
This tendency to the sarcastic was connected by some of 
those who observed it with a peculiarity of his voice or 
pronunciation. “ He pronounced the letter r very hard,” 
Aubrey teUs us, adding Dryden’s note on the subject: 

liter a canina, the dog-letter, a certain sign of a satirical 
wit.” ^e was extremely temperate in the use of wine or 
any strong liquors, at meals and at all other times ; and 
when supper was over, about nine o’clock, “ he smoked his 
'./pipe and drank a glass of water, and went to bed.”j He 
suffered much from gout, the effects of which had become 
apparent in a stiffening of his hands and finger-joints, and 
the recurring attacks of which in its acute form were very 
painful. *fflis favourite poets among the Greeks were 
Homer aim the Tragedians, especially Euripides; among 
the Batins, V irgil an djCbdd ; among the English, Spenser 
a nd Shakespea rcr- Among his English contemporaries, he 
thought mosthighly of Cowley. He had ceased to attend 
any church, belonged to no religious communion, and had 
no religious observances in his family. His reasons for 
this were a matter for curious surmise among his friends, 
because of the profoundly religious character of his own 
mind; but he does not seem ever to have furnished the 
explanation. The matter became of less interest perhaps 
after 1669, when his three daughters ceased to reside with 
him, having been sent out, at considerable expense, “ to 
learn some curious and ingenious sorts of manufacture that 
are proper for women to learn, particularly embroideries 
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in gold or silver.” After that the household in BunhiU 
coMisted only of MUton, his vnfe, a single maid-servant 
and the “man” or amanuensis who came in for the day. ’ 
The remaining years of Milton’s life, extending through 
that part of - the reign of Charles H. which figures in 
English history under the name of “ The Cabal Administra- 
tion,” were by no means unproductive. In 1669 he pub- 
lished, under the title of Acce de Commeticed Granniia r. a 
smaU English compendlumror LatingramTnar th.iyhnd 
been lying among his papers. In 1670 there appeared, in 
a_ rather handsome form, and with a prefixed portrait of 
him by Faithorne, done from the life, and the best and 
most authentic that now exists, his History of Britain to 
the Herman Conquest, being all that he had been able to 
accomplish of his intended complete history of England. 
In 1671 there followed his Paradise Regained and Samson 
Agonistes, bound together in one small volume, and giving 
ample proof that his poetic genius had not exhausted itself 
in the preceding great epic. His only publication in 1672 
was a Latin digest of Kamist logic, entitled lirtis Logics 
Plenien’ Institntio, of no great value, and doubtless from 
an old manuscript of his earUer days. In 1673, at a 
moment when the growing political discontent ■with the 
government of Charles 11. and the conduct of his court 
had burst forth in the special form of a “No-Popery” 
agitation and outcry, Milton ventured on the dangerous 
experiment of one more political pamphlet, in which, under 
the title 0/ Tn-ue Religion, Heresy, Schism, Toleration, and 
what best means may be used against the growth of Popery, 
he put forth, ■Nvith a view to popular acceptance, as mild 
a version as possible of his former principles on the topics 
discussed. In the same year appeared the second edition 
of his Minor Poems. Thus we reach the year 1674, the 
last of Milton's life. One incident of that year was the 
publication of the second edition of Paradise Lost, with 
the poem rearranged as now into twelve books, instead of 
the original ten. Another was the publication of a small 
volume containing his Latin Epistolse Familiares, together 
with the Prolusiones Oratonse of his student-days at 
Cambridge, — these last thrown in as a substitute for his 
Latin state letters in his secretaryship for the Common- 
wealth and the Protectorate, the printing of which was 
stopped by order from the Foreign Office. A third publica- 
tion of the same year, and probably the very last thing dic- 
tated by Milton, was a translation of a Latin document from 
Poland relating to the recent election of the heroic John 
Sobieski to the throne of that kingdom, with the title A 
Declaration or Letters Patents of the Election of this present 
King of Poland, John the Third. It seems to have been 
out in London in August or September 1674. On the 8th 
of the following November, being a Sunday, Slilton died, 
in his house in BunhiU, of “gout stnick in,” or gout-fever, 
at the age of sixty-five years and eleven months. He ivas 
buried, the next Thursday, in the chm'ch of St Giles, 
Cripplegate, beside his father, a considerable concourse 
attending the funeral. 

Before the Restor.ition, Jfilton, what with his inheritance from 
his father, what with the official income of his Latin secretaryship, 
must have been a man of very good means indeed. Since then, 
however, various heavy losses, and the cessation of all official income, 
had greatly reduced his estate, so that he left but ^900 (worth about 
or over £2700 now)., besides furniture and household goods. By 
a word-of-mouth will, made in presence of his brother Christopher, 
ho had bequeathed the whole to his widow, on the ground that ho 
liad done already for liis ** uudutiful ^ daugiitcrs, and that 

there remained for them his interest in their motlicr’s marriage 
jiortion of £1000, which had never been paid, but which their 
relatives, the Powells of Forest Hill, were legally bound for, and 
were now in circumstances to make good. Tlie daughters, wiUi 
the Powells probably abetting them, went to law with the widow 
to upset the will; and the decision of the court was that they 
should receive £100 each. With the £600 thus left, the widow, 
after some further stay in London, retired to !Nantwich in tier 
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native Cheshire. There, respected as a pious member of a local 
Baptist congregation, she lived till 1727, having survived her hus- 
band tifty-three years. By that time all the three daughters were 
also deai The eldest, Ann Slilton, who was somewhat deformed, 
liad died not long after her father, having married “a master- 
builder,” but loft no issue ; the second, 31ary Milton, had died, 
unmarried, before 1694 ; and only the third, Deborah, survived as 
long as lier step-mother. Having gone to- Ireland, as companion 
to a lady, shortly before her father's death, she had married an 
Abraham Clarke, a silk-weaver in Dublin, with whom she returned 
to London about 1684, when they settled in the silk-weaving 
business in Spitalfields, rather sinking than rising in the world, 
though latterly some public attention was paid to Deborah, by 
-Addison and others, on her father’s account. One of her sons, Caleb 
Clarke, had gone out to JIadras in 1703, and had died there as 
“parish-clerk of Fort George” in 1719, leaving children, of whom 
there are some faint traces to as late as 1727, the year of Deborah's 
death. Except for the possibility of further and untraced descent 
from this Indian grandson of 5Iilton, the direct descent from him 
came to an end iu his granddaughter, Elizabeth Clarke, another 
of Deborah’s children. Having married a Thomas Foster, a 
Spitalfields weaver, but afterwards set up a small chandler’s shop, 
first in Holloway and then in Shoreditch, she died at Islington in 
1754, not long after she and her husband had received the proceeds 
of a performance of Comtts got up by Dr Johnson for her benefit. 
All her children had predeceased her, leaving no issue. — Milton’s 
brother Christopher, who had always been on the opposite side in 
politics, rose to the questionable honour of a judgeship and knight- 
hood in the latter part of the reign of James II. He had then 
become a Homan Catholic, — which religion he professed till his 
death in retirement at Ipswich in 1692. Descendants from him 
are traceable a good way into the 18th century. — Milton’s two 
nephews and pupils, Edward and John Phillips, both of them known 
as busy and clever hack-autlioi-s before their uncle’s death, continued 
the career of hack authorship, most industriously and variously, 
though not very prosperously, through the rest of their lives, Edward 
in a more reputable manner than John, and with more of enduring 
allegiance to the memory of his uncle. Edward died about 1695 ; 
John was alive till 1706. Tlieir half-sister, Ann Agar, the only 
daughter of Milton’s sister by her second husband, had married, 
in 1673, a David Moore, of Sayes House, Chertsey ; and it has so 
happened that the most flourishing of all the lines of descent from 
the poet’s father is in this Agar-iloore branch of the Miltons. 

Of masses of manuscript that had been loft by Milton, some portions 
saw the light posthumously. Prevented, in the last year of his 
life, as has been mentioned, from publishing his Latin State Letters 
in the same volume with his Latin Familiar Epistles, he had com- 
mitted the charge of the Slate Letters, prepared for the press, together 
with the completed manuscript of his Latin Treatise of Christian 
Doctrine, to a young Cambridge scholar, Daniel Skinner, who had 
been among the last of his amanuenses, and had, in fact, been 
employed by him specially in copying out and arranging those two 
important MSS. Negotiations were on foot, after Milton’s death, 
between this Daniel Skinner and the Amsterdam printer, Daniel 
Elzevir, for the publication of both MSS., when' the English Govern- 
ment interfered, and the MSS. were sent back by Elze-vir, and 
thrown aside, as dangerous rubbish, in a cupboard in the State 
Paper Oiflee. ileanwhile, in 1676, a London bookseller, named 
Pitt, who had somehow got into his possession a less perfect, but 
still tolerably complete, copy of the Slate Letters, had brought 
out a surreptitious edition of them, under the title Literal Pseudo- 
Senatus Atujlicani, necnon Cromwelli, nomine et jiissu conscriptm. 
No other posthumous publication of Milton’s appeared till 1681, 
when another bookseller put forth a slight tract entitled Mr 
John Milton's Character of the Long Parliament and Assembly of 
Divines, consisting of a pa^e or two, of rather dubious authen- 
ticity, said to have been witliheld from his History of Britain in 
tlie edition of 1670. In 1682 appeared M Brief History of Moscovia 
ami of other less-known Countries lying eastward of Jlussia as 
far as Cathay, undoubtedly Slilton’s, and a specimen of those 
j)roso compilations with which he sometimes occupied his leisure. 
Of the fate of his collections for a new Latin Dictionary, which had 
swelled to three folio volumes of MS., all that is known is that, 
after having been used by Edward Phillips for some of his pedagogic 
books, tliey came into the hands of a committee of Cambridge 
scholars, and were used for that Latin dictionary of 1693, called The 
Cambridge Dictwnary,^ on which Ainsworth’s Dictionary and all 
.subsequent Latin dictionaries of English manufacture have been 
based. In 1698 there was published in three folio volumes, under 
the editorship of John Toland, the first collective edition of Jlilton’s 
prose works, professing to have been printed at Amsterdam, though 
really printed in London. A very interesting folio volume, pub- 
lished in 1743 by “John Nickolls, junior,’^ under the title of 
Original Letters and Papers of State addressed to Oliver Cromwell, 
consists of a number of intimate Cromwellian documents that had 
.somehow come into Milton’s posse.ssion immcdi.ately after Cromwell’s 
death, and were left by him confidentially to the Quaker Ellwood. 
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Finally, a chance search in the London State Paper Office in 182S 
having discovered the long-lost parcel containing the SISS.- of Mil- 
ton’s Latin State Letters and his Ditin Treatise of Christian Doctrine 
as these had been sent back from Amsterdam a hundred and fifty 
years before, the Treatise on Christian Doctrine was, by the command 
of George IV., edited and published in 1825 by the Eev. C. It. 
Sumner, keeper of the Royal • Library, and afterwards bishop of 
■Winchester, under the title of Joannis Miltoni Angli De Doctrina- 
Christiana Libri Duo Posthumi. An English translation, by the 
editor, was published in the same year. 

Information, rather than criticism, has seemed proper in such 
an article as the present, IVliat little.of closing remark is necessary 
will best connect itself with the obvious fact of the division of 
Milton’s literary life into three .almost mechanically distinct periods, 
viz.: — (1) the time of his youth and minor poems, (2) his middle- 
twenty years of prose polemics, and (3) the time of his later Musc- 
and greater poems. 

^/Had Milton died in 1640, when ho was in his thirty-second year, 
and had his literary remains been then collected, he would have 
been remembered as one of the best Latinists of his generation and 
one of the most exquisite of minor English poets. In the latter 
character, inore particularly, he would have taken his place as one 
of that interesting group or series of English poets, coming in the 
next forty years after Spenser, who, because they all acknowledged 
a filial relationship to Spenser, may be called collectively The 
Spenserians. In this group or series, counting in it such other true 
poets of the reigns of James I. and Charles 1. as Phineas and Giles 
Fletcher, 'William Browne, and Drummond of Ha wthomden, Milton 
would have been entitled, by the small collection of pieces he had 
left, and which would have included his Ode on the Nativity, his 
L’ Allegro and H Penseroso, his Comus, and his Lyeidas, to recogni- 
tion as indubitably the very highest and finest. There was in liim 
that peculiar Spenserian something which might be regarded as the 
])oetio faculty in its essence, with a closeness and perfeetion of verbal 
finish not to be found in the other Spenserians, or even in the 
master himself. A very discerning critic might have gone deeper, 
as we can now. Few as the pieces -were, and owning discipleship 
to Spenser as the author did, he was a Spenserian with a differ- 
ence belonging to his own constitution, — which prophesied, and' 
indeed already exhibited, the passage of English poetry out of 
the Spenserian into a kind that might be called the Jliltonic. 
This Miltonic something, distinguishing the new poet from other 
Spenserians, was more than mere perfection of literary finish. It con- 
sisted in an avowed consciousness already of the os magna sonitu- 
rum, “ the mouth formed for great utterances,” tliat consciousness 
resting on a peculiar substratum of personal* character that had 
occasioned a new theory of literature. “He who woifld not be 
frustrate of his hope to write well hereafter on laudable things ou"ht 
himself to be a true poem” was Milton’s own memorable expression 
afterwards of the principle that had taken possession ofhim from his 
earliest days ; and this principle of moral manliness as the true 
foundation of high literary effort, of the inextricable identity of all 
literary productions in kind, and their coequality in worth, with 
the personality in which they_ have their origin, might have been 
detected, in more or less definite shape, in all or most of the minor 
poems. Tt is a specific form of that general Platonic doctrine of 
invincibility of virtue which runs through hi3_ Comus, and which 
is summed up in the Miltonic motto of the closing lines; — 

“ Mortals that ■\vould follow mo. 

Love Virtue : slio alone is free. 

She can teach ye how to ciimb 
Higher than the sphery chime ; 

Or, if Virtue feehie were. 

Heaven itseif would stoop to her.” 

That a youth and early manhood of such poetical promise should 
have been succeeded by twenty years of all but incessant prose 
polemics has been a matter of regret with many. Why should 
the author of Comtes and Lyeidas, instead of keeping to the poetic 
craft, have employed himself for twenty years in the drudgery and 
turmoil of prose pamphleteering on questions of church and state, 
with nothing in verse to glitter across tlie long morass but a slight 
chain of biographical and historical sonnets? Surely this is a 
most shallow and most unmasculine judgment Is nothing duo to 
Milton's own e.xplanation of the reasons that drew hiiu, at the 
beginning of the English Revolution, out of his literary projects and 
dreamings, into active partisanship with the cause which his reason 
favoured ? Hear what he says would have been the reproach of his 
own conscience to liim, evening and morning, if he had abstained 
from such partisanship and persisted in liis poetic privacy. “Ease 
and leisure was given thee for thy retired thoughts out of the sweat 
of other men. Thou hadst the diligence, the parts, the language- 
of a man, if a vain subject were to bo adorned or beautified; but, 
when the cau.se of God and His church was to be pleaded, for which 
purpose tliat tongue w.as given tliee which thou liast, God listened 
if He could hear thy voice among His zealous servants, but tliou 
wert dumb as a beast ; from henceforward be that wliich thine o;v» 
brutish silence liath made thee.” Or, if this should be in too high a 
strain for the ordinary modern apprehension, may not one ask, more- 
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limply, whether such controversial work as Milton did plunge 
into, and persevere in for twenty years, was unworthy, after all, of, 
him or hi3_ powers ? Do not hundreds of men, accounted among 
the ablest in the world, spend their lives precisely in such work 
of controversy on contemporary q^uestions ; and are not some of 
tho men of noblest reputation in the world’s history remembered 
for nothing else 1 If Burke, rrhoso whole public career consisted 
in a succession of speeches and pamphlets, is looked back upon 
as oue of the greatest men of his century on their account, why 
.'hould there be such regret over tho fact that Milton, after having 
licen tho author of Comtes and Lycidas, became for a time the prose 
orator of Ms earlier and more tumultuous generation ? The truth is 
th.at it is not his exchange of pioetry for prose oratory that is 
objected to, so much as the nature of his prose oratory, the side he 
took, the opinions ho advocated. English scholarship and English 
jiterary criticism have not yot sufficiently recovered from that 
inherited sycophancy to tho Kestoration which has covered witli a 
cloud the preceding twenty years of tho "Great Bcbellion,” voting 
that period of Endish history to bo unrespectablo, and all its 
phenomena of Presbyterianism, the Solemn League and Covenant, 
independency, the sects, English republicanism, i:c., to bo matters 
of obsolete jargon, less worthy of attention than a Roman agrarian 
law or the nanu-s of Horace’s mistresses. When this unscholarly 
state of temper has passed, there will bo less disposition to distin- 
guish between Jlilton as tlie poet and Stilton as the prose writer. 
While some maj' recognize, with the avidity of assent and partisan- 
ship, tho fact that there aro in hlilton's proso writings notions of 
much value and consequence that have not yet been absorbed into 
tho English political mind, there will bo a general agreement at least 
03 to the importance of those pamphlets historically. It will be 
pemeived that lie was not only tho greatest pamphleteer of liis 
generation, head and shoulders above the rest, but also that there 
13 no life of that time, not oven Cromwell’s, in which tho history 
of the great Revolution in its successive phases, so far as tho deep 
underlying ide.as and speculations were concerned, may bo more 
intimately and instructively studied than in Jlilton’s. Then, on 
merely literary grounds, what an interest in those proso remains ! 
Not only of his Arcopagitica, admired now so unreservedly bec.ause 
its main doctrino has become a.xiomatic, but of most of his other 
pamphleLs, even those the doctrino of which is least popular, it may 
bo said confidently tliat they answer to his own definition of “a 
good book,” by containing somehow "tho precious life-blood of a 
master-spirit.” From tho entire series there might bo a collection 
of specimens, unequalled anywhere else, of tho capabilities of that 
oilier, grander, and more elaborato English proso of which tho 
Elizabethans and their iinmediato successors were not ashamed, 
though it has fallen into disrepute now in comparison with the 
easier and nimbler proso which camo in with Dryden. Nor will 
readers of Slilton’s pamphlets continuo to accept the hackneyed 
observation that his gomus was destitute of humour. Though his- 
prevailing mood was tho severely earnest, there are pages in his 
proso writings, both English and Latin, of tho most laughable 
irony, reaching sometimes to outrugeoiw farce, and some of them 
.Ts worthy of the name of humour as .anytliiiig in Swift. Here, 
liowever, we touch on what is the worst feature in some of the prose 
[lamphlets, — their measureless ferocity, their boundless licence in 
personal scurrility. "SVitli all allowance for the old custom of those 
days, when controversy was far more of a life-and-death business 
than it is now, as well as for the intrinsic soundness of Milton’s 
rule of always discerning tho ritati behind the book, it is impossible 
for the most tolerant of modern readers to excuse jSIilton in this 
respect to the full extent of his delinquencies. 

“While it is wrong to regard Milton’s middle twenty years of 
prose polemics as a degradation of IiLs genius, and while tho fairer 
contention might bo tliat the youthful poet of Conius and Lycidas 
actually promoted himself, and became a more powerful agency in 
the world and a more interesting objeqt in it for ever, by consent- 
ing to lay aside his “singing robes” and spend a piortion of his life 
ill great prose oratory, who does not exult in the fact that such a 
life was rounded off so miraculously at tho close by a final stage of 
compulsory c.alrn, when tlie “singing robes” could be resumed, and 
Paradise Lost, Parwlisc Regained, and Samson Agonisles could issue 
in succession from the blind man’s chamber? Of these three 
poems, and what they reveal of Milton, no need here to speak at 
length. ^Paradise Lost is one of the few monumental works of the 
world, with nothing in modern epic literature comparable to it 
except the groat poem of D.inte. This is best perceived by those 
who penetrate beneath the beauties of tho merely terrestrial portion 
of the story, and who recognize the coherence and tho splendour of 
that vast symbolic phantasmagory by which, through the wars in 
heaven and the subsequent revenge of the expelled avehangcl, it 
paints forth the conne.xion of tho whole visible universe of human 
cognizance and history with tlio grander, pre-existing, and still 
environing world of the eternal and inconceivable. To tliis great 
epic Paradise Regained is a sequel, and it ought to be read as such, 
'riio legend that Milton preferred the shorter cpio to the larger is 
quite incorrect. All that is authentic on the subject is the state- 


meiit by Edivard Phillips that, when it was reported to his uncle 

to "fa® censured to be much inferior 

to the other, he ^ could not liear with patience any such thins ” 

Tho best critical audgment now confirms Milton’s own, and pra- 
nounces ParndiM Regained to be not only, within the possibilities 
of Its briefer theme, a worthy sequel to Paradise Lost, but also one 
of the most edifying and artistically perfect poems in any languase. 
Finally, the poem in which Milton bade farewell to the Mu.se, and 
111 which he reverted to the dramatic form, proves that to the very > 
end his right hand had lost none of its power or cunning. iSamson>/' 
Agonisles is the most powerful drama in our language after the 
severe Greek model, and it has the additional interest of being so 
contrived that, without strain at any one point, or jn. any one par." 
ticular, of the strictly objective incidents of the Biblical story ^ 
which it enslirines, it is yet the poet’s own epitaph and his con- 
densed autobiography. AU in all, now 'that those three great 
poems of Milton’s later life have drawn permanently into their 
company the beautiful and more simple performances of his youth 
and early manhood, so that we have all his English poetry under 
view at once, tlie result has been that this man, who would have 
had to be remembered independently as the type of English magna- 
nimity and political courage, is laurelled also as the supreme poet 
of his nation, with the sin^e exception of ShakespearoJ 
Much light is thrown upon Milton’s mind in his later life, and 
even upon tho poems of that period, by his posthumous Latin 
Treatise of Christian Doctrine. It differs from all his otlier proso 
writings of any importance in being cool, abstract, and didactic. 
Professing to be a system of divinity derived directly from the Bible, 
it is really an exposition of ililton’s metaphysics and of his reasoned 
opinions on aU questions of philosophy, ethics, and politics. The 
general efiect is to show that, though he is rightly regarded as the 
very genius of English Puritanism, its representative poet and 
idealist, yet he was not a Puritan of what may be called the first 
wave, or that wave of Calvinistic orthodoxy which broke in upon 
the absolutism of Charles and Land, and set the English Revolu- 
tion agoing. He belonged distinctly to that larger and more per- 
sistent wave of Puritanism which, passing on through Inde- 
pendency, included at length an endless variety of sects, many of 
them rationalistic and free-thinking in the extreme, till, checked 
by tho straits of tho Restoration, it had to contract its volume for 
a while, and to reappear, so far as it could reappear at all, in the 
new and milder guise of what has ever since been known as English 
Liberalism. For example, tho treatise shows that ^lilton in his 
later life was not an orthodox Trinitarian, but an anti-Trinitarian 
of that high Arian order, counting Sir Isaac Newton among its 
subsequent English adherents, which denied the coesseutiality or 
coequality of Christ with absolute Deity, but regarded him as clothed 
with a certain deriv.itive divinity of a high and unfathomable kind. 

It shows him also to have been Arminian, rather than Calvinistic, 
in his views of free will and predestination. It shows him to 
have been no Sabbatarian, like the Puritans of the first wave, 
but most strenuously anti-Sabbatarian. Indeed one of its doctrines 
is that the Decalogue is no longer the standard of human morality, 
and that Christian liberty is not to be bounded by its prohibitions 
or by any sacerdotal code of ethics founded on these. Hence, in 
the treatise, not only a repetition of Iililtoa’s views on the mar- 
riage subject and of other peculiar tenets of his that had been set 
forth in his pamphlets, but some curious and minute novelties of 
opinion besiues. By far tho most important revelation of the 
treatise, however, consists in tho very definite statement it makes 
of Milton’s metaphysical creed and of the connexion of that creed 
in his mind with the revealed theology of Christianity. MHiile, 
ontologically, he starts from a pure spiritualistic theism, or from 
the notion of one infinite and eteimal Spirit as the self-subsisting 
God and author of all being, cosmologically his system is that 
of a pantheistic materialism, which conceives all the present uni- 
verse, all that we call creation, as consisting of diverse modifications, 
inanimate or animate, of one primal matter, which was oiiginaily 
nothin" else than an efflux or emanation from the very substance 
of God° Angels and men, no less than the brute world and tho 
things we call lifeless, are formations from this one original matter, 
oiily”in higher degrees and endowed with soul and free will. 
Heiico any radical distinction between matter' and spirit, body and 
soul, is, Milton holds, fallacious. The soul of man, he holds, is 
not something distinct from tho body of man and capable of 6.^sting 
apart, but is actually bound up with the bodily organism. There- 
fore, when the body dies, the soul dies also, and tho_ whole man 
ceases to exist. The immortality revealed in Scripture is, therefore, 
not a continued existence of the soul in an immaterial condition 
immediately after death, but a miraculous revival of the_ whole man, 
soul and body together, at the resurrection, after an intermediate 
sleep In such a resurrection, with a final judgment, a reign ot 
Chnst, and a glorification of the saints in a new heaven and a new 
earth, Milton declares his absolute belief. But, indeed, throughout 
the treatise, witli all its differences from the orthodox mteipreta- 
« .v ' ...«YT,r,».Vol-»lA t.hn-n the iiroiound- 


tions of the Bible, nothing is more remarkable than the profound, 
ness of the reverence avowed for the Bible itself. Tlie very initial 
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principle of the treatise is that, as the Bible is a revelatioa from 
God of things that man could not have found out for himself, all 
that the Bible says on any matter is to be accepted implicitly, in 
the plain sense of the words, and without sophistication, however 
strange it may seem to the natural human reason. Hence, in all 
those essentials of Christianity which consist in the doctrines of 
the fall of man, atonement by Christ, and restoration and sanctifica- 
tion tlirough Christ only, Milton is at one with the great body of 
Christians. Altogether, what the treatise makes clear is that, while 
Milton was a most fervid theist and a genuine Christian, believing in 
the Bible, and valuing the Bible over all the other books in the 
world, he was at the same time one of the most intrepid of English 
thinkers and theologians. 

For further informutlou reference may he made to ^fasson*s Ziffl of ifitton 
and lliitory of hit Time, 6 vols. (1850-80), and to Ids editions of ilillon’s Poetical 
iroriJCCamhridBO edition in 3 vols., 1874, and smaller 3 vol. ed., 1882), as well as 
to Todd’s variorum edition of the Poetical Works, with Life (Sth ed., 1852), to 
Keightle/s Life, Opinions, and Writings of Milton (1855), to Milton und Seine 
Zeit, hv Alfred Stem (1877-79), and to Jlrllark Pattison’s Milton in Mr Morley's 
series of “ English Writers." Collective editions of the prose works since that 
of 1098 are— Syminons’s (7 vols., 1800); Pickering’s, witli Life by Mitford (8 vols., 
prose and verse together, 1851) ; and St John’s, in Bohn’s Standard Library (5 
vols., 1848-53). This last Includes a revised edition of Bishop Sumner’s transla- 
tion of the Treatise of Christian Doctrine, originally published in 1825. (D. MA.) 

MILWAUKEE, the largest city in the State of 
Wisconsin, United States, is situated on the -west shore of 
Lake Michigan, 100 miles north of its southern end, 80 
miles north of Chicago, and 1000 miles north-ivest of New 
York by rail, in 43° 3' N. lat., 87° 56' W. long. (44 min. 
W. of Washington). The shore of the lake is 600 feet 
above the level of the sea. 

The Milwaukee and Menomonee rivers unite in the 
centre of the business portion of the city, about haK a 
mile from their entrance to Lake Michigan, where they are 
joined by a third and smaller stream — the Kinnikinnic. 
A bay 6 miles from cape to cape, and 3 miles broad, 



Plan of Jlilwaukee. 


stretches in front of the city, whi(di commands a fine water 
view, the ground rising along the shore 80 feet above the 
level of the lake, then gradually sloping westward to the 
ilihvaukee river, and again rising on the ivest and north 
to a height of 125 feet. The ground also rises to a com- 
manding elevation south of the valley of the Menomonee. 
Few cities present so many natural attractions of site. 
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as indeed its Indian name indicates (“the beautiful hollow 
or bay”)j and art has added to nature. In the residence 
parts of the city there are miles of avenues from 70 to 100 
feet wide, lined on both sides -with ebns and maples, be- 
hind wliich stand handsome houses with spacious lawns, 
fountains, and evergreens, giving the appearance of a con- 
tinuous park. The material used for building is largely 
the cream-coloured brick made in the .’vicinity, from which 
Slilwaukee is sometimes called the “Cream City.” The 
climate, tempered by the great lake, is remarkably pleasant 
and healthy. The mean temperature, as shown by the, 
records of twenty years, is 46°’7 Fahr. The coldest’ 
month is January (average 22°’37), the hottest July 
(70°‘4).^ During the last nine years the' average death- 
rate has been but 20 per IQOO, sho-wing it to be one of the 
healthiest of American cities. Besides a full complement 
of the usual religious and charitable institutions, there is 
adjoining the city the national home for disabled United 
States volunteer soldiers, consisting of several buildings 
situated in grounds of 400 acres extent, which serve the 
purpose of a city park. There are numerous lodges be- 
longing to the freemasons and other guilds; and the 'Turners’ 
societies, which embrace a large membership and own some 
valuable buildings, have done much to create and keep up 
the practice of athletic exercises among the citizens. Two 
excellent musical societies are also established here. 

Before the year 1835 Milwaukee was kno-wn only as 
an Indian trading-post occupied by a Frenchman named 
Solomon Jimeau, who is generally spoken of as the founder 
of the city. The total inhabitants in 1838 numbered only 
700; in 1840 there were 1712; but in 1846 the popula- 
tion amounted to 9666, in 1850 to 20,061, in 1855 to 
30,118, in 1860 to 45,246, in 1870 to 71,440, and in 1880 
to 115,578 (57,475 males, 58,103 females). In 1882 the. 
population was estimated at 130,000, — more than one 
half of them of foreign parentage, a very large majority 
being Germans. NotTOthstanding the multitude of nation- 
alities represented in the population, there are few cities 
more orderly and law-abiding, the number of police 
employed being less than one for every 1500 inhabitants. 
Another feature worthy of mention is the large luoportion 
of families who own their own houses, and this is true not 
only as to the mercantile and professional classes, but 
especially as to the labouring population. Although the 
grain trade, formerly very large here, has now greatly 
diminished, the growth and prosperity of the city have not 
materially suffered, orving to the development of manu- 
facturing industries, for wliich the low rents, healthy climate, 
and advantageous location make it well adapted. About a 
sixth of the population are engaged in the manufacture of 
clothing, cigars, cooperage, leather, bricks, sashes, doors, and 
blinds, machinery, and flour (of which one million of barrels 
are annually made), and in meat-packing. Milwaukee has 
become famous for its “ lager beer,” of which there are one 
million of barrels annually produced, valued at 88,000,000. 
The lake commerce is very large. The tonnage entered 
and cleared in 1880 was 5,322,373 tons, being about as 
large as that of Baltimore, Boston, or Philadelphia. The 
Wisconsin Central, the hJBwaukee and Lake Shore, the 
Milwaukee and Northern, and the Chicago, Milwa'ukee, 
and St Paul Hallways have their head ofllces here, and 
the last-named, ovning 4000 miles of lines, has immense 
workshops in the Menomonee valley near the city. 

Milwaukee is governed by a mayor and a common 
council of thirty-nine aldermen. The streets and public 
buddings are under the charge of the board of public works, 

* The monthly averages for twenty years are; — January, ; 

February, 25°’13; March, 33°’35; April, ; Slay, oS’-TS; 

June, 61°’39,- July, 70°’04; August, 67°’89; September, CF’CS; 
October, 48°’48; Xovember, 3G°’27 ; December, 25“’53. 
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coiuposed of three commissioners and the city engineer, all 
subject to the common council. A bountiful supply of 
water is obtained from the lake, and the streets are well 
supplied with sewers. Tlie value of property as assessed for 
taxation Avas §02,000,000 in 1882,— the city debt being 
§2,500,000, mostly for the water-works, which are city 
property. 

There is an efficient system of public schools under a 
•superintendent and board of school commissioners, the 
value of the buildings Asith their sites being estimated at 
§700,000. For the higher education there arc a high school, 
a normal school, and three commercial colleges, Avhilc the 
Homan Catholics and Lutherans have several excellent 
denominational seminaries and colleges. A public library 
belonging to the city contained 20,000 volumes in 

1S82. (j. j.) 

ilDIICRY is the name given in biology to the advan- 
tageous resemblance (usually protective) AA’hich one species 
of animal or plant often shows to another. The Avord Avas 
first applied in this metaphorical sense by ilr W. H. Bates, 
and it has since been accurately defined and limited, in its 
biological application, by ilr A. H. Wallace. Briefly put, 
the e.ssence of the phenomenon of mimicry consists in the 
following relation. A certain species of plant or animal 
possesses some special means of defence from its enemies, 
•such as a sting, a powerful and disagreeable odour, a 
nauseous taste, or a hard integument. Some other species 
inhabiting the same district or a part of it, and not itself 
provided Avith the same special means of defence, closely 
resemble.s the first species in all external points of form 
and colour, though often very different in structure and 
unrelated in the biological order. For example, a South- 
American family of butterflic-s, the Heliconida:, are distin- 
guished by their very varied and beautiful colours, and 
their alow and Aveakly flight; they might easily be 
captured by iu-sectivorous birds, but their remains are never 
found on the ground amongst the rejected Atings of other 
butterflie.s Avhich coA'er the soil in many places. They also 
[>o.->3ess a strong pungent odour, Avhich clings to the fingers 
for many days ; and this fact led ilr Wallace to suspect 
that they have a disagreeable taste, and Avould not there- 
fore be eaten by bird.s after a single trial, ilr Belt has 
.since experimentally proved the truth of that belief. But 
among the totally distinct family of the Pieridx, most of 
Avhich are Avhite, there is a genus of small butterflies, 
known as LqHalh, edible by birds, some species of AA'hich 
are Avliite like their allies, Avhile the greater number exactly 
resemble one or other of the Ilelicoiikhe in the peculiar 
.sliape and colouring of their Avings. As regards structiure, 
the tAvo families are Avidely different ; yet the resemblance 
of a species of one family to a species of the other is often 
so close that Jlr Bates and Mr Wallace, experienced 
entomologists, frequently mistook them for one another at 
the time of capture, and only discovered their mistake 
upon nearer e.xamination. ilr Bates observed several 
species or varieties of LepUdk in the Amazons valley, each 
of Avhich more or le.ss e.xactly copied one of the Ilelkonidai 
in its OAvn district. Accordingly, they seem to be mistaken 
by birds for the uneatable insects they mimic, and so to be 
benefited by their resemblance. This, Avhich may perhaps 
be regarded as the most typical instance of true mimicry, 
is also the first to Avhich the Avord Avas applied. 

In considering the phenomena under revieAv, it may be 
Avell to give first the chief observed facts, which are quite 
independent of any particular explanation, and then the 
theory Avhich has been started to account for them by Mr 
Bates and ilr Wallace. Before doing so, hoAvever, true 
mimicry should be carefully discriminated from one or 
two superficially similar modes of resemblance among 
organic beings, Avhose real implications are very different. 
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It must not be confused Avith mere accidental or adaptive i 
resemblance, due either to simple chance or to similarity ‘ 
of external conditions. ^ a case of the first sort, Ave may 
adduce the real or fancied resemblance betAveen certain 
orchids and flies or spiders ; as a case of the second sort 
we may take certain African Euphorbiacex, Avhicli, groAving 
in dry deserts, have acquired a very close likeness to the 
cactuses that cover the equally dry deserts of Mexico; or 
again tho_ sub-Antarctic gallinaceous bird, Ghionis alia, 
Avhich, living on the sea-shore, has acquired a coloration 
like that of the gulls, together with the legs of a Avader. 
These resemblances, hoAvever, do not as such subserve any 
function. The species apparently mimicking and the 
species _ apparently mimicked either do not inhabit the 
same district or do not come into any definite relation Avith 
one another. The likeness is either accidental, or else it 
is due to similar adaptation to similar chcumstances. In 
cases of true mimicry, on the other hand, the mimicking 
species derives a direct advantage from its likeness to the 
species mimicked ; the resemblance is deceptive ; and this 
is equally true Avhether avo suppose the mimicry to be pro- 
duced by creative design or by natural selection. On either 
hypothesis, hoAA’ever it came by its likeness, the mimicking 
species escapes certain enemies or obtains certain sorts of 
food by virtue of its resemblance to some other kind. 

It should also be added that the word mimicry, as 
applied to such cases, is used only in a metaphorical sense. 
It is not intended to imply any conscious or voluntary 
imitation by one species of the appearance or habits of 
another. All that is meant is the fact of an advantageous 
resemblance, a delusive similarity, Avhich gives the mimicking 
animal or plant some extra protection or some special means 
of acquiring food Avhich it would not otherAvise have pos- 
sessed but for its likeness to the creature mimicked. ^ 

Taking animals first, mimicry does not occur’ very 
frequently among the higher classes. In the vertebrates it 
is comparatively rare, and among mammals probably only 
one good case has yet been adduced. This is that of 
Cladohates, an insectivorous genus of the Malayan region, 
raany.species of Avhich closely resemble squirrels in size, in 
colour, and in the bushiness and posture of the tail. It 
has been suggested by Mr Wallace (from Avhom most of 
the folloAAdng examples have been borrowed) that Gladohates 
may thus be enabled to approach the insects and small birds 
AA’hich form its prey under the disguise of the harmless 
fruit-eating squirrel. In this case, as in some others, the 
resemblance is not protective, but is apparently useful to 
the animal in the quest for food. 

Among birds, Mr Wallace has pointed out that the 
general likeness of the cuckoo, a Aveak and defenceless 
group, to the haAvks and gallinaceous tribe makes some 
approach to real mimicry. But besides such vague resem- 
blances tliere are one or tAvo very distinct cases of true 
mimicry in this class of vertebrates. In Australia and 
the Moluccas lives a genus of dull-hued honey-suckers, 
Tropidorhymlius, consisting of large, strong, active birds, 
AA'ith poAverful claAvs and sharp beaks. They gather 
together in noisy flocks, and are very pugnacious, driving 
aAvay croAvs and even haAvks. In the same countries lives 
a group of orioles, forming the genus Mimeta ; and these, 
wliich are much Aveaker birds, have not the usual brilliant 
colouring of their allies the golden orioles, but are usually 
olive-green or broAvn. In many cases species of Mimeta 
closely resemble the Tropidorhynehi inhabiting the same 
island. For example, on the island of Bouru are found 
the Troyidorhynclivs bourue?isis and Mimeta bowuensis, 
the latter of Avhich mimics the former in the particu- 
lars thus noted by Mr Wallace ; — “ The upper and under 
surfaces of the tAvo birds are exactly of the same tints of 
dark and light brown. The Trojndorhyiuih'us has a large 
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bare black patch round the eyes; this is copied in the 
Mimeta by a patch of black feathers. The top of the head 
of the Tropidorhyjichus has a scaly appearance from the 
narrow scale-formed feathers, which are imitated by the 
broader feathers of the Mimeta having a dusky line dowm 
each. The Tropidorhynchm has a pale ruff formed of 
curious recurved feathers on the nape (which has given the 
whole genus the name of friar-birds) ; this is represented in 
the Mimeta by a pale band in the same position. Lastly, 
the bill of the Tmpidorhynchus is raised into a protuberant 
keel at the base, and the Mimeta has the same character, 
although it is not a common one in the genus. The 
result is that on a superficial examination the birds 
are identical, although they have important structural 
differences, and cannot be placed near each other in any 
natural arrangement.” Allied species of Tropi^rhynchvs 
in Ceram and Timor are similarly mimicked by the local 
Mimeta of each island. Mr Osbert Salvin has likewise 
noticed a case of mimicry among the birds of prey near 
Eio Janeiro. An insect-eating haAvk, Harpagus diodon, is 
closely resembled by a bird-eating haAvk, Accipiter pileatus. 
Here the advantage seems to be that the small birds have 
learned not to fear the Harpagus, and the Accipiter is 
able to trade upon the resemblance by catching them 
unaAvares, both birds being reddish-broAvn when seen frbin 
beneath. But the Accipiter has the Avider range of the 
tAVO ; and Avhere the insect-eating species is not found it 
no longer resembles it, but varies in the under Aving-coverts 
to Avhite. Here again the resemblance, though advantage- 
ous, is not protective. 

Among reptiles, Mr Wallace has instanced some curious 
cases Avhere a venomous tropical American genus of snakes, 
Elaps, Avith brightly-banded colours, is closely mimicked 
by several genera of harmless snakes, having no affinity 
Avith it, but inhabiting the same region. Thus the poison- 
ous, A'/ayjs fulvus of Guatemala has black bands on a coral- 
red ground; the harmless Pliocenis seqmlis of the same 
district is coloured and banded precisely like it. The 
likeness affords the unarmed snakes a great protection, 
because other animals prqbably Avill not touch them, mis- 
taking them for the venomous kinds. 

It is among the invertebrates, hoAvever, and especially 
;among insects, that cases of mimicry are most frequent and 
were first observed. In the order LepidAptera, besides the 
classical instance of Leptalis and the Heliconida, a genus 
of another family, the Erydnidx, also mimics the same 
group. The flocks of one species of Ithomia, an uneatable 
butterfiy, often have flying Avith them a feAv individuals of 
three other Avidely different genera, quite indistinguishable 
from them Avhen on the Aving. In the tropics of the Old 
World, the Danaidse and A possess a similar protec- 

tive odour, and are equally abundant in individuals ; they ' 
^are closely mimicked by various species of PapyUio and 
Eiadema. Mr Trimen, in a paper on “ Mimetic Analogies 
nmong African Butterflies,” gives a list of sixteen species or 
varieties of Diadema or its allies, and ten species of Papilio, 
.each of Avhich mimics a Eanais or Acrxa of the same' 
region in the minutest particulars of form and colour. 
'The Banais tytia of India has semi-transparent bluish 
Avings, and a border of reddish-broAvn ; this coloration is 
.exactly reproduced in Papilio agestor and Diadema nama, 
.all three insects frequently coming together in collections 
from Darj^ng. In the Malay Archipelago the common 
and beautiful Euplxa midamus is so exactly mimicked by 
two rare species of Papilio that Mr Wallace generally 
:niistook the latter at first for the ordinary insect. An 
Immense number of other instances among the Lepidoptera 
.have been quoted from other parts of the Avorld. - - 
Occasionally species of Lepidoptera also imitate insects 
■of other orders. Many of . them take on the appearance of 


bees or Avasps, Avhich are of course protected by their stings. ' 
Thus the Sesiidx and JEgeriidx, tAvo families of diurnal 
moths, have species so like hymenopterous insects that 
they- are knoAvn by such names as apifoimiis, vespiforme, 
ichneumoniforme, spliegiforme, and so forth. The British 
sesia bomliliformis closely resembles the humble bee ; the 
Spheeia craboniformis is coloured like a hornet, and carries 
its Avings in the' same fashion. Some Indian Lepidoptera 
have the hind legs broad and densely hairy, so as exactly 
to imitate the brush-legged bees of the same country. Mr 
Belt mentions a Nicaraguan moth, Pionia lycoides, Avhich 
closely mimics a distasteful coleopterous genus, Calopteron-, 
and Professor WestAVOod pointed out that the resemblance 
to the beetle is still further increased in the moth by raised 
lines of scales running lengthAvise doAvn the thorax. 

Among the Goleoptera, or beetles, and other orders, 
similar disguises are not uncommon. Mr Belt noticed 
species of Hemiptera and Goleoptera, as Avell as spiders, in 
Nicaragua, Avhich exactly resemble stinging ants, and 
thus no doubt escape the attacks of birds. The genus 
Galoptcron is mimicked by other beetles, as Avell as by the 
moth Pionia. In the same. country, one of the Hemiptera, 
Sjiiniger luteicomis, has every part coloured like the hornet, 
Pnocnemis, Avhich it mimics; “in its vibrating coloured 
Aving-cases it departs greatly from the normal character of 
the Hemiptera, and assumes that of the hornets.” Mr 
Wallace mentions the longicorn beetle, Gyclopeplus batesii, 
Avhich “ differs totally in outAvard appearance from evei’y 
one of its allies, having taken upon itself the exact shape 
and colouring of a globular Gorynomalus, a little stinking 
beetle, AA'ith clubbed antennte.” Erythroplatis coralli/er, 
another longicorn, almost exactly resembles Gephalodonta 
sjnjiijies, one of the common South-American Hispidx, 
Avhich possesses a disagreeable secretion; and Mr Bates 
also found a totally different longicorn, Streptoldbis 
hispoides, Avhich resembles the same insect Avith equal 
minuteness. Some of the large tropical Aveevils have the 
elytra so hard that they cannot be pierced by a bird’s 
beak ; and these are mimicked by many other comparatively 
soft and eatable insects. In southern Brazil, Acanthoiritus 
dorsalis closely resembles a Gurculio of the hard genus 
Heiliplus ; and Mr Bates found Gymnocerus cratosomoides, 
a longicorn, on the same tree Avith the hard Aveevil, 
Gratosomus, Avhich it mimics. Other beetles resemble 
bees, Avasps, and shielded bugs. Hairy caterpillars are 
Avell knoAvn to be distasteful to birds, and comparatively 
free from attack; and Mr Belt found a longicorn, 
Desmiphora fascicidata, covered Avith long broAvn and 
black hairs, and exactly mimicking some of the short, 
thick, Avoolly caterpillars common on the bushes around. 

Amongst other orders, one of the most interesting cases 
is that of certain Biptera or tAvo-Avinged flies Avliich mimic 
Avasps and bees. Sometimes this likeness only serves to 
protect the insect from attack, by inspiring fear of a sting. 
But there are also a number of parasitic flies Avhose larvae 
feed upon the larvae of bees, as in the British genus 
Volucella ; and these exactly mimic the bees, so that they 
can enter the nests or hives to deposit their eggs Avithout 
being detected even by the bees themselves. In every 
country Avhere such flies occur they resemble the native 
bees of the district. Similarly, Mr Bates found a species 
of Mantis on the Amazons Avhich exactly mimicked the 
white ants on Avhich it fed. On the other hand, the 
defenceless species . itself, may mimic its persecutor, as in 
the case of several crickets, Scaplmra, that exactly resemble 
various sand-Avasps, and so escape the depredations of 
those cricket-killing enemies. Another cricket from the 
Philippine Islands, Gondylodera tricondyloides, so closely 
copies a tiger-beetle, Tricondyla, that even Professor. 
. WestAvood long retained it among that group in his cabinet. 
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and only slowly discovered his mistake. The cases here 
mentioned form but a small part of all those that have 
hitherto been observed and described in the insect world. 
They amount altogether to many hundreds. 

Among plants, though included in the above definition 
for the sake of formal completeness, instances of true 
mimicry are rare or almost unknown. Perhaps the nearest 
approach to this phenomenon in the vegetal world is found 
in the resemblance borne by the dead-nettle, Lamium 
album, and a few other labiates, to the stinging nettle, 
Urtica dioica and U. urens. The true nettles are strik- 
ingly protected from animal foes by their stinging hairs ; 
and the general appearance of the dead-nettle is sufficiently 
like them to prevent human beings from plucking it, and 
therefore probably to deter herbivorous mammals from 
■eating it down. Mr Mansel Weale mentions another 
labiate, Jjzif/a oplirydis, of South jfiirica, which closely 
resembles an orchid, and may thus induce insects to 
fertilize its flowers. Mr Worthington Smith has found 
three rare British fungi, each accompanying common 
species which they closely resembled; and one of the 
■common species possesses a bitter and nauseous taste ; so 
that this would seem to be a case of true mimicry, ilany 
diverse instances alleged by Mr A. W. Bennett, Dr Cooke, 
and others cannot be considered as genuine mimetic resem- 
blances in the sense here laid down. They are mere 
coincidences or similar adaptations to similar needs ; and 
the word ought to be' applied strictly to such likenesses 
alone as benefit the organism in which they occur by caus- 
ing it to be mistaken for another possessing some special 
advantage of its own. 

The theoretical explanation of mimicry on evolutionary principles 
may best be considered in connexion with the general subject of 
protective coloration and variation in form, of which it is a very 
special case. There are two ways in which imitative colouring may 
benefit a species. It may help the members of the species to escape 
the notice of enemies, or it may help them to deceive prey. In the 
first case imitative hues enable the animal or plant to avoid being 
itself devoured ; in the second case they enable it to devour 
others more easily, and so to secure a larger amount of food than 
less deceptively coloured compeers. In the former instance we 
must suppose that such individuals as did not possess the deceptive 
colouring have been discovered and destroyed by enemies with 
highly developed sight, while those which possessed it have survived. 
In the latter instance we must suppose that the individuals which 
. have no protective colouring have failed to secure sufficient prey, 
through too readily betraying their presence, and that only those 
which possessed such colouring have become the parents of future 
generations. It is difficult, however, to separate these two cases, 
and in many instances the same colouring may aid a species both 
in escaping its peculiar enemies and in deceiving its peculiar prey. 
They may therefore most conveniently be considered together. 

Colour is always liable to vary from individual to individual, as 
wo see in the case of domesticated fowls, rabbits, dogs, and other 
animals, as well as in most cultivated flowers, wherever natural 
selection cannot act to keep the typical specific hues pure and true. 
But in a wild state certain conspicuous colours are sure to irrove 
disadvantageous by betraying the individtral, and these will sooner 
or later get weeded out, under certain circumstances, eitherphrougli 
the action of enemies or by starvation resulting from the inability 
to escape the notice of prey. On the other hand, certain other 
colours are sure to benefit tiro individual by harmonizing rvitli the 
tints of the environment and these will be spared by natural 
selection, so that the individuals possessing them will pair witli 
one another, and will hand doivn their peculiarities to their de- 
scendants. In this way many species will acquire and retain a 
coloration that harmonizes with their environment as a wliole or 
with some special part of it The degree to which the protcctive 
coloration will bo carried, however, must depend upon the sharp- 
ness of the senses in those other organisms which it is desirable to 
deceive. Large dominant herbivorous or frugivorous mammals or 
birds, with relatively few enemies, would not be benefited by 
protective coloration, and so they seldom e.xhibit it. The grasses 
or fruits on wliich they feed cannot piake any attemjit to escape 
them. But carnivores generally require to deceive tlieir prey, and 
tlierefore a largo number of them exlubit marked deceptive colouring. 
Still more especially do small defenceless birds or mammals need i 
to escape the notice of the carnivores, and tliey accordingly very 
^eaerally possess dull colours, because any variation, in the direction 
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of conspicuousness is certain to bo promptly cut off. Above all 
among insects, which are so largely tiie prey of birds, of remUe * 
and of other animals possessing Inglily developed vision, protUuvi 
coloration in one form or other is ahiiost universal, except where 
a nauseous tote hairy skin, or hard external coverings alfoid a 
different kind of protection. lu eveiy case the weeding out of 
ill-protected forms must depend upon the relative keenness of vision 
in the various enemies^ or of the prey, he they mammals, birds, 
reptiles, insects, or spiders. Hence the existence of protective 
coloiuig and of mimicry incidentally affords us valuable hints as 
to the perceptive faculties of the various classes against which each 
organism is thus unconsciously guarded. 

Wliero the general aspect of the environment is most uniform 
and where little hut a vague impression of colour without iniUviduai 
form can bo conveyed, the hues of animals are also usually uniform, 
to match their surroundings, and no special imitative adaptations 
of form occur. Tims, among tiio Arctic snows, a brown or black 
animal would immediately^ be perceived, and if defenceless at once 
devoured, ivliile if a carnivore it would seldom or never approacli 
nnperceived near enough to its prey to effect a capture. Hence all 
such variations are at once repressed, and almost all Arctic animals, 
like the American polar hare, are pure wliite. Elsewliere bears arc 
black or brown ; in tlie polar region the native species is nearly 
indmtinguishable from the snow in which it lives. Where the 
environment undergoes a regular change from season to season the 
colour of the fauna varies with it. The Arctic fox, the ermine, the 
alpine hare, the ptarmigan and many otlier birds, are all more or 
less brown among the brown hill-sides of autumn, and snow-wiiitc 
among the winter snows. Almost equally general is tlio .sandy 
colour of deserts, thougli this, instead of being unifomi, is sliglitly 
varied from grain to grain ; and nearly all the birds, reptiles, and 
insects of Sahai'a exactly copy the sandy grey hue of the desert 
mound them. Soles and other flat-fish {PUuroncdidm) closely 
-imitate the colour and speckled appearance of the sand on ivhioli 
they lie. The fishes and crustaceans which inliabit the sargasso 
weed are coloured the same yellow as the masses of alguj to whicli 
they cling. Aphides and many small leaf-eating caterpillars are 
bright green likc tho neighbouring foliage. 

■Sy hero tlio environment is somewhat more diverse, the resemblance 
begins to show more specialized features. The lion, a large ground- 
cat of desert or rocky districts, is uniformly brown ; but the tiger 
and other jungle-cats have perpendicular stripes whicli harmonize 
with the bamboos and brown grass of their native liaunts ; wliilc 
the leopards, jaguars, and otlier tree-cats liavo ocellatcd spots which 
conceal them among the mingled liglit and sliado of the forests. 
Large marine animals have the back black, because the water looks 
dark when seen from above, but their bellies are white, so as to 
harmonize with tlio colour of the surface when seen from below. 
Dr Weismann has shown that most edible uniirotccted cater]iillara 
imitate the stripes and shades of the leaves among wliich they feed. 
Those wliich live upon grasses are longitudinally striped like the 
blades, those which live among small leaves are spotted and varied 
so 03 to rcsenihle the distribution of light and sliadc in the hushes, 
and those which live upon large veined leaves with oblique ribs 
have oblique lines to harmonize with them. In some cases even 
the unripe berries are represented on the caterpillar by small reddish 
spots. A specialized form of this particular protective device is 
found in the chameleon, the cliameleon-shriinj), many flat-fisli, and 
some amphibians, all of which can vary their coloration to suit 
that of the surface on wliich they rest. The action is reflex, and 
ceases if the animal is blinded. 

Where the environment is very varied, as in tropical forests, we 
find the greatest variety of colouring as well as actual imitation 
of particular forms; and the protective resemblances become at 
once closer and more common. Birds, reptiles, spiders, monkeys, 
and otlier active predaceous creatures are constantly hunting for 
insects and similar small prey amongst the fallen sticks or leaves ; 
and among the most powerless classes of insects only those whicli 
very closely resemble specific objects in the environment can easily 
escape them. A gradual passage can be traced from tlio most 
general to the most special resemblances under such circumstances. 
JIany forcstine birds have a ground-tone of green in their jilumage, 
which occurs nowhere but in the tropics. Some tree-iiz.ird8 are 
green like the leaves on wliich they sit, others are marbled to 
resemble the bark whore they lie in wait for their prey. Arboreal 
snakes often bang like lianas or other creepers. Insects whicli 
din" to the trunks of trees can seldom bo distinguished from the 
baric. A Sumatran butterfly, Kallma parahcla, always settles on 
dry bushes among dead leaves, and can tlien hardly be perceived 
among the brown foliage, which it imitates even in the apprent 
blotches and mildew witli which its wings arc covered. The faniilv 
of Phasmulx, including tlio leaf and stick insects, carncs sudi 
forms of imitation very far indeed. Host of them aro large, soft, 
defenceless creatures ; but some, like Phjllium, clo.cely rcscmblo 
green Icave-S, so as to bo almost indistinguisiiablo wlulo feeding ; 
Snd otiieis exactly imitate short broken twigs of bamb<m. Mr 
Wallace found ouo such insect, Ccroxylui laceraixu, m Borneo, 
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apparently overgrown with a creeping moss or jungerraannia ; and 
Mr Belt discovered a larval form in Nicaragua whose body. was 
prolonged, into thin green filaments, precisely like the moss in 
which it lurked. In other instances the insect probably uses ite 
disguise rather to deceive its prey than to escape its enemies. _ Sir 
Joseph Hooker believes that an Indian JlmUis deludes the little 
creatures which - its food by its singular likeness to a leaf; 
while Sir Charles Dilke found one which had its head and fangs 
moulded into the deeeptive appearance of an orchid, so that small 
Hies were actually attracted in search of honey into its very jaws. 
Outside the class of insects, similar phenomena sometimes occur. 
Thus, according to Mr Bates, many showy little tropical spiders 
double themselves up at the base of leaf stalks so as to resemble 
flower buds, and thus delude the flies on which they prey. Even 
ampng the vertebrates Mr Belt mentions a green Nicaraguan 
lizard looking like the herbage by which it is surrounded, and 
decked with leaf-like expansions, which hide its predaceous nature 
from passing beetles or butterflies. 

These last instances are divided from true mimicry by a very 
naiTow line. But they differ in the fact that some vague object 
only in the general environment is simulated, not a particular pro- 
tected species, as in genuine mimetic resemblance. If we allow, 
however, that natural selection can produce the white colour of 
Arctic animals, and the sandy hue of the sole and the flounder, it 
is easy enough to extend the same principle to the leaf-insect and 
the stick-insect, or even to real mimicry, as in the case of the 
Leptalis and the Ileliconid^. Certain PhasinidsB may at first have 
varied in the direction of green coloration, and these would 
naturally escape the eyes of birds more readily than their fellows. 
After the lapse of many generations, all the PhasttiidsB of that 
special group would have become green, and the birds which preyed 
upon them would have learned in many cases to penetrate the 
disguise ; for, as Mr Belt has observed, each fresh deceptive 
resemblance in the prey is sure to be followed by increased keenness 
of discrimination in the enemies of the species. At this stage the 
ordinary green Phasmidx would often be killed, while only those 
which happened to approximate rudely in the venation of their 
wings to leaves would now escape the sharper and more experienced 
eyes of the birds. Thus step by step the disguise would become 
more and more perfect, only the best-protected of each generation 
escaping on the average, while all the worse-protected would be dis- 
covered and devoured. Given the usual luxuriance of tropical life, it 
is not difficult to understand how favourable variations mightcontinu- 
ally occur, until at length we get such perfect deceptions as those 
of the leaf-insects, the stick-insects, and the moss-grown larvse. 

The phenomena of true mimicry may be explained by a parallel 
enesis. Suppose, to begin TOth, a group or large and brilliant 
utterflies like the South-American Heliconidss, protected by a 
nauseous taste and odour, and therefore never eaten by birds. To 
such insects slow flight and conspicuous hues are a positive 
protection, because they enable birds readily to discriminate them, 
and therefore prevent attacks, just as the banded body of the wasp 
and the hum of the bee prevent us from catching and killing them 
upon a window pane. Suppose, again, that in the same district 
there lives a widely different species of edible butterfly presenting 
some very slight and remote resemblance to the protected species. 
At first, no doubt, the resemblance will be merely an accidental 
one of general hue ; it may even be so slight as to deceive nobody 
except upon the most distant and casual glance. Now, suppose 
these edible butterflies to be devoured in large quantities by birds, 
then a few of them may happen to gain safety by associating with 
the flocks of inedible butterflies which the birds refuse. After a 
time, even if the habit of consorting with the protected species 
becomes fixed in the race, the birds will begin to recognize the edible 
insects amongst the flocks, especially such as vary most in the 
opposite direction from the protected species. On the other hand, 
they will overlook such as vary most in the same direction as the 
inedible kind ; and thus the least mimetic individuals will be 
destroyed, while the most mimetic will be left to pair with one 
another and to produce young, most of whom will present the like 
peculiarities. From generation to generation the birds will go on 
picking out every bad copy, and sparing all the best ones, till at 
last the two “species become absolutely indistinguishable upon the 
wing. But the mimicry will never of course affect any but the 
most external and noticeable parts of the organism ; it will be to 
the last a mere matter of colour, shape of wing, visible appearance 
of legs or antennte, and so forth. The underlying structural 
differences will remain as great as over, though externally masked 
by the deceptive resemblance in form and hue. 

In like manner wo may explain the genesis of the mimetic 
resemblance borne by Volucella to the humble bee. Supjiose an 
undisguised fly to enter the bees’ nest, it would be at once attacked 
and killed. But if it presented some very slight resemblance to 
the bee it might manage to lay its eggs undisturbed, and its lary® 
would then be able to feed quietly upon the larva: of the bee. With 
each now generation the more flimsy disguises would be more and 
more readily detected, and only those flies which varied most in 
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the direction of resembling the bees would survive or lay their 
eggs in peace. On the other hand, those which actually succeeded 
would possess great advantages over’ their neighbours, because 
their larvae would thus obtain a safe and certain' supply of food 
and be guaranteed the protection of the bees’ nest. In this waj’ 
the flies would at last, by constant survival of the best-adapted* 
come exactly to imitate the bees amongst which they lived. ' 

The theory of the origin of mimetic forms thus briefly sketched 
out is due to Mr Bates and Mr Wallace, and it explains all the 
facts more fully than any other. It shows us, first, why the 
mimicking organism always imitates a specially protected species • 
secondly, why the two always inhabit the same district ; thirdly’ 
why the mimicking species is always much rarer than the species 
mimicked ; fourthlj', why the phenomenon is confined to a few 
groups only; and fifthly, why several different mimicking species 
often imitate the same protected form. It also accounts for the 
absence of mimicry amongst large or dominant animals, and its 
comparative commonness amongst small and defenceless kinds. 
And by affiliating the whole of the phenomena upon the general 
principles of protective colouring it reduces a seemingly strange 
and marvellous fact to a particular case of a well-known law. 

"Whatever theory be adopted, however, the facts and most of 
tlieir implications remain the same. Eor, whether we suppose these 
imitative resemblances to be due to direct creative design or to 
survival of favourable variations, it is at least clear that the disguise 
subserves a function — that it is purposive and not accidental. 
Hence we may draw from the phenomena of mimicry certain 
important _ psychological implications. On the hypothesis of 
evolution, it is obvious that the mimicry can never go further than 
the senses of the creatures against whom the disguise is advantageous 
would naturally carry it ; and even on the hypothesis of special 
design it is not likely that the imitation would be made more 
accurate than would be necessary for practical purposes of deception. 
There is much evidence in favour of this view. Sir B. T. Lowne, 
for example, who has carefully measured the curvature of the facets 
in the_ compound eyes of insects, upon which depends the minimum 
size o_i apprehensible objects, finds that the mimicry in the case of 
the flies parasitic upon bees’ nests has proceeded just so far as the 
structure of the bee’s eye would lead us to expect, and no further. In 
other words, so far as measurements of angular distance subtended 
can guide us, such a fly seems to be absolutely indistinguishable by 
a bee from one of his own speeies, within the limits of ordinary 
vision. T'ao pictures cast upon the sensorium by the fly and by a. 
brother bee are simply identical. In many other cases it can be 
shown that the mimici-y seems specially intended to deceive the 
eyes of a larticular class of animals ; while there is no case of 
mimicry w&re the only enemies or prey consist pf plants or eyeless 
animals. Naturally there can be no mimicry without a creature to 
deceive ; the very conception implies an e.xtenial nervous system 
to be acted rpon, and to be acted upon deceptively. Thus mimicry 
iu plants mxst have reference to the eyes of animals, in animals, 
themselves U the eyes of one another. We may conclude, accord- 
ingly, that i) a leaf-insect is green with faint violet-brown veins 
to the wings, exactly like a certain leaf, in order to deceive sundry 
tropical birds then those birds are capable of perceiving the forms 
and colours initated to that particular degree. So the presence of 
mimicry in aiy group may guide us to a rough idea of the perceptive 
poivers of time creatures whom the mimiery serves to deceive. The 
exact imitatioi of sand and coloured pebbles in the flat-fish is a 
fairly safe indcation that the predaceous fish by whose selection 
they have beer developed (through the weeding out of ill-protected 
variations) canpretty accurately distinguish form and colour. The 
long green phe fish which cling around green sea-weed have 
probably acquied their existing hues to deceive the eyes of small 
sharks ; the Fiyllopteryx eques, a hippocampus which looks pre- 
cisely like a pipe of tangled and waving fucus (see figure, vol. xi. 
p. 852), has doi-btless in the same way taken on its delusive like- 
ness to the al{p among which it lives. So the cricket which 
resembles its fe the sand-wasp must have gained its present 
shape and hue jy deceiving its enemy, and therefore it sug- 
gests the probablity of highly developed vision on the part of 
the waaps_. Thro seems every reason to believe that in many 
instances insects,spiders, and even lizards have developed mimetic 
or other decoptiv resemblances in order to delude the eyes of in- 
sects ; while in ther cases the disguise has been unconsciously 
adopted to deceit fish, amphibians, reptiles, birds, and mammals. 
Moreover, we hao some grounds for "believing that the sense of 
colour is exceptiually strong in birds and in one or two insect 
orders ; and the nmiory of colour seems to have proceeded to the 
greatest length aiongst animals which are most exposed to the 
attacks of these c.sse3, or which would find it advantageous to 
deceive them. It lay he added tliat these same classes have heon 
most effective in prlucing the bright hues of flowers and fruits, on 
Mr Darwin’s hypotlMs, or are at least in any case most intimately 
correlated TOth suclvegctable structures as fertilizers of blossoms- 
and dispersers of sei. Mimicry is thus to some extent a rougla 
gauge of the perceptivdaculties of the species deceived by it. 
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Tlio vocal mimicry which occurs amoii/r certain birds, such as 
the mocking-bird, starling, parrot, and bullfinch, must of course be 
placed in a wholly different category from these biological cases. Jt 
IS a direct volitional result, and it is mimicry in a literal not in a 
figurative sense. The faculty seems to bo due to the play-instinct 
alone, and not to subserve any directly useful function. (G. A.) 

MIMNERMU)S, a Greek elegiac poet, born at Smyrna, 
lived about 600 b.c. His life fell in the troubled time 
wlieu the old Greek city of Smyrna was struggling to 
maintain itself against the rising power of the Lydian 
kings. One of the extant fragments of his poems refers 
to the struggle and contrasts the present effeminacy of his 
countrymen with the bravery of those who had once 
defeated the Lydian king Gyges. The poet mentions in 
another fragment that he belonged to the stock of the 
Colophonians who had seized the zEolic Smyrna. But his 
most important poems were a set of elegies addressed to a 
flute-player named Hanno; they were collected in tAvo books 
called after her name. Hermesianax mentions his love for 
Hanno, and implies that it was unfortunate. Only a few' 
fragments of these poems have been preserved ; and their 
soft melancholy tone and delicate language give some idea 
of the poet’s character. His ideal is the sweet soft 
luxurious Ionian life, and he would enjoy it free from 
sorrow and die as soon as ho could no longer enjoy it. 
Yet there is apparent some of the old stronger strain of 
character which in early time raised the Ionian cities to 
greatness, pride in the glorie-s of his race and scorn for 
those that are unworthy of their fathers’ renown. His 
e.xperience of life svas evidently sad; he felt that his 
country was gradually yielding to the enemy it had once 
defeated, and he knew that his own hopes were disap- 
pointed. The sun himself has endless toils from rising to 
setting and again from setting to rising. The life of man 
is as transitory as the leaves of spring, he says, referring to 
a passage in the popular epic poetry of Ionia {Iliad, vi. 
1-lG). He As'ishes to die in his sixtieth year, a w’ish to 
Avhich Solon replied bidding him reconsider and rather 
long to die w’hen he was eighty years old. Mimnermus 
was the first to make the elegiac verse, svhich had pre- 
viously had more of the epic character, the vehicle for love- 
poetry, and to impart to it the colour of his own mind. 
He found the elegy devoted to objective themes ; he made 
it subjective. He set his oavu poems to the music of the 
flute, and the poet Hipponax says that he used the melan- 
choly v6/ios KpaStus. He bears the epithet Atycao-TttSijs, 
by whicli Solon addresses him. It Ls doubtful whether 
this epithet is peculiar to himself or Avhether it marks him 
as belonging to a musical and poetic family or school ; it 
is evidently akin to the epithet klyuai klovcrai. 

MIMOSA. The Mimosea: (so named from their miinicry 
of animal movements) form one of the three suborders of 
Leyiiminosx, and are characterized by their (usually small) 
regular flowers and valvate corolla. Their 28 genera and 
1100 species are arranged by Baiilon in four series, of 
which the acacias (see Acaclv) and the true mimosas are 
the most important. They are distributed throughout 
almost all- tropical and subtropical regions, the acacias 
preponderating in Australia and the true mimosas in 
America. The former. are of considerable importance as 
sources of timber, gum, and tannin, but the latter are of 
much less economic value, though a few, like the taUi {M. 
ferriKjhicd) of Arabia and Central Africa, are important 
trees. Most are herbs or undershrubs, but some South- 
American species are tall woody climbers. They are often 
prickly. The roots of some Brazilian species are poisonous, 
and that of M. pudica,,!,., has irritating properties. M. 
semiliva has been used in America in the treatment of 
fistula, &c., probably as an astringent. The mimosas, 
however, oive their interest and their extensive culti- 
vation, partly to the beauty of their usually bipinnate 
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foliage, but still more to the remarkable development 
in some species of the sleep movements manifested to 
some extent by most of the pinnate Legummosx, as well 
as many other (especially seedling) plants. In the so-called 
sensitive plants ” these movements not only take place 
under the influence of light and darkness, but can be easily 
excited by mechanical and other stimuli. When stimu- 
lated, say at the axis of one of the secondary petioles, the 
leaflets move upwards on each side until they meet, the 
movement being propagated centripetally. It may then 
be communicated to the leaflets of the other secondary 
petioles, Avhich close (the petioles, too, converging), and 
thence to the main petiole, which sinks rapidly downwards 
toAvards the stem, the bending taking place at the pulvinus, 
or sAvoUen base of the leafstalk. See Botany, vol. iv. 
p. lliJ, fig. 117. When shaken in any Avay, the leaves 
close and droop simultaneously, but if the agitation be 
continued, they reopen as if they had become accus- 
tomed to the shocks. The common sensitive plant of 
hot-houses is 21, 2 )udica, L., a native of tropical America 
but noAv natmalized in corresponding latitudes of Asia and 
Africa ; but the hardly distinguishable 21. semitiva and 
others are also cultivated. The common Avdd sensitive 
plants of the United States are tAvo species of the closely 
allied genus Schranlda. 

MINDANAO, MINDORO. See Philippine Islands. 
MINDEN, the chief toAvn of a district of the same name 
in Prussia, province of Westphalia, is situated about 22 
miles to the Avest-soutli-Avest of Hanover, on the left bank 
of the Weser, Avhich is spanned there by tAvo bridges. The 
I older parts of the tOAvn retain an old-fashioned appearance, 
Avith narroAv and crooked streets; the modern suburbs 
occupy the site of the former fortifications. The most 
interesting building is the Roman Catholic cathedral, the 
toAver of Avhich, dating from the 11th century, illustrates 
the first step in the groAvth of the Gothic spire in Germany. 
The nave Avas erected at the end of the 13th century, and 
the choir in 1377-79. Among the other chief edifices are- 
the old church of St Martin; the toAvn-house, Avith a 
Gothic facade ; the extensive court-house ; and the Govern- 
ment offices, constructed, like many of the other buildings, 
of a peculiar veined broAvn sandstone found in the district. 
Minden contains a gymnasium and several hospitals, besides 
other charitable institutions. Its industries include linen 
and cotton Aveaving, dyeing, calico printing, and the 
manufacture of tobacco, leather, lamps, chicory, and chemi- 
cals. There is also some activity in the building of small 
craft. In 1881 107 vessels of an aggregate burden of 
12,569 tons entered and cleared the river-harbour of 
Minden. The population in 1880 Avas 17,869. 

Minden (Jlindun, Mindo), apparently a trading jilace of some 
importance in the time of Charlemagne, was made the seat of a bishop 
by that monareli, and subsequently became a flourishing member 
of the Hanseatic League. In the 13th century it Avas suiTounded 
with a wall. Punished by military occupation and a fine for its 
reception of the Reformation in 15-17, Minden undonvent similar 
trials in the Thirty Years’ War and the wars of the French occupa- 
tion. In 1648 the bishopric was converted into a secular principality 
under the elector of Brandenburg. From 1807 to 1814 Sunden 
Avas included in the kingdom of Westphalia, and in the latter year 
it passed to Pnissia. In 1816 the fortifications, which had been 
razed by Frederick the Great after the Seven Years’ War, Aveie 
restored and strengtliened, and as a fortress of the second rank it 
remained the chief military place of Westphalia down to 1872, 
when the Avorks were finally demolished. At Todtenhausen, 3 
miles to the north of Minden, the allied English and German troops 
under the duke of BrunsAA'ick gained a decisive victory over the 
French in 1759. About 3 miles to the south of Minden is the 
so-called “Porta Westfalica,” a iian'OAV and picturesque defile by 
which tlie Wesor quits the mountains and reaches the plain. 

3Iinden is not to be confounded Avith the 'Hanoverian Jiundeii, 
also sometimes Avritten Minden (population 6355), at the conlluence 
{MUnduwj) of the Wona and Fulda. 

MINE. See Mining. 
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N atural objects wHcb are bomogeneous in tlieir 
mass, and in wliich no parts formed for special pur- 
poses can be distinguished, are termed “ minerals ” ; and 
the branch of natural science which treats of these is 
termed mineralogy. Minerals differ from the stractm'es 
treated of in botany and zoology in the three following par- 
ticulars. (1) They differ in the mode of their formation; 
this has been accomplished, not by assimilation of matter, 
producing growth from within, but by augmentation of bulk 
through accretion of particles from without. (2) Minerals 
are not heterogeneous. Wliile the objects treated of in 
the other departments of natural history consist of beings 
possessed of life, and having parts which, being mutually 
dependent, cannot be separated from one another without 
a more or less complete destruction "of the individual, the 
objects treated of under the department of mineralogy 
have so uniformly consistent an individuality that they are 
not destroyed by any separation of parts, — each portion 
or fragment possessing the same properties and the same 
composition as the whole. And (3), while those beings 
which are possessed of life have their component elements 
grouped into complexes, for the most part capable of more 
or less freedom of motion and susceptible of change, 
minerals have a constitution resulting from chemical attrac- 
tions alone and an arrangement of their parts, under 
physical influences, which has resulted in rigidity and an 
absence of all tendency to change. 

Foeji op Minerals — Crystallography. 

Definiti- The most precise definition of a mineral would be — an 
tion of a inorganic body possessed of a definite chemical composition, 
mineral, usually of a regular geometric form. Of these, the 
second is in one respect the direct outcome of the &st ; 
while many of the most important physical properties pos- 
sessed by minerals are outcomes of the second. 

Both the geometric form and the composition of 
minerals are produced and modified under the influence of 
general laws. 

Mineral bodies occur in the three physical conditions of 
solid, liquid, and gas. Those now found in the last two 
states are few in number, and are of altogether inferior 
interest to those which occur as solids; but there is reason 
to believe that the minerals we know as solids once 
existed in the liquid or gaseous state, and that their pre- 
sent structure was determined in the process of solidifica- 
tion. All bodies thus formed may be divided into two 
great classes: — 

Amor- 1. Amorphous bodies, or such as do not possess a de- 
phous finite and characteristic geometrical form. These (when 
" transparent) refract light singly in every direction (except 
when under stress) ; they are equally easy or equally diflfi- 
cult to break in all directions ; when broken they exhibit 
a conchoidal or an earthy fracture ; they are equally hard 
throughout all their parts ; they are equally elastic in all 
directions ; they conduct heat with equal rapidity and in 
equal amount in all directions. 

Crystals. 2. Crystalline bodies, or such as occur in definite geo- 
metrical forms bounded by flat surfaces. These present 
greater facilities of separation of their particles, or “cleav- 
age,” in certain directions lying in determinate planes than 
they do in others ; most of them are neither equally hard 
nor equally elastic in aU directions, conduct heat more 
rapidly in certain directions than they do in other’s, and, 
when transparent, refract light doubly except in certain 
directions. 


Crystals. 


Mineral bodies are found in both of the above classes ; 
and the same mineral body may occur in both the 
amorphous and-the crystalline condition. This is seen in 
the piece of gold shown in ‘ 
fig. 1, where the upper portion 
has a sharply angular and a 
well-defined shape, while the j, 

lower presents curvihnear and /y/ If ^ 
rugged outlines, similar to one /V / J ' 
another in no part. Under 
favouring circumstances, it is 
possible that every substance 
whose composition is capable 
of being represented by a ® 
definite chemical formula — 
i.e., wliich has an unvarying 
composition — may be capable 
of assuming a definite crys- Fig. 1. 

taUine form. 

Size and Fonn of Crystals. — They are of every size from Size of 
over a yard in diameter to mere specks requiring a high crystal: 
power of the microscope to reveal their existence. Beryls 
have been obtained in America more than 4 feet in length 
by 2^ in thickness, weighing 2i tons. Equally large 
crystals of apatite have been found in Canada. There is a 
rock crystal at Milan 3| feet long by 5^ in circumference, 
weighing 870 3b. The highest perfection of form, and hence 
of other properties, is only found, however, in crystals of , 
moderate or of small size. 

Variety of Foi'm, and Constancy of Form, — The same Variety 
mineral may be found in different localities, or sometimes of form, 
in the same locality, exhibiting an almost endless variety 
of forms. Calc-spar occurs at a Scottish locality in acicu- 
lar pyramidal crystals of which the length may . i 
be ten or more times as great as the Avidth (fig. fl 
2) ; in flat plates as thin as paper, in which the 1 1 
length is not the hundredth part of the width ; | i| 

also in prisms, pyramids, and rhombohedra, j | 

which at first sight (as in figs. '3, 4) seem j | ~ 







Fig. 4. . - I j 

destitute of any relationship to each other. This I ! 
substance has elsewhere been noted in several- , yl 
hundred forms. The imnerals fluorite, pyrite, if 
and baryte have each been observed in over a . 
hundred diverse forms. ' Nevertheless, however . ' ^ 
great the number, all the, forms, in the case of '' 

each mineral, may be reduced or referred to a single type, Eelatioc 
by the simple- iirocess of examining its internal structure topareni 


or the mode of arrangement of its molecules. 


This is form. 



lavaria- 
bility of 
angles. 


Proper- 
ties and 
parts of 
crystals. 


Interfer- 

ences. 


Axes. 
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accomplLshecl in two ways — (l)l>y finding the weak joints 
in that arrangement, through "splitting the crystal, and 
(2) by measuring the angular inclination of the outside 
surfaces which bound the form and, from these measure- 
ments, by simple mathematical laws, arriving at what has 
been termed its “ primitive ” or simplest form. 

As regards the mere recognition of a substance, such 
measurement in itself suffices, — the angular inclination, if 
th-i same surfaces bo measured, being unvarying in each 
species. It can, moreover, be shown that the possible 
range of external variety of form is governed by fixed 
mathematical laws, which determine precisely what crys- 
talline forms are or may be produced for each species. 
Comparatively few of these actually occur in nature ; but 
crystallogi’aphic laws can 2 )oint out the range of those 
which can possibly occur, can delineate them even before 
they are found, and can in all cases show the relationshii> 
which subsists between them and the simple or fundamental 
form from which or out of which they all originate. It 
must be observed that in crystalline bodies the internal 
structure — that is, the arrangement of the molecules — 
is as regular in an outwardly shapeless mass as in the 
modelled crystal which presents itself as a perfect whole. 

Definitions of Crystals, and their Members or Parts. — A 
crystal is a symmetrical solid, either opaque or transparent, 
contained within surfaces which theoretically are flat, and 
of a perfect polish, but which are actually frequently 
curved, striated, or pitted. These surfaces are called 
“ planes,” or “ faces.” The external planes of a crystal are 
called its “ natural planes ” j the flat surfaces obtained by 
splitting a crystal are called its “ cleavage planes.” The 
intersections of the bounding planes are called “edges,” 
and planes are said to bo similar when their corresponding 
edges are proportional and their corresponding angles 
equal. Crystals bounded by equal and similar faces are 
termed “ simple forms.” The cube, bounded by six equal 
squares, the octahedron, bounded by eight equilateral 
triangles, and the rhombohedron, bounded by six equal 
rhombs, are thus simple forms. Crystals of which the 
faces are not all equal and similar are termed compound 
form.s, or “combinations,” being regarded as jrroduced 
by the union or combination of two or more simple forms. 
Edges are termed' rectangular, obtuse, or acute,^ according 
as the angle at which the faces which form the edge meet 
is equal to, or greater or less than, a right angle. Edges are 
similar when the planes by the intersection of which they 
are formed are respectively equal and equally inclined to 
one another ; otherwise they are unlike or dissimilar. 

When a figure is bounded by only one set of planes, it is 
said to be “ developed.” When an edge is cut off by a 
new plane, it is said to be “replaced”; when cut off by a 
jflane which forms an equal angle wth each of the original 
faces which formed the edge, it is said to be “ truncated.” 
When an edge is cut off by two new faces equally inclined 
to the two original faces respectively, it is said to be 
“ bevelled.” 'VVhen a solid angle is cut off by a new face 
which forms equal angles mth all the faces which went to 
form the solid angle, it is said to bo truncated. 

In classifying crystals and studying their properties, it 
is found convenient to introduce certain imaginary lines 
called “axes.” Axes are imaginary lines connecting 
points in the- crystal which are diametrically opposite,— 
such as the centres of opposite faces, the apices of opposite 
solid angles, the centres of opposite edges. Different sets 
of axes may thus be dra\vn through the same crystal; but 
there is always one set, usually of three, but in one special 
class of crystals of four, axes, by reference to which the 
geometrical and physical properties^ of a crystal can bo 
most simply explained. These axes intersect one another, 
either at right angles, producing “orthometric” forms, or 


at oblique angles, producing “ clinometric ” forms. The 
axes may be all equal, or only two equal, or all unequal. 

There is a definite conventional position in which for <• 
purposes of description a crystal is always supposed to betion°M 
held. With reference to this position one of the axes,— of erj-t 
that which is erect or most erect, — is termed the “verti-*“l®- 
cal,” and the others the “lateral." The planes in which 
.any two of the axes lie are called the “axial” or 
“diametral planes,” — sometimes “sections.” By these 
the space around the centre is divided into “sectants.” 

If there are, as is generally the case, only two lateral axes, 
the space is divided into eight sectants, or octants ; but, if 
there are three lateral axes, it is divided into twelve 
sectants. 

Primitive Forms of Crystals. — ^If we attempt to arrive, 
through a study of the internal structure of crystals, as tivo™^' 
evidenced by directions of iveakness of cohesion, at. the forms 
total number of primitive or parent forms which can exist, 
we find that there are thirteen such forms and no more. 

Nino of tliese may bo regarded as prisms standing upon a base, 
three as octahedra standing upon a solid angle ; and tneto is one 
twelve-sided figure, or dodecahedron. 

A-isjus.— Of the prisms eight have a four-sided base. Prisms 

_ If the base is square and the prism stands erect — that is, if its 
sides or lateral planes, as they are called, are perpendicular to the 
base — the form is termed a “right square prism" (fig. 6). In 
this the four lateral planes are rectangular and equal ; they may bo 
either oblong or square ; in the latter case the form is the “ cube ” 

(fig. 5). When the base is a rectangle instead of a square, the 
form is a “right rectangular prism” (fig. 7). In each of tlio 



Fig. • Fig. 6. Fig. 7. 


above three forms tlie edges are twelve in number. In the cube 
all the edges are equal. In the square prism the lateral edges 
arc all equal, but are different from the four equal edges of tho 
base. In the rectangular prism, two at each base differ in length 
from the other two, while both differ from the lateral ; hence 
there aro hero three sets of edges, four in each. In each of the 
three forms, however, the solid angles are eight in number, all 
equal, and each enclosed by three right angles. 

'When the base is a rhombus, and the prism stands erect, the form 


13 a “right rhombic prism 
being here acute and two 
obtnse, two of tho solid 
angles corresponding each 
with each must differ from 
the others. So also must 
two of the lateral angles 
be acute and two obtuse. 
The four lateral faces are 
equal, 

'VVlicn the base is a 


(fig. 8). Two of tho angles in the base 



Fig. 8. 
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rhomboid, and the prism stands erect, it is only tho opposite 
lateral faces that can be equal. The form is called a “right 
rhomboidal prism” (fig. 9). , , 

■When the base is a rhombus, but the prism stands obliquely on 
its base, tho form is called an “oblique rhombic prism ’ (fig. 10). 
Here tho basal edges of tho lateral planes are all equal in length, 
but on account of tho inclination of the prism the angles which 
these edges form ivith the lateral edges ol the lateral planes aro 
two acute and two obtuse. 



Fig. 10. Fig. II. Fig. 1-. 

If all tho edges of an oblique rhombic prism aro equal in longffi 
to tho breadth of the base, and if tho lateral planes are rhombi 
equal in all respects to the basal, tho form is calleil a ihombo- 
hedron" (fig. 11). This is included within si.x equal plane.s, liko 
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the cube, hut tliesa plants liavo ohliijuo annlc'J. The rhombo- 
hcdrou thui Kara the same rulation to tlie obliijue rhombic prism 
which the cube dots to the ri;^ht {xjuare prism. Of the eight solM 
angles of a rhombolicJron only fno are coiitaiiiod by tliree enu.il 
plane angles, and these two “apices,” as they may be called, are 
opposite one another. Acconliug as the apices are acute or obtuse, 
we iiave an acute or obtuse rhombohedron. 

When the b.a.se of an obliijue p>risni is a rhomboid, the prism 
Keomes an “ cblinue rhoinbosdal prism ” (lig. 12). In tliis form, 
only diagonally op}>osito edges are similar, as regards CHUality 
of leijgtii and the wilue of the included angle. Only tH){>oiite solid 
angles are eejual, as are abo the oppu-site and ]arai!el Jaccs. 

A right prbni may have an u'lUilateral six-.sided ba.se; it Li then 
called an 'Miexagonal prism." ddiLi form may K dcveloj.'cd in two 
{•Ositions relatively to cacii other, — one in which the Sramsyerseaxes 
JOSS from the centres of opt«'jsite faces (lij. 13), the other in which 
they pass from the cenlre.s of 


opjxisite edge.s of the 
(Ug. It). The faces of the one 
set mutually truncate the tdgej 
of tlio other. If a rhoiulKj- 
licdron K p-o.-.itiaiii.-d .-j os to 
rest up')!! one of its apice.-, the 
faces of one hex.igoiial pri-an 
woulil truncate tlie ialer.il 
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(Jya of the rl.oniKlndron, 
iviiilu the faces of the other btxagt'nal j.ri.-m v.ouM ttum ate iu 
latfr.ll sc’id tf.ijla. Hexagonal prisiici m.iy K Lngeror .■■hurter 
tLin the vridth of their Lises. Tho inteificial latel.il aligb’j ary 
120“. The angle Kf.-.eeii the lateral and terminal fac.'s Li 1*0'. . 

Octa- OctmKuVu, — Thu pl.iue.ii of th-.-'U eight- foi.'vil .•■oli i,i ate tri-iiigular. 


f tv.u four-sided pyrain 

’ p^.itioin'd f-i 


and they may K* regardcii ssma'te up ol tv.o four-.-ii 
applied to each other, blie to ba.'o,-. Ttie'V are .il'.eays _ 
that they stand upon a ;a>lid angle with'fhe "LiJl plane ”—ti;:it 
L-i, the t>l;u;e which L the common Lu-e of the two pi rumid,.— hori- 
zontal In the primitive fortui no'.e umb-r c.'juvi'leVativ.u the ver- 
tici.5 of the two jiyrami l.s will in tiiis psiition La vcrti-aliy al-jve 
and Klo'w the ceritre of the L'ls-:. The Jlpl'.raud loinr .-j,t;idaa.',hs 

• •' " ■ ' the four lateral 


ail! 


a. 1 .' then l< nueii the “ vutic-il ■■ojii-.i ai. 
solid auglis are c.d!cd the bas.'il .-.olid angl- 
There are three lA-toli'idruna. In the ■* regular’ 

In) the Ice.'e- ij a s-iu.-re, and the eight fac-s ale t.;ni!a:er 
of ujuil tire, 'in-.ro are twelve e-iges. wl, ' 


E: 


-nahedrou (tig. 
t naugh'-'r 
'file 
-■ the 

lane angles -ill Cb*. Tl-eru .ire .tis chuiI solid ai.gh.c Wh-n th-r 
of the O'.'Whedrou is s-juare, bat the oth-cr edges, although 


arc all vimih 


facts ineiilie to each otlu-r at an .ingle of lug' Uj' PI", .m’d h.v. 
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ijual to one anoih-;r, are either longer or shurt-.r than the nlges 
1 the Li^.-, the fo.^m i.i a "right .-irnire o-.-uhedroii '' tllg. lOj. 

.ri.inge‘s, the vpial .ingies being 
at tlie Ln-al edge of the phine-t. Tln-sc bie.il e-iges are tijual and 
similar, bat ditfer in iength and in angles from' 
the eight equal j-yraiiiidal edges, V/hea tli-i 
LiVi of an octahedron is a rhorubus, it is called 
a “ right rhombic o-ctaliedroii ” (lig. 17). 

Did-cciikcdru.i . — This (tig. IS) h.is each of iu 
twelve fiices a rhombus. It Lq like the cuLj 
and the octahedron, a solid which is symmetrical. 

The interracial angles ate all IgO', the [done 
angles are 100“ 2S' 10’ and 70’ 31' 4-1'. The edge.s 


t — t- 




are Piveaty-four, and similar. There are fourteen 


Deter- 
miaatioa 
of jiarent 
fonas. 


Fig. 13. 

solid angles, of winch six are foru;-;d each by tb-j meeting of four 
acute plane angles, and eight by the meeting of three obtuse plane 
angles. 

It has bccu said that the above siiuple lortus were arrived 
at through a study of the internal ’structure of crystals, 
chiefly as disclosed by cleavage. Inasmuch, however, as 
there are some minerals which cleave in only one direction, 
and many which cannot be cleaved in any direction, this 
method of investigation fads. Its employment, moreover, 
frequently led to conflicting or embarras.=ing results. A 
conflicting result is when a substance has more than one 
set of cleavages, — that is, splits up in directions which 
would result in the production of more than one of the 


above jirimary or .aiinjile forms. Tims tlie mineral fluorite 
occurs with much tlic greatest frequency in tlie form of 
the culxi, and it miglit very consistently Ihj held that its 
freepuent occurrence in t]ii.s form was a clear natural 
indication that the cube wa.s tlie jirimary or siinjik-.at form 
of iluorito ; but it splits uji into an octahedron. Galena 
crystallizes frequently in tho form of the octahedron ; yet 
to cleavage galena yields a cubic primary form. It migiit 
be conceived that there had laeen, in each ca-.e, some 
-Special tendency to assume the cubic form and tlie octa- 
hedral form ; but one and the ;-ame jiiece of rock may 
Ixeir on its surface cubic crystals of lluor and octalieilral 
cry.stal.s of galena, — eacli of the minemls having here 
asstuiied the primitive cleavage fonu of the other in pre- 
ference to it.j own. The minenil blende cry’stallizcs not 
unfrequeiitly in (--etalicdni, which yield the dod-ecaliedron 
on cleavage. Fluor cry.'.ullizcs in dodeohedra, yet yields 
the wtaliedron to cle-ivage. .irgyrite ciystJlizes in cubfts 
and in ectahedra, but yue!d,s the dodectdiedron on cleavage. 
Tyrite ery.-,ta!iizes in cuGas, octahedra, and duiecaiiedra, 
and yields lioth the cube and the octahedron on cleavage. 

Tiie..e are muat eml>arrs.:aing results, but tliey clearly 
indicate .-o intimate a relationship to subAst between three 
of the aixivc --iiiiijle forms that it Is obvious that one alone 
would serve a.s a tyjw form for reprea-eiiting the other.s, 
Th-e i.eleetion of that one .-hould l-e based upon grounds of 
mo.>: eminent siuqilieity, and this agriin is to be arrived 
at by a coii.-.idenition of the ;:nullne.-;s of muiib-ar of jjarts, 
i.-., of Lee.*, edges, and .-olid angle--!. Di such a con.'hlera- 
tiuu we tind tla: the dtslecaiitdron, with its higher number 
of each of ih-a--c, at once give-s ]*lacc‘. The cube ha.s six 
face.-^, the cctihidron eight ; .simjilieity herds in favour of 
the cube. The cube hiu twelve edges, the octahedron has 
twelve : in thi.s re-spect they are equal. The cube has 
eight .'I'did angle.% the octaliedron abc; here the greater 
simplicity It on die i-ide of the «tihedron. So that this 
method of adjudicating by .rinqiieity fails, and we are 
thrown lack ujioa the relatloiisltips which may be unfolded 
through a consideration of the other elements of ciy-stab, — 
their axe-s. 

^u.-Uuu of Cnjstals and Law.f <f C >'Uii<iHi:nivjn. 

Thk consideration led, ilnst, to the rimiarkable dl-covery 
that .-everal of the aKsve j-rimary forms are mere modifica- 
tioms of e.ich other, and ultimately .-howed that all ciystais 
found in nature may be referred to .'ix .-.Vatem-q bojud on 
certain relations of their axes, and tkit every face which 
could occur tq-on a crystal beans a definite attd suuplo 
relation, in jsjaition anil in a.ugular iiiclinariou, to these 
axes. 

As rcganli nitre gcoinetrie naojurtait-iit, there .ire sevi.-r.d_tlire'> 
tioiis in which axes may with nairly equal advantage b-e projected. 
For exanijdc, in the cube 
(fig. 19) they way K drawn 
from the cvatnsof opj»<.>sito 
facts, 03 ktttrtd O; or 
from oiq-osiie solid angles, 
a.s Ifctttrvd C ; or from tlie 
centres of opisioito edges, 

.-U lettered 1). There is 
abuniiaricu of evidtiico tliat 
each of the.so directions 
must K regarded a-s lines 
of dominant accrelioa of 
molecules. 

But tho accretioii'niay he 
not only dominant hut 
ovenvlieliuiiigly so in one 
only of these directions in 
ce-riain coits, or existent p[Q_ — Positiou of three sets of axes, 

along one set of axe.s alone _ ... , - 

in certain others. In a sjxiciinen of native silver from Alva m 
Scotland (fig. 20), along O this is so much tlie cose that the con- 
creting molecules have done little more than delineate the form 
of an octahedron, and this they liave only been able to do by 


Rebtioa 

oI 

to OXCi. 
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af'gregatin" themselves in lines of minute crystals of the very 
shape of ivhicli they were projecting tlie skeleton form. More- 
over, a polar aggregation at tlte terminal ends of these octahedral 
axes is here shown by the amount of concreting and crystallizing 



Fig, 20, 

material being larger at the tenninations of these axes than else- 
where. In the hollow-faced cube again (fig. 21), an aggregation 
of molecules in the direction of the lines D and C has filled the 
edges and solid angles, while none have been deposited along 0. 


Fig. 21. Fig. 22. 

This occurs in crj'stals of salt. In the hollow-faced octahedron, 
again (fig. 22), there has been no deposition of matter along the 
line C. Cuprite often shows this form; and it as frequently occurs 
in hollow-faced dodecahedra, wherein the vacuitj' is in the direc- 
tion of D. 

In the specimen of pyritc from Elba (fig. 2.3), a deposition along 
T> and C would ultimately have erected the scaffolding of a hollow 
cube, in twelve lines of minute 
combinations of the cube and 
octahedron. Such directional 
arrangements may, moreover, 
not only be intermittent but 
often alternate. The pjyrite 
from Traversella (fig. 24) is an 
illustration of the first A large 
pentagonal dodecahedron liav- 
mg been corapJeted, a new ac- 
oes.sion of material has been 
attached, not unifonnly spread 
over the pre-e.-cistent crystal, 
to enlarge it, but locally ar- 
ranged, in equal amount, at 
the poles of 0. But here the 
special method of the arrangement has determined the formation 
of a number of small crj-stals of the same form as that originally 
projected. , 

An alternation, as it were, in pdan is shown in such a crystal of 
calcite as that in fig. 25. Here a scalenohedron is seen in the 
centre of the figure ; then a rhoinbohedron ha.s been perched upon 
its summit, and lastly both have been sheathed in a si.x-sided prism 
with trihedral summits. Different as these three forms are, it is 





found that they all hero stand in a definite position one to the 
other; that definite position is the relation which they bear to one 
of the sets of axes, and this set may be a-ssigned, not only to all 
the three crystals here combined, but also to all the crystals be- 
longing to the same mineral, wherever occurring. 'Hus general 
applicability constitutes one of the respects in which one special 
set of axes is, in each of the systems, preferred to the others. 


Fig. 25. 

Another respect is the intensity with which the molecules cohere Colier- 
m the different parts of the crystal, as referred to these axes, and ence of 
the resultant different hardness of certain parts of ciystals. It r, articles 
will be aftenvards found that this obtains in a very limited {.oteoual 
manner in the crystals which belong to the first of the follow- all di- 
ing .systems, on account of its regularity and sameness as a whole, rections 
It may be laid down as a general rule that the edges of crystals arc 
harder than the centres of their faces, and the solid angles harder 
than the edges, 'fhis is markedly the case in the diamond. But, 
apart from this, there is no distinctive hardne.s 3 in any one part, side, 
or end of the crystals of the first system. It is otherwise with the 
crj'stals which fall to bo considered in all the other systems. 

So different is the hardness of the various portions of these, so 
diverse the apipearance of their jiarts in hi.stre, colour, polish, kc., 
so varying the amount of the recoil of these wlien struck, so unequal 
their piowcr of conducting heat, so dissimilar their piower of re- 
sisting the agencies of decay, and so iiTcconcilable their action upon 
transmitted light, that we cannot but conclude that the molecules 
which build them up are piacked with greater force, if not in greater 
number, in certain directions in preference to others, 'riiere thus 
remains no question that these nature-indicated seta of axes arc 
those along which there has been a specially selective or “ piolar” 
arrangement. 

The .six systems are founded upon the relationships of Systems of 
the axes in number, in length, and in angular inclination, crystals. 
All crystals may be divided into “ orthometric ” or erect 
forms and “ clinometric ” or inclined forms ; and in similar 
manner may the systems be, through a consideration of 
the relative lengths of their axe.s, divided into three classes. 

In the first, or most regular, of these the axe.s are all equal, 
that is, they are of one length ; in the second there is one 
axis which differs in length from the others, and therefore 
they are of two lengths ; while in the third the axes are 
all unequal, and therefore they are of three lengths. Of 
the six systems one belongs to the first class, two to the 
second, and three to the third. Hence they are thus 
classed : — 




Monomciric. 

Cubic. 


Dirnelric. 

Tetragonal. 

Hexagonal. 


Trimelric. 
Plight Priamatic, 
Oblique Priamatic. 
Anorthic. 


Though the grouping of the systems into three classes 
in virtue of axial dimensions is markedly borne out by 
optical and other properties, yet it is altogether insufficient 
for determining the relation.ships of the myriad forms in 
which bodies crystallize. Such knowledge is only attained 
by combining the consideration of axial length with a.xial 
inclination ; and it is through a due regard of both of these 
that the six systems are instituted. 

The above table may be read in two different way.s, — 
either across or consecutively up and down the page. 
The six systems may be treated of in either of these ways; 
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and there are certain advantages in considering them at 
least iu’st by the former method. 

We consider first, as the more essential, the relative 
lengths of the axes, and, secondly, the angular inclination 
of these. 

1. In the cubic system the axes are all equal, and all 
intersect at right angles. Here is the most perfect sim- 
plicity, and the most perfect regularity. 

2. In the tetragonal system two only of the axes are 
equal ; but all stiU intersect at right angles. Here is a 
departure from simplicity as regards the length of one axis, 
but no departure as regards the angular inclination. 

3. In the right prismatic system none of the axes are 
equal, but all still intersect at right angles. Here is total 
loss of regularity in the first particular, but still none in 
the second. 

4. In the oblique prismatic system none of the axes are 
equal, and only two intersect at right angles. Here there 
is again a total loss of simplicity in the first particular, and 
a certain amount of departure from it in the second. 

5. In the anorthic system none of the axes are equal, 
and none of them intersect at right angles, — so that here, 

as expressed by the name, there is 
a total departure from regularity in 
both particulars. 

6. The hexagonal system is 
anomalous in relation to this mode 
of consideration. It is regarded as- 
having four axes, three of which lie 
in one plane, parallel to the base, and 
Fig. 26. inters.ect each other at equal angles 


Unique 

jixis 

made 

vertic.aL 








Fig. 28. 



Fig. 29. 


Fig. 27. 

(necessarily angles of 60°). 

The fourth axis intersects 
these at right angles, and may 
be longer, shorter, or equal 
to them. This system is 
generally considered after the 
tetragonal system, as having 
one axis which diSei’S in 
length from the others, and 
only one which cuts the 
others at right angles. By 
some a rhombohedron is con- 
sidered as the primary of this 
system ; it then comes to 
have three axes, all equal, 
but none intersecting at right 
angles. 

In considering these sys- 
tems, or in describing the 
form of a crystal, the vertical 
or erect axis is named the 
principal axis of the figure, 
and that axis is chosen as 
the vertical which is the only 
one of its kind. In the cubic 
system there is no such axis, 
so that any one may be chosen as the vertical. 

It ■will he convenient, before proceeding to the considera- 
tion of the laws of crystallography and the combinations 



Fig. 30. 


of forms, — especially in -vieAv of the terminology that must 
be employed in illustrating those general aspects of the 
subject, — to give an outline of one of the six systems here. 

For this preliminary description the cubic system, as the 
simplest and most regular, naturally suggests itself as the 
most suitable, 

I. 2Vie Cubic System . — ^Here the axes are all equal, and Culiio 
all intersect at right angles. The “cube” (fig, 26), “octa- system, 
hedron” (fig. 30), and “rhombic dodecahedron” (fig. 

33), which are here included, are ahke in their perfect 
symmetry; the height, length, and breadth are equal; 
and their axes are equal, and are rectangular in their 
intersections. 

In the cube (fig. 5) these axes connect the centres of 
opposite faces;. in the octahedron (fig. 16) the apices of 
opposite sohd angles; in the dodecahedron (fig. 18) the 
apices of opposite acute solid angles. The relation of these Bebtions 
forms to each other, and the correspondence in their axes, of simplo 
rvill be made manifest through a consideration of the transi- 
tion between the forms. H a cube be projected -with the 
axes in the above position, or if a model of it in any 
sectile material be employed, and if the eight angles are 
sliced off evenly, keeping the planes thus formed equally 
inclined to the original faces, we first obtain the form in 
fig. 27, then that in fig. 28 and fig. 29, and finally a 
regular octahedron (fig. 30) ; and the last disappearing 
point of each face of the cube is the apex of each sohd 
angle of the octahedron. Hence the axes of the former, 
being in no way displaced, necessarily connect the apices 
of the solid angles of the 
latter. By. cutting off as 

evenly the twelve edges of 
another cube, the knife being 
equally inclined to the faces, 
we have the form in fig. 31, 
then fig. 32, and finally the 
rhombic dodecahedron (fig.' 

33), with the axes of the cube 
connecting the acute angles of 
the new form. These forms 
are thus mutually derivable. 

Moreover, they are often pre- 
sented by the same mineral 
species, as is exemphfied in 
galena, pyrites, and the dia- 


mond. 

The 

versed. 



Fig. 32. 


process' may be re- 
and the cube made 
from the. octahedron, as "ivill 
be readily understood from a 
comjjarison, in reverse order, 
of figs. 26 to 30. Or the cube 
may be similarly derived from 
the dodecahedron, as seen by 
inspecting figs. 33, 32, 31, 26. 

The octahedron also is 
changed to a rhombic dodeca- 
hedron, by removing its twelve 
edges (figs. 34, 35), and con- 
tinuing the removal till the 
original faces are obliterated, 
thus producing the dodeca- 
hedron. 

It will be observed that throughout all these changes 
the position of the axes, as determinants of dimensions, 
need not be altered, — that, in fact, one set of- axes has 
served for all the forms. 

The relationships of the principal forms of tliis system 
being thus disclosed, the forms themselves have next to be 
considered. 



Fig. 33. ' 
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Parts of Tho cube (fig. 26) is bounded by six equal squares, has 
tljocube. twelve edges formed by faces meeting at 90°, and eight 
solid trigonal angles. The axes are taken as joining the 
centres of each two opposite faces. Examples are hallite, 
galena, and iluor. 


the octahedron on one side to the rhombic dodecahedron 
on the other ; wliile the increased accretion here is in the 
direction of lines joining the centres of the faces of the 
octahedron or the solid angles of the cube. The passage 
of the forms is similar to that illustrated in the lastcon- 



Fig. 34. 





Octa- The octahedron (fig. 30), bounded by eight equilateral 
heJrou. triangles, has twelve equal edges with planes meeting at 
109“ 28' 16", and six tetragonal angles. The principal 
axes join the opposite solid angles. Examples : magnetite, 
gold, cuprite. 

Dodeca- The rhombic dodecahedron (lig. 33) is bounded by twelve 
hedron. equal and similar rhombi, has twenty-four equal edges of 
.120“, and has six tetragonal and eight trigonal angles. 
Each of the principal axes joins two opposite tetragonal 
angles. Examples; garnet, cuprite, blende. 

Totrakis- The tetrakishexahedrons (figs. 36, 37, 38, varieties of 
hexa- icositetrahedron) are bounded by twenty-four isosceles 
hedron. triangles, placed so as to form four-sided pyramids on the 
faces of the cube, arranged in 
sLx groups of four each. They 
have twelve longer edges, which 
correspond to those of tho pri- 
mitive or inscribed cube, and 
twenty-four shorter edges placed 
over each of its faces. The 
angles are eight hexagonal and 
six tetragonal, the latter joined 
two and two by the principal 
a.xes. Examples : fluorite, gold. 

This form varies much in general 
aspect. The four-sided pyra- 
mid which rests on the edges 
of each face of the cube may be 
so low as almost to fall into it 
(fig. 36) ; or it may rise so high 
that each side forms a level 
surface with that which is ad- 
jacent to it upon tho nearest 
cubic face (fig. 38). In the 
latter case the form has become 
the rhombic dodecahedron; so 
that the more or less acute 
varieties of the form are but 
stages of a passage of the cube 
into the latter figure, through 
an increasing accretion of matter 
in the lines of the axes of the 
cube. This is termed a “ tran- 
sition by increment.” 

TriakLs- The trialdsoctahedrons, fig. 39 
octa- (variety of icositetrahedron, 
hedron. gg_ bounded by twenty- 

four isosceles triangles, in eight 
groups of three, arranged as pyramids on the edges of 
the faces of the octahedron. Like the previous form 
they vary in general aspect, the variation here being from 


sidered form. The edges are twelve longer, corresponding 
with those of the inscribed octahedron, and twenty-four 
shorter,' three and three over each of the faces. The angles 
are eight trigonal and six ditetragonal (formed by eight 
faces), the latter angles joined two and two by the principal 
axes. Examples : galena, diamond. 

The icositetrahedrons (fig. 40) are bounded by twenty- icoiii- 
four deltoids. This form varies from the octahedron to tetra- 
the cube, sometimes approaching the former and sometimes ''edron. 
tlie latter in general aspect. A four-sided pyramid rests 
on the angles of tho faces of the cube. When increased 
accretion takes place along the cubic axes, an octahedron 
results. When it is along lines joining the solid angles 
of the cube, that form itself results. The edges are twenty- 
four longer and twenty-four shorter. The solid angles are 
six tetragonal joined by the principal axes, eight trigonal, 
and twelve rhombic or tetragonal ivith unequal angles. 
Examples: analcime, garnet. 

The hoxakisoctahedrons (fig. 41), bounded by forty-eight Hexakis. 
I scalene triangles, vary much in general aspect, approaching oota- 
more or less to all the preceding forms, into all of which ^'^4roa. 
they may pass ; but most frequently they have the faces 
arranged either in six groups 
of eight on the faces of the 
cube, or eight of six on the 
faces of the octahedron, or 
twelve of four on the faces of 
the dodecahedron. There are 
twenty-four long edges, often 
corresponding to those of tho 
rhombic dodecahedron or bi- 
secting the long diagonal of 
the trapezohedron, twenty-iour 
intermediate edges lying in 
pairs over each edge of the 
inscribed octahedron, and twenty-four short edges in pairs 
over the edges of the inscribed cube. There are six dite- 
tragonal angles joined by the principal axes, eight he.xa- 
gonal, and twelve rhombic angles. Examples : diamond, 
fluorite. 

General Laws of Crystallography . — The seven fonns of Laws of 
crystals now described are related to each other in the crystallo- 
most intimate manner. This will appear more distinctly srapky. 
from the account which is to follow of tho mode of deriva- 
tion of the forms, mth which is conjoined an explana- 
tion of the crystallographic signs or symbols by which 
they are designated. These symbols were introduced by 
-Naumann, in the belief that they not only mark the forms 
in a greatly abbreviated manner, but also exhibit the 
relations of the forms and combinations in a way which 
words could hardly accomplish. In order to follow out this 
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derivation of forms, it is necessary, to state briefly the 
following laws, which have been established in crystallo- 
graphy. It is to be remembered that these laws apply, 
not merely to the cubic system just described, but to all 
the systems. 

Invari- 1. The Laiu of the Invariability of the Angles of Crystals, 
of which was established by Eom^ de Plsle, may be thus 
ang es. g^g^^gd : — the angles of inclination of the faces of a crystal 
are constant, however unequally the faces may be developed. 
The corresponding angles of difierent crystalline specimens 
of the same body do not, however, always absolutely agree. 
Differences have been found, amounting sometimes even 
to 10'. 

Symme- 2. The Law of Symmetry, discovered by Haiiy, may 
try- be thus expressed ; — (1) similar parts of crystals — ^faces, 
edges, angles, and consequently axes — are all modified in 
the same manner, and dissimilar parts are modified 
separately or differently; (2) the modifications produce the 
same effect on the faces or edges which form the modified 
part, when they are equal ; when they are not equal, they 
produce a different effect. That is, if an edge be truncated 
or bevelled, every similar edge will be similarly truncated 
or bevelled ; if an angle be truncated or acuminated, evei-y 
similar angle will be similarly truncated or acuminated; 
and consequently every similar axis -will be equally affected 
by the modifications. Thus the cube has eight similar 
angles and twelve similar edges. In the physical produc- 
tion of the cube, if one of the angles or edges be modified, 
all will be similarly modified. This, which is the most 
important law of crystallography, is, however, subject to 
an exception which was fidly formulated by Weiss. The 
law was — all the similar parts of crystals, faces, edges, 
angles, and consequently axes, are modified at the same 
time and in the same manner ; the forms resulting from 
this law are termed “ holohedral.” The exception is that 
half of them or one-fourth of them only may be similarly 
modified. "When only half of the similar parts are modi- 
fied, we get the “ hemihedral ” forms ; when one-fourth 
only are modified, which occurs only rarely, we get 
“ tetartohedral ’’ forms. 

Parallel- 3. The Law of the Parallelism of the Faces of a Crystal, 
ism of discovered by Rom4 de ITsle, may be expressed as 
faces. follows ; — every face of a crystal has a similar face parallel 
to it ; or every figure is bounded by pairs of parallel faces 
(with the exception of certain hemihedral forms). 

Zones. 4. The Law of Zones, first established by Weiss, may be 
thus enunciated : — the lines in Avhich several faces of a 
crystal intersect each other (or would do so if they were 
produced until they met) frequently form a system of 
parallels. Such a series of faces is termed a “zone.” 
Sometimes the zones are parallel to one of the symmetrical 
axes. Thus, in every prism, the faces of the prism con- 
stitute a zone which encircles the axis of the prism. Faces 
may be in a zone although they do not actually intersect 
on the form. 

Ration- 5. The Law of the Rationality of the Parametei's of the 
ality of faces of crystalline series, first indicated by Malus, is that 
metera!*' position of planes may be assigned by numbers bearing 
some simple ratio to the relative lengths of the axes of the 
crystal. This law was the outcome of investigations into 
the relationship of forms glanced at in commencing the 
consideration of the cubic system, and was arrived at 
through the study of the mode of derivation of forms. 

Deriva- The derivation of forms is that process hy which, from one form 
tioE of chosen for the puipose, and considered as the type, — the funda- 
forms. mental or primary form, — all the other forms of a system may ho 
produced, according to fixed principles or general laws. In order 
to understand tliis process or method of derivation, it must he noted 
that the position of any plane is fixed when the position of any 
three points in it, not all in one straight line, is known. To deter- 
mine the position, therefore, of the face of a crystal, it is only 
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necessary to know the distance of three points in it from the centre 
of the crystal, whieli is the point in which tlio a.xe3 intersect each 
other. As the 2dane3 of all crystals are referred to their axes the 
points in which the face (or its supposed extension) meets the three 
a.xes of the crystal are chosen, and the portions of the axes between 
these points and the centre are named parameters of the face ; and Para 
the position of the face is sufficiently kno\vn when the reiativo meters, 
length or proportion of these parameters is ascertained. When the ^ 
position of one face of a simple form is thus fixed or described all 
the other faces of the form are in like manner fixed in accordance 
with law 2, since they are all equal and similar, and have equal 
parameters — that is, intersect the axis in the same proportions. 

Hence the expression which marks or describes one face marks 
and describes the whole figure, with all its faces. 

The octahedron is adopted as the primary or fundamental form 
of the cubic system, and distinguished by the first letter of the 
name, 0.‘ Its faces cut the half-a.xcs at equal distances from the 
centre ; so that these semiaxes, the parameters of the faces, have to 
each other the proportion 1:1:1. In order to derive the other 
forms from the octahedron, the following construction is employed. 

Suppose a plane to be laid down perpendicular to one axis, and Propor- 
consequently parallel to the two other axes (or to cut them at an in- tion of 
finite distance, expressed by co, the sign of infinity); then the para- 
hexahedron or cube is produced, designated by the crystallographic meters 
sign coOw, — expressing the proportion of the parameters cHts expresse 
faces, or 00 : 1 : CO . If a plane is supposed placed on each edge, by 
parallel to one axis, and cutting the two other axes at equal dis- symbols, 
tances, the resulting figure is the rhombic dodecahedron, designated Notatioi 
by the sign ooO, the proportion of the parameters of its faces being of Nau- 
00 : 1 : 1. The triakisoctahedron arises when, on each edge of the mann. 
octahedron, planes are placed cutting the axis not belonging to that 
edge at a distance from the centre m, which is a rational number 
greater than 1. The proportion of its parameters is therefore 
w:l : 1, and its sign mO ; the most common varieties are ^0, 20, 
and 30, seen in diamond and fluorite. When, on the other hand, 
from a similar distance m in each two semiaxes prolonged a plane 
is drawn to the other semiaxis, or to each angle, an icositetrahedron 
is formed ; the parameters of its faces have consequently the pro- 
portion m mill, and its sign is mOm ; the most common varieties 
are 202 and 303, — the former very frequent in leucite, analeime, 
and garnet, the latter in gold and amalgam. When, again, planes 
are draivu from cacli angle, or tlic end of ono semiaxis of the octa- 
hedron, parallel to a second axis, and cutting the third at a distance 
n, greater than 1, then the tetrakishexahedron is formed ; the para- 
meter of its faces is co : n: 1 ; its sign is coOji; and the most com- 
mon varieties in nature aro coOf, co02, and co03. Finally, if in 
each semiaxis of the octahedron two distances m and n be taken, 
each greater than 1, and m also greater than «, and' pilanes be drawn 
from each angle to these points, so that the two planes lying over 
each edge cut the second semiaxis belonging to that edge at the 
smaller distance n, and the third axis at the greater distance m, 
then the hexakisoctahedron is produced ; the parameters are 
mini 1, its sign mOn, and the most common varieties 304, 402, 
and 50f, seen in diamond and fluorite. 

It must be observed that the numbei's in the above signs refer to 
the parameters of the faces, — not to the axes of the crystal, which 
are always equal. One parameter also has always been, in the above, 
assumed =1, and then, either one only of the tivo other jiara- 
meters, marked by the number before 0, or both of them, marked 
by the numbers before and after 0, have been changed._ 

In the above consideration of the mode of derivation of these 
forms actually found in nature, which belong to the cubic system, 
it will be obsei'ved (though the illustrations were limited) that the 
value of m and n in these indicated, by the precision of the propor- 
tions 2, or 3, a definite numerical relationship. This at once led 
up to the extended observations which established the law above 
stated of proportionality in the modification of crystals, or the 
rationality of the parameters, which gives a mathematical basis to 
the science, adding to symmetry of arrangement a numerical rela- 
tion in the position of the planes. 

To illustrate this in a general form (and not merely with specim 
reference to the mode of notation or expression of Naumann, which 
is that adopted in the subsequent descriptions), let AO A', BOB , 

COCf (fig. 42) be the three axes of a crystal, drawn in perspective 
and cutting one another in the centre O. The semiaxes OA, OB, OG 
are three parameters. Now in the line OA take Off 2 ==>aOA, and 
Ort 3 =iOA, — making as many points as may be necessary be- 
tween OA, rational fractions oi OA. Subdivide OB and 00 in a 
similar manner. Further produce O A, OB, OC to Ao, Bo, Co, in 
each direction to an infinite distance, or to a supposed infinite 
distance, as expressed by the arrow-head ; and suppose these_ ex- 
tended axes to be divided in a manner similar to the subdivisions 
of the parameters, by rational multiples'of OA, OB, and 00. All 
the planes of a crystal will be parallel to one or other of the planes 
which pass through three of the points thus determined. 

First, in order to apprehend the relationship of faces to these axes, 
or to the half axes, — the parameters of the faces, — let us suppose one 
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plane of a crystal to be so situated as to .cut the three parameters 
OA, OB, 00 at their extremities A, B, C, wliich it must be remem- 
bered are points equi- 
distantfromthecentre; 
or let it be supposed 
that a glass plate rests 
upon three intersect- 
ing-' wires at such 
points. It is evident- 
dhat such a plane or 
plate, will have a de- 
linite inclination or 

slope. Suppose fur- 

ther a second plane 
or plate fo e.xist, 
which cuts the three 
semiaxes iu the points 
& 2 , Co, which have 
been measured off 

(along with aj, &i, Cj) 
a.s eipudistant from 0. 

It will be evident that 
such a plane, though 
smaller, will be parallel 
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to the first, seeing that, like it, it cut.s the three parameters at 
equal distances from 0 . 

A little cousideration will show that, whatever the absolute dis- 
tances from the centre may be, so long as the supporting subdivi- 
sions are equal, no new slope of the glass plates or plane.s is 
possible ; planes .so situated must he parallel and similar. Any .sign 
which may be adopited to express the slope of one of such planes 
must bo applicable to all. A pdane, however, cutting the pioints 
cci, ii, Co will have quite a different slope. . 

Let us now suppose a plane to cut a different .set of the semiaxes, 
namely, OA', OB', OG', in the jioints -Wj, -bj, -c^. Such a plane 
would be piarallel to one cutting the points -a.,, -h, -c., and also to 
the set of planes first described, but on the oppsosite side of the centre 
of the crystal. If again, however, we had a plane cutting the semi- 
axes OA' and OB' in - Oj, - b^, but the semiaxis OC' in the point 
-Cj, it is clear that the slope of this pilane would be quite different 
from that of the planes just de.scribed, but it would be parallel to 
the piano cutting the points Cj, by, Co. This slope, like tlie other, 
evidently depends, not on the absolute lengths of the portions of 
OA', OB', OC' cut off, but upon their proportions or ratio.s; and 
such is the case with all the planes ivhich are referred to the, same 
axes. 

As there ate three axes, and each or all of them may be cut at any 
pjoinls and at any ratios, it is evident that the number of planes 
which is piossiblc is infinite ; and it must be also evident that the 
inclinations of all are fixed or determinate if we know the ratios. 
While, however, the pos.sible number of planes is infinite, the actual 
number occurring among minerals is either small or moderate, in 
virtue of the fact that the ratios of subdivision of the axes arc always 
simple, and not numerous. 

^iaumaim’s symbols for the notation or individualizing of jdancs 
have been glanced at. A simpler method is that of einjdoying as 
indices the denominators (if simple fraction.s) of the fractional parts 
of the axis cut. 'fbus J 11 is used for any plane parallel to that 
cutting the axes in aj, ftp, Cj ; 122 for those piarallel to «!, bo, c., ; -31.3 
for ao, bi, C 3 i and so oti. 

' When any of the pjoints referred to have negative signs, the cor- 
responding indices have negative signs placed oyer them. Tlius 
I 22 is the index for .a pilane parallel to 103 is tlic inde.x 

of the ])lane ct'j, 6 co , m here indicates infinity ; that is, the 
)ilane never would cut the axis B however far it were extended; iu 
other words, it is pai-allel to it. The necessity for elongating tlie 
axes is brought about by the occurrence of highly aenminating 
jdanes, which in many cases would not meet the axes at all unices 
these were prolonged. 

If the axes are unequal, as in the trimetric forms, then the ratio 
is of the same character, e.xcept that the relative lengths of the axes 
come into consideration ; but here, as in the regular system, irrational 
values cannot occur, and iu even the most complex crystals they 
•seldom exceed .seven, cither as aliquot parts or multiple.s. 

It will thus be seen that in crystals there is no haphazard scatter- 
ing of faces, but a complete subserviency to law, a law which may 
be said to be the linear equivalent to the law of multiple propor- 
tions by weight, and Gay Lussac’s law of multiple proportions in 
combination by volume. 

, In abbreviation of all the systematic modes of notation, letters of 
the Latin and Greek alphabets are frequently emjdoyed iu a more or 
less arbitrary manner, and with advantage in the case of higlily 
comple.x forms. 

6 . The Law of Symmetry of Crystalline Combination 
. is the consequence of the law of symmetry and the ia_. of 
the rationality of the parameters, and has been partial’. 


stated m enunciating these laws. It is thus expressed;— 

(p a substance can only crystallize in forms, whether 
simple or compound, which have the same relative 
symmetry, that is, belong to the same crystalline system 
and the parameters of the faces of which bear a simple 
relation to each other, that is, belong to the same axis j ( 2 ) 
a form cannot be modified by faces belonging to a different 
system, or a different series. 

Certain exceptions to the first part of this law occur. Apparent 
The element carbon occurs as the diamond, which is cubic excep- 
and as grapliite, which is hexagonal. Sulphur occurs near 
volcanoes in needle crystals belonging to the oblique 
prismatic system, and also in caves (deposited apparently 
from solution) in crystals belonging to the right pri.sraatic 
system. Titanic acid is tetragonal in rutile, and right 
prismatic in brookite. Carbonate of lime is hexagonal in 
calcite, and prismatic in aragonite. These arc probably 
only apparent exception.s. The elementary substances 
which go to form them occur in different allotropic states, 
with different amounts of specific heat; and it is probable 
that in these different states they go to form the above 
modifications, which are therefore, in every respect, except 
in their chemical composition, different mineral' bodies. 

The physical differences between diamond and graphite 
may suffice as an illustration. The diamond is trans- 
parent, colourless, brittle, and extremely hard ; graphite 
is opaque, black, tough, and so soft a.s to be utilized as 
a lubricant. 

Spheres of Pi‘ojectio7i . — 'The foregoing scheme for the 
development of the relation which subsists between faces 
of crystals and their axes affords but slight aid in display- 
ing the position of the faces, or their mutual relationships. 

The delineation even of a considerable series of crystal 
forms does not indeed go far in effecting this, — on account, 
first, of very unequal development in the size of the face.s 
of crystals, and, secondly, on account of the habit of 
development of these faces not only differing largely, but 
being special to certain localities, — as in the entire absence 
of some faces, and in the preponderance of others. 

Maps of the whole domain occupied by the forms of each Spheres 
mineral have been happily projected for such display. vro- 
The projection is laid down as on globe, in accordance 
with stereographic projection, and admitting of calculation 
according to the laws of spherical trigonometry. These 
globe maps are called “ spheres of projection.” 'The centre 
0 is the common centre of the crystal and of the sphere in 
which the axes intersect. The three axes will of course 
meet the circumference of the sphere in six iioints, called 
the “poles of the axes.” From the centre radii are 
supposed to be drawn, meeting each plane jrerpendicularly. 

It is evident that such radii will have fixed inclinations to 
each other. They are called “ normals ” to the planes, and 
the points in which when produced they meet the circum- 
ference of the sphere of projection are called the “poles” 
of the corresponding faces. A face and its pole thus call 
for only one symbol. The angle Included by any two 
normals is the supplement of that included by tlie tno 
corresponding faces. 

It is thus easy to determine the angles of any two 
normals when that of the corresponding faces is known, jdj 
vice versa. Thus, if the angle between two faces 125°, 
that of the normals will be 55°. The spheres of projection 
are specially adapted to enable us to avail ourselves of the 
aid to calculation afforded by the forenoted fact that sets 
of faces lie parallel to each other, forming zones ; for, ;vhcn Zeues. 
projected on such a sphere, the normals of the parajlel 
faces will all lie in one plane ; and the poles, all cutting 
its surface in the direction of one line, may be connected, 
and so form a great circle on the sphere. This is called 
tlie ‘‘iione circle.” A line drawn through the centre of the 
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zone plane, cutting it at right angles, is the “ zone axis ” ; it 
is parallel to all the faces, and intersections of the faces (if 
they are extended enough to intersect), of the zone. A face 
may be common to two or more zones ; its normals will then 
coincide with the intersections of the several zone planes. 

In the absence of actual spheres upon which to detail the 
facts which go to form the “sphere of projection” of each 
substance, the hemisphere is represented on a plane surface. 
This has of necessity the disadvantage, except as regards 
the circumferential zone, of introducing spherical distance- 
distortion — foreshortening of all parts lying near the cir- 
cumference ] but the eye soon gets accustomed to this. Fig'. 
43 presents the principal zones of the cubic system, and 


a-’ 



shows the position of the poles of the faces of the cube, 
the octahedron, and the rhombic dodecahedron, o^, o^, O 3 , 
etc., are the poles of the octahedral faces j a,^, a^, &c., those 
of the faces of the cube ; and d^, d^, d^, &c., those of the 
rhombic dodecahedron. It will be observed that the faces 
of the cube fall into the zone circles of the octahedron and 
dodecahedron, while those of the octahedron fall into those 


001 



Fig l l. — Principal Pole-s of Cubic System in Octant of Spliere. 


of the rhombic dodecahedron. Considering this as a 
delineation of a globe, these zone circles come to represent 
latitude and longitude ; and, as almost all the faces in this 
system fall into some zone circle, it is clear that the 
latitude and longitude of all normals may be readily laid 
down, and their relations at once determined by spherical 
trigonometry. Fig. 44 shows the arrangement of the poles 
of all the forms belonging to the cubic system noticed 


above, or referred to in the present article, — delineated on 
an octant of the sphere of projection. It displays the 
perfect regularity of the system. 

Hcmiludral and Tclarlolicdral Forms . — The e.vcoptioii to the lit 
second law (that of symmetry), which was fomulated hy Veks ho 
w.'is to the etfect that one-half or even one-fourth only of the facts for 
which go to form a holohedral crystal may ho iireseut. ^Vheu hut 
one-half of the faces present themselves, the form is termed hciui- 
hedral ; when only one-fourth, it is tetartohedral. These restrained 
developments have now to ho considered. In hemihedral foniis 
the development is restrained, hut symmetiy is not deian''cd • 
half the similar parts are stiU alike, though unlike the other half, ’ 

There are two classes of hemihedral forms : — 

I. Those forms in which half the similar angles or ed"e 3 are 
modified independently of the other half (“hemi-holoheilral”) 
producing — 

1. In the monometiic and dimetric systems “ tetrahedral" and 
“sphenoidal” forms, hy the independent replacement of the alter- 
nate angles ; their opposite faces are not parallel, and they are 
hence called “inclined ” hemihedrons ; as in chalcotiyrite, horacite.* 

The rejdacemeut in the dimetric system of two opposite hasal edges 
at one haso and the other two at fhe opposite base is of the same 
kind ; as in ediugtonite. 

2. In the trimetrio system “monocHnic” forms, by the replace- 
ment of half the similar parts of one base and the diagonally 
opposite of the other, unlike the other half ; as In datholite, humitc. 

3. In the trimetrio and he.vagonal systems “ hemimorphie " forms, 
hy independent replacements at the opposite extremities of the 
crystal ; as in topaz, calamine, lonrmaline. 

4. In the rhomhohedral system, hy the replacements of the 
alternate hasal edges or angles of the rhombohedron, forms usually 
called “tetartohedral” or quarter fonns, on the giound that 
mathematically the rhombohedron is a hemihedral form derived 
from the hexagonal piism, which is the type of the hexagonal system. 

Rock crystal is usually developed according to this law. 

II. Those forms^ in which aU the similar angles or edges aw 
modified, hut by half the full or normal number of planes (“hole- 
hemihedral ”), producing — ' 

1. In the monometric system “pyritohcdral” fonms, hya replace- 
ment of the edges or angles ; as in pyiites. Such forms have 
opposite faces parallel, and are often called parallel hemihedrons. 

2. In the dimetric system “ pyramidal ” and “ scalenoidal ” forms, 
by a replacement of the eight solid angles of the primary piism, 
according to two methods. 

3. In the hexagonal system “ pwainoidal” and “gyroidal” 

forms, by a replacement of the solid angles of the hexagonal 
prism, or of the sLx lateral angles of the rhombohedron, according . 
to two metliods, as in quartz and apatite. _ . _ 

The above illustrations show that heiiiihedrisni is not only 
divided into two classes, but is of various kinds, and these have 
been systematized as follows “holomorphic,” in which the 
occurring planes pertain equally to the upper and lower (or opposite) 
ranges of sectants, as in ordinary hemihedrons; and (2) “heuii- 
morphic,” in which each set of planes iicrtaiiis to eitlier the upper 
or the lower range, but not to both. As to the relative position of 
the sectants which contain the planes, the forms may he vertically 
direct, as in baryte ; vertically alternate, us. in the tetrahedron, tlio 
rhomholiedron, and the plagihcdral. faces of quartz ; and vertically 
oblique, as in many forms of choiidroditc. r ti 1 

In hemimorphie forms symmetry is deranged ; the crystals me llcnii 
bounded at the opposite ends of their main axes by faces belonging morjj. 
to distinct forms or modifications, — alway.s, ^ 

however, of the same system ; hence only the 
upper or the under half of each crystal can be 
regarded as complete, as regards the form there 
seen ; and so for each end it is half formed. 

Fig. 15 represents a crystal of tourmaline, 
which is bounded 



on the upper end 
by the planes of 
the rliomhohedrons , 
R(F)aud -2R(o), 
and on the lower 
end by the basal | 
piiiacoid (A'). In 
fig. -Hi of smith- 
' sonite the upiier 
extremitj'showsthe 
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Fis. 15. 



base t, two brachydomes 0 and p, and two macrodomes ni and / ; 

^ As the parts of either half are alternate, there still results a .symnie- 
trie.al solid. As either one or other half may bo the one thus iiiodifled, 
there may result two such symmetric solid.s, which stand in an inverse 
position to one another. When the luodificatious affect the upper right- 
hand solid angle, the resulting form Is called -f- ; when the upper left 
liaiid angle it is — . 
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ivhilst on the lower end it is bounded by the faces Pof the primary 
alone. X .7 

It has been found that all hemimorphic crystals become electri- 
cally polar when heated, that is, exhibit opposite kinds of electricity 
at opfjosite ends of the crystah The subject will be more fully con- 
sidered under the electricity of minerals. 

The hemihedral forms of the cubic system are the following ; — ^ 

1. The tetrahedron (Sg. 47), hemihedral of the octahedron, is 
bounded by four equilateral triangles. It has six equal edges with 
faces meeting at 70° 32', and four trigonal angles. The principal 
axes join the middle points of each tiro opposite edges. Examples : 
fahlore, boracite, and helrine. 



2. 'The trigonal dodecahedrons (fig. 48), hemihedral of the icosi- 
tetrahedron, are bounded by twelve isosceles triangles, and vary in 
general form, from the tetrahedron to the cube. There are si.x longer 
edges corresponding to those of the inscribed tetrahedron, and 
twelve shorter, placed three and three over each of its faces, and 
four hexagonal and four trigonal angles. Example : tetrahedrite. 

3. The deltoid dodecahec&ons (fig. 49), hemihedral of the triakis- 
octahedron, are bounded bj’ twelve deltoids, and varj' in general 
form from the tetrahedron on the one hand to the rhombic 
dodecahedron on the other. They have twelve longer edges lying 
in pairs over the edges of the inscribed tetrahedron, and twelve 
shorter edges, three and three over each of its faces. There 
are six tetragonal (rhombic), four acute trigonal, and four obtuse 
trigonal angles. 'The principal axes join, two and two, opposite 
rhombic angles. Example : tetrahedrite. 




4. The hexakistetTahedrons (fig. 50), hemihedral of the hexalds- 
octahedron, are bounded by twenty-four scalene triangles, and most 
commonly have their faces grouped in four systems of six each. 
'The edges are twelve shorter and twelve longer, lying in groups of 
three over each face of the inscribed tetrahedron, and twelve in- 
termediate in pairs oyer its edges. The angles are six rhombic, 
joined in pairs by the principal axes, and four acuter and four 
ohtuser hexagonal angles. Example : diamond. 

In these forms, often named “tetrahedral," the faces are oblique 
to each other. Their derivation and signs are as follows. The tetra- 
hedron arises when four alternate mces of the octahedron, two 
opposite above and two intermediate below, are enlarged so as to 

obliterate the other four; and its sign is hence But, as either 


four faces may be thus enlarged or obliterated, two tetraliedrons can 
be formed, similar iu all respects except in position, and together 
making up the octahedron. These are distinguished by the signs-}- 
and added to the above symbol, but only the latter in general 

expressed, thus - A In all hemihedric sj'stems two forms simi- 


larly related occur, which may thus be named complementary 
forms. The trigonal dodecahedron is derived from the icositetra- 
hedron by the expansion of the alternate trigonal groups of faces. 

. TiiOm , ... 202 

Its sign is —5— , the most common vanety being 


The 


deltoid dodecahedron is in like manner the result of the increase of 
the alternate trigonal groups of faces of the triakisoctahedron, and 


its sign is ^ . Lastly, the hexakistetrahedron arises in the 


development of alternate hexagonal groujis of faces in the hexa- 
kisoctahedron, and its sign is . 


Two semitesseral forms with parallel faces occur, (i) The 
pentagonal dodecahedrons (fig. 51), bounded by twelve 
pentagons, varj- i^eneral aspect between the cube and the rhombic 
dodecaheikon. They have six regular (and in general 10^) 
edges, lying over the faces of the inscribed cube, and twenty- 



Fig. 51. 



fom, generally shorter (.seldom longer), edges, usually lyin"- in 
pairs oyer its edges. 'The solid angles are eight of three equal 
interfacial angles, and twelve of three interfacial angles, of which 
only two are equal. Each principal axis unites two opposite rei-mlar 
edges. This form is derived from the tetrakishexahedron, an'ci its 

sign is — It is found frequently in iron pyrites and cobaltine. 


(2) The dyakisdodecahedron (fig. 52), bounded by twenty-four 
trapezoids with two sides equal, has twelve short, twelve long, and 
twenty-four intermediate edges. The angles are si.x equiangular 
rhombic, united in pairs by the principal axes, eight trigonal, and 
twenty-four irregular tetragonal angles. , It is derived from the 

hexakisoctahedron, and its sign is . the brackets being 

used to distinguish it from the hexakistetrahedron, also derived 
from the same primary form. It occurs la iron pyrites and 
cobaltine. The two other semitesseral forms, the pentagonal 




dodecahedron (fig. 53), and the pentagonal icositetrahedron (fig. 
54), both bounded by irregular pentagons, have not yet been 
observed in nature. 


Combinatiom. — The above-mentioned forms of the tes- Combiaa- 
seral system (and this is true also of the five other systems dons, 
of crystallization) not only occur singly, but often two, 
three, or more occur united in the same crystal, foxming 
what are named combinations. 

In this case it is evident that no one of the individual 
forms can be complete, because the faces of one form must 
interfere with, by diminishing, the faces of other forms. 

A combination therefore implies that the faces of one form 
shall appear symmetrically disposed between the faces of 
other forms, and consequently take the place of certain 
of their edges and angles. These edges and angles are 
thus, as it were, cut off, and a greater number of new 
ones produced in their place, which properly belong neither 
to the one form nor the other, but are angles of combina- 
tion. These new faces are hence termed modification.--, 
and the original or primary or simple form is said to be 
modified. Usually one form predominates more than the 
others, or has more influence' on the general aspect of the 
crystal, and hence is distinguished as the predomhiant 
form, the others being considered subordinate. 

The sign of the combination consists of those of its constituent 
forms, written in the order of their influence or importance in the 
combination, with a point between each jxvir. 

It will be readily seen that such combinations may be exceedingly 
numerous, or rather infinite ; and only a few of the more common 
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zone plane, cutting it' at right angles, is the “ zone axis " ; it 
is parallel to all the faces, and intersections of the faces (if 
they are extended enough to intersect), of the zone. A face 
may be common to two or more zones ; its normals will then 
coincide with the intersections of the several zone planes. 

In the absence of actual spheres upon which to detail the 
facts which go to form the “sphere of projection” of each 
substance, the hemisphere is represented on a plane surface. 
This has of necessity the disadvantage, except as regards 
the circumferential zone, of introducing spherical distance- 
distortion — foreshortening of all parts lying near the cir- 
cumference ] but the eye soon gets accustomed to this. Fig'. 
43 presents the principal zones of the cubic system, and 





shows the position of the poles of the faces of the cube, 
the octahedron, and the rhombic dodecahedron, o^, O 3 , 

»S:c., are the poles of the octahedral faces; a^, a^, &c., those 
of the faces of the cube ; and d^, dn, d^ <fec., those of the 
rhombic dodecahedron. It rvill be observed that the faces 
of the cube fall into the zone circles of the octahedron and 
dodecahedron, while those of the octahedron fall into those 


00 ! 



Fro 44. — Principal Poles of Cubic System in Octant of Sphere. 


of the rhombic dodecahedron. Considering this as a 
delineation of a globe, these zone circles come to represent 
latitude and longitude ; and, as almost all the faces in this 
system fall into some zone circle, it is clear that the 
latitude and longitude of all normals may be readily laid 
down, and their relations at once determined by spherical 
trigonometry. Fig. 44 shows the arrangement of the poles 
of all the forms belonging to the cubic system noticed 


above, or referred to in the present article, — delineated on 
an octant of the sphere of projection. It displays the 
perfect regularity of the system. 

JSemihcdral and Telariolicdral Forms, — Tlie e.vception. to the 
second law (that of symmetry), which was formulated by iveks I 
was to the effect that one-half or even one-fourth only of the facc-L 
which go to form a holohedral crystal may he present. IVhen but 
one-half of the faces present themselves, the form is termed hemi- 
hedral ; when only one-fourth, it is tetartohedral. These restrained 
developments have now to be considered. In hemiliedral fomis 
the development is restrained, but symmetry is not deranged- 
half the similar parts are stiU alike, though unlike the other half. ’ 

There are trvo classes of liemihedral forms : — 

I. Those forms in which haK the similar angles or edf'es are 
modified independently of the other half (“hemi-holohe^ral”), 
producing — 

1. In the monometric and dimetrie systems “ tetrahedral” and 
“sphenoidal” forms, by the independent replacement of the alter- 
nate angles ; tlieir opposite faces are not parallel, and they are 
lienee called “inclined” hemihedrons; as in chalcopyrite, boracitc.^ 
The replacement in the dimetrie systenr of two opposite basal ed'^es 
at one base and the other trvo at the opposite base is of the same 
kind ; as in edingtonite. 

2. In the trimetric system “monoclinie” fortrrs, by the replace- 
ment of half the similar parts of one base and the diagonally 
opposite of the other, unlike the other half ; as in datholite, hrmrite. 

^ 3. In the trimetric and hexagonal systems “ hemimorirhio ” forms, 
by independent replacemerrts at the opposite extremities of tlie 
crystal ; as in topaz, calamine, tourmaline. 

4. In the rhombohedral system, by tlie replacements of the 
alternate ba.sal edges or angles of the rhombohedron, forms usually 
called “ tetartohedi-al ” or quarter forms, on the ground that 
mathematicall}' the rhombohedr-on is a hemihedral form derived 
from the hexagonal prism, wliich is the type of the hexagonal system. 
Eoek crystal is usually developed according to this law. 

II. Those forms in which all the similar angles or edges are 
modified, but by half the full or normal number of planes (“holo- 
hemihedinl ”), producing — ' 

1. In the monometric system “ pyritohedial” forms, by a replace- 
ment of the edges or angles; as in pyrites. Such lonns hare 
opposite faces parallel, and are often called parallel heirrihedxoirs. 

2. In the diuretric system ‘ ‘ pywamidal ” and ‘ ‘ scalenoidal ” forms, 
by a replacement of the eight solid angles of the primary prism, 
according to trvo methods. 

3. In the hexagonal system “pyromoidal” and “gyroidal” 
forms, by a replacement of the solid angles of the he.vagonal 
prism, or of the six lateral angles of the rhombohedron, according 
to two methods, as in quartz and apatite. 

The above illustratious show that hemrhediism is not only 
divided into two classes, hut is of various kinds, and these have 
been systematized as follows : — “ holomorphic,” in which the 
occurring planes pertain equally to the upper and lower (or opposite) 
ranges of sectants, as hr ordrrrary hemiliedrons ; and (2) “hemi- 
morphic,” in which each set of planes • pertains to either the upipcr 
or the lower range, but not to both. As to the relative position of 
the sectants which contain the planes, the forms may be vertically 
direct, as in barybe ; vertically alternate, as in tbe tetrahedron, the 
rhombohedron, and the plagihedral. faces of quartz ; and vertically 
oblique, as in many forms of chondrodite. 

In hemimorphic fonns symmetry is deranged ; the crystals ate 
bounded at the opposite ends of their main axes by faces belonging 
to distinct fomrs or modificatiorrs, — always, 
however, of the same system ; hence only the 
upper or the under half of each crystal can he 
regarded as complete, as regards the form there 
seen ; aird so for each end it is half formed. 

Fig. 45 represents a crystal of tommaline, 
which is bounded 
on the upper end 
by the planes of 
tire rhombohedrorrs 
R(P)arrd -2R(o), 
and on the lower 
end by the basal 
pinacoid (fd). In 
fig. 46 of smith- 
sonitc the upper 
extremity shows the 
base /c, two brachydomes 0 and p, and trvo maerodomes m and I ; 

As the parts of either half are alternate, there still results a symme- 
trical solid. As either one or other half ma)- be the one thus modified, 
there may result tivo such symmetric solids, which stand in an inverse 
position to one another. When the modifications affect the upper right- 
hand solid angle, the resirlting form is called -f ; when the upper left 
hand angle it is — . 
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whilst on the lower cud it is bounded by the faces P of the primary 

It has been found that all hemiraorphic crystals become electri- 
cally polar when heated, that is, e.'chibit opposite kinds of electricity 
at opposite ends of the crystal. The subject will be more fully con- 
sidered under the electricity of minerals. 

The hemihedral forms of the cubic system are the following ; — - 

1. The tetrahedron (fig. d7), hemihedral of the octahedron, is 
bounded by four equilateral triangles. It has six equal edges with 
faces meeting at 70“ 32', and four trigonal angles, 'riio principal 
axes join the middle points of each two opposite edges. Examples: 
falilore, boracite, and helvine. 




Fig. 48. 

2. Tlie trigonal dodecahedrons (fig. 48), hemihedral of the icosi- 
tetrahedron, are bounded by twelve isosceles triangles, and vary in 
general fornrfrom the tetrahedron to the cube, 'fhere aresi.x longer 
edges corresponding to those of the inscribed tetrahedron, and 
tuelve shorter, placed three and three over each of its faces, and 
four he.xagonal and four trigonal angles. E-xample : tetrahedrite. 

3. The deltoid dodecahedrons (fig. 49), hemihedral of the triakis- 
octahedron, are bounded by twelve deltoids, and vary in general 
form from the tetrahedron on the one hand to the rhombic 
dodecahedron on the other. They have twelve longer edges lying 
in pairs over the edges of the inscribed tetrahedron, and twelve 
shorter edges, three and three over each of its faces. There 
are six tetragonal (rhombic), four acute trigonal, and four obtuse 
trigonal angles. The principal axe.s join, two and two, opposite 
rhombic angles. Example ; tetrahedrite. 




Fig. 49. 

4. The liexakistetrahedrons (fig. 50), hemihedral of the hexakis- 
octahedrou, are bounded by twenty-four scalene triangles, and most 
commonly have their faces grouped in four systems of six each. 
The edges are twelve shorter and twelve longer, lying in groups of 
three over each face of the inscribed tetrahedron, and twelve in- 
termediate in pairs over its edges. The angles are six rhombic, 
joined in pairs by the principal axes, and four acuter and four 
■obtuser liexagonal angles. Example : diamond. 

In these forms, often named “tetrahedral,” the faces are oblique 
to each other. Their derivation and signs are as follows. The tetra- 
hedron arises when four alternate faces of the octahedron, two 
opposite above and two intermediate below, are enlarged so as to 

obliteiatc the other four; and its sign is hence But, as either 

four faces may be thus enlarged or obliterated, two tetrahedrons can 
be fonued, similar in all respects except in position, and togctlier 
making up tlie octahedron. These arc distinguished by the signs + 
and - , added to the above symbol, but only the latter in general 

expres.sed, thus - ? . In all liemihedric systems two forms simi- 
larly related occur, which may thus he named complementary 
forms, 'I’he trigonal dodecahedron is derived from the icositetra- 
hedrou by the expansion of the alternate trigonal grougs of faces. 

Its sign is , the most common variety being . The 

deltoid dodecahedron is in like manner the result of the increase of 
the alternate trigonal groups of faces of the triakisoctahedron, and 

its sign is ^ . Lastly, the hexakistetrahedron arises in the 

development of alternate hexagonal groups of faces in the hexa- 

kisoetahedron, and its sign is . 


Two semitesseral forms with parallel faces occur. (11 The 
pentagonal dodecahedrons (fig. 51), bounded by twelve symmelriml 
pentagons vary m pneral aspect between the cube and rhomWc 
dodecahedron. They have six regular (and in general loneer) 
edges, I)nng over the faces of the inscribed cube, and twenty- 



Fig. 51. 



four, generally shorter (seldom longer), edges, usually lying in 
pairs oyer its edges. 'The solid angles are eight of three equal 
interfacial angles, and twelve of three interfacial angles, of which 
only two are equal. Each principal axis unites two opposite regular 
edges. This form is derived from the tetrakishexahedron, and its 

is — It is found frequently in iron pyrites and cobaltine. 

(2) The dyakisdodecahedron (fig. 52), hounded by twenty-four 
trapezoids with two sides eijual, has twelve short, tsvelve long, and 
twenty-four intermediate edges. The angles are six equiangular 
rhombic, united in pairs by the principal axes, eight trigonal, and 
tweiity-fonr irregular tetragonal angles. , It is derived from the 

bexakisoetahedroD, and its sign is ■ the brackets being 

used to distinguish it from the hexakistetrahedron, also derived 
from the same primary form. It occurs in iron pyrites and 
cobaltine. The two other semitesseral forms, the pentagonal 




dodecahedron (fig. 53), and the pentagonal icositetrahedron (fig. 

54), both bounded bj' irregular pentagons, have not yet been 
observed In nature. 

Comlinalmis. — The above-mentioned forms of the tes- Combina- 
seral system (and this is true also of the five other systems tions. 
of crystallization) not only occur singly, but often two, 
three, or more occur united in the same crystal, foiming 
what are named combinations. 

In this case it is evident that no one of the individual 
forms can be complete, because the faces of one form must 
interfere with, by diminishing, the faces of other forms. 

A combination therefore implies that the faces of one form 
shall appear symmetrically disijosed between the faces of 
other forms, and consequently take the jilace of certain 
of their edges and angles. These edges and angles are 
thus, as it were, cut off, and a greater number of new 
ones produced in their place, which properly belong neither 
to the one form nor the other, but are angles of combina- 
tion. These new faces are hence termed modifications, 
and the original or primary or simple form is said to he 
modified. Usually one form predominates more than the 
others, or has more influence' on the general aspect of the 
crystal, and hence is distinguished as the predominant 
form, the others being considered subordinate. 

The sign of the combination consists of those of its constituent 
forms, written in the order of their influence or importance in the 
combination, with a point between each p.air. 

It will be readily seen that sucli combinations may be exceedingly 
numerous, or rather infinite ; and only a few of the more common 
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can be noticed. Many others more eomplieated will occur in the 
desciijitive part of this article. Among holohedral combinations, 
the cube, octahedron, and rhombic dodecahedron are the predomin- 
ant forms. In fig. 27 the cube has its angles replaced by the faces 
of the octahedron, which truncate the angles, and the sign of this 
combination is <»Oco , 0. In fig. 28 this process may bo regarded as 
having proceeded still farther, so that the faces of the octahedron 
nearly equal those of the cube, wliile in fig. 29 they now predom- 
inate ; the sign, still of the same tw'o elements, but in reverse 
order, is 0, ooOcxj . It will thus be seen that, through an.increase in 
the amount of the abstraction of the faces of the cube, tlie figure 
gradually passes over into that of the octahedron. This may occur 
in all cases, and is termed the passage of the cube into the octa- 
hedron (or vice versa), or a “ transition by decrement.” 

In fig. 31 the cube has its edges replaced by the faces of the 
rliombic dodecahedron, which truncate the edges, the sign being 
coO», ooO; while in fig. 32 there is the same combination, but with 
the faces of the cube subordinate, and hence the sign is ooO, ooOoo . 
Tlie former figure, it will be seen, has more the general aspect of the 
cube, the latter of the dodecahedron. Here the solid angles of the 
latter are truncated by the faces of the cube, and we have the 
passage of the cube into the dodecahedron b)' decrement. The 
same transition, throngh truncation or decrement, could be shown 
in all cases of combinations, and in both directions, the last stage 
of the passage into one or other form always consisting of the 
replacement of its solid or interfacial angles by faces of the de- 
parting figure, more or less minute. A few illustrations of this 
may be given, in the three most important forms. 

The relationship of the tetrahishexahedron to the cube has 
above been stated to be, that its faces form six low quadrilateral 
pyramids, which rest upon or spring from the edges of the cube. 
(From this the form derives its trivial name of four-faced cube.) 
lienee these faces bevel the edges of the cube. The first stage of 
such bevelling (or the last stage of the tnincation of the tetrakis- 
hexahedron by the faces of the cube — whichever way it may be 
regarded) is seen in fig. 55. As the cubic face is here dominant, 
the sign is coOco , co03. Fig. 56 shows a somewhat similar stage 




Fig. 55. 


Fig. 66. 




Fig. 57. 


Fig. 58. 




Fig. 69 shows the first stage of the 


passage of the octahedron into the icositetrahedron, in the trunca- 
tion of the solid angles of the former form by a four-sided pyra- 


mid formed by the (6 x 4) faces of the latter. The faces of th 
octahedron truncate the three-faced solid angles of the rhombi** 
dodecahedron. Fig. 35 shows the first stage of this truncation* 
while fig.- 34 shows an advanced amount. The faces of the icosi’ 
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Fig. 60. 


Fig. 61. 


tetrahedron truncate the edges of the rhombic dodecahedron as iu 
fig. 60 ; while those of the latter truncate the unequal-angled' tetra- 


gonal (or rhombic) angles of the former (fig. 61). The faces of the 
hcxakisoctahedron bevel the edges of the rhombic dodecahedron. 

While such transitions may appear indefinite, yet certain 
minerals have either in themselves a habit, or have at certain 
localities a habit, of crystallizing so markedly in a certain stage 
of these transitions as to be absolutely capable- of recognition 
thereby. 

Combinations of hemihedral or, as they have been called, semi- Com! 
tesseral forms are of thyee classes: — those with holohedral forms, tions 
those in which the faces fall obliquely on one another, and. those hemi- 
with parallel face.s. Fig. 62 shows the combination of a right- hedra 

— T formt 




in the modification produced through the combination of the icosi- 
tetrahedron with the cube. The trilateral pyramid which this 
form places upon the faces of the cube rests upon its solid angles, 
instead of, as in the last case, upon its edges ; hence it is these 
solid angles which, in the process of decrement, it replaces by faces 
which form a low three-sided pyramid. The triakisoctahedron, ' 


Fig. 62. Fig. 63. 

handed tetrahedron with the cube, which truncates its edges, the 
tetrahedron here being dominant. Fig. 63, again, shows a com- 
bination of the cubo-dodecahedron with a right-handed tetrahedron, 
the first or-holohedral form being in this case markedly dominant. 
Fig. 64 is an illustration of the second class, combinations of 




Fig. 64. - Fig. 65. 

oblique-faced semitesseral forms with each other. In it a right- 
handed tetrahedron has its solid aiigles truncated by the faces of 

one which is left-handed ; and so its sign is • Fig. 65 

shows a combination of a~right-handed tetrahedron with a left- 


again, modifies the solid angles of the cube, as shown in fig. 57, by 
a low three-sided pyramid, positioned at right angles to that 
considered in the last combination. As 
the hexakisoctahedron is merely the 
two-faced form of that last considered, 
the pyramid which modifies the solid 
angles is, in its combination with the 
cube, six-sided, as in fig. 58. 

As the faces of the rhombic dodeca- 
hedron truncate the edges of the octa- 
hedron, fig. 34 represents the first stage 
of such truncation or combination; while 
fig. 35 may be taken as representing the 
last, the faces of the octahedron being • 
thwe nearly totally removed. pj gg 




•Fig. 66. - ' Fig. 67. 

handed three-faced tetrahedron. Fig. 66 shows a combination of 
a right-handed hemihedron of the icositeti-ahcdron with a- right- 
handed tetrahedron. 

Parallel-faced hemihedrons generally form combinations with 
holohedral forms ; and the amount of relative dominance is of all 
degrees. Fig. 67 shows a combination, in equal amount, of the cube 
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mth a vertical-faced pentagonal dodecahedron; while fig. 68 shows 
an increase in the amount of truncation effected by the latter. Fig. 
69 shows the combination of the cube ivith the dyakidodecahedron, 




Fig. 68. 


Fig. 69. 


the former being dominant. In fig. 70 an octahedron, in dominance, 
is combined with the vertical-faced pentagonal dodecahedron; in 




Fig. 70. 


Fig. 71. 


fig. 71 the faces of these forms are of nearly egual size, while in 
fig. 72 the octahedral faces are nearly removed. The solid angles of 




Fig. 72. 


Fig. 73. 


the octahedron are modified in fig. 73 by the faces of the dyakis- 
dodecahedron. In fig. 68 a^ vertical-faced pentagonal dodeca- 




Fig. n. 


Fig. 75. 


hedron is the prevailing form in combination with the cube; while 
in fig. 74 the faces of the octahediron are superadded. _ In fig. 75 its 
octahedral angles are modified by the faces of the icositetrahedron. 




Fig. 76. Fig. 77. 

and in fig. 76 by those of the octahedron in addition. In fig. 
77 they are modified by the faces' of the dyakisdodecahedron. 

In each of the five systems which follow there is this 
difference from the cubic sy.stem that one axis is always 
tinerjual to (longer or .shorter than) the others. This is 


i placed erect, and named the chief axis ; its ends are pcrle.s. Dimetrio 
1 and the edges connected with them polar edge.?. The and 
other axes are named subordinate or lateral axes, and the l''i‘actrio 
plane that passes through them is the base. A plane 
through the chief and a lateral axis is a normal chief 
section. In these .systems also occur the three forms of 
“pyramids,” “prisms,” and “pinacoids.” (1) The pyra- 
mids have their faces triangles. Pyramids in crystallo- 
graphy are each composed of two geometric pyramids 
placed base to base, and named “closed forms,” as the 
crystals are shut in by definite faces on every side. (2) 

The prisms are bounded by plane faces parallel to one nxis 
They are thus of unlimited extent in the direction of that 
axis, and therefore named “open forms, ’’but in solid crystals 
are shut in by faces of other-forms. (3) The pinacoids, or 
tables, have two faces intersecting one a.xis and parallel 
to the others, and thus are also open forms, or unlimited in 
the direction of these axes. Forms (2) and (3), when con- 
joined, mutually shut in each other, or produce closed forms. 

n. Pyramidal or Tetrayonal System. — This system has Pyra- 
three axes at right angles, two of them equal, and the chief 
axis longer or shorter. The name tetragonal is derived 
from the form of the base, -which is usually quadrangular. 

There are eight tetriigoiial forms, of which five arc closed. (1) 
Tetragonal pyramids (iigs. 78, 79) are enclosed by eight isosceles 
triangles, with four middle edges all 
in one plane, and eight polar edges. 

There are three kinds of this form. 




Fig. 79. 


Fig. 78. 

distinguished by the position of the 
lateral axes. In the first tfic.se axes 
unite the opposite angles ; in the second 
they intersect the nuddlo edges equally ; and in the third they 
lie in an intCDnediate position, or divide these edges unequally,-— 
the last being hemihedral forms. These pyramids are also dis- 
tinguished as obtuse (fig. 78) or acute (fig. 79), according as the 
vcrtic.al angle is greater or less than in the 
regular ocfiiedron. (2) Dltctragonal pyra- 
mids (fig. 80) are bounded by sixteen scalene 
triangles, whose base-lines are all in one 




Fig. 80. F'g- 

plane. This form rarely occurs except in combinations. (3) Tetra- 
gonal sphenoids (fig. 81), bounded by four isosceles triangles, are 
the hemihedral forms of the first variety of tetragonal pyramids. 

(4) The tetragonal scalenohedron (fig. 82), bounded by eight sraleno 
triangles, whose bases rise and fall in a zi"za'; line, is the heini- 
hcdral form of the ditetragonal pyramid. > os. (3) and (4) are rare. 

(5) Tho tetragonal trapezohedron is not found in minerals a.s a siin rile 
form. The three open foniis are— ( 1 ) tetragonal prisms, bouiKiea 

by four planes parallel to the principal axis, which may be either 
longer (fig. 83) or .shorter (fig. 84) than ^>'0 lateral axes; ) .^^- 
tra«onal i.risms, bounded by eight similar planes, and (3) the l;a-al 
pinacoid, consisting merely of two parallel faces bounding le jiixsiiis ■ 

^oS SJf'g?mgonal. crysmls are^H^n^ 
each other only by tlieir relative dimensions. To detenuiu., these. 
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cau lie Eotijcd. ll.uiy otliens more complicatcii will occur in the 
dcj-'riptive jurt of this article. Among holohcvlral combinations, 
the calw, ootaiicdron, aiai rhombic ilutiecahcdrou are the prcJomin- 
aiit forms. In iig. iT the cube has its angles replaced by the faces 
of the octahedron, wliich truncate the aagie-s, and the sign of this 
combination is ocOxi, 0. In fig. 2S this process may be regariltd as 
having jimcc-did atill farther, so that the faces of the octahedron 
iit.iriy equal those of the cube, xvliilo in fig. 20 they now predom- 
inate ; the sign, .still of the same tavo elements, but in reverse 
Older, is 0, , It will thus be seen that, through an .increase in 

the amount of the abstr.u;tion of the faces of the cube, the figure 
gr.vUially p.uso.i over into tlut of the octahedron. Tlii.s may occur 
in all c.ues, and is termed the passage of the cube into the octa- 
Iiedron (or cav rcwi), ora “transition by decrement." 

Ill iig. 31 tile cube has its edges repl.iced by the faces of the 
rhombic dodec-ibedron, which truncate the edges, the sign being 
ct-OjOjOcO; wJiile in fig. 32 there is the s.ime combination, but with 
the faces of the cube Mibordinale, and liciice the sign is o=0, caOx>. 
The foniior figure, it will be seen, luas more the general aspect of the 
cube, the l.itter of the dodecahedron. Here the solid angles of the 
latter are truncated by the faces of the cube, and we have the 
;i.'.s.iage of tiie cube into the dodecahedron by decrement. The 
s.tuic tr.ul^itien, through truncation or decrement, could be shown 
in all cases of combinations, and in both directions, the last stage 
of the jia.ssage into one or other fonu always consisting of the 
nqi! iceiiieiit of im solid or interfacial .ingles by faces of the dc- 
p.itting figure, more or less minute. A few illustrations of this 
m.iy be given, in tlie three most iiiijiortant forms. 

Tile relationship of the tetrakishe.vahedrou to the cube has 
above been stated to be, that its f.ices form si.v low quadrilateral 
pyramids, tvlueli rest upon or spring from the edges of the cube. 

I From this the form derives its trivial name of four-faced cube.) 
Hence these faces bevel the edges of the cube. The first stage of 
such bevelling (or the last stage of the tnincation of the tetrakis- 
hexahedron by the face.s of the cube — whichever way it may be 
regarded) is seen in fig. 55. .\3 the cubic face is licrc dominant, 

the idgii is (xO-a , cc03. Fig. 56 shows a somewhat similar stage 
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j mid formed by the (6 x 4) faces of the latter. 


The faces of ths 




in the modification produced through the combination of the icosi- 
tctraliedron with tlie cube. The trilateral pyramid which this 
form places upon the faces o: the cube rests upon its solid angles, 
iiistc.id of, as in the last ea.se, upon its edges ; hence it is these 
solid angles wliii'h, in the proves.! of decrement, it reidaces by faces 
which form a low three-.sided pyramid. The triakisoctaliedron. 






ag.iin, mo-lifi-.s the solid angles of the cube, as shown in fig. 57, by 
a low three-sided pyramid, po.sifioued at right angles to that 
iQii.-idcn d in the last combination. As 
the lie.t.ikiMictahedron is merely the 
two-facc.l form of tliat hut consideietl, 
the pyramid which modifies the .solid 
aligica i;, in its vuiiibin.atiou with the 
cube, ,ii5;-.>iib'd, as in lig, 53 . 

.\,s the facvj vf tiie rhombic dwleva- 
Lc-iroil tr.ii.cate the t-lges of the icta- 
iicdrou, fig. tv!.ri..-.ears the fir.st, .‘;tig« 
of ..uch. tniii-..itl.'ii or combination; wliile 
li,p 35 iny is-, t.ikin as tiq-iuenting the 


the ih. - M 


of ihr 


i.ein; 



ria. a’.'. 


MtiCitmu 

o re ne.'iiiy tot-iliy rcluoVi, 1. 

Fig. 5;’ -diuwi the fir.>: st-'.gc f'f the 

th-' c<tah Iron the ico-itetrahc.lron, in the tnsnc.i- 
of t'.- . ''i-l ai.g'.-.'.s vt liic foin.er for:!! by .i four-ridsd pyxa- 





tetrahedron_ truncate the edges of the. rhombic dodecahedron, as in 
fig. 60 ; while those of the latter truncate the unequal-angled tetra- 
gonal (or rhombic) angles of the former (lig. 61). The facc.s oi the 
he.vakisoctahedrou bevel the edges of the rhombic dodecahedron. 

While such transitions may appear indefinite, yet certain 
minerals have either in themselves a habit, or have at certain 
loc-ilities a habit, of crystallizing so markedly f/i a certain skvjt 
of these transitions as to bo absolutely capable of recognition 
thereby. 

Combinations of bemihedral or, as they have been callcti, semi- CcKlia 
tesscral fornis are of three classes:— thoL with liolohcdral forms, tioas if 
those in which the faces fall obliquely on one another, and those hcnii- 
with parallel faces. Fig. 62 shows the combination of a right- licdra! 

fonua. 




Fig. 62. 

handed tetrahedron with the cube, which truncates its edges, the 
tetrahedron here being dominant. Fig. 63, again, shows a cow 
biuatiou of the cubo-dodecahedron with a right-handed tetrahedron, 
the first or- liolohcdral form being in this ease markedly dominant. 
Fig. 64 is an illustration of tlic second class, combinations of 




Fig. 64. 

oblioue-faccd seiiiitesseral forms with each other. In it a ligbt- 
hauded tetrahedron has its solid angles tnincatcd by the fac-rs of 

one which is left-handed ; and so its sign is ^ - Fig. 65 

shows a eombiu.ition of a' right-handed tetrahedron with a lelt- 



Fig. 66. 

handed thrvc-faved tctraludroii. 



Fig. 


66 .-iliow.s a comi.inatioti < i 

iith right- 


.1 rigbt-bandvd hemiludrou of the ice.'.itefr;t!iuiruii 
han-de.! tetraliedrcn. 

I'a.--allcl-f.u;c.,l hemihcdroiu g.-n.^rully form lonibiiutif iH witu 
liolohcdral fo.'mr ; .stul the .iinoiint of rcLvtiv.i dnniin -.ni o ir m 4 .I 
d.'grc.'S- Fig. 67 -■■honi .r combiiiatioii, in ujini! .imount, of f L-.' cut c 
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with a vertical- faced pentagonal dodecahedron; while fig. 68 shows 
an increase in the amount of truncation effected by the latter, Fig, 
69 shows the combination of the cube with the dyakidodccahedron, 
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Fig. 68. 


Fig. 69. 


the former being dominant. In fig. 70 an octahedron, in dominance, 
is combined with the vertical-faced pentagonal dodecahedron; in 




Fig. 70. , ■ Fig. 71. 

fig. 71 the faces of these forms are of nearly equal size, while in 
fig. 72 the octahedral faces aro nearly removed. The solid angles of 




Fig. 72, 


Fig. 73. 


the octahedron aro modified in fig. 73. by the faces of the dyaki.s- 
dodecahedron. In fig. 68 a, vertical-faced pentagonal dodeca- 




Fig. 74. 


Fig. 76. 


hedron is the prevailing form in combination with the cube; while 
in fig. 74 the faces of the octahedron aro superadded. _ In fig. 75 its 
octahedral angles aro modified by the faces of the icositetrahedron. 




Fig. 76. 


Fig. 77. 


md in lig. 76 by those of the octahedron in addition. In fig. 
'7 they are modified by the faces of the dyakisdodecahedron. 

In each of the five systems which follow there is this 
lifference from the cubic system that one axis is abyays 
mequal to (longer or shorter than) the others. This is 


placed erect, and named the chief axis ; its ends are pole.s, Dimetrio 
and the edges connected with them polar edges. The and 
other axes are named subordinate or lateral axes, and the ^dmetric 
plane that passes through them is the base. A plane 
through the chief and a lateral axis is a normal chief 
section. In these systems also occur the three' forms of 
“pyramids,” “prisms,” and “pinacoids.” (1) The pyra- 
mids have their faces triangles. Pyramids in crystallo- 
graphy are each composed of two geometric pyramids 
placed base to base, and named “closed forms,” as tho 
crystals are shut in by definite faces on every side. (2) 

The prisms are bounded by plane faces parallel to one n vlg 
They aro thus of unlimited extent in the direction of that 
axis, and therefore named “open forms,”but in solid crystals 
are shut in by faces of other-forms. (3) The pinacoids, or 
tables, have two faces intersecting one axis and parallel 
to the otliers, and thus are also open forms, or unlimited in 
the direction of these axes. Porms (2) and (3), when con- 
joined, mutually shut in each other, or produce closed forms. 

n. Pyraviidal or Telracjonal System . — This 'system has Pyra- 
three axes at right angles, two of them equal, and the chief 
axis longer or shorter. The name tetragonal is derived 
from the form of the base, which is usually quadrangular. 

Tliere arc ciglit tetragonal forin.s, of which five are closed. (1) 
Tetragonal pyramids (figs. 78, 79) are enclosed by eight isosceles 
triangles, with four middle edges all 
in one jdane, and eight jiolav edges. 

There arc three kinds of tliis form. 




Fig. 79. 


Fig. 78. 

distinguished by the position of tho 
lateral axes. In tho first these axes 
unite tho opposite angles ; in tho second 
they intersect the middle edges equally ; and in the third they 
lie in an intermediate position, or divide these edges unequally,— 
the last being hemihcdral forma. Tlieso pyramids are also dis- 
tinguished as obtuse (fig. 78) or acute (fig. 79), according as tho 
vertical angle is greater or less tlian in tho 
regular octaliedron. (2) Ditetragonul pyra- 
inuls (fig. 80) aro bounded by sixteen scalene 
triangles, whose baso-lines aro all in one 




Fig. 80. Fig. 81. 

plane This form rarely occurs except in combinations. (3) Totra- 
uonal sphenoids (fig. 81), bounded by four isosceles triangles, aro 
tho heinihedral forms of tho first variety of tetragonal pyramids. 

(4) The tetragonal scalenohedron (fig. 82), bounded by eight smIoiiq. 
triangles, whose bases rise and fall in a rigzag line, is the hemi- 
hedriu form of the ditetragonul jiy ramid. h bs. (3) and (4) are rare. 

(5) The tetragonal ti-apozohcdron is not found in minerals as a sim iilo 

fom. The three oiieu forms are— ( 1 )' tetragonal prisms, bounded 

by four planes parallel to the principal axis, wliicli may 
longer (fig. 83) or -shorter (fig.. 84) than the l^^^eral axes; i) d^^- 
tnnonal urisius. bounded by eight similar planes ; and (3) tlie lusat 
pinacoid, consisting merely of two parallel faces bouiidingthoprisms ■ 

“?^onal crystds 

c-ach other oidy by their relative dimensions. To dettrmme the.se. 
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Primi- 

tive 

pyramid. 


Derived 

pyra- 

mids. 


Prism. 


Pinacoid. 
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one of the series must be chosen as the primary form, and for this 
purpose a tetragonal pyramid of the first , variety, designated by P 
as its si^n, is selected. The angle of one of its edges, especially 
the middle edge, found by measurement, determines its angular 
dimensions, whilst the proportion of the principal axis a to the 




Pig. 82. 


Fig. 84. 


lateral axes, supposed equal to 1, gives its linear dimensions. The 
parameters, therefore, of each face of the fundamental' form are 
1 ; 1 : 

Now if m be any (rational) number, either less or greater than 
unity, and if from any distance ma in the principal axis planes be 
drawn to the middle edge of P, then new tetragonal pyramids of 
the first order, but more or less acute or obtuse than P, are formed. 
The general sim of these pyramids is mP, and the most common 
varieties iP, 2P, and 

3P, — with the chief a 

axis half, twice, or 
thrice that of P. If 
m becomes infinite, 
then the pyramid 
passes into a prism, 
indefinitely extended 
along the principal 
axis, and with the 
sign 00 P. If 7)1=0, 
winch is the case 
when the lateral axes 
are supposed infinite, 
then it becomes a 
pinacoid, consisting 
properly of two basal 
faces open towards 
the lateral axes, and 
designated by the 
sign OP. The ditetra- 
gonal pyriimids are 
produced by taking 
in each lateral axis 
distances n greater 
than 1, and draadng 
two planes to these 
points from each 
of the intermediate 
polar edges. The parameters of these planes are therefore m : 1 : n, 
and the general sign of the form niPn, the most common values 
of 71 being f, 2, 3, and w. ■When7i=oo, a tetragoniil pyramid of 
the second order arises, designated generally by 7)iPoo, the most 
common in the mineral kingdom being Poo and 2Poo . The relation 
of these to pyramids of the first order is shown in fig. 85, where 
ABBBC is the first and ACCCX the second order of pyramid. In 
like manner, from the prism ooP, the ditetragonal prisms ooP7t 



Fig. 86. 


Fig.Jf. 




Fig. 88. 


Fig. 89. 


are derived, and, finally, when 7i=oo th^tetragonal prism of the 
second ortler, whose sign is coPoo . 

The combinations of the tetragonal system are either holohedral 


or hemihedral; but- the latter are rare. Prisms and pinacoids 
must alw!iys be terminated on the open sides by other forms. Tims 
in fig. 86 a square prism of -the first order is terminated by the 
primary pyramid, and has its lateral angles again replaced bv 
another more acute pyramid of the second order, so that its si^n 
is ooP, P, 2 Poq. ° . 

In fig. 87 a prism of the second order is first bounded by the 
fundamental pyr.amii], and then has its edges of combination 
replaced by a ditetragonal pyramid ; its sign is <»Pob, P, 3P3. Jn 
fig. 88 the polar edges of the pyramid are replaced by another 
pyramid, its sign being P, Pco . In fig. 89 a bemihedric form very 
characteristic of chalcopyrite, is represented,—? and P' being the 
two sphenoids, a the basal pirfacoid, and 5, c two ditetraifonal 
pyramids. - ' . . ' ° 

III. The Hexagonal System. — The essential character of Heia- 
this system is that it has four axes, — three equal lateral gonal 
axes intersecting each other in one plane at 60 °, and one 
principal axis at right angles to these. The plane through 
the lateral axes, or the base, from its hexagonal form, gives 
the name to the system. As in the' last system, its forms 
are either closed or open. They are divided into holohedral, 
hemihedral, and tetartohedral, — tbe last, which are rare, 
having only a fourth part of the faces developed. Only a 
few of the more common forms require to be here described. 

The hexagonal pyramids (figs. 90, 91) are bounded by twelve Pyra- 
isosceles triangles, and are of three kinds, according as the lateral mids. 
axes fall in the angles, in the middle 
of the lateral edges, or in another 
point of these edges, the last being 
beniibedral forms. Tlie^ are also 
classed as acute or obtuse, but with- 
out any precise limits. The trigonal 
pyramid is bounded by six triangles, 
and may be viewed as tlie beniibedral 
form of the hexagonal. The dihexa- 
gonal pyramid is bounded by twenty- 
four scalene triangles, but has never 
been observed alone, and rarely even 
in combinations. The more common 
prisms are the hexagonal of six sides ; 
in these the vertical axis may, be 
either longer than the lateral, as in 
fig. 92, or shorter, as in fig. 93. 

There are also, dihexagonal, of twelve 
sides. 

A particular pyramid'? is chosen 
as the fundamental form of this 
system, and its dimensions deter- 
mined either from the. proportion of 
the lateral to' the principal axis (1 ; a) 
or from the measurement of its angles. . 

From this form, (mP) others are de- 
rived exactly as in the tetragonal 
system. Thus dihexagonal pyramids 
are produced with the general sign 
mPn, the chief peculiarity being that, 

whereas in the tetragonal system might have any rational value 
from 1 to 00, in the hexagonal system it can only vai'y from 1 to 
2, in consequence of the geometric character of the %ure_. When 
71=2, the diliexagonal changes into an hexagonal pyramid of the 
second order, whose sign is mP2. When various prisms 

arise from similar 
clianges in the value 
of 71 ; and wlien7)i = 0 
the basal pinacoid is 
formed. 

Few hexagonal min- 
eral species form per- 
fect holohedral com- 
binations. Though 
quartz .and apatite ap- 
pear as such, yet pro- 
perly the former is a 
tetartohedral, the lat- 
ter a hemihedral spe- 
cies. In holohedral 
species the predomi- 
nant faces are usuallj’ v at 

those of the hexagonal ‘ 

prisms coP (fig. 92) and ooP2, or of the pinacoid OP (fig. 93); whilst P 
the pyramids P and 2P2 are the most common subordinate forms. 

Fig. 94 represents tlie prism, bounded on the extremities by two 
pyramids, — one, P, forming the apex, the other, 2P2, the rlionibic 



Fig. 91. 



Fig. 92. 
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facfts on the angles, or coP, P, 2P2. Fig. 95 is a similar form, the 
upper jjart of the pyramid being replaced b}' the piiiacoid. In 
some crystals the lateral edges of the prism* are replaced by the 
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Fig. 95, 


Fig. 96. 



second prism coP2 (fig, 96), producing an equiangular twelve-sided 
prism, which alway.s represents the combination c*P, ccP2, and 
cannot occur as a simpile form. Figs, 97, 98 are combination-siu this 
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Fig. 98, 


Fig. 99. 

sy.stern seen in beryl. ' An example of a more complicated combina- 
tion is seen in fig. 99, of a crj-stal of .apatite, whose sign with the 
corresponding letters is ceP(Jf), «P2(«j, 0P(P), iP(r), P(a:), 2P(z), 
P2(a), 2P2(s), iP2(d). 

Hexagonal minends freqnently ctystallize in those series of hemi- 
hedral forms that are named “ rhorabohcdral,’' from the prevalence 
in them of rhombohedrons. These (figs. 100, 101) are bounded by 




Fig. 101. 

six rhornbi, whose lateral edges do not lie in one pdane, but rise and 
fall ill a zigzag manner. The principal axis unitc-.s the two trigonal 
angles, formed by three equal pdane angle.s ; and in the most common 
variety the secondary axes join the 
middle points of two opposite edges, 

V.'heu the psalar edges form an angle of 
more than 90°, the rhombohedrons are 
named obtuse ; when of less than 90°, 
acute ; fig- 102 rep)resfcnts the first, fig. 

103 the second. Hexagonal scaleno- 
Ledron-s (fig. 101) are bounded by 
twelve scalene triangles, whose lateral 




Fig. 103. 

edges do not lie in one plane. The pmcipal axis joins the two 
hexagonal angles, and the secondary axis the middle points of two 
opposite lateral edges. 

The rhombohe-dron is derived from the first order of hexagonal 
pyramid by the bemihedral development of its alternate faces. Its 


, scalenobedron is properly the hemibedral fonn of the dihe-.-,""onal 
, Wrarmd but m more easily understood as derived from the ins?rited 
rhombohedton mil If the halves of the principal axis of t^ 


be multipdied by a definite number 
n, and the_n_ planes be drawn from 
the extremities of this enlarged axis 
to the lateral edges of the rhombo- 
hedron, as in fig, 105, the scaleno- 
hedron is constructed. It is now 
designated by mPm (the n on the 
right here referring to the chief axis), 
and the dihexagonal prism in this 
series by coKit (for- 
merly niZ." and 
coE"), 

The combina- 
tions of rhombo- 
hedral forms are 
very numerous, 
several hundreds 
having been de- 
scribed in calc-spar 
alone. Among the 
most common is 
the pjrism in com- 
bination with a 
rhornbohedron, as 
seen in the twin 
crystal of calc- 
spar (fim 106), 
with the 




Fig. 101. 

coR, - JR, the lower half being the same form with the upper, but 
turned round 180°. In fig. 107 the rhornbohedron mR has its polar 





Fig. 106. 


Fig. 107. 


edges repJaced by another rhornbohedron - JniR, 
its lateral edges bevelled by the scalenobedron 
corapdex combination of five forms 
is represented in the crystal of calc- 
spar fig. 109, its sign, with the 
letters on the faces, being R'{y), 


and in fig. 103 
mlln, A more 




Fig. 103. 


. m P 


bat on several grounds it is 


general sign .sbouid therefore be ^ 

found better to designate it by E or raR, and its complementaiy 
figure by - r/iR. When the prism or pinacoid arises as its limiting 
form, they are designated by ooR and OB, though in no_ respect 
changed from the limiting forms ceP and OP of the pjyramid. The 


Fig. 109. 

E3(r), E(F), 1 B(ot), coR(c). Tetartohedral combinations are seen 
most distinctly in rock-crystaL 

rV. Prismatic or Bhomlio Bystem. — ^Tlii.s .system p.igbt 

is characterized by three unequal axes, all at right angles prismatic 
to each other. Aiy one of these may be a-ssumed as the 
chief axis, when the others are named subordinate. The 
! plane passing through the second^ axes, or the base, forms 
j a rhombus, and from this one of its names is derived. As 
prismatic forms are most frequent (the prism standing 
vertically on the rhombic base), it is best defined as the 
right prismatic. This system comprises only a few varie- 
ties of forms that are essentially distinct, and its relations 
1 are consequently very simnle. 
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There are two closed forms. (1) The rhombic pyramids (figs. 110, 
111), boundedby eight scalene triangles, whose lateral edges lieinone 



Fig. 110. 

plane, and form a rhom- 
bus. They have eight 
polar edges (four acute 
and four more obtuse) 
and four lateral edges. 
The angles are six rhom- 
bic, the most acute at 
the extremities of the 
longest axis. (2) The 


Fig. 112. 


Pig. 113. 


Sphen- 

oids. 


Prisms. 


rhombic sphenoids (figs. 112, 113) are bounded by four scalene 
triangles, with their lateral edges not in one plane, and are hemi- 
hedral forms of the rhombic pyramid. 

They are of very infrequent occurrence. 

The open forms, again, are rhombic prisms 
bounded by four planes parallel to one 
of the axes, which is indefinitely ex- 
tended, and may be longer than the 
lateral, as in fig. Ill, or shorter as in 
fig. 115. They are divided into upright 
(as in the above figs.) and horizontal 
prisnrs, according as either the principal 
or one or otlier of the lateral axes is 
supposed to become infinite. For the 
latter form the name doina or dome has 
been used; and two kinds, the macro- 
dome (fig. 116) and the braohydome(fig. 

117), have been distinguished. 

Pinacoids. Rhombic pinacoids also arise when 
one axis becomes = 0 and the two others 
are indefinitely extended ; and so we 
have macropinacoids (fig. 118) and 
brachypinacoids (fig. 119), — the qualifying term thus designat- 
ing the axis to which the faces of the dome or pinacoid are 
parallel. 


Domes. 



Fig. 111. 


Fig. 116. 


In deriving these forms from a primary, a particular rhombic pyra- 
mid P is chosen, and its dimensions determined either from the 



Maoro- 

and 

brachy- 

diagonal. 


angular measurement of two of its edges, or by the linear pro- 
portion of its axes a:b:c, the greater lateral axis b being assumed 
equal to 1. To the greater lateral axis the name macrodiagonal is 
given, to the shorter that of 
brachydiagonal ; and the two 
principal sections are in like 
manner named macrodiagonal and 
br.'ichyJiagonal, according to the 
axis they intersect. The same 
terms are applied throughout all 
the derived forms. They conse- 
quentl 3 ’ mark only the position of 
the faces in respect, to the axes 
of the fundamental crystal, and 
frequentlj' of necessity without reference to the relative magnitude 
of the derived axes. 

By multiplying the principal axis by any rational number to. 




Pig. 118. 


Pig. 119. 


greater or less than 1, a series of pyramids arise, whose general siou Ti • 
is mP, and their limits are the prism and pinacoid ; the whole serfes 
being contained in .this formula, OP ... . viP . . . . p ‘onnii, 

«iP ooP,— which is the fundamental series,’ the lateralaxea 

always remaining unchanged. 

From each member a new series may, however, be developed in 
two directions, by increasing one or other of the lateral axes. When 
the macrodiagonal is 
thus multiplied by any 
number n greater than 
1, and planes drawn 
from the distance n to - 

the polar edges, a new ^ 

pyramid is produced, 
named a macropyramid. 


with the sign mVn, the 
mark over the P point- 
ing out the axis en- 
larged. When n=<x>., 
a macrodome results, 

with the sign toPco. 
If the shorter axis is 
multiplied, then brachy- 
pyramids and brachy- 
domes are produced, 

with the signs mi’n and 



Fig. 120. 



mPoo . So also from the 
prism ooP, on the one 
side, originate numerous 

macroprisms ooPn, with 
the limiting niacro- 

pinacoid ooPco ; on the 
other, numerous brachy- 

prisms ooPn, with the 

limit form oopco , or the brachypinacoid. In figs. 120, 121 the 
two domes are shown in their relation to the primitive pyramid. 


Fig. 121. 
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Fig 122. 


Fig, 123. 


Kg. 124. 


The pyramids seldom occur independent, or even as the pre. 
dominant forms in a combination ; sulphur, however, is an excep- 
tion. Prisms or pinacoids 


usuallygive the general char- 
acter to" the crystal, which 
then appears either in a 
columnar or tabular or even 
rectangular pyramidal form. 
The determination of the 
position of these crystals, as 
vertical or horizontal, de- 
pends on the choice of the 
chief axis of the fundamental 
form. In the topaz crystal 
(fig. 122) the brachjqirism 
and the pyramid are the 
predominant elements, asso- 
ciate'd with the prism, its 
sign and letters being 

ooP2(I), P(o), ooP(,lf}. Fig. 
123 of stilbito is another 
example, the macropinacoid 

ooPoo or M being combined 
with the pyramid P(r), the 

brachypinacoid coFco(T), 



Pig. 125. 
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Fig; 126. 



Fig. 127. ' , 

and tVe basal pinacoid 0P(P). Another instance is fig. l24_of 
a lievrite crystal, where the brachyjirism and pyramid combine 




MINERALOGY 


361 


with tho macrodome, or coP2, P, Pco . The above figures are very 
common forms of barytes,— figs, 125 and 120 being both composed 
of the pinacoid OP, a brachydome, and a macrodome, with sign 

0P(c), Pm (/), ipco (d). The variation in aspect arises from the pre- 
dominance of different faces ; and fig. 127 consists of the macrodome 
JPco, the prism coP(p), and the pinacoid OP. 


Oblique 

prismatic 

system. 


Hemi- 

pyra- 

midal 

character. 


Prisms. 



Pig. 128. 


-Pand- 

pyramids. 


V. The Oblique Prismatic System. — ^This system is char- 
acterized by three unequal axes, two of which intersect 
each other at an oblique angle, and are cut by the third at 
right angles. One of the oblique axes is chosen as the 
chief axis, and the other axes are then distinguished as the 
orthodiagonal (right-angled) and clinodiagonal (oblique- 
angled). The same terms are ajjplied to the chief sections, 
and the name of the system refers to the fact that these 
two planes form with the base two right angles and one 
oblique angle C. 

The forms of this system approach very near to those of the right 
prismatic serie.s, but the inclination of the axis, even when almost 
a right angle, gives them a peculiar character, by which they are 
always readily distinguished. Each pyramid thus separates into 
two altogether independent forms or hemipyramids. 

Three varieties of prism also occur — vertical, inclined, and Hori- 
zontal — with faces parallel to the chief axis, the clinodiagonal, or the 
orthodiagonal. The horizontal 
prisms, like the pyramid.s, sepa- 
rate into two independent partial 
forms named hemiprisrasorhemi- 
dome.s. The inclined prisms 
are often designated clinodonies, 
the term prism being restricted 
to the vertical fonns. Ortho- 
idnacoids and clihopinacoids 
are also distinguished, from 
their position in relation to 
the axes. The monoclinic pyra- 
mids (fig. 128) are bounded by 
eight scalene triangles of two 
kinds, four and four only being 
similar. Their lateral edges lie 
all in one plane, and the similar 
triangles are placed in pairs on 
the clinodiagonal polar edges. 

The two pairs in the acute angle between the orthodiagonal and 
basal sections are designated tho positive hemipyramid, whilst the 
two pairs in the obtuse angles of the same sections form together 
the negative hemipyramid. But, as these hemipyramids arc wholly 
independent of each other, they are rarely observed combined. 
More frequently each occurs alone, and then forms a prism-like 
figure, with faces parallel to the polar edges, and open at tho extremi- 
ties. Hence, like all prisms, they can only appear in combination 
with other forms, Tho vertical jirisms are bounded by four equal 
faces parallel to the principal axis, and the cross section is a rhombus ; 
the clinodomes have a similar form and section ; whilst the hori- 
zontal prisms or domes have unequal faces, and their section is a 
rhomboid. 

The mode of derivation of these forms closely resembles that of 
tho rhombic series. A complete double pyramid is assumed as the 
fundamental form, and designated ±P, in order to express the two 
portions of which it consists. Its dimensions are given when the 
proportion of its axes a-.h-.c and the angular inclination of the 
oblique axes C, which is also the inclination of the orthodiagonal 
section to the base, are, known. 

The fundamental series of forms is OP ... . ±wP . . . . ±P 
. . . . ±wP . . . . 00 P, from each of whose members, by changing 
the dimensions of the other axes, new forms may be again derived. 
Thus frotr ±)ftP, by multiplying the orthodiagonal by any number 

a seriio of orthopyramids ±mP°a is produced, with the ortho- 
domes 7 nP“oo as limiting forms. The clinodiagonal produces a 
similar series of clinopyramids dbniP'H, with tho limiting clinodome 
wP'co always completely formed, and therefore without the signs 
rb attached. From a>P arise orthoprisms coPV and the ortho- 
pinacoid and clinoprisms ojP% and the clinopinacoid 

coP'm. In these signs the o or c attached to the P indicates that 
the orthodiagonal (o) or clinodiagonal (c) axis has been multiplied. 
Formerly the latter forms were enclosed in brackets, thus (mPco ) 
= '/aPco. ' 

The combinations of this system may be easily understood from 
their resemblance to those of tho right prismatic, the chief difficulty- 
being in the occurrence ol' partial forms, which, however, closely 
resemble tho hemiliedral forms of the previous systems, A few 
examples only need therefore be given; 


hig. 129 represents a very common form of gypsum crystals 
ooP CO , (J“), P(l)_ Tjn; mogt common form of augite is renre- 

Qnnfnrl in IQn j.i. _ • -»->/> ^ * 






Fig. 131 is a crystal of common felspar or orthoclase, composedoftho 
clinopinacoid coP'co(J/), the prism ccP(T), tho basal pinacoid 
OP(P), and the heraidomes 2P°oo (y) ; to which, in fig. 132 of tho 
same mineral, the hemipyramid P(o) and the clinodome 2P‘oo (n) are 
added. 


VI. Ancyrthic or Tridinic System . — This is the least .tUorthic 
regular system, and departs the most widely, indeed almost system, 
absolutely, from symmetry of form. The axes are all 
unequal, and inclined at angles none of which are right 
angles, — so that, to determine any crystal, or series of forms, 
the proportion of the axes a : b : c, and also their angles, 
or those of the inclination of the chief sections, mast be 
known. As in the previous systems, one axis is chosen as 
the principal axis, and the two others distinguished as the 
macrodiagonal and brachydiagonal axes. In consequence 
of the oblique position of the principal sections, this .system 
consists entirely of partial forms wholly independent of 
each other, and each composed only of two parallel faces. 

The complete pyramid is thus broken up into four distinct 
quarter-pyramids, and the prism into two hemiprisms. 

Each of these partial forms is thus nothing more than a 
pair of parallel planes, and the various forms consequently 
mere individual faces. This circumstance renders many 
triclinic crystals very unsymmetrical in appearance. 

Triclinic pyramids (fig. 133) are bounded by eight triangles whose 
lateral edges lie in one plane. They 
are equal and parallel two and two 
to each other, each pair forming, as 
just stated, a tetartopyramid or open 
form, only limited % combination 
with other fonns, or, a.s we may .sup- 
pose, by the chief sections. The prisms 
are again either vertical or inclined; 
the latter are named domes, and their 
section is always rhomboidal. In deriv- 
ing the forms, the fundamental pyramid 
is placed upright with its brachydiagonal 
axis to the spectator, and the partial 
forms designated, the two upper by 'P 
and P', the two lower by ,P and P„ as 
in the figure. The further derivation 



Fig. 133. 

now fbllows as in the right prismatic system, with the modifica- 
tions already mentioned. 

Some combinations of this system, as the series exiiibitcd by 
most of the felspars, approach very near to the obliipie prismatic 
system ; whilst others, as cyano.se and axinitc, shon.- great incom- 
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pleteuess and want of symmetiy. In the latter case the determina- 
tion of the forms is often difficult. In the albite crystal (figs. 
134, 135) P is- the hasal pinacoid OP ; M the brachydiagonal 

pinacoid ooPoo ; s the upper right pyramid P' ; I the right hemi- 

prism coP' ; y the left hemiprism co'P ; and x the hemidome 'P'o) . 
Pigs. 136 and 137 are crj'stals of axinite, the former from Dauphin^, 



M 



M 


Pig. 135, 




the latter from Cornwall, of whoso faces the following is the de- 
velopment ; — r the macropinacoid aopco ; P the left hemiprism 
oo'P ; It the left upper quarter-pyramid 'P ; I the left upper quarter- 
pyramid 2'P ; s the left upper partial form of the macropyramid 

3'P3 ; and x the hemidome 2'P'oo . 

The Measurenwvt of the Angles of Crystals. 

The permanence of the angular dimensions of crystals 
shows the importance of some accurate method of measur- 
ing their angles, — that is, the inclination of two faces to 
each other. Instruments for this purpose are called gonio- 
meters. 

Two have been specially used for this purpose — the common or 
contact goniometer, invented by Caringeau, and the reflecting 
goniometer of Wollaston. The former is simply two brass rulers 
turning on a common centre, between which the crystal is so placed 
that its faces coincide with the edges of the rulers, and the angle 
is then measured on a graduated arc. This instrument is suffici- 
ently accurate for many purposes and for large, crystals, but for 
precise determination is far inferior to the reflecting goniometer. 
This requires smooth and even faces, hut these may bo very small, 
oven the hundredth of an inch; and, as small crystals are generally 
the most perfect, far greater accuracy can be attained. 

The reflecting goniometer is represented in fig. 138. It con- 
sists essentially of a graduated circle mm, divided on its edge 
into tw’ice 180°, or more frequently into half-degrees, the minutes 
being read off by the vernier hh. This circle turns on an axis 
connected with U, so that by turning this the circle is moved 
round, but it is stopped at 180°, when moving in one direction, by 
a spring at h. The other part of the instrument is intended to attach 
and adjust the crystal to be measured. The first axis of mm is 
hollow, and a second axis, aa, passes through it from ss, so that 
this and all the connected parts from 6 to / can be turned ■without 
moving the circle mvi. The axis d p-osses through a hole in he, so 
that it can turn the arm dc into any required position ; / is a 
similar axis turning the arm 0 (j, and 2^ a fourth axis, in like 
manner movable in g, and with a small knob at q, to which the 
crystal to bo measured is attached. 

When about to be used, the instrument should be placed on a table, 
with its base horizontal (which is readily done by the screws in it), 
and opposite to a window at about 12 or 15 feet distance, so that 
its axis shall be parallel to the horizontal bars of the window. 
One of the upper bars of the window, and also the lower bar, or, 
instead of the latter, a white line on the floor or table parallel to 
the window, should then be chosen, in order to adjust the crystal. 
The observer places himself behind the instrument with the side a 
at his right hand. The crystal is then attached to 5 by a piece 
of wax, with the two faces to he measured upwards, and the 


■edge of muon of the faces, including the angle to bo me-asured as 
nearly as possible in the line of aa. The eye being brought near 
to the first face of the crystal, the axes aa and p are turned till the 
image of the window is seen reflected in the face with the horizon- 
tal and vertical bars in their position. The axis d is then turned 
through a considerable angle 
(say 60°), and the image of 
the window again sought and 
brought into its proper place 
by turning the axis/, without 
movingp. When tliis is done 
that face is brought into its 
true position, normal to d, so 
that no motion of d can dis- 
arrange it. Hence the image 
of the window may now be 
sought in the second face, and 
brought into its true position, 
with the horizontal bars seen 
horizontal, by moving the 
axes d and a. When this is 
done the crystal is properly 
“adjusted.” The angle is 
measured in the following 
manner. First bring the zero 
of the circle and vernier to 
coincide, and then turn the 
inner axis a or ss, and move 
tile eye till the image of the 
upj>er bar of the window re- 
flected from the more distant 
face of the crystal coincides 
with the lower bar or hori- 
zontal line seen directly. 

Keeping the eye in its place, 
turn the other axis it till the 
reflected image of the upper 
bar in the other face in like 
manner coincides with the 
lower line; the angle of the two faces is then read off on the 
divided circle. As the angle measured is not directly that of the 
faces but of the rays of light reflected from them, or the ^differ- 
ence between the angle wanted and 180°, the drcle has the degrees 
numbered in the reverse direction, so as to give the angle .without , 
the trouble of subtracting the one from the other. 

The apparatus figured is for adjusting the cr 3 ;stal, and is an im- 
provement suggested by Naumann. In the original instrument the 
axis fo •was made to push in or out in a sheatli, and had a small 
brass plate, bent at right angles, inserted in a_ cleft at 0 , to which 
the crystal was attached. The crystal was adjusted as formerly by 
moving the plate, or the axis fo, and by slight motion of the arm 
dc, which should be at right angles nearly to be when used. Avery 
marked improvement is to have a small mirror fixed on the stand 
below the crystal, with its face parallel to the axis aa, and inclined 
at 45° to the window, when the lower line can be dispensed with, 
and the instrument used for various other purposes of angular 
measurement. Many more perfect instruments have been intro- 
duced for the purpose of insuring greater accuracy ; but the simple 
instrument is sufficient for all purposes of determinative mineralogy, 
and the error from the instrument will, in most cases, he less than 
the actual variations in the angles of the crystals. 

Departure from. Geometric Simplicity and Loss 0 / 
Begularity in Crystals. 

Such departures may be regulated by law, or may result 
from an undue operation of the force of accretion in certain 
directions. 

1. Regular Departures from Simplicity .— are three 
varieties of this : — ^parallel groupings, tivin forms, hemitrope 
forms. 

Parallel Groupings. — K plurality of individuals are here Crystal 
arranged either so that a line which joins their centres 
becomes a prolongation of one or other of their crystallo- 
graphic axes, or so that their axes are parallel. 

Fig. 20 shows the first, where cohesion sufficient for stability 
requires that the minute octahedra must mutually penetrate some- 
what into each other. Fig. 139 shows the same in baryte. If we 
suppose octahedra united, the upper left-hand face of the one 
with the lower right-hand face of the other, there would bo 
parallelism of their axes. Ke-enterin" angles would, in such 
cases, prove a plurality of individuals, but if a number of cubes 
were superimposed in similar position, no such angles would occur, 

, an elongated square prism resulting; and such arrangements, if 





Duplex 

crystals. 


Varietie.s 
of tvrfus. 


MINER 


rcpc-.vte<l, aro liuear, or, with diminishing size in the individual, 
acieular. 



Tivina and llemilrojm . — ^Tliough clo.sely related, formed 
under the operation of very aimilar lawa, and to a certain 
extent pa.saing into one another, these are not the same. 
In the iir.st case a plurality of individuals must he present ; 
in the second this is not necessary. In fig. 140 two 
individuals evidently intersect one another ; in figs. 141, 
142 one individual may he supposed to have been hisected 
in a certain direction, and the two halves reattached, hut 
in a position differing in some definite manner from their 
relative position hefore the separation. 




There are four varieties of true twin.s: those of apposition, of 
intersection, of partial or completed interpenetration, and of in- 
corfihration. 

The first is e.xemplilied by spinel, as in fig. 1'13 ; the second by 
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be supposed to have been forced vertically into one another ; and 
the last by quartz, as in fig, 147. ’ 

The following are the laws of union of twins. 1. Tlie face of Laws of 
union of twins, termed the face of composition,” must bo either twinninr* 
a plane which does occur in the mineral twinned, or which can ° 
occur in accordance with the fifth law of symmetry. A face of 



117. Pig. 148. 

uiiion in twins is also a face of union in hemitropes of the same 
mineral. 2. From the above it results that the axes of the united 
crystals aro cither parallel (fig. 148) or inclined (fig. 149). Tho 
former generally occur among 
hcmihedric forms ; and the two 
crystals aro combined in tho exact 
position in which they would be 
derived from or would reproduce 
tho iiriniary hololiedral form. The 
class with obliiiuo axes occur both 
in hololiedric and in liomihedric 
forms; and tho two individimls aro 


then ])luced in perfect symmetry, 
accordance with law 1. 



Twins aro generally recognized 
by having re-entering angles (figs. 

160, 151); but sometimes the 
crossed faces coincide in one plane, 
when tho combination apiiears as a 
single individual (figs. 152, 153). Fig. 149 

Tho line of union may then be im- 

perceptible, or it may be disclosed by the intersection of two sots of 
strix (figs. 154, 155), or by some physical diversity in tho char- 
acters of the two faces. 

Tho formation of twin crystals may be again, or many times, 
repeated, — forming groups of three, four, twenty-four, or more. 
When the faces of union are parallel to each other, the crystals fonn 



Fig. 150. Fig. 151. 

rows of indeterminate extent. When they are not jiarallel, they 
may return into each other in circles, as in rutile ; or form bouquet 
or rosette groups, as in chrysoberyl (fig. 156) ; or stellate groups, as 
in calcito (fig. 157) and in corussite (figs. 158, 159). 



Fig. 152. Fig. 153. 

When the crystals are of different size, greater complexity results; 
but a number of minute crystals aro frequently arranged upon a 
larger at those points where the angles of a single largo crystal 
would protrude. Occasionally a simple form is twinned with .i 
more complex one, as in ehabasitO'(fig. 160). 
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Hemi- Hemitrope crystals wo may imagine as liaving been formed, from 
tropes, a single crystal, wliicli has'beeu cut into two halves in a particular 
direction, and one half turned round 180°, or 90°, or 00°. .The 
line about which the revolution is supposed to take place is called 
the “ axis of revolution.” From the amount of turn usually being 
180°, Haiiy gave the name hemitrope. The position of the two 


Laws of 

hemi- 

tropism. 



Fig. 157. Fig. 150. 

halves in this case resembles that of an object and its image in a 
mirror, whose surface then would represent the plane of reunion. 

The following are the laws of liemitrojies. The axis of revolution 
is always a possible crystallographic line, —either an axi.s, a lino 
parallel to an axis, or a normal to a possible crystalline piano. The 
plane normal to the axis of revolution is (Milled tlio 
twin plane ; it is either an occurring or a pu.ssiblo 
plane, and usually one of the more freijuently re- 
curring planes. Both the .axis and the twin plane 



1. One of the halves may bo inverted, .as if by revolution through 
ISO on a horizontal axis at rujkt angles to ilie plane of section and 

• tlio two faces again united by the surfaces wliich were separated 
Here the surfaces of union are the original ones, but the base nf 
one of the halves h.as taken the ‘ 

place of its sninniit. Examples : 
selenite (fig. 161) and orthoclasc. 

2. One of the halves may lie 
turned round through 180°, as ii 
by revolution on a horizontal axis, 
parallel to the plane of section, ami 
the face opposite and parallel to 
that of the plane of section — an 
originally external face — may then 
bo applied to the other half, llciv, 
not only has the base of one-half 
become a suimiiit, but a lateral 
and external face of the original 
crystal has been thrust to its 
centre so as to becoiiie a face of 
internal union 



Fig. 102. 


Fig. 101. 

Example: labradorite (fig. 102). 

3. One of the halves may bo turned round through 180°, as if by 
revolution on a vertical axis, parallel to the plane of section, the 
external face opposite and parallel to the plane of section becoming 
a face of union. Here, however, both the original sumiuits retain 
their position as .siiinniits. Example: ortlioclase. 

The first of these modes of composition may occur in each of the 
■systems, but it is not always apparent until di.sclosed by optical 
properties. The second is rare, and the third still more so. 

In hemitrope cryshils (less freiiueiitly in true twins) the 
halves of the crystal are frequently reduced in thickness in the 
direction of the onlinary twin .axis ; and when there is a piarallel 
repetition of liemitropcs, which frequently occurs, they arc often 
rciluced to very thin plates, not the tliickiioss of paper, giving to 
the surface of the aggregate a striated stnicture and appear.ancc. 

In the cubic system tlie faces of comiiosition, both of tivinning Twins of 
and of homitropio revolution, are those of the cube, the dodecahed- cubic 
ron, and the octahedron. system. 

In the first case wo have the axes of the two crystals necessarily 
in some cases parallel, or, more correctly, falling into one ; but, as 
in this system .all the axes are alike, or all the cubic faces similar, 
composition may occur along or parallel to all alike, and double or 
triple twins occur. Wo have examples in twins of the pentagonal 
doilec.ahcdron (fig. 1C3) made up by the interpenetration of a right 




Fig. 158. Fig. 159. 

bear tbe same relation to both halves of the crystal in their re- i 
versed positions ; consequently the parts of licmitrope crystals aro i 
symmetrical with reference to the twdn jdane (except in triclinic | 
forms and some hemihedral crystals). The face of composition 
very frequently coincides 
with the twin plane ; when 
not coinciding, the twin 
plane and the face of com- 
position aro generally at right 
angles to each other, so that 
the composition face is 
parallel to the axis of re- 
volution. But in twins of 
incorporation the surfaces of 
composition have e.xercised 
a disturbing influence on one 
another, so that the surface 
of union is exceedingly ir- 
regular. Still in these cases 
the axis and the plane of 
twinning retain a definite 



Fig. 160. 


position ; but the face of composition, being no longer defined, is 
useless as a determinant. 

Modes of There are three inodes in which the composition may take place 
union. in hemitropes. These may be explained by dividing a crystal into 
■ halves, with tKrj plane of division vertical, and then turning one of 
the halves rouml. 


Fig. Ida 

and a liift ( -f and - ), and of the tetrahedron, as seen in pyrite 
and fahlerz respectively. In virtue of the position required by law 2, 
it will bo seen that the position of the solid which is common to 
both intersecting crystals is in the twin of pyrite the four-faced 
cube, which is the holohedral form of the pentagonal dodecahedron, 
while in the case of the fahlera twin (fig. 104), the common por- 
tion is an octahedron, the holohedral form of the tetrahedron. 



Fig. 165. 


Fig. 166. 

Twinning on an octahedral face is seen in the opposition tivin of 
spinel (fig. 143), the totrahedr.al twin of blonde (fig. 165), the inter- 
penetrative octahedral twin of blende seen in fig. 166, and the inter- 
secting cubes of lluor (fig. 167). 

This is also the usual twin face for hemitropes of the cubic system. 
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It is seen in fig. 168 of blende, where the two parts of the rhombic 
dodecahedron are united by it. JIagnetite, spinel, and diamond 
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Fig. 167. Eig. 168, 

frequently occur in octahedral hemitropes of the same composition 
(fig'. 169). 

This is also the face of composition for tetartohedral hemitropes. 
Eig. 170 is that of the diamond. Here six of the faces of the six- 




Tetra- 

gonal 

twins. 


Fig. 169. I Fig. 170. 

faced octahedron, with six faces diagonally opposite, form a low 
double six-sided pyramid (a portion of an octahedral face truncating 
each) through an 180’ revolution of one set of these. Garnet some- 
times shows both twins and hemitropes of the dodecahedron, of 
dodecahedral composition. 

In the tetrwjmial sysiem, twin crj'stals are very uncommon, but 
hemitropes frequent. With parallel axes they very seldom occur, 
but are seen in chalcopyrite. When the axes are inclined, the 
plane of union is usually one of the faces of the primary pyramid ; 
and, as these faces are all similar, composition may take place 
simultaneously parallel to all. Very complicated forms hence result, 
as seen in chalcopyrite and in cassiterite (fig. 171)- 
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Fig. 171 < I’iS- 1<’2. 

In cassiterite the plane of union is frequently one of the faces of 
the pyramid Pw , sometimes one of those faces that replace the 
polar edges of P (figs- 172 173). From the bend the latter form 
IS termed geniculated. 




Fig. 173. 


Fig. 17-1. 


Hexa- 
gonal , 
twins. 


Hausmannite occurs in hemitropes of the primary P ; and on the 
polar cdges'of this other twins are symmetrically repeated, a central 
individual appearing like a support to the others (figs. 174, 175). . 

In the hexaymuil system twins are very common among the 
rhombohedral (the hemiliedral) and the tetartohedral forms; while 
hemitropes prevail among the hexagonal or holohedral forms. The 


twins are generally formed by the interpenetration of two rhombo. 
Iiedrons,_ a -p and a -, the vertical axis being the a.xis of composi- 
tion; as in chabasitc (fig. 176), cinnabar, levyne, calcitc, &c. Some 
times SIX or more crystals, united parallel to the prismatic planes. 



Fig. 175. Fig. 176. 

form rosettes; as in chabasite from Giant’s Causeway. The almost 
endless stellate forms of crystals of snow are built up in this manner. 
Many of the most beautiful combinations to be seen among crystals 
result from this mode of arrangement. 

Parallel groupings of hexagonal prisms also occur, as in apatite 
(fig. 177). 

Pock crystal, in consequence of the tetartohedral character of its 
crystallization, exhibits twins in which the double hexagonal 
pyramid P may bo said to be separated 
into two rhombohedrons P and r; these, 
though geometrically similar, are physi- 




Fig. 177. 


Fig. 178. 


cally distinct. In fig. 178 the two individuals have not entirely in- 
terpenetrated, and might be regarded as simply gro\vn together 
with parallel axes ; but in fig. 147 tliere is so complete an inter- 
penetration tliat the composite character of the crystal is only evi- 
denced through a difference in the character of the surfaces of the 
two halves, which are most irregularly disposed. 

The hemitropes of this system often form regular crystals, when 
the two halves have been united by a plane parallel to the base, so 
as to appear like a simple crystal, 
as in fig, 179, Here each end 
shows the forms coK, - iR, but 
the terminal faces appear in 
parallel instead of alternate posi- 
tion. Something of the same is 
I seen in fig. 180, a . hemitrope 
scalcnohedron from Derbyshire. 

Hemitropes with the face of the 
primitive rhombohedron as the 
face of composition are also com- 
mon; and they are sometimes 
joined by a face of - JR, the two 
axes forming an angle of 127° 34'. 

Occasionally a third individual 
is interposed in a lamellar form, 
as in fig. 181, where the faces 
of the two outer portions become 
parallel. This is found in some 
pieces of Iceland spar. 'When 
the crystals unite in a face of 
the primary rhombohedron, they 
form an angle of 89° 8'; hemitropes 
on this law are easily recognized 
by their differing so little from a 
ri'dit angle in the re-entering 
bSid (figs. 182, 183). 

The faces which in this species 

act as faces of composition are i o i 

exceedingly numerous ; other examples are figs. 142, 146, 148, and 
149 ' 

In the right primnalic system twin crystals with parallel axes are Right 
rare, but with oblique axes common, the faces of union being ono pf pnsmauO 
the faces of the prism ooP. Twins of this kind occur frequently m twins. 
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Fig. 179. 


Fig. 180, 



Fig. 181. 
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aragonite, cemssite. mispickel, and marcasite. In aragonite the ] 130 are in fig. 191 united so perfectly and symmetrically tliat tha 
crvstals are partly in.'erpenetrating, and partly merely in juxta- line of junct; m cannot be observed on the- clinopinacoid. The two 

_ _ A_ c ^ - 1 .Li. j.r.^ £• j I-— AT. _ I 7 : r}/-\ n:i d / 7\ i-i.-. A. . ■ i\ « . . 


. position, as in fig. 164, where the individuals are formed by the 



Fig. 182. 


Fig. 183. 


combination coPoo(;i), Poo (ft). In fig. 185 several crystals 

of the same combination form a series mth parallel planes of union, 
the inner members of which are often so shortened that they form 

mere films, which appear as stiise on the faces f oo and ooPoo of 
the twin. 

In fig. 186 four crystals, each of the combination ooP, 2Poo , having 
united°in inclined planes, form a circular group, which returns into 
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Fig. 184. 


Fig. 186. 



Fig. 185. 

itself. Cerussite occurs in similar groups, building uj; a composite 
hexagonal crystal. It also occurs in stellate twins of two or three 
individuals, as in figs. 158, 159. Similar stellate combinations are 
also common in chrysoberyl. In staurolite, individuals of the pris- 
matic combination mP, ooPoo , OP combine, either as in fig. 144 
by a face of the brachydome, having their chief axes almost at right 

angles, or as in fig. 140 by a face of the brachypyramid fK, the 
chief axes and the brachypinacoids (o) of each 
of the crystals meeting at an angle of about 
60°. This mineral, which is very frequently 
twinned, also forms combinations with the axes 
parallel (fig. 18^. 

Oblique lii ths oilique prismatic system, t^vins are by 
prismatic no means so frequent as hemitropes. Twins of 
twins. interpenetration with parallel axes, but the one 
turned as regards the other round a vertical axis, 
are common in orthoclase (figs. 188, 189). Such 
ciystals are termed right-handed (fig. 188) and 
left-handed (fig. 189), according to the side of 
the crystal which has been turned. In this 
mineral hemitropes occur around an axis normal to 21, to P. and 
to n (fig. 529) ; double twins of the last two are common (fig. 530). 

Harmotome and phil- 
lipsito form first hemi- 
Twinsof tropes, and then twins 
hemi- of these, which are ar- 
tropes. ranged sometimes as 
crosses and sometimes 
as double crosses (fig. 

190). In hemitropes of 
gypsum the two nalve-s 
are united by a face 
parallel to the ortho- 
diagonal section, as in 
fig. 161, where the two 
halves have united so 
regularly that the faces 
F, P form only one 
plane. In a similar 
manner the two halves of the augite crystal represented in fig. 


\s\n 

Fig. 187, 



hetnipyramids ?(s) (like - P (I) in the gypsum crystal) form at one 
end of the crystal a re-entering, at the other a salient angle. 
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Fig. 190. 


Fig. 191. 


Hornblende (fig. 192) and wolfram exhibit a similar appearance. 
This results in the imparting a pseudo-hemimorphism to certain 
oblique prismatic twins, which is well seen in the twins of sphene 
(fi^ 193 and 589),and in exalting the charac- 
teristic appearance of true hemimorphs, as seen 
in the twin of acmite (fig. 194). In other cases 
the individuals partially penetrate eachotherin 
the direction of the orthodiagonal. This mode 
of union is not uncommon in gypsum, and is 
very frequent in orthoclase. Two- crystals 




Fig. 189. 


Fig. 192. Fig. 193. 

of the latter of the combination (coPoo), ooP, OP, 2Poo , as in 
fig. 131, are often pushed into each other, as shown in fig. 195. 

In the anorthic system some twin formations are of great import- Anorthie 
ance, e.g., as a means of distinguishing the triclinio from the mono- twins. 

cUnic species of felspar. In one variety - 
the twin axis is the normal to the 
brachydiagonal chief section. But in 
the anorthic felspars this section is not 
perpendicular to the base, and conse- 
quently the two bases form on one side 
a re-entering, on the other a salient 
angle ; whereas in the oblique prismatic 
felspars (where the brachydiagonal chief 
section corresponds to the clinodiagoniil) 
no twin crystals can be produced in 
conformity to this law, and the two bases 
fall in one plane. 




Fig. 194. Fig. 195. 

Albite and oligoclase very often exhibit such twins as in figs. 196, 
197, where the very obtuse angles formed by the faces of OP, or P 

and P (as well as those of 'P'oo , or x and .V), are a very characteristic 
appearance, marking out this mineral at once as a triclinio species. 
Usually the twin formation is repeated, three or more crystals being 
combined, when those in the centre are reduced to mere plates. 
When veiy numerous, the surfaces P and x aro covered with fine 
strioe, often only perceptible with a microscope. A second law ob- 
served in triclinio felspars, particularly in albite and labradorite, 
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Fig. 196. Fig. 197. Fig. 198. 

and ^^) form edges with very ohtuse angles (173° 22'), re-entering 
on the one side and salient on the other. These edges, or the line 
of junction between M and J7', are also parallel to the edges formed 
by these faces and the base, or those between M and P. In this 
case also the twins are occasionally several times repeated, when 
the faces appear covered by line strite. 

Cause of the Formatimi of Twins and Hemilropes . — It has been 
shown above that the relative position of the molecules of crystals 
is determined by a polarity in the molecules themselves. This 
polarity must exist along three lines whicli intersect in the centre 
Twin of the molecules ; and unlike poles must attract each other. It has 
growth, been supposed that compound crystals result from a reversion of 
the original polarity of the molecules of a crystal, after it has at- 
tained a certain size. Heat and electricity, resulting from move- 
ments in strata, might occasion such reversion during tiie forma- 
( tion of a crystal, aud this would suffice for the explanation of 

hemitropes, though not directly of geniculated crystals, and still 

leas of intersecting twins. Twins 
have accordingly been divided into 
“ paragenetic" and “ metagenetic.” 
The first tenn is applied to the ordi- 
narily occurring twins, in which the 
compound structure is supposed to 
have had its beginning in a nucleal 
compound molecule, or to have been 
compound in its very origin. In 
metagenetic twins the crystal was at 
first simple, but afterwards, through 
some change in the material furnished 
for its increase or possibly induced in 
itself, it received new layers, or an 
e.xtension in a reversed position. 



Fig. 199. 



Fig. 201. Fig. 203. 

Entile occurs in crystals like fig. 173, but with a bend at both 
extremities, instead of one only. Here the middle portion of the 
crystal is supposed to have attained a length of half an inch, and 
then it became geniculated simultaneously at both extremities; 
indeed, in this mineral sucli geniculations are freguently repeated 
until the ends are bent into one another, and produce short he.xa- 
gonal prisms mth central depressions or even vacuities. The re- 
peated twinning which produces striation, as in calcite and the 


felspars, and the peculiar rippled structure of amethyst, at» ascribed 
to a similar operatipn, acting in an oscillatory manner. 

Certain intersecting twins in the cubic system may be explained 
simply thrpugh excessive or undue accretion of molecules alonir cer- 
tain lines. At page 351 it was shown how the three-faced octahe- 
dron (fig. 39) was formed through an accretion of molecules upon the 

faces of the octahedron along axes 
joining the centres of its faces 
(those which connect the solid 
angles of the cube). It was also 
shown that when through this 
accretion two faces of the triakis- 
octahedron (fig. 199), adjacent 
along_ the edge of the octahedron, 
rose into one plane the rhombic 
dodecahedron resulted. If now 
accretion still goes on along the 
same axes, so that the trihedral 
pyramid rises above the level of 
the dodecahedral planes, fig. 200 
results. This is the tivin of the 
three-faced tetrahedron (fig. 201). 



Fig. 204. 



Fig. 205. 


Fig. 207. 



Fig. 206. Fig. 208. 

If the accretion is still along the same axes until the lateral edges of 
the adjacent pyramids fall into the same line, fig. 202 results; and 
this is the rivin of the simple tetrahedron (fig. 203). Here accretion 
upon the faces of a complex holohedral form has produced a twin of 
a simple hemihcdral form. 

Again, starting from the six-faced octahedron (fig. 204), there is 
produced by the same process first fig. 205, the twin of the six- 
faced tetrahedron (fig. 206), and ultimately fig. 207, the twin of the 
three-faced tetrahedron ffig. 208). 

2. Departure from Regularity on Account of Undue Accre- 
tion in certain Directions. — Distortion of Crystals . — The Distoiv 
laws of crystallization should produce crystal forms of tions. 
perfect symmetry; these laws, however, are subject, not 
only to the influence of other laws, but also frequently to 
disturbing influences which are .subject to no law. Abso- 
lute symmetry, therefore, is very uncommon, crystals being 
generally so distorted and disguised through interference 
during their formation that either familiarity on the one 
hand or skill on the other is necessary for their recognition. 

As the magnitude of the angles may vary somewhat, even 
this guide may sometimes perplex. Hence it is necessaiy 
to be familiar with such departures from symmetry ; and 
some of the more common are here noticed. 

In the cubic system a cube (fig. 26), lengthened or shortened Of cubft 
alon<' one axis, becomes a right square prism (fig. 209), ana u 
elongated in the direction of two axes is changed to a rectangular 
prism (fig. 7). Cubes of pyrites, galen;^ fiuor-spar, &c., are 
generally thus distorted. It is very unusual to find a cubic 
that is a true symmetrical cube. In some species the cube or c - 
hedron Cor other monometric form) is lengthened into a capiUary 
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crystal or needle, as happens in red copper and pyrites. Crystals 
of acieular pyrites occur at the Newton-Stewart lead-mine. 

Att octahedron flattened parallel to two of its faces is reduced to 
a tabular crj'stal (fig. 210). If lengthened in the same direction, 

• it takes the form 

in fig. 211 ; or if 
it is still further 
lengthened, to the 
obliteration of 
two opposite octa- 
hedral faces, it 
becomes an acute 
rhombohedron 
(same figure). 

Of octa- When an octa- 
hedron, hedron is extend- 
ed in the direction 
of a line between 
two opposite 
edges, it has the 
general form of 
a rectangular 
octahedron ; and 
still further ex- 
tended, as in fig. 

212, it is changed 
to a rhombic 
prism with dihe- 
dral summits. 

The figure repre- , , . , n \ 

sents this prism lying on its acute edge (spmel, fluor,_ magnetite). 

Of do- The dodecahedron when lengthened in the direction of ^^e up- 
deca- right axis becomes a square prism ivith pyramidal summits (fig. 
hedron. 213) ; and when shortened along the same axis it is reduced^o a 
square octahedron with truncated basal angles (fig. 214). tsotn 


Fig. 209. 


Fig. 210. 






Fig. 214. Fig. 216. 

these forms are modifications of the square prism; the first mode 
of distortim is common in garnet, rendering it Uable to be con- 
sidered zircon ; the second is seen in aplome, when it might be taken 




Of tra- 

pezo- 

nedron. 




result in the obliteration of these summit faces, and in the produc- 
tion of a perfect double octagonal pyramid (fig. 219). The first 
of these distortions is exceedingly common in analcime and nac 


. Fig. 217. 

for stannite. When the first of these forms is flattened, as in fig. 215 
it resembles a form of stilbite. 

When a dodecahedron again is lengthened along a diagonal 
between the obtuse solid angles, it becomes 
a six-sided prism with trihedral summits, 
as in fig. 216 ; and when shortened in the 
same direction, it becomes a rhombohedron 
which has its six acute angles truncated 
(fig. 217). In the first 
case, a crystal of green 
garnet or uwarowite 
would resemble dioptase ; 
in the latter, colourless / 
garnet would resembley 
calcite. Vj 

The trapezohedrou is 
exceedingly subject to 
distortions which fre- 
quently disguise it much. 

"When elongated in the 
direction of the upright Fig, 218. Fig. 219. 

axis it becomes a double eight-sided pyramid with four-sided 
summits (fig. 218) ; a further elongation along the same axis' would 




' Fig. 220. 

uncommon in garnet ; the latter rarely occurs in analcime. Length- 
ened along an octahedral axis it becomes fig. 220 ; shortened akiiig 
the same it becomes fig. 221. Both are seen in analcime.' 





IVlien the tetrakishexahedron is lengthened along a single octa- Oftetr*. 
hedral axis it assumes the form of fig. 222 ; stiU further elongated, kisheia- 
with obliteration of one half of its planes, it becomes a scalene do- hediOB. 
decahedron, resembling the “dog tooth” form 
of calcite (fig. 223). Fig. 224 is a hemiliedron of 
this form, produced by shortening along an 
octahedral axis, with obliteration of all the 
planes which do not touch tho poles of that axis. 

In tho case of modi- 
fied crystals of tliis 
system the distortions 
are more complex. 

Fig. 225 represents a 
crystal of cinnamon- 
stone from Aberdeen- 
shire ; it is a combina- 
tion of the dodecahe- 
dron and the trapezo- 
hedron. Only four 
dodecahedral faces re- 
main (cj), and those Fig. 224. Fig. 225. 

of tho trapezohedrou («) are of unequal size. It may ho best 
understood by regarding it as fig. 218 with the four vertical faces 
of fig. 213 ; so that it combines the distortions of both of these 
figures. 

Crystals of diamond are very frequently distorted, though gene- 
lully through curvatures of their faces. • 

Imperfections in the Surfaces of Crystals. 

Of these the most important are strim, caverns, and 
curvatures. 

1. Striated Surfaces . — The parallel furrows on the surfaces of Iniperfeo- 
crystals are called strite, and such surfaces are said to be stri.ated. tion of 

Each ridge on a striated surface is enclosed by two narrow planes, surfaces. 
These planes often correspond in position to a secondary or to the 
primary planes of the crystal, and we may suppose these ridges to 
have been formed by repeated oscillation in the operation of those 
causes which {^ve rise, when acting uninterruptedly, to larger 
planes. By this means the surfaces of a crystal are marked in 
parallel lines with a succession of narrow planes, meeting at angles 
alternately re-entering and salient, and constituting the ridges 
referred to. This combination of different planes in the formation 
of a surface has been termed an oscillation of faces. . . 

Cubes of pyrites are generally striated in such a way that the Striatwn. 
siriie on adjacent faces are at right angles to one another. These 
lines are parallel ,to the intersections of the primary faces with the 
planes of the pentagonal dodecahedron, which is tlie most common 
form of pyrites ; and they have evidently resulted from au oscilla- 
tion between the primary and this secondary form. 

The rhombic dodecahedron is often striated parallel either with the 
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edges, or witli the longer or the shorter dia;jonal of its faces. In the 
first ca.so, .seen in garnet (fig. 226), tliere is a passage into the six- 
faced octahedron ; the second results from an oscillatory combination 
of the dodecahedron with the regular octahedron, as in magnetite; 
and the last with the cube, as in aplome. 

Rhombohedrons of chabasite are often striated parallel to the 
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in the left-handed and right-handed crystals, tiie t\vi.-.t is to the 
nght or left according as the crystal is right- or left-handed. 

Ihe surfwes of crystals are frequently far from fiat, on account of 
fracture, with dislocation of the several fragments, occasioned by 
motion in the enclosing rock, the material of which is forced or it 
may be transfused, into the rents. The tourmalines and beryl’s (fig Dislo- 
234) which occur in granitic dykes are very subject to this, the fraS’. cated 
ments being often bent as well as displaced. zV more or less siniul- crystals, 
tancons effort in the crystallization ot two substances may produce 
a structure with the e.xternal form of one, the interior of which 
exhibits imbedded crystals of the other, more or less perfect in 
their development. In pegmatite or graphic granite, rude crystals 
of felspar contain skeleton forms of quartz, of which generally only 
one side of the prism and two of the pyramid occur, forming a nide 
lettering. Similar hollow quartz forms occur imbedded in garnet, 
radiating from its centre (fig. 235), and roughening its surface from 
protrusion, without distorting its form. Totally imbedded micro- 
scopic crystals, “microliths,” are, as in the latter cases, chemi- 


Fig. 226. 


Fig. 227. 






terminal edges (fig. 227), indicating an oscillatory combination be- 
tween the primary faces and a secondary plane which bevels these 
edges. 

Striation of faces is more frequent in the rhombohedral system 
than in any of the others. Horizontal strim are of almost invariable 
occurrence in the prismatic 
; faces of quartz, whatever be the 

form of the crystal. The oscil- // 
lation hero has taken place |. 
between the pyramidal and the ! iT 
prismatic face's (figs. 228, 229, \rj 
230). During its growth there 
seems to have been a con- 
tinued effort to complete the 
crystal by the assumption of 
the terminal planes, — which 
effort was intermittently over- Fig, 228. Fig. 229. Fig. 230. 
come by a preponderating one to continue the deposition of matter 
along its main axis. Quartz cryst.ds, from these alternate efforts, 
often taper to a point, without having any regular pyramidal face. 

Tho lateral planes of pristns of tourmaline are very frequently 
conve.x, owing to oscillation between several lateral faces. In all 
such cases tho interfacial angles cannot be determined, as they are 
lo.st in the rounding. 

The striations on the lateral faces of foliated minerals are merely 
the edges of larainie. Examples : mica and gypsum. 

Cavern- 2. Cavernous Crystals . — Crystals not unfrequently' occur with a 
ous faces, deep pyramidal depression occupying the place of each plane, as is 
often observed in common salt, galena (fig. 21), and sulphur. In 
the solution of crystals through atmospheric exposure, an approach 
to the same form is sometimes obtained, owing to the fact that the 
centres of the faces yield sooner than the edges and angles. Crystals 
of redruthite are often thus cavernous. Sometimes octahedrons 
occur with a triangular cavity, in place of each face (fig. 22). The 
same is met with in other forms. 

Curved 3. Carved Surfaces.— QxayiCi surfaces sometimes result from tho 
surfaces, oscillatory combination already noticed. Otr.ers result from a 
curvature in the laminae constituting the crystal. Crystals of 
diamond have conve.x faces, and are sometimes almost spheres. 
This mode of curvature, in which all the faces are equally convex, 
is less common than that in which a convex surface is opposite and 
parallel to a corre.sponding concave surface. Rhombohedrons of 
spathic iron and pearl spar are usually thus curved, as is shown 
in fig. 231. The saddle-sliaped crystals of the same mineral (fig. 




Fig. 235. 



Fig. 234. 


Fig. 236. 


cally non-assimilable. These are frequently arranged in layers in 
the including crystal, as in augite and leucite. When there is 
a certain amount of chemical resemblance there may occur a 
definiteness in the arrangement ; and if the enclosed substance 
crystallizes in a system differing from that of the Tiiiueral which 
includes it, the angles of the latter are more or less distorted. This 
is the case in “ microclinc,” where the intrusion of a plagioclastic 
felspar causes some departure from the rectangularity of orthocIa.se. 
Foreign amorphous matter caught up or attaching itself to the 
surfaces of a crystal, during the process of its growth, causes lines of 
feeble cohesion, — as in the case of capped crystals of quartz. Here 
an occasional selectiveness in the sets of faces to which the foreign 
matter adheres seems to indicate that it has been to sorne extent 
under the influence of a polarity in its adhesion. Something of the 
same kind seems to have influenced the arrangement of the quartz 
grains caught up during the formation of the crystal of garnet 
shown in fig. 236. The perfect modelling of rock crystals is, 
liowever, but little interfered \vith by the almost numberless 
substances which they contain. 

Aggregation of Crystals. 

Crystalline aggregates which pass into amorphous masses 
may, in their more marked or perfect form, be assigned to an 
imperfect twinning. 

Crystals are often grouped in linear series, as in native Eegular 
Fig. 231. Fig. 232. j copper and silver, and thus constitute long threads or re- 

232) are remarkable instances of several reversed curvatures in the ^ ticulations. In clustered crystals those adjoining each other ^ 
same face. A singular curvature is shown in fig. 233, of calcite. , generally parallel in position, and are united by a 
The conical crystals of brown zinc blonde, and the lenPcular and . . ° grallel to one of the principal sections, or to planes of 

conical crystals of gypsum, are other e.xamples. Crystals^f piaue paianci ^ i ,„ipm 

quartz are sometimes curved and twisted. AVhen this takes place common occurrence. Senarmont mentions a union in galena, 

:av:. — 47 
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parailei to tie octaiedral faces, as common • and ie also 
describes an instance -where the nnion -was parallel to the 
plane 3f. 

The positions of crystals on the supporting rock seem at fii-st 
to he -without any regularity. But by closer inspection -we detect 
even here the same law of harmony that governs the formation of 
the simple and compound crystaL The various positions assumed 
correspond generally with the more common kinds of composition 
in turin crystals. This regularity is not always manifest on account 
of the unevenness of the surface on which they rest. In general, 
however, on glancing over a surface covered with crystals, a 
reflexion from one face will be accompanied with reflexions from 
the corresponding face in each of the other crystals, showing that 
the crystals are similarly positioned tliroughout. 

This tendency to pai-allelisni in the positions of associated 
. crystals is apparent even in crystalline aggregates. In granite, 
for example, which is composed of felspar, quartz, and mica, the 
felspar crystallizations have usually a common position ; that is, 
the corresponding extremities lie in the same direction, or nearly 
so. On this account granite is cleavable in one direction more 
easily than in others, and this direction is that of the perfect 
cleavage, plane of the felspar ; the second less perfect cleavage of 
the felspar permits of fracture of the rock nearly at right angles to 
the first ; but, as there is no such third cleavage in the felspar, the 
workman, in fashioning the blocks of granite for paring stones, is 
compelled to chip or dress them off in the third direction. 

Parallel- The dominant action of polarity may, moreover, give a parallel 
ism in position to the main axes of different minei-als belonging to the 
crystal same system, when crj'stallizing in association, and even to those 
growth, which belong to different systems. 

Fig. 237 is an illustration of the first 
of such cases, where a crystal of zircon 
is implanted into a crystal of xenotime, 
and has its main axis identically in 
the same line. As illustrations of the 
latter — a parallel position of the axes 
of crystals of different systems — there 
are records of such association in 
crystals of cyauite and staiirolite, of 
muscovite and haughtonite, of albite 
and orthoclase. The same has been 
observed between crystals of rutile 
and specular iron, — the crystals of 
rutile in this case having the vertical 
axis in the direction of a lateral axis 
of the specular iron. Haidinger has observed pyroxene and horn- 
blende crj’stals associated in parallel positions. 

A piism of caleite terminating in the planes 5 r(fig. 106) has been 
observed, in which each jjlane was covered ;vith small crystals of 
quartz all lying symmetrically, with their pyramids pointing towards 
the summit of the calcite crystal. When one mineral is changed 
into another, a polarity of accretion is still often seen to have domi- 
nated in the arrangement. In a crystal of calcite which had been 
changed into a number of minute crystals of aragonite, the main 
axes of the latter all lay' in the direction of the main axis of the 
original crystal of calcite. 

Irregular Irregular Aggregation of Crystals . — Besides the regular 
aggi-e- unions now described, crystals are often aggregated in 
gates. peculiar ways, to which no fixed laws can be assigned. 

Thus some crystals, apparently simple, are composed of concen- 
tric crusts or shells, which may be removed one after the other, 
always leaving a smaller crystal like a kernel, with smooth distinct 
faces. Some specimens of quartz from Beeralston in Devonshire 
consist apparently of hollow hexagonal pyuamids placed one within 
another. Other minerals, as fluor-spar, apatite, idocrase, heavy 
spar, and calc-spar, disclose a similar structure by bands of dif- 
ferent colours. A growth rendered intermittent through the 
deposition of a thin layer of foreign matter is thus developed. 

Alany' large crystals, again, appear like an aggregate of numerous 
small crystals, jjartly* of the same partly of different forms. Thus 
some octahedrons of fluor-spar from Schlaggenwald are made up of 
' small dark violet-blue cubes, whose projecting angles give a drusy 
character to the faces of the larger form. Such polysynthetic 
crystals, as they may' be called, are very common in calc-spar. 
Varieties Forms of Crystalline Aggregates. — Crystals have often 
of struc- been produced under conditions preventing the free de- 
tare in velopment of their forms j and, according to the direction 
of the axis in which the development has been checked, 
they may be di-vided into “ colxunnar ” and “ lamellar ” 
arrangements. 

The columnar structure is made up of a more or less fibrous 
arrangement; and this may be supposed to have accrued from the 
simultaneous growth of a multitude of crystals from a single or 


from closely adjacent centres of support, so that, while the crystals 
were free to elongate themselves in the direction of their main axis 
their increase was restrained laterally, by their impact .upon one 
another. When the sm-faces of support are level, or consist of 
the opposing sides of a vein, the columns or fibres, frequently 
exceedingly delicate, are parallel, and not unfrequently they then 
have a silky lustre. In the latter of the above circumstances the 
fibres are disposed transversely to the vein. Example.s : gypsum, 
chrysotile, satin-spar. When the surface of support is rough, or has 
angular projections, the fibres radiate from certain of these in all - 
directions, prodneing, in a thin vein, a starlike form, whence the 
arrangement is called “stellular." Example : wavellite. ll^entliis 
takes place in an open cavity, producing brash-like forms, they are 
termed “radiant.” Examples : antimouite, needlestone. When the 
points of divergent growth are so positioned that the radiating 
groups interlace with one another, the structure is said to be 
“reticulated,” from its resemblance to a net Example : tremolite. 
When individual members of such fibrous structure project above 
the general surface with acuminated extremities, they are said to be 
“acicnlar"; when the protruding columns are of uniform tluckuess 
they are termed “bacillaiy,” or rod-like. Such terms as straight, 
curved, twisted-columnar, diverging, or confused-fibrous explain 
themselves. Such fibrous arrangements as the above may occur 
imbedded centrally in a rock mass, which had been the magma 
out of which they were formed; or they may line the inner surface 
of cavities, filled originally either with water or aqueous vapour. 
These modes of occurrence have been distinguished by llolis as 
crystal groups and druses. The former includes all unions of im- 
bedded crystals round a central nucleus; the latter those of crystals 
of simultaneous or regularly successive growth on a common 
support. In the first case, there may be spheroidal, ellipsoidal, cocks- 
comb, or other forms, frequently seen in marcasite, pyrite, and 
gypsum. In the second, spheroidal forms are less rare, but are 
seen in the case of several of the fibrous zeolites. In such cases 
surfaces more or less rough are coated, and diminished in angularity, 
through the hemispherical forms produced by the radiation of a 
multitude of fibres. Certain imitative outlines thus result from the 
successive deposition of layers of these crystals. These forms or 
unitingmasses are termed “globular” when nearly spherical, “botry- 
oidal” when like bunches of grapes, “ reniform ” or kidney-shaped 
when the spheres' are larger, more confluent, and less distinct, and 
“niammillated” when the masses are nearertohemispheres. Slesolite 
occurs in globular forms; prehnite in botryoidal; hcematite and 
chalcedony in reniform; and siderite and calamine in niammillated. 
In all the above cases the .transverse fracture of such structures dis- 
closes the fibrous arrangement of the parts ; but, if the growth has 
been intermittent, lines of deposit, concentric with the central, 
nucleus of each sphere, are evidenced by layers of distinct colours. 
Fracture or separation frequently takes place, also,- along such lines. 
In such drus}' cavities — termed “geodes” when they are circular — 
after a certain number of such lines of deposit, grouped aiTange- 
ments which have somewhat more of free crystalline development 
may assume other imitative forms in which there is a certain 
dependence on the crystallographic character of the mineral con- 
cerned. There are, thus produced coralloidal or coral-like groups, 
fruticose or cauliflower-like groups, ca 2 iillai-y or hair-like, and fili- 
form or thread-like or wire-like forms. Often these gi-oups expand 
in several directions, and produce arborescent, dendritic, plumose, 
mossy, dentiform, or other forms. Such are common among the 
native metals ; as gold, silver, and copper. Jlesolite is very 
frequently plumose. A “drusy crust” is the term applied to a 
thin rough layer of crystals, which invests either a large crystal 
or the surface of some other body lodged in the interior of 
cavities. 

In the lamellar structure a development along the main axis 
would apijear to have been checked, and the cryst.allograpihic force 
to have expended itself laterally; though this is not the invariable 
habit of a species under aU circumstances, as exemplified by baryte. 
This structure consists of flat crystals, plates, or leaves. It is 
termed “tabular” when the plates are of uniform thickness, 
“lenticular” when they are thinner on the edges, “wedge-shaped” 
when sharp on one edge, “scaly” when the plates are thin and 
small, “foliaceous” when larger and easily separable; “micaceous” 
is also used to describe this kind of structure. It may also be curved 
lamellar and straight lamellar. lYoUastonite, when flat lamellar, 
is called tabular spar ; g 5 rpsum is frequentl}- lenticular, talc scaly. 
Lamellar minerals when i-adiating from a centre often form fan- 
shaped, wheel-like, almond-shaped, comb-like, and other groups. 

In the granular structure, the force of crystallization has been 
exerting itself along all the axes ; but, from the multiplicity of 
crystallizing centres, there has been such mutual interference that 
no single individuals have been able to assume perfect or even 
. characteristic forms. , The particles in a granular structure differ 
much in size. "When coaree, the mineral is described as coai-sely 
granular ; when fine, finely granular ; if not distinguishable by 
the naked eye, the structure is termed impalpable. Examples of 
the first may be observed in ^anular c.-’.’bonate of lime, of tho 
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second in some varieties of specular iron, of the last in chalcedony, 
opal, and other species. 

The above terms are indefinite, but of necessity, as there is 
every degree of fineness of structure in the mineral species, from 
- perfectly impalpable, through all possible shades, to the coarsest 
. granular. ■ The term phanero-crystalline has been used for varieties 
in which the grains are distinct, and crypto-crystalline for those 
in which they are not discernible without the aid of a lens. 
Granular minerals, when easily crumbled in the fingers, are said to 
be friable. 

The minute or crypto-crystalline minerals form aggregates some- 
what similar to the above. When globular or oolitic, the minute 
crystals often appear to radiate from a centre, or form concentric 
crusts. These are often globular or nodular; as in- dolomite. Some- 
what similar are the i stalactites and stalagmites, in which the 
mineral (especially rock-salt, calc-spar, malachite, haimatitc, 
limonite) has been deposited from a fluid dropping slowly from 
some overhanging body, or some rent in the roof of a cave. In 
this case there is generally found a long pendent cylinder or cone, 
the principal axis of which, generally hollow, is vertical, .whilst 
. the marginal parts are arranged at right angles to it, except whcre 

they curve round the termination of the tube, ivhen they become 
hemispherical. 

By far the largest masses of the mineral kingdom have, however, 
been produced under conditions in which a free development of their 
forms was excluded, and are termed amorphous. This has been the 
case with the greater portion of the minerals composing rocks or 
filling veins and dykes. The structure of these masses on the large 
scale belongs to geology, but some varieties of the tc.xturcs, visible 
in hand specimens, iriay be noticed. The individual grains or 
masses have seldom any regular form, but appear round, long, or 
flat, according to circumstances, and as each has been more or less 
checked in the process of formation. Even then, however, a certain 
regularity in the position of the parts is often observable, as in 
graphic granite, where the axes of the skeleton crystals of quartz 
are parallel. The rook is termed massive when the grains which 
form it are small, or granular when they are longer and more dis- 
tinct. Sometimes the rock becomes slaty, dividing into thin 
plates ; or concretionary, forming roundish masses ; at other times 
the interposition of some foreign substance (gas or vapour) has 
rendered it porous, cellular, or vesicular, giving rise to drusy 
cavities. These cavities are often empty, but have occasionally 
been more or less filled by products of change in the rock. It is 
named amygdaloidal when the cavities so filled have the form of 
an almond. 

Changes of Crystalline Structure. 

“ Pseudomorplis ” are minerals which appear under a 
form of cry.stallization which does not- belong to the 
species. They may be recognized either by their having 
no cleavage, which is most usual, or by their cleavage 
, being altogether different in direction from that of the 
mineral imitated. Generally they have rounded angles, 
rough and dull surfaces, and when broken show a granular 
structure. The faces of the crystal, moreover, are often 
covered with minute crystals of a form different from that 
of the mineral imitated, but which is that belonging to the 
substance now present. Occasionally the resemblance to 
real crystals is so perfect, from the perfect polish of the 
^ faces, that they are distinguished xvith difficulty. They 
may be frequently found still undergoing change. 

Pseudo- Pseudomorplis have been classed under four heads; — 
morphs 1. Pseudomorplis by Alteration. — Formed by a gradual change of 
•class!- composition in a species. Of these there are two varieties:^ they 
fied. may bo pseudomorphous bj' loss of an ingredient, or by addition of 
an ingredient ; change of augito to steatite is an examiile of the 
first, and of galena into anglesite is one of the second. 

2. Fseudomorplts by Substitution. — Those formed by the replace- 
ment of a mineral which has been removed, or is gradually under- 
going removal; e.g., galena takes the form of pyroniorphite. 

3. Pseudomorplis by Incrustation. — Those formed through the 
incrustation of a crystal, which may bo subsequently dissolved away. 
Often the cavity is afterwards filled by infiltration; e.g., change of 
fluor to quartz. 

4. Pseudomorplis by Paramorpliism. — Those formed when a 
mineral passes from one dimorphous state to another ; e.g., change 
of aragonite to calcite. 

These different kinds of ch.ange are not always distinguishable. 
In some cases a change may take place through alteration of the 
surface, and then, this process ceasing, the interior may be dis- 
solved out, leaving a pseudomorph like one of incrustation ; or a 
pseudomorph that appears to be a result of me.’’e chemical altera- 
tion may be wholly duo to substitution simply. I 


scapolite to a felspar, and. of augit- to urallto 
(hornblende), have been considered by Scheerer examides cf 
paramorpliism, — scapolite being considered dimorphous with some 
felspars, and augite with hornblende. But, while such paramorphic 
changes undoubtedly take place with aragonite, their occunence in 
these ^silicates— which are common associates in the same rock, and 
must have been formed under like circumstances— is hardly prob- 
able. 

Where mineral bodies have taken the form of organisms, it is 
more a case of molecular replacement than of true pseudomorphism. 

Pseudomorphism should be understood, however, to consist, not 
simply in alteration of crystals, but in many instances of changes 
in beds of rock. Thus all serpentine, whetlier in mountain masses 
or in simple crystals, has been formed through a process of pseudo- 
morphism — or, in more general language, of metamorphism — of 
olivine and augite. The same is true of other magnesian rocks, as 
steatitic, talcose, and chlorite slates. Tlie crystalline rocks often 
offer examples of a change similar in nature. The graphite of these 
rocks is probably but a metamorph of some vegetable organism. 
Thus the subject of metamorphism, as it bears on all ciystalline 
rocks, and that of pseudomorphism, are but branches of one system 
of phenomena ; the chemistry of both is the same, and a knowledge 
of such changes is indispensable to a study of the older rock strata 
of the earth. 

The common change of pyrites, forming the main ingredient of 
the upper part of metallic lodes, to earthy red or brown iron ore, 
thus producing the “gossan” of miners, is one of many examples 
of these processes now in progress. Often the gossan contains dis- 
seminated silver or gold, derived from the decomposed ores. Tins 
is a case of pseudomorphism, as truly as when a simple crystal of 
pyrites becomes limonite; the mode of change and its laws are 
the same. Again, phosphates, 
vanadiates, and arseniates 
of lead, &c., as well as car- 
bonates and. sulphates, are 
among the surface species, 
or those that occupy the 
upper part of metallic lodes ; 
they are the results of altera- 
tion within those depths to 
which atmospheric agencies ■ 
penetrate. 

Pseudomorphs are always 
records of past existences, in 
some cases they may bo the 
only evidence we possess of 
such prior existence. Figs. 

238, 239 are pseudomorphs 
of quartz or hornstone after 
datholite ; ’ the measured 
angles of these crystals show 
that the imitated crystal was 
datholite ; but that mineral 
does not now occur in crystals 
of cither of these forms. 

The process of petrification 
of organic bodies is in reality 
a species of pseudomorphic 
formation, and has been pro- 
duced in all the above modes. 



Fig. 239. 


External and internal casts of organic bodies are not uncom- 
mon. In other cases the original substance has been replaced 
by some mineral which has preserved, not merely the external 
form, but even the minutest detail of internal structure, so that 
the different kinds of wood have been distinguished in their silici- 
fied trunks. The most common petrifying substances are silica 
and carbonate of lime. In encriuites, eehinites, beleranites, and 
other fossils, the crystals of calc-spar often occur m very regular 
positions. In some varieties of petrified wood both the ligneous 
structure and the cleavage of the calc-spar are observable. 

Different from the above are mineralized bodies, in which the 
original structure is still retained, but ^their chemical nature 
partially changed. In these a complete series may be often traced, 
as from wood or peat, through the varieties of brown coal, 
common coal, anthracite, and graphite. 


Causes of Change . — The causes of change are the Origin of 
simplest and most universal operations about us (1) the 
process of gradual alteration to which some substances are 
liable on account of the presence of oxygen and carbonic 
acid in the atmosphere, and the reaction of substances thus 
formed on adjacent ingredients, aided or promoted by 
electrical currents or by heat; (2) the solvent power of 
ordinary waters, cold or hot, or of steam ; (3) reactions, 
in accordance ivith chemical principles, of the ingredients 
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dissolved in these waters, or in mineral or sea waters, heated 
or at the .ordinary temperature ; (4) the action of gases ex- 
haling from the earth ; (5) changes referable to volcanic 
action. 

Ordinary waters bold in solution, as is well known, more or less 
of mineral matter. 'When water containing carbonic acid is passed 
through a large number of ordinarily occurring minerals, it gives 
evidence of the presence of an alkali, or lime, or magnesia ; and 
some of these minerals give the tests even with the first drops. 
Pure water gives with many of them a similar result, but more 
slowly. Limestone in forty-eight hours yields soluble ingredient's 
to the extent of 0'4 to 1 per cent, of the whole mass. The lime, 
magnesia, and alkalies appear in the condition of carbonates ; and 
tlje iron passes from the state of carbonate to that of peroxide 
during evaporation. The silicates of magnesia, lime, and man- 
ganese are especially ready in yielding to this action. Silica, 
however, is more soluble in ordinary than in carbonated water. 

These facts illustrate two important points ; — (1) that ordinary 
waters lying upon and filtering through the earth’s crust are 
constantly active in dissolving and decomposing minerals and 
rocks, and that even species reputed indestructible are thus acted 
upon ; and (2) that the waters are thus furnishing themselves with 
agents capable of effecting other chemical changes. These watem 
penetrate all rocks, as well as percolate through soils. Hence the 
action is a universal one, everywhere going on ; and the results are 
universal. Bones, shells, corals, and animal remains generally 
are also sources of carbonate of lime, phosphates, and fluorides ; 
and plants may contribute also potash and soda, and sometimes 
silica. 

Carbonic acid is a constant ingredient of the atmosphere, and is 
dissolved by the rains as they descend ; hence this active de- 
composing agent is present in all ordinary waters; but it is also 
a result of different mineral changes. Suljihate of iron along 
with vegetable matters gives oxygen to the carbon of the vegetable 
matter, and thus produces carbonic acid and pyrites or sulphuret 
of iron ; and the large quantities of pyiites in coal-beds show on 
flow grand a scale this process has taken place. Sulphate of zinc 
in a simOar manner produces carbonic acid and blende or sulphuret 
of zinc. Bischof observes that the carbonic acid which has thus 
been eliminated must have been sufficient in quantity to make an 
atmosphere of carbonic acid equal in height to our present atmo- 
sphere. Again, decomposition of sulphurets produces sulphuretted 
hydrogen ; this by the oxidating action of the atmosphere forms 
sulphuric acid, and the sulphuric acid acting on limestone produces 
gypsum, and liberates carbonic acid. Sulphurous acid is also 
generated in the neighbourhood of volcanoes, and rapidly becomes 
sulphuric acid, with the same result, iloreover, silica in waters, if 
aided by heat, will decompose limestone and liberate carbonic acid. 
Hence it is that this gas is exceedingly common in exhalations from 
mineral springs ; indeed it occurs more or less in all waters. 

The dissolving and decomposing action of carbonated waters is 
therefore general. The sea also partakes of this character, and, in 
virtue of the numerous salts which it holds dissolved, is a powerful 
agent in carrying on the changes to which the process leads. Such 
changes and the various pseudomorphs to which they give rise have 
to be regarded as types and evidences of vast metamorphic transfor- 
mations, — processes either of decay or of reformation which have 
modified widespread rock-masses, and which are at the present 
time altering the structure of the crust of the earth. It is through 
a study of pseudomorphs, and of the processes which have gone to 
form them, that mineralogy is to become the germ from which 
alone the petrological department of geology can have its true 
development, and become a living instead of a merely speculative 
science. 

Physical Properties of Minerals. 

Characters Depending on Light. 

There are few more interesting departments of science 
than the relations of mineral bodies to light, and the modi- 
fications which it undergoes either when passing through 
them or when reflected from their surface. In this place, 
however, we only notice these phenomena so far as they 
point out distinctions in the internal constitution of minerals, 
or fm-nish characters for distinguishing one species from 
another. 

of I/iistre. — ^Though the varieties of lustre admit of no precise 
or mathematical determination, they are of considerable 
value in mineralogy. One highly important distinction 
founded on them is that between minerals of metallic and 
non-metallic aspect or character. Transparency and opacity 
nearly coincide with_this division, — the metaUic minerals 
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being almost constantly opaque, the non-metallic more or 
less transparent. Minerals which are perfectly opaque, 
and show the pecidiar brilliancy and opacity of surface of 
polished metals, are named metallic ; those which possess ' 
these properties, in an inferior degree are semi-metallic- ■ 
and those without these properties are non-metallic. 

Lustre has reference to either the intensity or the quality of the 
reflected light, considered as distinct from coloui-. Several demees 
in intensity have been named:— (1) splendent, when a mineral 
reflects light so perfectly as to be visible at a great distance, and 
lively and well-defined images are formed in its faces, as galena, 
specular iron, or cassiterite ; (2) shining, when the reflected light ' 
is weak, and only forms indistinct and cloudy images, as heavy 
spar or ealcite ; (3) glistening, when the reflected light is so feeble 
as not to be obsei-vable at a greater distance than arm’s length, and 
no longer forms an image, as talc ; (4) glimmering, when the. 
mineral held near the eye in full clear daylight presents only a 
number of small shining ])oints, as red ha;matite and granular 
limestone. When, as in chalk or kaolin, the lustre is so feeble as to 
be indiscernible, the mineral is said to be dull. 

Iii regard to the kind or quality of the lustre, the following 
varieties are distinguished (1) the metallic, seen in much per- 
fection in native metals' and their compounds with sulphur, and 
imperfectly in glance coal ; (2) adamantine, found in beautiful per- 
fection in the diamond, aud in some varieties of blende and 
cerussite ; a modification is metallic adamantine, as seen in wolfram 
and black cerussite ; (3) vitreous or glassy-, seen in rock crystal, or 
common glass, or, inclining to ad.amantine, in flint glass ; sub- , 
vitreous is seen in broken calcite ; (4) resinous, when the body 
apjjcars as if smeared with oil, as in pitehstone, blende, and 
garnet ; (5) wa.xy, like beeswax, as seen in wax-opal and ozocerite ; 

(6) pearly-, like mother-of-pearl, seen in gyrolite, talc, heulandite ; 

(7) silky, the glimmering lustre seen on fine fibrous aggregates like 
amianthus, tremolite, chrysotile, krokidolite. 

These degrees and kinds of lustre are generally exhibited difler- 
ently- by unlike faces of tlie same crystal, but always similarly by 
like faces. The lateral faces of a right square prism may thus 
dilfer iu lustre from that of a terminal face. Thus the lustre of the 
lateral faces of apophyllite is vitreous, while that of the terminal, 
at right angles thereto, is pearly; chrysotile is silky when split 
along the fibres, dull when at right angles to them. 

The surface of a cleavage plane, in foliated minerals, generally , 
diflers in. lustre from the sides ; and here again in some cases the 
latter are vitreous, while the former is pearly, as iu heulandite. 

As shown by Haidinger, only the vitreous, adamantine, aud 
metaUic lustres belong to faces perfectly smooth and pure; In the 
first, the index of refraction of the mineral is 1 -3 to 1 ‘S ; in the 
second, I'O to 2’5 ; in the third, above 2-5. The pearly lustre is a 
residt of reflexion from numberless lumellre, or cleavage planes, 
within a translucent mineral ; and in hydrated minerals, as in the 
zeolites, it is the result of incipient change, — namely, a loss of water 
vhich ensues upon exposure to the atmosphere. 

Colour. — This is a property wliich is of very inferior Colour, 
value. Minerals are so seldom, if ever, absolutely inu-e 
that very minute quantities -of an intensely coloured 
impurity may impart colour to a substance inherently 
colourless, or overpower a feebler colour which may be 
its own. 

Some few miiierals have colour so strong, or have a constitution ' 
so little susceptible of intermixture, that they retain almost unim- 
paired the colour special to them. Such a substance is pyrite ; its 
brass-yellow colour may be heightened to gold-yellow by intermixture 
with copper sulphide, or it may be slightly bleached by arsenic ; but 
the natui'e of its composition does not admit of the inti'usion of ordi- , 
nary colouring ingredients. The yellow of native gold, again, may be 
paled by impoverishment with the white of silver, down to the dull 
tint of electrum ; but no foreign colouring matter can intrude itself 
into a metallic mass. Such substances as these, — native metals, 
sulphides, and oxides, — have colours essential to them, dependent 
on their constitution, and to a great extent characteristic of the 
species. 

A second class of minerals are colourless of themselve.s, aud thus 
very subject to the influence of minute quantities of foreign tinc- 
torial impurity. These are absolutely transparent and devoid of 
colour when in crystals, but white and opaque when reduced to. 
powder ; as ice and. snow, calcite and chalk, rock-crystal and 
sand. But such substances are generally coloured ; “muddied” it 
would be called in the first case, though it is equally so with the 
others. Such false colour may be imparted in several ways. It 
may be (1) from their holding dissolved some colouring matter ; (2) 
from mechanical mixture of colom-ing substances such as metallic 
oxides, or minute crystals (“ endomorph.s ”) of another mineral; or < 
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(3) from chemical replacement, — the substitution of a smaller or, 
larger quantity of a coloured isomoi-plious ingi'cdient. 

As illustration of tlie first, silica, colourles.s in rock-crystal, has 
been found of almost every tint, due frequently to volatile hydrocar- 
bons which are dissipated by heat. Fluorite also, found of almost 
every shade of every colour, may possibly be to a certain extent 
referred here. 

Quartz, felspar, and calcite are often coloured accidentally by 
imbedded layers of foreign “inclusions,” or by “ spangling endo- 
morphs.”^ These are mechanically mixed, so far as regards their 
presence in a structure of different and non-assimihible chemical i 
composition, but crystallogiaphically arranged. They cither mark 
the lines of interrupted or intermittent growth; or, in the case of 
endomorplis, the axial positions of the minute intniding foreign 
crystals lie in one plane, or in the same sets of planes. 

As an instance of coloura introduced through definite chemical 
replacement, calcite may bo cited. Carbonate of lime is colourless ; 
if a portion of this be replaced by carbonate of magnesia there is a 
certain amount of pearly opacity ; if by carbonate of manganese, 
of a pink tinge ; if by carbonate of iron, of yellow, which may be 
increased through o.xygen absorption and “weathering" to an ochre 
tint, and ultimately to a dark brown. 

Sulphuret of zinc, chemically white, and mineralogically trans- 
parent, may, through metallic substitution, be found of almost all 
tints of yellow, orange, brown, and black. Again, hornblende, 
augitc, and garnet, — silicates, which in their purest states of trerao- 
lite, inalacolite, and water ganiet arc colourless, — acquire green, 
brown, red, and black tints from the assimilation of other metallic 


I determined by the .same operation, it is one of the most 
j valuable tests -vvliicli we possess. 

I The furrow may be lustrous or it may be dull. Powder or 
' splinters may lie along its course, or a still adherent ridge may have 
been merely rolled over. The furrow and the powder may each bo 
l)Osses.scd of colour, though such may not be distinguishable in the 
mineral, or may, have a colour quite difierent from that of the 
mineral. Three illiustrations of the usefulness of this test may 
suffice. Argentiferous gold, chalcopyrite, and pyrite, dillcring 
immensely in value, may readily be mistaken for each other. 
The knife, when drawn along the surface of the first, sticks in it, 
ruts up an adhering ridge, and leaves a shining streak of the same 
colour as the specimen. When drawn along the second it ruts up 
a trench covered with a dusty powder, which when rubbed on paper 
or in the hand is greenish yellor^-. When drawn along the third 
it has no clfect, as pyrite is harder than the, knife. Psilomelane, 
hicmatitc, and limonite all occur in black, glossy, stalactitic fonns, 
and have all been termed “ black hicmatite.” There is here also 
great dilference in the value. The knife makes little impression on 
psilomelane, but leavc.s a blue lustrous line ; it makes a blood-red 
line in liarmatitc, and a rich ochre-yellow in limonite. Graphite 
and molybdenite both crystallize in hexagonal plates, both occur in 
the same rocks, both have a grey-black colour and a brilliant 
metallic lustre, both stain the hands or paper ; the streak of the 
first — best seen on paper — is black, tending to blue ; that of the last 
is greenish. Rough porcelain is the best material for determining 
the streak of soft minerals. 


silicates. 

Heuee it would appear that a ver}' advanced practical know- 
ledge of the subject ls necessary to enable us to avail ourselves 
of the information w'hieh is to be derived from this external 
feature. 

The accidentally coloured minerals sometimes present two or 
more colours or tints, even in a single crystal, — veiy remarkable 
exaniples occurring in iluor-spar, apatite, sapphire, amethyst, tour- 
maline, and cyanite. This is still more common in compound 
minerals, on which the colours are variously arranged in points, 
streaks, clouds, veins, stripes, bauds, or in brecciatod and ruin-like 
forms. Some minerals again change their colour from exposure to 
light, the air, or damp. Then eitlier the surface alone i.s affected 
or “tarnished,” and appears covered as with a thin film, producing 
in .some minerals, as silver and arsenic, only one colour; in 
others, as chalcopyrite, luematite, bismuth, stibine, and anthracite, 
various or iridescent hues, when they are said to have a 
pavonine lustre. Or occasionally the change pervades the whole 
mineral, the colour either becoming paler, or disappearing, as in 
chrysoprase and rose-quartz, or becoming darker, as in brown 
spar, sideritc, and rhodonite, in a <cw minerals a comidcte change 
of colour takes place, as in heterosite, and in the chloroplueite of 
the Western Lsles of Scotland, which, on exposure for a few hour.s, 
pa.sses from a transparent yellow-green to black. Tliese mutations 
are generally connected with some chemical or physical change. 
The tarnished . colours sometimes only appear on certain faces of a 
crystal belonging to a peculiar form. Thus a ciystal of copper 
piyritcs (like fig. 89) has one face F free from tamish ; the faces 6 
and c, close to F, dark blue ; the remainder of c, first violet, and 
then, close to P, gold-yellow. 

Some crystalline minerals exhibit in certain directions a very 
lively play or change of colours from reflected light. It is well seen 
in many various hues on the cleavage-planes of labradorite, and 
seems produced by a multitude of verj' thin quadrangular pores,' 
interposed in the mineral, like minute parallel laminae. On the 
cleavage-planej of liypersthene it appears copper-red, and is 
occasioned by similar pores, or by numerous small brown or black 
laminic of some foreign substance inteipjosed in a parallel position 
between the jdanes of the liypersthene. The chatoyant or changing 
colours of the sun-stone arise from scales of haimatitc similarly inter- 
posed) and that of avanturine from scales of mica. The play of 
colour in the noble opal seems to be produced very nearly in the same 
manner as that in the labradorite. A similar opalescence Ls seen 
' in certain minerals when cut in particular forms. In the sajiphire, 
cut hemispherically over the chief axis, it appears like a star with 
six rays; in ganiet it shows four rays; in certain varieties of chryso- 
beryl and of adularia it has a bluish tint; and it Ls also very remark- 
.able in the cat’s-eye variety of quartz. Iride.scence often arises from 
very fine fissures, producing semicircular arches of prismatic tints, 
which, like the colours of tnin plates in general, arc referred to the 
interference of light. 

Streak . — This name is applied to the appearance and 
the colour of the line or furrow produced in minerals by 
drawing the edge of a hard-tempered knife or file along 
their surface, or to the stain obtained by rubbing a soft 
mineral on such a sub.stance as paper or porcelain. Taken 
along with the hardness, which may to a certain extent be 


Biaj)lianeiUj. — Minerals, and even different specimens of Trans- 
, the same .species, vary much in this quality. Some™hrion 
j transmit so much light that small objects can be clearly 
I seen, or letters read, when placed behind them ; such are 
, named tran.sparent. They are semitransparent when the 
object is seen only dimly, as through a cloud, and translu- 
cent when the light that passes through is so broken that 
the form of the object can be no longer discerned ; some 
minerals are only thus translucent on the thinnest edges. 

, Others transmit no light, and are named opaque. 

I Refraction. — It has already been mentioned that most Double 

crystals — all, in fact, except those of the cubical system — refrao- 
exhibit the phenomena of double refraction. For a 
general explanation of these phenomena the reader is 
referred to Light, vol. xv. p. 609 
I The direction in which there i.5 no double refraction Ls named Optic 
; the optic axis of the crystal, — sometimes, less happily, the axis of axis, 
double refraction. Now in certain minerals it is found that there 
is only one direction with thi.s jiroperty, whereas in others there 
are two such directions ; and they have in consequence been divided 
into uniaxal and binaxal. To tiie former belong all crystals of 
the tetragonal and hexagonal systems, to the latter all those of the 
other three systems. In the foimer the optic axis coincides with 
or is parallel to the crystallographic chief axis. In some uniaxal 
crystals the index of refraction for the extraordinary ray is greater 
I than for the ordinary ray ; and in others it is smaller. According 
as it is greater or less they are said to have positive (attractive) or 
negative (repulsive) double refraction. 

Quartz Ls an example of the former, the index of refraction, accord- 
ing to Malus, being for 0 = l'5f84, for E = l'.fi582; calc-spar of the 
latter, the index of 0 being =1'6543, that of E 1’4833. The 
index of E is in both cases taken at its maximum. 

It should be observed that the optic axes are not single lines, but 
directions jiarallel to a line, passing through every part of the 
crj’stal. It is also important to remark that_ this property divides 
crystals into three precise groups : — the cubic, with single refrac- 
tion ; the teti’agonal and hexagonal, irith double refraction, and 
uniaxal; those of the other three systems, also double, but binaxal. 

These j.roperties are therefore of the greatest use in determining 
the system to which a mineral belongs, 
i i’o/amafmw.— Intimately connected with thi.s property Poiariza- 

‘ is that of the polarization of light, which affords an easier 
' means of determining mineralogical characteristics than 
the direct study of double refraction. For the element. s 
i of this subject see Light, vol. xv. p. 611 $(£. 

1 MTiile a consideration of the optic .'i.xes enabled us 
' merely to arrange the systems of crystallization in three 
' groups, the phenomena of polarization not only bear out 
' a further subdivision of the whole into the above six 
; systems, but disclose, in many cases, phenomena markedly 
special to individual species. . The optical consideration 
! of these phenomena enables u.s to fix ■ three directions at 
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ri"lit angles to one another- 

^ O 


-called 


the axes of optical 
elasticity — such that the effect of the crystal on the 
luminous vibrations of the elastic ether is a maximum in 
one of these directions, a minimum in a second, and a 
maximum-minimum in the third. The length of these 
axes is chosen in terms of this action. In certain cases 
the direction of the axes of optical elasticity is different 
for light of different colours. 

The position of these axes in relation to the crystallograpliic axes, 
and the ratios of their lengths, enable us to class all crystals as 
follows ; — 

1. Crystals of the cubic system. Here the three axes of 
elasticity are all equal. Tlie refraction is simple. 

2. Crystals of the tetragonal and of the rhombohedral systems. 
Two of the axes of optical elasticity arc equal in these systems ; the 
third is greater or less according as the crystals are negative or 
po.sitive. The two equal axes lie in a plane perpendicular to the 
principal crystallographic axes ; the third axis coincides with the 
principal axis. 

3. Crystals of the right prismatic system. The direction of the 
three axes of optical elasticity coincides with the crystallographic 
axes, taken parallel to the diagonals of the base of the rhombo- 
hedron, and to the vertical edge of the prism (the primitive parallel- 
epiped of Levy). 

4. Crystals of the oblique prismatic system. Only one of the 
axes of optical elasticity coincides necessarily mth the crystallo- 
graphical horizontal a.xis, or the diagonally horizontal axis of the 
rhombic base, the direction of the two others not having any 
evident relation, a priori, avith the inclined or diagonally inclined 
a.xis of the base, and with the vertical axis (or vertical edge of 
the primitive parallelepiped). 

5. Crystals of the anorthic system. The three axes of optical 
elasticity have no relation that can be assigned a priori to the 
crystallographic axes, whatever position may be assigned to these 
in relation to the primitive solid. 

In crystals belonging to the last three systems the three axes of 
elasticity are unequal. 

H'Iia ovna r\? 


The axes of elasticity are in general such that a ray passing 
through the crystal in the direction of any one of them is divided 
into two, which follow that direction rvith different velocities 
dei)ending on the lengths of the other two axes. To any other 
direction there will in general also correspond two different 
velocities ; but their ratio will now depend in a more complex 
manner on all three axes. In two directions (and only in two, if 
the axes are all unequal) the ratio becomes unity, or the ray is not 
divided. These directions are the optic axes. 

The displacement of the axes of elasticity for light of different 
colours, already mentioned, takes place for two axes in crystals of 
the oblique prismatic system and for aU three axes in the anorthic 
[i.e., doubly oblique) system. In the other systems it does not 
occur. 

In order to follow the distinctive features of the different systems 
farther, it is necessary to consider the colour iihenomeua which 
they display, when examined in a beam of polarized light. Vari- 
ous instruments have been devised for this purpose, as, e.g., the 


]mlarizing apparatus of 
Norreuberg, fitted with 
a condensing lous below 
and above the crystal 
slice, or with a low- 
]iowcr (3-inch) eye-piece. 
The polariscopc of Holf- 
nian of Paris is more 
efficient, but the appa- 
ratus of Descloizoaux 
(fig. 240), who has made 
this mode of investiga- 
tion a special study, has 
the widest scojie of use- 
fulness. In this appa- 
ratus a blackened mirror 
is employed for polariz- 
ing the light, taking the 
place of a tourmaline 
plate, a Nicol’s prism, 
or a bundle of thin glrcss. 
The mirror is inferior 



Fig. 240. — Apparatus of Descloizeaux. 


must refer for the phenomena of circular 


to the other two in comiileteness of polarizing power, and in not 
admitting of rotation ; while it shares this defect with the la.st. 
It is, however, superior to all in extent of field, wliile it does 
not, like the first, affect white liglit. A Kicol’s prism is used for 
fc.xamiuing or analysing the h'ght whicli passes. 

The dcseri[)tion of the many beautiful phenomena that may be 
observed with {xnarizing apparatus when applied to sections of 
cryst.ali; belongs to the subject of Oi'Ttcs (Physical), to which 


heading also 
polarization. 

Double Refracliou and Polarization of Convpositc Crystals. In Optic 

all the crystallized bodies whose action upon light wo have been proper- 
considering, the phenomena are identical in all parallel ihrcctions ties of 
the smallest fragment having the same property as the largest’ composite 
from whatever part of the crj'stal it is taken. In the mineral crystals 
world, however (and among the products of artificial crystalliza- 
tion), there occur crystals which are composed of several individual 
crystals whose axes are not iiarallel. These crystals sometimes 
occur in such regular symmetrical forms that mineralogists have 
long regarded them as simide forms ; and it is probable that tliey 
woidd have still been so viewed if they 
had not been exposed to the scrutiny of 
polarized light. 

A composite structure has been ob- 
served in the case of Brazilian topaz, 
suliihato ' of potash, and apophyllite. 

Bipyramidal sulidiatc of potasli, which 
Count Bournon supposed to be a simple 
crystal, was found to 'be a tesselated 
crystal, composed of three pairs of crystals 
of the prismatic sulphate of potash com- 
bined so that each pair had their principal 
axes parallel. "When exposed to polarized 
light, each pair gave the system of binaxal 
rings, and when held at a distance from 

the eye had the tesselated appearance shown, in fig. 241; each 
opposite pair of the triangles having the same tint. 

The most remarkable of this class of minerals is the tesselated 
apophyllite. The examination of this body by polarized light is 
due to Brewster. For his results the reader is referred to his paper 
in the 'Edinburgh Transactions, vol. ix. p. 323. 

Fi^. 242, 243 are representations of the ligm’e produced in 
polarized light by an internal slice of the barrel or cylindrical 



Fig. 241. 




Fig. 243. 

apophyllite from Kudlisaot, in Disco Island. The figures are from 
different specimens. The shaded part of-them has only one axis 
of double refraction, while the four sectors have two axes. The 
mechanical structure of the cleav- 
age planes resembles the optical 
figure even after the planes are 
ground. 

The minerals stilbite, heulan- 
ditc, ohabasite, and many others, 
are similarly complex in struc- 
ture. 

Crystals with Planes of Double 
lief ruction. — Analcime, a mineral 
ranked among the cubical crys- 
tals, was found by Brewster to be 
singular in its action upon light, 
and to exliibit the extraordinary 
ju'operty of many planes of double 
refraction, or planes to wliich the 
double-refracting structure was related in the same manner as it is 
to ono or two axes in other minerals.- It crystallizes most com- 
monly in the form of the icositetrahedron. If we suppose a com- 
plete crystal of it to be exposed to polaiized light, it will give tho 
remarkable figure shown in fig. 244, where the dark shaded lines 
represent jilanes in which there is neither 
double refinction nor polarization, — the 
double refraction and the tints commencing 
at these planes, and reaching their maximum 
in tho centre of tlie space enclosed by tliree 
of the dark lines. When light is trans- 
mitted through any pair of the four planes 
which are adjacent to any of tho three axes 
of tile solid, it is doubly refracted, the least 
refracted image being the extraordinary one, 
and consequently tho double refraction iiega- 
tivc in relation to tlie axes to wliich the doubly-refracted ray is 
perpendicular. If we suppose the crystal to have the form of a- 
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cube, the* planes of double refraction will be, as In 243, a 
plane pissiuy through the two diagonals of each face of the cube. 

Thu tints Varyas thesouareofthe distance from the nearest plane 
of double refraction. 

Pltochroism. — Clo-sely connected with double refraction 
is that jrroperty of transijarent minerals named pleochroism 
(of many colour.s), in consequence of which they exhibit dis- 
tinct colours when viewed by transmitted light in different 
directions. Crystals of the cubic system do not show' 
this property, whilst in' those of the other systems it 
appears in more or less perfection, — in tetragonal and 
hexagonal minerals as dichroLsm (two colours), in the 
rhombic and clinic systems as trichroism (three colours). 
In most cases these changes of colour are not very decided, 
and appear rather as different tints or shades than as 
distinct colours. The most remarkable of dichromatic 
niinerals are the magnesian mica from Vesuvius, the tour- 
maline, and ripidohte ; of trichromatic, ioUte, andalusite 
from Brazil, diaspore from Schemnitz, and axinite. 

In a specimen of yellow Iceland spar the extraordinary image is 
of an orange-yellow colour, while the ordinary image is yellowish 
white. Along the axis of double refraction the colour of the two 
pencils is exactlj' the same, and the di/ference of colour increa.ses | 
with_ the inclination of the refracted ray to the axis. This is j 
tlie invariable law of the phenomena in uniaxal crystab. Sir j 
John Herschel found several tourmalines to have a blood-red 
colour along the axis, and at right angles to it to be yelloiv-grecn. , 
There can be little doubt that this property will be found in every I 
crystal of sufficient refraction. Even if the crystal is colourless, 
a slight ineciuality in the intensity of the tivo images may be 
observed; and when it is distinctly coloured the difference of 
intensity Ls very easUy seen, even when the two colours are not of 
a different kind. 

The phenomena of dichroLsm are best seen in crystals with two 
a.xes of double refraction, and are well e.Ycinplified in- iolite, a 
mineral which crystallize.s in sLx- or twelve-sided prisms. These 
prisms are of a deep blue colour when seen along the a.xis, and of 
a yellowish brown colour when viewed in a direction perpendicular 
to' it. 

If aied (fig. 210) is a section of the prism of iolite in a jdane 
parallel to tlie a.xis of the prism, the transmitted light will be blue 
tlirough the faces and dc, and ycllowisU brown 

through ad, ic, and in every direction jieijicndicu- ^-i 

lar to the a.xis of the prism. If we grind down \!.. 

the angles a, c, h, d, so as to replace theui with 
faces inn, in' a' and op, o'p' , inclined 31° 41' to ad, 
or to the axis of the jirisrn, then, if the plane 
alcd passes through the optic a.xcs, wu shall 
observe, by transmitting polarized light through 
the crystal in tlie directions ac, Id, and subse- 
quently analysing it, a system of rings round each 
of these axes, 'f he system will e.xhibit the individual rings very 
plainly if the crystal is thin; but if it is thick, we shall observe, 
when the plane alcd, is peqjendicular to the plane of primitive 
jiolarization, some branches of 
Idue and white light diverging 
in die form of across from the 
centre of the system of rings, 
or the poles of no polarizarion, 
as shown at pand ;/ (fig. 247), 
where the oliadcd branehes 
rejireaeiit tliu blue ones. Tbe 
summits of the blue masses 
are tipped with purjde, and 
are separated by whitLsIi light 
in some specimens and yellow- 
ish light in others. The white 
light becomes more blue from 
p and // to o, wiiere it la quite 
blue, and more yellow fromp 
and j/ to c and d, w’hore it is 

completely yellow. VTien the . . i. i / 

plane abed, Ls in the plane of primitive polarization, the poles p, p 
are marked by spots of white light, but everyivhcre else the light 

** In die plane ca.db (Bg. 247) the mineral, when we look through 
it by common light, exhibits no other colour but_ yellow, mixed 
with a small quantity of blue, polarized in an oppoate x)^e. The 
ordinarv image at cand dis yellowish brown, and the extraordinap' 
ima"e faint blue, the former receiving some blue rays and the 
latter some yellov/ ones from c and d to a and b, where the ditlercnce 
of colour is still well-marked. The yeUow image becomes, fainter 
from a and b top aadp', till it changes into blue, and the famt blue 
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linage is strengthened by other blue rays, till the intensity of the two 
blue images Ls nearly equal. As the incident ray advances from c 
andd toj) andy, the laint blue image becomes more intense, and the 
yellow one, receiving an accession of blue rays, becomes of a bluish 
white colour. The ordinary image is whitish from p and il to o, 
and. the extraordinary is deep blue; hat the whiteness gradually 
diminishes towards o, when they are both almost equally blue. 

The j)rincipal axis of double refraction in iolite is negative. The 
most refracted image is purplish blue, and the least refracted one 
yellowish brown. 

Brewster found that the dichroism of several crystals is changed 
by heat, and that in some cases this property may be communi- 
cated to them. Babinet found that all negative crystals, such as 
calcareous siiar, corundum (including ruby and sapphire), tour- 
maline, and emerald, absorb in a greater degree the ordinary ray, 
with the exception of beryl, apatite, and some apophyllitcs ; while 
positive crystals, such as zircon, smokj' quartz, sulphate of lime, 
and common axiophyllite, absorb in a greater degree the extraordi- 
nary ray. Babinet found also that certain crystals, such as led 
tourmaline and ruby, transmit rays of their peculiar colour without 
being polarized, — in which cases the black cross of their system of 
rings 13 coloured, and this unpolarized light exists both in the 
ordinary and extraordinary ray. 

Haidinger devised an instrument for showing and for testing the 
pleochroism of minerals. In fig. 248, p is an oblong cleavage- 
rhombobedron of Iceland siiar which has two glass jirisins of 



Fig. 248.— Section of Dichroiscope. 


18’ cemented to its ends with Canada balsam. This combination 
is placed in a metallic case, winch ha-s a convex lens I at one end 
ami a square hole o about the fifteenth of an inch in ividth at the 
other. 'Tlie lens is of a focal distance which shows an object held 
about half an inch from the square hole. 

On looking through the lens and prisms two images of the square 
hole are seen just touching each other. The light of the one 
iiiia"c is polarized in the plane which intersects the short diagonal 
of tSe prism ; that of the other is polarized in the iJane of the 
longer diagonal. When a pleochroio crystal or fragment is held at 
focal distance and examined by transmitted light, then, on the 
turning of the instrument bringing the polarization of its planes into 
coincidence with those of the ciystal, the tivo images of the square 
opening will show the colours of the oppositely polarized xicncils of 
wliich'the light transmitted by the ciystal is composed; this 
constitutes its pleochroism. The dichroism is then seen by looking 
tlirough the ciystal in one direction only, and tbe contrast of the 
two. colours is made more obviou-s. 


• Phosphorescence . — This is tke property po-s-sessed by par- Phosphor- 
icular minerals of emitting light in certain circumstances, escence. 
without combustion or ignition. 

Thus some minerals appear luminous when taken into tbe dark, 
fter being for a time exposed to the sun’s rays or even to tbe ordi- 
lary daylight, ilany diamonds, and also calcined barytes, exhibit 
bis x»ropcrty in a remarkable degree ; less so aragonite, calc-spar, 
nd chalk, ilany minerals, including the greater part of those 
bus rendered phosphorescent by the influence of the sun, also 
lecorac so through heat. Thus some topazes, diamonds, and vane- 
ies of ifuor-spar’ become luminous by the beat of the hand ; other 
•arieties of fluor-spar, and phosphorite, require a temperature near 
hat of boUin" water; wliilst calc-spar and many silicates are only 
ihosxffiorescent at from 400° to 700 Fahr. 

Electricity produces pbospborescence m some minerals, as in 
Tcen fluor-spar and calcined barytes. In others it is excited when 
hey are struck, rubbed, split, or broken ; as in many varieties of 
inc-blende and dolomite when scratched with a quill, xneces of 
[uartz when rubbed on each other, and plates of mica or needles of . 
lectolite when suddenly separated. , . * 

The li"ht emitted by phosphorescent minerals is of various tints, 
rhe varietj' of fluor called chlorophane emits, as its name express^, 

: <'rcen li"ht. The same particle may emit varying tints, as in the 
luor fronT Aberdeenshire, which, as the heat falls, or the energy oi 
he phosijhorcscence wanes, emits tinte which paia from '‘lolet, 

:hrou"h blue, green, and yellow, to dull purplish red. The yeUoiv 
jlende from the same place is vividly phosphorescent when heated, 
quor "enerally xffiosphoresces with a tint of its own colour. 

Tooliigh a heat destroys the phosphorescence, which majq how- 
!ver, be restored by either exposure to sun s light or to electncity. 
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The mineral phosphoresces vividly when’ the discharge passes 
through it ; it generally phosphoresces with a different colour after 
it has been thus recharged. 

Fluorescence is the property whereby rays of light of a 
refiangibility higher than those ordinarily seen by the 
human eye are rendered visible. The substance when 
placed in the violet end of the spectrum, and carried be- 
yond it into the invisible rays, becomes luminous, through 
“ degrading ” the rays of e.xtreme refrangibility. This 
property is well marked in those varieties of fluorite which 
are pale green by transmitted light, and deep purple by 
reflected light. Ozocerite and some petroleums also e.v;- 
hibit the property. 

Electric^ 2Iaffnetic, and Thermic Properties. 

Electricity. — Friction, pressure, and heat may all excite 
electricity in minerals. To observe this properly' debcate 
electroscopes are required, formed' of a light needle termin- 
ating at both ends in small balls, and suspended horizon- 
tally on a steel juvot by an agate cup. Such an instrument, 
can be electrified negatively by touching it wth a stick of 
sealing-wax excited by rubbing, or positively by merely 
bringing the wax so near as to attract the needle. WTien 
the instrument is in this state, the mineral, if also rendered 
electric by heat or friction, mil attract or repel the needle 
according as it has acquired electricity of an opposite or of 
a similar kind ; but if the mineral is not electric it will 
attract the needle in both conditions alike. 

Most precious .stones become electric from biction, and are either 
positive or negative according as tlieir surface is smooth or rough. 
Ail gems become positive when polished ; the diamond even when 
uupolislied is positive. Pressure between the fingers will excite 
distinct positive electricity in pieces of transparent double-refracting 
calc-spar. Topaz, aragonite, tiuor-spar, carbonate of lead, quartz, 
and other minerals show this property, but in a much smaller 
degree. Some bodies remain e.vcited much longer than others, 
topaz for a very long time. Heat or change of tempemture e.xcites 
electricity in many crystals ; as in tourmaline, calamine, topaz, calc- 
spar, beryl, barytes, Uuor-spar, diamond, garnet, and others ; these 
are hence said to bo thermo- or pyro-electric. Some acquire polar 
pyro-electricity, or the two electricities appear in opposite parts of 
the crystal, which are named its electric poles. Each pole is alter- 
nately positive and negative, the one when the mineral is heating, 
the other when it is cooling. Hankel's investigations of these 
phenomena are specially noteworthy. 

As already noticed, many polar electric minerals are also remark- 
able for their hemimorphic crystal forms. Tourmaline, calamine, 
and boracito are among the species thus afi'ected. The polarity 
continues so long as the temperature is increasing, and becomes 
reversed when it commences to decline ; and when the heat is 
stationary it disappears. 

Hose and Reiss nanie one of the poles the analogue electric pole, 
and the other the antilogue electric pole. The former becomes 
positive while the crystal is heating, and negative while cooling ; 
the latter negative while heating, and positive while cooling. 
Becquerel found that in tourmaline at 30” C. electrical polarity 
was sensible ; it continued unchanged to 150°, as long as the 
temi)erature continued to rise ; if the temperature remained 



stationary an instant, the polaritj- disappeared, but shortly mani- 
fested itself reversed, when the temperature commenced to decline. 
If but one onilof the crystal was heated the crystal was nnpolarized, 
and when two sides were unequally heated each acquired an electri- 
cal state independent of the other. In tourmaline the extremities 
of the prism arc dissinrilarly modified, and that end which presents 
the greater number of planes is the antilogue polo ; or, if the 



Fig. 251. 


number of planes is the same, the secondary rhombohedrons of the 
antilogue pole have (one or more of them) longer vertical a.ves than 
those of the analogue pole. Fig. 219 (tourmaline) is the autilo"uo 
pole (negative under increasing heat), and fig. 250 the analogue 
pole. The pj’ramid of the analogue end is more flattened by'^ita 

facets than that of the antilogue end ; thus c’ ahd di of the anti- 
logue end are more acumi- 
nating than and dr of the 
analogue end. The same is 
the case with the other two 
crystals (figs. 251, 252). 

- Pyro-electricity has been 
observed in the following 
substances : — tourmaline, 
topaz, axiiiite, boracite, 
scolezite, prehnite, electric 
calamine, sphene, rhodizite, 
heavy spar, rock-crystal. 

Pyro-electricity is of two 
kinds, — either terminally 
polar or centrally polar. 

In the former the e.xtre- 
mities are opposite poles. 

In the latter two sides of 
a prism are of the same 
name, and the opposite pole 
to each is intermediate be- 
tween the two. 

The e.xamples of the firat kind are tounnaline, calamine, and 
scolezite, which are miiaxal ; axinite, binaxal ; boracito and 
rhodizite, with four axes. Calamine, like tourmaline, has the 
sharper extremity the antilogue 
end, and the more flattened the 
analogue. Compomid crystals 
from Altonberg have both ends 
analogue, and the portion which 
lies between the twins antilogue 
electric ; , the pyro-electric axis 
corresponds with the vertical axis | 
of the prism, as in tourmaline. 

Boracite, which crystallizes in 
cubic forms, with the opposite 
.solid angles differently modified, 
has four pyro-electric axc.s, corre- 
sponding to the four octahedral 
axes. In fig'. 253 of this species, 

' . . the plane w’hich has its' angles modified by 

- ■ V is the antilogue pole, 'and that with the 

Ant. 



Fig. 252. 



Fig. 253. 




unmodified angles the analogue polo ; and, generally, tho antOoguo 
jiole has either more numerous or larger facets. Rhodizite re- 
sembles boracite in its pyro-electricity. , 

The species in which pyro-electricity of the second kind has been 
observed are prehnite and topaz. If fig. 254 represent a tabular 
crystal of prehnite, the poles will be situated as marked, tho 
analogue being central, and the antilogue at either extremitj^ of 
tho shorter diagonal of the rhombic prism. Topaz has in a similar 
manner a central analogue pole, and an antilogue at either ex- 
tremity of tho shorter diagonal. In some instances there is_ a 
separate set of similar poles near one or the other angle, as in fig. 
255 ; this must be due to the ciystals being of a composite nature. 


Maynetism. — This property is very characteristic of the Jlagnrt- 
few minerals in which it occurs, — chiefly ores of iron or 
nickel. Some magnetic iron ores possess i^olar magnetism, 
or are natural magnets ; while the common varieties of 
magnetite, meteoric iron, magnetic pyrites, precious garnet, 
and other minerals, are simply magnetic. Most minerals 
are only attracted by the magnet, hut do not themselves 
attract iron. 

ilinerals, as other substances, have also been divided into 
magnetic and diamagnetic. Sec Maoketism. 

The ordinary mode of tc.stiiig whether a- mineral is magnetic or 
not is to bring it near a pole of a delicately su.si»ended magnotio • 
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ictdle, and observe wlietlier it causes it to vibrate. Another mode 
s to apply a strong magnet to tJio mineral in powder. These arc 
lUfficieut for the mineralogist. Delesse has e.xperimentcd c-icten- 
ively uimn the magnetic force of ininerals, and has determined 
he relative amount for numerous species. Calling this force for 
styrian steel 100, the following are some of his results ; 


N-atfvci,!.jtinum 2-173 to 3-0t7 

iron ore ir.-fio 

Fninhl iiite. [tom l)»c L'nitctl Statca * I*03S 

Chromic lion .... ; „.,3i 

b))hiel (iileonmite), from Monzojil, Tyrol , 0'078 

Tltaiiic Iron (rhombohtdr.il), often inmjnelipolar ’ r>-7rtl 

.Spc'Ciihirlron, bomclimcs iiiagnellpolar .....[ q.] ( 2-3.5 

Gniphlfc. 0-015 to 0-010 

.Spathic lion (spherobhlcrltc,.thc highest) o-0!)-2 to 0-287 

(ri'" I'.VfOea O.ggg 

> ivi.inlte. ^ 0*027 to 0*075 

Colunibire of iJ(«k*nmab and Ifaddain ’ n»K.i 

Pyrochlore ; g.gfg 

Chrysopra.se (quartz l.s dhatnagnetlc, hut many varle- ) 

tics arc inapnetlc) j*. 0*00 1 

Felspar, sometimes feebly tnagtictlc. 

I-ibradorltti of an aiitinuc cveen THirnhyry n f»77 

Homhlende. I...'.'. 0-W2 ir. 0-057 


ling. CrijHlallonui/jnetic Action. — Tlie inagnctie polarity tlias 
netic far alluded to belongs to the ma.s.s, and lia.s no relation to 
polarity, ery.staliine form. There is also a kind of polarity directly 
related to the crystalline or optic axes of minerals. A 
crj'stal of cyanite, suspended horizontally, points to the 
north, by the magnetic power of the earth only, and is a 
true compass needle, from which even the declination may 
■ be obtained ; and the line of direction is the line of the 
optic axes. Other crystals, which are culled negative, 
take a transverse or equatorial position. The latter arc 
diamagnetic crystals. 

Heat Qondmlivitij for Heat. — Senarmont found that the con- 
conduo- d&cting power of colloid.s and of crystalq of the cubic 
system is equal in all directions, but that it varies in 
diQerent directions in cry.staLs belonging to all the other 
. .systems, exliibtting characters analogous to those deduced 
from their double refraction, conformable with the optic 
axes of the cry.stal, and referable, as in the latter case, to 
axes of elasticity, or unequal coinpre-ssion of the molecules. 


The fundamental fact is c.asily .shown by takinr'- tw'o .hUcc-.i of 
rock-crystal, ono cut transverse to the axi.s and ono parallel to it. 
Through the centre of each pUite a .small hole 
is drilled for the reception of a bent wire, 
which by insertion into the hole sustains the 
plate. The other end of the wire is to be heated, 
and the rate of the conduction of the heat is 
rendered vLiihlu by the amount of a thin coating 
of bee.swa.x, with which the jdatc ha.s been pre- 
viously coated, wiiieli i.s melted round the central 
hole. It will be seen that in the transverse slice 
the wax is melted in a circular form, while in the 
longitudinal slice the form i.s elliptical (fig. 25G). 

The conduction is equal in all directions, as 
regards the tran.sverse axc.s of tlio hc.xagonal 

I irism, but more rapid in one direction in the 
ongitudin.al slice, and that direction is the line 
of its optic axi.s. In the case of quartz the two 
diameter.s of tile ellipse are as 1000 to 1312, 

If the regular di.sposition of the molecules of 
amorphous bodies be interfered witli by unequal 
tcn.sion or compression, the regularity of their 
po-.ver of conducting heat bs destroyed, and they 
also .show elliptical forms of melted wa.x ; and 
the shorter axis of the ellipse is in the line of 
pres.surc or undue packing of the niolecule.s. 

The heat thus does not travel so fast in this pjg. ^oG. 
direction,— partly because it is spent in the 
heating up of the greater number of molecule.s. lienee we might 
conclude that along the main axis of quartz a smaller number of 
molccule.i are packed in an equal space than along the transverse. 
The following are the more important of Senannont’s rc.suUs. 

Senar- ■ 1. Crystals of the tetragonal and rfiomfiohedraf ijystcms have one 

mont’s axis of conductivity which is either greater or 3ni.aller than the 
invest!- others, and thi.s axis coincides with the main crystallographic axis, 
gations. Tlie isothermal surfaces are ellip.ses w-hieh lie in the line of this 
axis, and these ellipses may be either el«)ngate(l or flattened iu 
the direction of this line. 

2. In crystals of the right prismatic system the isothermal 
■■ surfaces have three unequal axe.s, which coincide .with crystallo- 

graphic axes drawn parallel to the edge.s of the rectangular prism. 

3. In crystals of the oblique rhomhio system the isothermal 
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surfaces have three unequal axes, one of which coincides with the 
horizontal diagonal of the ba.se, while the other two have directions 
wliieli are not referable to any law. 

4, In crystals of the anorthio system the isothermal surfaces 
bayo three unequal a.xes, all with indeterminable positions. 

Iu_ crystals of a single axis there appears to exist no constant 
relation between the axis of optic elasticity, whether maximum or 
minimum, and the axis of the greatest or of the least calorific 
conductibility. Thus, of the minerals examined by Senarmont, 
quartz (-F), calcito (-), cassiteiite ( -f ), rutile ( + ), and calomel 
( + ) have all their gie.atest axis of conductibility parallel to the 
principal axis; idocra.se, beryl, tourmaline, and corundum, all 
optically negative, have on the contrary their smalle.st axis of 
conductibility parallel to the axis. 

In crystals belonging to the oblique rhombic .system there is 
rarely coincidence between the tliermic axes and the axes of optic 
elasticity. In gypsum and in felspar these lie apart to a marked 
extent. 


Dilatation by Heat . — In cry.stals of those systems in which 
the mofecufes are arranged unequally a.s regards their axes, 
the amount of their dilatation w'hen heated is unequal in 
the direction of tlieir axes. Our knowledge of this subject 
i.s chiefly due to ISIitseherlich. 

In crystals of cubic symmetry the expansion is equal in all 
directions. The dimetric .systems — the pyramidal and hexagonal — 
arc brought togetlier ns regards this quality, inasinucli as the axes 
of volumetric change are in these the same; for, while these in 
the pyramidal corre.spond with the crystallographic axes, in the 
hexagonal the three axes arc the vertical, one lateral axis, and an 
axis iying intermediate to the other two and at right angles to the 
first lateral axis. The expansion along the principal axis may be 
cither greater or less than along the others ; and in some minerals 
there is even contraction along one axis. 

In the right prismatic .sy.-^teni the axes of dilatation correspond to 
tho.se of form. In the oblique prismatic one axis corrc!.sponds with 
the orthodiagonal, but the others make angles not only with the 
other crystallographic axes but, .strange to say, witli the a.xes both 
of thermic conductivity and of optic elasticity. We arc as yet 
ignorant of the properties of anorthic crystals in this respect. 

As a consequence of this unequal expansion along different axes, 
the angles of crystals, other than those of the cubic system, are 
altered under the influence of heat. The alteration is extreme in 
the case of calcite, where, through elongation along the vertical 
axis, with .some concomitant contraction of the transverse, the 
angle of the rhorabohedric faces is, when the crystal is heated 
from 32° to 212° F., diminished from 105° 5' to 104° 56' 23",-- 
thc form thus approaching that of a cube, as the temperature is 
raised. 

Dolomite, in the same range of temperature, diminishes 4' 46". 
In some rhombohedrons, as of calc-spar, the vertical axis is lengthened 
(.and tlie lateral shorteiieil), while in others, like quartz, the reverse 
is true. The variation is such, either way, tliat the double refrac- 
tion is diminished iv-ith the increase of licat ; for calc-spar possesses 
negative double refraction, and quartz positive. According to 
Fresnel the same is true of gypsum. The dilatation for calc-spar, 
according to experiment, is 0'001961. 

Kopp has shown that in the carbonates of lime, magnesia, iron, 
manganese, and zinc, which arc nearly the same in the angle of their 
cry.stals, the vortical axis is shorter the greater the atomic volume 
Ami since heat diminishes the density, and therefore necessarily 
iiicrease.s the volume, the axis a should be lengthened hy an increase 
of temperature, as is actually the case. lie has determined by cal- 
culation that tile change of angle from 32° to 212° should be 7' 37". 

Although in the greater number of cases the variation.s are so 
small as to bo scarcely measurable, yet they may be sufficient for 
c.stabli.slung a difference between substances which liavc identical 
"cometric form while belonging to different .systems of crystalliza- 
Tioii. The angle of arhoinbohedron might at a certain temperature 
be 90°, and so coincide with a cube ; but that angle "oiild in a 
rhombohedron ebango whenever the temperature altered, while the 
anAe of a true monometric cube is constant at all temperatures, 
'rim increase in volume and diminution in density which generally 
result from heating are always accompanied by a change in optical 
properties. In trimctric crystals, whore the iirincipal indices alter 
unequally, the change affects the amount of divergence of the optic 
•axes. T/ia amoaat o£ skersthn in gypsum, when the divergcjica 
is diminished, is extreme. At the ordinary temperature the angle 
of the divergence of the optic axes which lie in the plane of 
symmetry is about 90° for red light; when heated to 177 it is 
diminished to 0°, and for the moment the crystal appears to be 
uniaxal. When more highly heated, the axes again diverge, but 
in a plane at right angles to the original one, and in cooling these 
clianaes take place in reverse order. In baiytes and celestine again, 
the alteration in the angle of the optic axes is a divergence when 
heated. 
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Characters depending on Cohesion. 

These characters are of five kinds: — (1) hardness, (2) 
tenacity, (3) elasticity, (4) cleavage, (5) fracture. All may 
he considered as related to the power of resisting attempts 
to se 2 )arate one part from another. 

Hardness. 1. Rardness. — harder body is distinguished from a 
softer, either by attempting to scratch the one with the 
other, or by trying each with a file. Each of these methods 
is used by the mineralogist in determining the hardness 
of the species, though the latter is in most cases to be 
preferred. Both methods should be employed when ■ 
practicable. 

Certain varieties of some minerals give a low hardness under the 
file, owing either to impurities or imperfect aggregation of the 
particles, wliilc they scratch another mineral upon whieli a file would 
have no effect, showing that the particles of the first are hard, though 
loosely aggregated. Chiaatolite, spinel, and sapphire are common 
examples of this. When the mineral is too hard to be impressed by 
a file, the peculiarity of the grating sound will suffice for the prac- 
tised ear. 

Mohs introduced a scale of hardness, consisting of ten minerals, 
which gradually increase in hardness from 1 to 10. The intervals 
between 2 and 3 and 5 and 6 are larger than the others. Breithaupt 
has therefore introduced another degree of hardness between each 
of the above, and thus his scale consists of twelve minerals. 

The scale is as follows : — 

1. Talc, common laminated light green varietj'. 

2. Gypsum, a crj'stallized variety. 

2 '5. Mica (muscovite). 

3. Calcite, transparent variety. 

4. Fluor-spar, crystalline variety. 

5. Apatite, transparent variety. 

5 '5. Scapolite, crystalline variety. 

6. Felspar (orthoclase), white cleavable variety. 

7. Quartz, transparent. 

8. Topaz, transparent. 

9. Sapphire, cleavable varieties. 

10. Diamond. 

If the file abrades the mineral under trial with the same ease as 
No. 4, and produces an egual depth of abrasion with the same force, 
its hardness is .said to be 4 ; if with more facility than 4 but less 
than 5, the hardness may be H or 4^, written in decimals 4 ‘25, 4 '5. 
Several successive trials should be made to obtain certain results. 

The use of the file is acquired with very little experience ; usually 
a single trial is sufficient. Care must be taken to apply the file to 
edges of equal obtuseness. That part also of the specimen should 
be selected which has not been altered by exposure, and has the 
highest degree of transparency and compactness of structure— The 
pressure for determination should be rather heavy, and the file 
should be passed three or four times over the specimen. 

Where the scale of hardness i.s wanting, or a first rough dclci’- 
mination is sought, the following experiments may serve : — 

Every' minerm that is scratched by' the finger-nail has H. = 2'5 or 
less. Minerals that scratch copper have H. = 3 or more. Polished 
white iron hasH. =4’5. Window-glass has H. =5 to 5 '5. Steel 
jKjint or file has H. — 6 to 7 ; hence every' mineral that will cut or 
scratch with a good penknife has H. less than 6. Flint has H. =7, 
and only about a dozen minerals, including the precious stones or 
gems, are harder. 

ilauy' specimens present different degrees of hardness on dis- 
similar faces; as an example of which we mention cyanite and 
mica. This is confined to the inequilateral primary forms, and like 
the similar dilference of colour, lustre, &c., finds a ready explana- 
tion in the theory' of their formation; unlike faces are the result of 
the action of a polar force acting along unlike axes. 

This difference in faces parallel to unlike axes may be perceived 
in nearly all cases, when the methods of trial are sufficiently 
delicate. Huygens observed long ago that the cleavage face of a 
crystal of calc-spar differed in hardness from the other faces ; and 
even in a monometrie ci'ystal it has been found that the faces of 
the cube and octahedron are not exactly alike in this respect. 

Tenacity. 2. Tenacity. — Solid minerals are said to be brittle, 
sectile, malleable, flexible, or elastic : — 

1. Brittle, when j)arts of a mineral separate in powder or grains 
on attempting to cut it ; as baryte, calc-spar. 

2. Sectile, when pieces may be cut oft' with a knife without^ fall- 
ing to powder, but still the mineral pulverizes under a hammer; 
as bincite, gypsum. 

itallealle, when slices may' be cut off, and these slices 
ualteu out under a hammer ; as native gold, native copper. 

‘1* Blcxible, when the mineral will bend and remain bent after 
the bending force is removed ; as gypsum, graphite, talc. 


I 5. Elastic, w'hen after being bent it will spring back to its 
j original position ; as mica, 

A liquid is said to be viscous Avben, on pouring it, the 
drops lengthen and apjyear ropy ; as petroleum. 

3. Elasticity. — ^Investigations on this property have not Elasticity 
to any extent been entered upon. • The unequal elasticity 

of unlike faces of crystals has been shotvn by Savart in liis 
acoustic investigations,- and he was able to distinguish the 
rhombohedral from the other faces in the pyramid of quartz 
crystals ; he also showed that the figures formed upon • 
vibrating plates of crystals were directly connected 
with their optic axes. Milne, by measuring the amount 
of recoil of a sphere of calcite when struck at different 
points by another of rock-crystal, found that the elasticity, 
as thus measured, was greatest along the line of the optic 
axis, and least in directions at right angles to it. He also 
found that points which lay intermediate between the main 
and the transverse axes were most indented by the blows. 

This goes to show that, although there may be fewest 
molecules arranged along the lines of the transverse axes, 
yet cohesion operates Avith greater intensity along these 
than in intermediate directions. 

When the tenacity of a mineral is overcome by an over- 
Avhelming amount of traction, or its elasticity by a sudden 
shock, its parts are separated, either in flat and continuous 
surfaces, or in surfaces Avhich are irregular in the extreme. ' 

The first of these modes is termed cleavage,- the second 
fracture. In those substaimes in which cleavage exists it. 
is found that the planes or directions along Avhich it takes 
place lie in certain strictly definite positions to one another 
and to the axes of the crystal. They shoAV not the smallest 
tendericy to a transition or gradual passage into the other 
directions of greater coherence. 

4. Cleavage. — The number of these parallel cleavage- Cleavage, 
planes is altogether indefinite, so that the only limit that 

can be assigned to the divisibility of some minerals, as 
gypsum and mica, arises from the coarseness of our' instru- 
ments. These minima of coherence, or cleavage-planes, are 
always parallel to some face of the erystal; and similar 
equal minima occur parallel to every other face of the same 
form. Hence they are always equal in number to the' faces 
of the form, and the figures produced by cleavage agree 
in every point with true crystals, except that they are 
artificial. They are thus most simply and conveniently 
described by the same terms and signs as the faces of ., 
crystals. 

Some minerals cleave in several directions parallel to the faces of 
different forms, but the cleavage is generally more easily obtained 
and more perfect in one direction than in the others. This com- 
plex cleavage is well seen in calc-spar and fluor-spar,- and very 
remarkably in zinc blende, where it takes place in no less than six 
directions. As in each of these the division may be indefinitely 
continued, it is clear that no lamellar structure in any proper sense 
can be assigned to the mineral. All that can be affirmed is that 
contiguous atoms have less coherence along a direction normal to 
these qff anes than in other directions. "When- cleavage takes place in 
three directions, it.of course produces a perfect crystal form, from 
which the system of crystallization and angular dimensions of the 
species may be determined ; it is thus often of very great im- 
portance. 

The common cleavage in the different systems is as follows, those of 
most frequent occurrence being in italics ; — (1) In the cubic system, 
Octahedral, 0, along the faces of the octahedron ; Hcxahcdral, .' 
ooOw, along those of the cube ; and Dodecahedral, coO. ( 2 ) In the { 
tetragonal system. Pyramidal, P, or 2Pco ; Prismatic, ooP.'or ooPco ; 

OT Basal, OP. (3) In the hexagonal system with holohedral forms, ( 

Pyramidal, P, or P2 ; Prismatic, ooP, or ooPoo ; or Basal, OP', with ' 

rhombohedral forms, Bhomlolicdral, K ; Prismatic, ooR ; or Basal, 

OR. (4) In the right prismatic system. Pyramidal, P; Prismatic, 

cdP ; Slacrodomatic or -Brachydomatic, Poo or Pqo ; Basal, OP ; 

JIacrodiagonal, ooPoo ; or Brachydiagonal, ooPco. (5) In the 
oblique prismatic system, Hemipyramidal,P, or - P ; Prismatic, eoP ; 
Clinodomatic, P'co ; Hemidomatic, P°oo or-P“co'; Basal, OP; 
Orthodiagonal, ooP^oo ; or Clinodiagonal, ooP'co. (6) In the 
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anoithic system, Hcrniprisniatic, coP^, or coP j dleuiidojnatic either 
along the macrodome or the brachydome; Basal, OP ; Macrodiagonal, 
copco ; ot Brachydiagonal, ooPco. 

In some minerals, as mica and gypsum, the cleavage is 
r(>adily procured ; these may be held in' the hand° and 
ditdded by a knife. Otheivs only cleave ■with more or less 
difficulty these must Be placed on a firm support resting 
on lead, folded paper, or cloth, and a sharp blow struck on 
a chisel applied in a proper direction. This may often be 
ascertained by examining the .specimen in a strong light. 
Sometimes it is necessary to subject them to extreme com- 
pression in a vice. Some of the hardest substances have ' 
not only a perfect but a facile cleavage, — as euclase, topaz, ' 
and diamond; many of the softest species have none. The ' 
planes produced also vary much in their degree of perfection, ' 
being higHy perfect in some, as mica and calc-spar, and 
imyedeGt ia others, as garnet and quartz. In a very few ] 
crystalline minerals cleavage-planes can hardly be said to 
exist. Cleavage must be carefully distinguished from the ' 
planes of union in twin crystals, and the division-planes of 
laminar minerals. j 

5. Fracture . — ^Thls is the irregular manner in which , 
substances may be broken. Even minerals possessed of 
cleavage may be fractured in other directions ; but in ' 
amorphous bodies fracture alone occurs. The following ' 
varieties of fracture occur, and are highly characteristic: — 1 

1. Condioidfil, almost tyi)ical of amorphous bodies, but occas- 
sionally seen in crystals, — rounded cavities, more or less deep. Tlic 
name is taken from the resemblance to the successive lines of i 
interrupted growth in a bivalve shell. Seen in flint, obsidian, ! 
asphalt. In calcite the direction of this fracture is intermediate to 
the planes of the mineral’s cleavage. 

2. - Ewn, when the surface of fracture is smooth and free from 
inequalities. 

3. Rough, when the surface of fracture is rugged, with numerous 
small elevations and depressions. 

4. Sylintcry, when covered with small wedge-shaped sjdinters. 

5. llackly, when the elevations are sharp, slightly bent, or 
jagged, as broken iron. 

6. Earlhy, when it shows only fine dust. 

Taste, Odour, Touch. 

Taste belong.? only to soluble minerals. The different 
kinds adopted for reference are as follows ; — 

1. Aslriwjent, the taste of blue vitriol. 

2. Sweetish astringent, taste of alum. 

3. Saline, taste of common salt. 

4. Alkaline, taste of Soda. ’ 

5. Cooli'ng, taste of saltpetre. 

6. Bitter, taste of epsom salts. 

7. Sour, taste of sulphuric acid. 

8. Pungent, taste of sal-ammoniac. 

9. Metallic, taste of zinc sulphate. 

Odour . — ^Excepting a few gaseous and soluble species, 
minerals in the dry unchanged state do not give off odour. 
By friction, moistening with the breath, and the elimina- 
tion of some volatile ingredient by heat or acids, odours are 
sometimes obtained which are thus designated : — 

1. Alliaceous, the odour of garlic. Friction of arsenical iron 
elicits this odour; it may also be obtained from any of the arsenical 
ores or salts by means of heat. - 

2. Horse-radish odour, the odour of decaying horse-radish. This 
odour is strongly perceived when the ores of selenium are heated. 

3. Sulphurous. Friction will elicit this odour from pyrites, and 
heat from many sulphurets. 

4. Bilummous, the odour of bitumen. 

5. Fetid, the odour of sulphuretted hydrogen or rotten eggs. It 
is elicited by friction from some varieties of quartz and limestone. 

6. Argillaceous, the odour of moistened clay.’ It is obtained 
from serpentine and some allied minerals after moistening them 
with the breath'; others, as pyrargillite, afford it when heated. 

7. Empyreumatic or ozonic. Quartz, when two portions strike 
one another. 

Touch . — Some mmerals are distinguished by a greasy 
feeling, as talc ; others feel smooth, as celedonite ; others 
meagre, like clay ; others cold. This last character distin- 
guishes true gems from their imitations in glass. Some, in 
virtue of their hygroscopic nature, adhere to the tongue. 


j ChEMIC^U. PkOPEETIES OE iIlXEK.VI.S. 

1 j-^hfl’'^^tice oj Chemical Composition on the External Relation of 
[ Oharactet s of Aliuerals. That the characters of a com- composi* 
pound must to a certain extent depend on those of its ^ 
component elements seems, as a general proposition, 
admit of no doubt. Hence it might be supposed possible 
from a knowledge of the composition of a mineral to draw 
conclusions in reference to its fonn and its other properties ; 
but practically this has not yet been effected. 

' Tile distinction between the mineralizing and mineralizable or 
[ the forming and formed elements lies at the foundation of all such 
I inquiries. Certain elements in a compound apparently exert more 
than .an equal share of influence in determining its physical pro- 
perties. Thus the more important noii-metallic elements, as oxygen, 

' sulphur, chlorine, fluorine, are remarkable for the influence they 
exert on the character of the compound. The sulphurets, for 
example, have more similarity among themselves than the various 
compounds of one and the same metal with the non-metailic bodies. 

Still more generally it would appear that the electro-negative 
element in the compound is the most influential, or exerts the 
greatest degree of active forming power. After tlie noii-metallic 
elements the brittle, ea.sily fusible metals rank next in power ; then 
the ductile ignoble metals ; then the noble metals ; then the brittle, 
difficultly fusible ; and, last of all, the metals o/ the earths and 
alkalies. 

Generally each chemical substance crystallizes only in one form or 
series of forms. Some substances, however, show dirnorpliism, or 
crystallize in two forms, and thus may compose two or more minerals. 

Thus sulphur, which in nature usually crystallizes in the right 
prismatic system, when melted forms oblique prismatic crystals. 

Carbon in one form is the diamond, in another graphite; carbonate 
of lime appears as calc-spar and as aragonite ; the bisulphuret of iron 
as pyrite and as marcasite. .In example of trimorphism occurs in 
titanic acid, forming the three distinct species anatase, rutile, and 
brookite. It is remarkable that of dimorphic minerals one form is 
almost always right prismatic; thus; — 

JihomVic Form. 

Cyanite, anorthlc Siinmanitc, Andalusitt;. 

Calc-spar, hexagonal Vragonite. 

Sasannite. do. Leadhiiliie, 

AnalLe } 

PyrolusUe, right prismatic.. Polianlte. 

Cuprite, cubic Clialcotrichitc (?) 

Senarmontite, cubic Valcntinltc. 

Pyrite, do Marcasite. 

RammelsbcrgitCido Chloanthite. 

Argcntlte, do Acanthitc. 

Freie^ilcbenitc, oblitiue priimatic.....,..,, Diaphorite. 

Sulphur, do. Sulphur. 

Even the temperature at which a substance crystallizes influences 
its forms, and so far its composition, as seen in aragonite, Glauber 
salt, natron, and borax. 

Isomorphism . — Still more important is the doctrine of Isomor- 
isomorphism, designating the fact that two or more simple or phism, 
compound substances crystallize in one and the same form, or 
often in forms which, though not identical, yet approximate 
very closely. This similarity of form is generally combined 
with a similarity in other iihysical and in chemical properties. 

Among minerals that crystallize in the tesseral system, 
isomorphism is of course common and perfect, there being 
no diversity in the dimensions of the primary form; but 
for this very reason it is generally of less interest. It is of 
more importance among crystals of the other systems, the 
various series of which are separated from each other by 
differences in the proportions of the primary form. In 
these perfect identity is seldom observed, but only very 

great similarity. , . , - 

The more iinjiortant ibomorphie substances are either simple sub- 
stances, as (1) fluorine and chlorine; (2) sulphur and seleniuin; (3) 
arsenic, antimony ; (4) cobalt, iron, nickel ; (5) copper, silver, 
mercury, gold (?); or combinations ivith oxygen, as (G) hme, 
magnesia, and the protoxides of iron, manganese, zinc; (7) sesqui- 
oxiScs, as of iron, manganese, chromium, and aluniina ; (8) 
phosphoric acid, vanadic acid, arsenic acid; (9) sulphuric, selemc, 
chromic acids; or combinations witli sulphur, as (10) sulphuret ol 
iron and of zinc; (11) sulphuret of antimony and of arsenic; (l-)snl- 
phiiret ot lead, of copper, and of silver. These substances are iiamea 
warious from the singular property tliat in chemical compounds 
they can mutually rejdace cacli other in definite proportions, amt 
very often without producing any important change m the form or 
other physical properties. But there are numerous instances among 
the silicates where the mutual rcplacemeut of the isomoqihic 
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bodies, especially when the oxides of the heavy metals come in the 
room of the earths and alkalies, exerts a most essential influence on 
the external aspect of tlie species, particularly in regard to colour, 
specific gravity, and transparency. The varieties of hornblende, 
aiigite, garnet, eisidote, and many other minerals are remarkable 
proofs of this influence. This intermixture of isomoi-phie elements 
confers many valuable properties on minerals, and to it this depart- 
ment of nature owes much of its variety and beauty. Without the 
occasional presence of the colouring substances, especially the oxides 
of iron and manganese, the nou-metallic combinations would have 
exhibited a very monotonous aspect. It is also remarkable that in 
some silicates the substitution of a certain portion of the metallic 
oxides for the earthy bases seems to be almost a regular occurrence; 
whilst in others, as the felspars and zeolites, this rarely happens. 
This fact is also of great economic interest, as drawing attention to 
important elements often combined with others of less value. Thus 
iron oxide and clirome oxide, sulphuret of copper and sulphuret of 
silver, nickel and cobalt, may be looked for in connexion. The- 


general chemical formulaj for such compounds is formed by •writing 
11 (= radical or basis) for the whole isomorphic elements; and in 
special instances their signs are placed one below the otlier, con- 
nected by a bracket, or, as • is more convenient, are enclosed in 
brackets one after the other separated by a comma. Thus the gene- 
ral sign for the garnet is R-j Si, + ii Si, which, when fully express? 1, 

becomes (C113, F03, Jlgj, Mns) Sio + (AI, fe, ’Gr)Si; and this mineral 
forms many varieties as the one or other element preponderates. 

Of the forms special to similar groups of atoms the more notable 
are — the cubic system, special to metals proper, and binary 
compounds as protoxides and haloid salts ; the tetragonal to 
binoxides ; the rhombohedral to carbonates ; the l)e.xagonal to 
sesquioxides and phosphates and their isomorphs; the prismatic 
to sulphates and their isomorphs. 

The isomorphism of minerals goes as a whole to show that fonp 
depends on the number of molecules present, and is comparatively 
little influenced by the nature of the molecules themselves. 
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The arrangement adopted in the following description 
of mineral species is chemical. Simple substances are 
considered first, in the order of their quantivalence, then 
binary compounds, and lastly those of more complex 
structure. Our limits permit of the briefest notice of 
the less important, in order that more space may be avail- 
able for the delineation of the characteristic and transition 
forms of such as go to constitute the more important rock 
masses. 

The following abbreviations are used : — H., hardness ; 
G., specific gravity (distilled water at 60“ Fahr. and 
barometer 30 inches = 1); cl., cleavage; sol., soluble; 
s. [h. or n.] acid, sulphuric [hydrochloric or nitric] acid ; 
B.B., before blowpipe ; ox., oxidizing ; red., reducing ; c.c., 
chemical composition ; com., combination. 

In the chemical forinulm, barred letters express two 
equivalents, and the dots over the symbols indicate the 
combination with them of as many equivalents of oxygen 
as there are dots. 

In the symbolic notation the several faces of crystals 
are separated by semicolons, and the constituent members 
of combinations bj’- commas. The lettering on the faces of 
the figures is for the most part that adopted by Miller. 
In the enumeration of crystal forms, that which is tyi)ical 
of the mineral is placed first. 

SOIREE SUBSTANCES. 

1. SULPHUIl, S. 

(a) Right prismatic. P (p) polar edges 106“ 38', 84° 58', middle 

edge 143“ 17' ; ooP 101“ 58'; OP (c); ^P(s); P«j (ji). Crystals 
pyramidal, single or in druses ; also stalactitic,- disseminated', 
and pulverulent. Cl. basal and c»P. H. = 1 '5 to 
2‘6 ; G. =1'9 to 2’1. Fracture conchoidal or 
splintery ; brittle, sectile. Lustre resinous, streiik 
and colour sulphur-yellow, passing into red, brown, 
or green. .Sublimes in the closed tube. Fuses a 
little above the temperature of boiling water. 

Takes fire at 518° F., and burns with a pale blue 
flame with odour of sulphurous acid. C.c.: pure 
sulphur, occasionally mixed with traces of selenium, 
and when amorphous with clay or bitumen". Found 
chiefly in Tertiary strata. Localities : Girgenti in 
Sicily, with celestiue ; Conil in Spain ; Bex in Switzerland ; Cracow 
in Poland ; deposited from hot springs in Solfatara near Naples ; 
from hot springs in Iceland ; from sulphur springs in New York ; 
and in cavities of decomposing galena, cinnabar, and r)yrites at 
several localities. 

(5) Oblique ^jrismatic. The crystals of volcanic sulphur arc of 
this form ; they occur in the neighbourhood both of extinct and of 
recent volcanoes. They are slender, needle-shaped, and interlacing, 
and have generally mop or less of a red-brown tinge. ' Oxhaveer 
and Cape Reykjanes in Iceland, Sicily, and the volcanoes of 
the Pacific, the Chilian Andes, and' California yield this variety. 

2. Selensulphur, S.Se. 

Like sulphur, but reddish brown to orange-yellow. B. B. burns 
rvith fumes of selenious acid mixed with the sulphurous. Found 
m the crater of Volcano in the Lipari Islands, and Kilauea in 
tlawau. 


3. Selenium, Se. 

11. =2; G. =4'3. Brownish black to lead-grey; thin splinters 
translucent and red. From C'ulebras in Mexico. 

4. Telluuium, Te. 

Rhombohedral ; R 86“ 50'. In minute hexagonal prisms, with 
basal edges replaced ; usually massive and granular. CL lateral 
perfect, basal imperfect. H. = 2 to 2 '5 ; G. = 6 -1 to 6 'k Tin-white; 
sectile. C.c.; tellurium with a little gold and iron. Occurs at 
Facsebaya near Zalathna (Transylvania), and in several mines in 
Boulder county, Colorado ; masses 25 lb in weight have been obtained 
there. 

5. Arsenic, As. 

Rhombohedral ; R 85“ 36' (fig. 258). Usually in botryoidal 'Tii-valeat 
investing masses composed of numberless layers. 'Tlie structure is elements, 
fine granular, rarely columnar. G.=5'7to5‘93. Cl. basal. 

Colour black and dull, but when fresh broken very 
splendent and silver- wliite ; fracture uneven. 

Ivhen rubbed or heated gives out a garlic-like 
odour. B. B. volatile, with formation of wliite fumes. 

C.c.: arsenic, with some antimony, and traces of 
iron, silver, and gold. Andreosberg in the Harz, 

Annaberg, Schneeberg, Freiberg, Joachimsthal, Allemont (Dau- 
phine), Kongsberg (Norway), the Altai, Chili, Pebble mine (Dum- 
friesshire), Tyndrum (Perthshire). 

6. Antimonv, Sb. 

Rhombohedral ; R 87“ 35' ; but rarely crystallized, generally iii 
foliated or granular masses. Cl. bas.d. H. =3 ; G. =6'6 to 6'8. 'riu- 
i white, with slight yellow tarnish. Brittle and sectile. B.B. easily 
fusible; volatilizes, and on charcoal leaves a white deposit, hmning 
with a pale flame. Found at Andreasberg, Przibram (Bohemia), 

Sala (Sweden), Allemont, Southbam in East Canada, and Borneo, 

7. Allemontite, SbAsj. 

Hexagonal, siflierical, reniform, and investing. H. = 3'5 ; G. = 6'1 
to 6 '2. Lustre, when fresh, metallic. Tin- white to lead-grey, but 
with a blue or brown tarnish. B.B. strong odour of garlic, with 
residuum of oxide of antimony. C.c.: antimony 37 '85, arsenic 
62’15. Almost always in curved foliated laminae. Occiu's at 
Allemont, Przibram, Schladming in Styria, Andreasberg. 

8. Bismuth, Bi. 

Rhombohedral; R 87“ 40'. Crystals, -R, OR, generally distorted; 
also reticulated, spear-head twins, or arborescent ; also disseminated 
and granular. Cl. basal, perfect. H. =2’5 ; G. — 9'6 to 9'8. Brittle 
and sectile. Reddish white, often tarnished grey, brown, or blue. 

B.B. easily fusible, even in candle flame. Volatilizes on charcoal, 
leaving a citron-yellow crust. Sol. in n. acid ; solution pre- 
cipitated when thrown into water. Occurs in gneiss^ and clay 
slate in veins and disseminated, along with ore.s of cobalt, silvp, 
lead, and zinc. Alva in Stirlingshire, Cumberland, Devonshire 
and Gonuvall, Schneeberg, Marienberg, Joachimsthal, Bieber, 

Modum (Norway), Falun (Sweden), Bolivia. 

9. Telluric Bismuth, BETej. 

Bismuth 52, tellurium 48. Virginia, Dahlonega in Georgia, Mon- 
tana. A variety with. 7 per cent, of selenium and H.— 3 also 
occurs. 

10. TETRADYSiraE, BijTeoS . 

Rhombohedral ; 3R 68“ 10'. Almost alw.aj's twins of 3R and 
OR, with the faces of OR at 93°. Cl. basal, perfect. Sectile, and thin 
laminm fle.xible. H. = 1 to 2 ; G. =7'2 to 7'6. Steel-grey. B.B. 
fuses, yielding a grain of metal which ultimately volatilizes. Sol., 
in, n. acid. C.c.: 59 ’6 bismuth, 35 '9 tellurium, and 4 '5 sulphur. 
Schemnitz. 
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11. Weiiiilite, Bi{Te3S). 

Hexagonal. Cl. Lasal. H. ■= 1 to 2 ; G. = 8 ’44. High lustre. Steel- 
grey. U.C.: bismuth 61-15, tellurium 29 -74, sulpliur 2-33, silver 
2 "07. Deutsch-Pilseu in Hungary. 

12. JosEiTE, Bi 3 Te 2 (SSe) 2 . 

Hexagonal. 01. basal. G. =7-93. Colour grey-black to steel- 
grey. Brittle. C.C.: tellurium 15-93, sulphur 3-15, selenium 1-48, 
bismuth 79-15. San Jose (Brazil). A Cumberland variety 
yielded tellurium 6-73, sulphur 6-43, bismuth 84-33, corresponding 
to Bi^CPeSj). 

13. Diamond, C. 

Var. 1. Crystallized. — Cubic; very frequently hcmihedral. 
Ci-ystals most generally- with curved faces. Twins common on the 
octahedral face ; hemitropes also common (see Ugs. 170, 204, 205, 
207). Crystals vary remarkably in appearance (see figs. 259 to 262). 
Cl. octahedral. H. =10; G. = 3-5 to 3-6. Transparent, or translucent 
when of dark colour. Refracts light strongly. The back 2 >lancs of 
diamonds reflect all the light which strikes them at an angle exceed- 
ing 24° 13', and thence comes their peculiar brilliancy. High 
adamantine lustre. Colourless, but often tinged white, grey, and 
brown, — more rarely yellow, pink, blue, green, and black, those last 
named being the rarest. Disperses light higlily, and hence emits 
brilliant flashes of all the colours of the spectrum. Becomes posi- 
tively electric by friction. B.B. infusible, but burns into carbonic 




Fig. 259. Fig. 260. 

acid in oxygen gas. When air is excluded is unchanged at the 
temperature of molting cast iron, but at that of melting malleable 
iron is changed into a black coke, or, it is said, into graphite. 
Insoluble in all acids and alkalies. O.c..- carbon, with traces of 
silica and earths. Geologic formation ap()arently a laminated 
flexible quartz rook called it{>columitc, which occurs iu Brazil, the 
Urals, Georgia, and North Carolina, in tlie vicinity of jdaces where 
•liainonds have been found, ilinuto crystiils h.ave been found in 
xanthophyllite, and in talc slate and serpentine, in the Schischim- 
skian hills, near Zlatoust (Russia). They have also been obtained 
iu Brazil imbedded in a conglomerate composed of much-worn 
pebbles of quartz, chalcedony, and gold, cemented by limonite or 
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ferruginous clay. In South Africa they are imbedded in a stcatitic 
clay. Diamond-i were formerly obtained in India, at Banna, Raol- 
conda, and Golconda. So few are now obtained hero that the mines 
are let for £1 a year. From these mines were obtained not only 
the Kohinoor, which was possibly the same as the great diamond 
mentioned by Tavernier as having been seen by him in the pos- 
scssioti of the Great Hogul, which weighed 280 carats, but the 
Regent, of 136 carats (which, not only from its size, but from tlie 
per'fection of its form, is very much the finest diamond known), the 
Nizam, an uncut diamond of 340 carats, and the Carlow, rosc- 
cut, 193 carats. More, lately diamonds were found in great quantity- 
in the neighbourhood of Rio Janeiro iu Brazil ; they occur in two 
different deposits : the one called “gurgullio" consists of broken 
(luartz covered by a bed of sand ; the other, “ aisc-alho," consists 
of rolled quartz pebbles united by ferruginous clay ; both rest on 
talcosc clays, which arc the debris from talcoso rocks. The first 
deposit affords the finest diamonds, and both contain go d, plati- 
num, magnetite, and rutile. A dodeeahedril diamond of -o7 
carats was lately found at Bogagem iu this district; this was 


reduced by cutting to an oblong brilliant of 125 caraU, and is 
the second most valuable diamond,— the Kohinoor, now icduod 
to an imperfectly circular brilliant of 102 e.ar.ns, occupving the 
third place. The two coloured diamonds most worthy of note 
are a green diamond in the Dresden collection weighing 31 carats 
which IS a little deeper in tint than a beryl, and a blue di imond 
in the Hope collection, of 44 carats, as highly coloured .as a 
sapjdnre, which it is by some considered to be. Diamonds have 
lately been found in very large quantities, ami some of great size, 
north of the Capo of Good Hope ; these for the most part are of 
yellow colour and of very inferior value. While a Brazilian cut 
brilliant of one carat is worth from £20 to £25, the value of 
the finest brilliants from the Cape is only from £3 to £ 1, and that 
of t)ie yellow- diamonds is from £2 to £2, 10s. Apart from its 
employment as an ornamental stone, the diamond has an intrinsic 
value from its being utilized for cutting glass and for grinding and 
polishing other gems. Of late years its usefulness has had a new 
appliciition, it being employed for the drilling of rocks iu tunnelling 
operations and iu the boring of artesian wells. A singular obscrva- 
tion has resulted from these last methods of utilizing it, namely, 
that the hardness of the African iliamonds, as tested by the amount 
of their endnrauco, is markedly inferior to that of the Brazilian and 
Indian. So much is this recognized that, while the bort, or 
minute crystals, of the latter command a price of 15s. per carat, the 
African can be got for about 5s. The cleavage of cert.iin of tlie 
African diamonds is so eminent that even the heat of the hand causes 
some of them to fall iu jdeces. Such diamonds, generally octaliedr.i, 
may- be recognized by a peculiar watery lustre ; they are called plate 
diamonds. The above facts give some ground for the supposition 
that there may be a slight diiference in their composition, pus.dbly 
that both may contain small, but diiVerent, quantities of hydrogi-n. 
The cireumstanccs under which diamonds have been formed are 
altogether unknown. The fact of their being changed into a kind 
of coke at a very hi"h temperature is an argument against their 
having been produced through the operation of heat, and it has long 
been known that an excess of carbon dissolved by molten c.ist iron 
crystallizes on cooling in the form of graphite ; yet the only attemiits 
to form diamonds deserving of being mentioned as having been 
attended with any measure of succcess arc those in which sugar 
charcoal was dissolved in molten silver at the tcnipcrotiire only of 
meltiu" steel. There were thus obtained a few- minute black and 
also colourless octahedral and eubo-octahedral crystals with curved 
faces, mingled with a much larger amount of graphitoiilal carbon. 

Var. 2. Massive. — In black pebbles or masses called carboaadu, 
sometimes 1000 carats iu weiglit. 11. = 10; G. “3-012 to 3-12. 
C.C.: carbon except '27 to 2'07 per cent, of ash. Found in the 
mines of Baranco, Ac., in Bahia. 

Var. 3. Anthracilic. — Like anthracite, but sorutches the diamond. 
In mamniillar m.-isscs, partly in concentric J.'iycrs, and globuLr. 
Brittle. G. “1-66. C.c. : carbon 97, hydrogen -5, oxygen I S. 
AVheii cut.ind polished, refracts and disperses light, like the diamond. 
Suiqiosed from Brazil. 

14. GlOVl'lIlTE, C. 

He.xagonal in flat crystals ; p:p 85° 29'. Usually foliated, 
scaly, or compact. Cl. b.as.al. II. =0-5 to 1 ; G. =1 -9 to 2-2. Lustre 
metallic. Colour and streak black to dark steel-grey ; flexible in 

thill laminai; very scctilc; feels 

greasy ; leaves a mark on paper 
of its own colour; conducts elec- 

tricity. B.B. burns with diffi- a ' r-iC / » ^ Ck'-y a 'CA 

culty-; heated with nitre, de- ^ 

ilagrates. C.c. : carbon, with s’ * 

small quantities of volatile 

matter, and ,ash from 5 to 40 jier . ° 

cent. Strathfarrer (Inverness-shire), Hull, Craigman (.Vyrshire), 

Borrowdale iu Cumberland, Ural Houutains, Ceylon, Greeni.irni. 

Used for making pencils. 

15. Tin, Sn. 

Tetragonal in greyish white metallic grains. Rejiorted i ■xeur- 
ring with Siberian gold; with bismuthife from Guanajuato in 
Mexico. 

16. Iron, Fe. 

Cubic; iu grains and jdates or fiksemiimted. 11. -1-5; G.- N 
7 to 7 - 8 . Steel-grey or iron-bl.ack. Fracture hackly, very 
maonetic. B.B. infusible. Sol. iu h. acid. Two varictitj 
are°to be distinguished, (ti) Telluric /rea, in grain.-, and jda!.->. 
Almost pure iron, or contaims graphite, carbon, h-ad, or copi tr. but 
no nickel. At Chotzeti in Bohemia in lime.itone ; in an argiil-aaoUi. 
s.audstoue in the keuper .at MuhlhauM.'n ; in Thuriiigia -ihmg '-'ith 
fossils : in an ironstone conglunn'rate in Brazil, and in J.iv s in 


Antrim, Ireland; in 
jiian (Transylvania). 


(i) M'.:c,-ric iV-au, .st'.cl-grey to 
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Almost always contains nickel, with cobalt, copper, and several ! 
minerals which are non-terrestrial. When polished and etched 
with nitric acid the surface is marked by lines of uualFected inter- 
lacing crystals called Widinannstatten's figures ; most of the nickel 
is contained in these. Occurs in masses which vary in size from 
the smallest microscopic dust as dredged from the depths of the 
ocean to upwards of 32,000 lb. Many of these masses have been 
seen to fall. Several (suspected, however, to be terrestrial) have 
been found imbedded in a basaltic rock near Disco Bay in Green- 
land, one of which is 44,000 lb in weight. Several contain 
hydrogen in their pores, condensed to the e.xtent of eight times the | 
volume of the mass; and the ^fitted depressions frequently observable 
upon their surface give countenance to the view that, if not dis- 
charged from a volcanic throat, they were set at liberty by sonio 
sudden disrupting gaseous e.xplosion. 

17. Zinc, Zu. 

Rhombohedral. Said to bo found in large hexagonal pyramids. 
Cl. basal, perfect. H. =2; G. =7. Lustre metallic. Colour and 
streak bluish white. Pound in a geode in basalt near Melbourne, 
Australia, coated with smitbsonite, erythrine, and aragonite. Also 
in the gold sands of the Mittamitta river. 

IS. Copi'EU, Cu. 

Cubic (figs. 2S, 30, 26, 33, 37, 264). Twins, on an octahedral face. 
Crystals generally distorted. Often filiform and arborescent, or in 
plates and lamins. H. =2‘5 to 3; G. = 8'5 to 8‘9. Lustre dull 
metallic. Colour and streak copper-red, 
with yellow or brown tarnish. B.B. easily 
fusible, colouring the outer flame green. / I \ 

Sol. ill u. acid. Occurs in many rocks / I \ 

(generally igneous), and frequently asso- /\y' '\ A 

eiated with zeolites. In the Faroes, Unst ^ '/T ~n 

(Shetland), Cornwall, Chessy near Lyons, \ / I 

the Bauat (Hungarjt), Siberia, China, y )' V ! 

Mo.xico, Brazil, Chili, and Australia. \ Y / / 

Masses of great size are found, much the L,, / 

largest being from the Ontanagon river, 
on the south of Lake Superior. One Fig. 264. 

mass found iu February 1857 was 45 feet 

in length, 22 feet iu width, aud 8 feet iu thickness ; its weight was 
420 tons. Another was found in 1869, 65 feet iu length, 32 in 
width, and from 4 to 7 feet iu thickness ; this weighed upwards of 
1000 tons, aud had a value of 400,000 dollars. 

19. Lead, Pb. 

Cubic, but only in thin plates, capillary or filiform. Cl. none. 
H. =1‘5; G. =11‘36 to 11 '4. Ductile, malleable, and sectile. 
Bluish grey, but with a blackish tarnish. Found in lava in Madeira, 
and at the mines near Cartagena in Spain ; in amygdaloid near 
Weissig ; in basaltic tufa at Rautenberg iu Moravia ; with gold near 
Mount Alatau iu the Altai, at Velika in Slavonia, and at Olahpian 
in Transylvania ; near Ekaterinburg in the Urals ; in the district 
of Zomelahuacau in Vera Cruz, in foliated galena, iu granular lime- 
stone ; in the iron and manganese bed of Paisberg in Wermlaud 
(Sweden), with hamiatite, magnetite, and h.ausmaunite ; in white 
quartz, north-west, near the Dog Lake of the Kamiuistiquia, an 
alllueiit of Lake Superior ; imbedded in hornstoue in plates and 
grains, iu the mine of Bogoslovskoi in the Kirghiz ste])pes; in green- 
stone porphyry at Stiitzerbach in Thuringia ; with Inematite in the 
islands of Kias on the west coast of Sumatra. 

20. MEr.cuiiY, Hg. 

Cubic. Occurs in small liquid globules in its gangue, but may 
be solidified at - 39°, when it forms octahedral crystals. G. =13 ’596 
when liquid, 15'612 when solid. Lustre brilliant metallic; tin- 
white. B.B. volatile, sometimes leaving a little silver. Readily 
sol. in n. acid. Occurs generally in clay shales or schists of dif- 
ferent ages. The globules of mercury are usually found in rents 
in ciunabar, or accompanying calomel, .at most of the localities for 
those minerals. Found at Idria in Carniolaand Almaden in Spain. 
At Idria, it is obtained by washing a soft clay slate. In Transylvania 
and Galicia .springs issuing from the' Carpathian sandstone bear 
along globules of mercury. At the Pioneer mine in Califoniia some 
of the quartz geodes contain several pounds of mercury, -ilt Cividale 
iu Lombardy it is found iu an Eocene marl. It has also been 
observed occ.asioually in drift, and has even been stated to have 
been found in a peat bog. 

21. Su.vr.n, Ag. 

Cubic (figs. 26, 30, 33, 40, 37). Crystals genendly small, also ami 
most frequently filiform, arborescent, and in jilates or crusts. These 
either jiroject into cavities, coat their surfaces, or ramify in a reticu- 
lated manner throughout the mass of the rock. Twins of octahedral 
aud traiiezuhedral composition. Noel. II. =2'5 to 3; G. =10’1 
toll ’1. Lustre metallic. Colourand streak silver- white, but generally 
tarnished yellow, brown, or black, ilallcablc, ductile, and sectile, 
but less so than gold. B.B. e.usily fusible. Sol. in n. acid; 
the aolutiou culour^ the skiu bluck. C.c. : silver* with varyui" 


proportions of gold, phitinum, mercury, copper, antimony, and 
bismuth. The auriferous from Norway contains silver 72, gold 28 • 
from quartz reefs iu Sutherland, sUver 71‘4; gold 28'6. The 
cupriferous from Courcy near Caen contains 10 per cent, of copper. 
The antimonial from Bohemia contains 1 per cent, of antimony! 
The mercurial from Kongsberg in Norway has -4 of mercury, found 
chiefly in veins in gneiss, clay slate, and limestone. Localities : 
Alva and elsewhere iu Scotland, Ballycorus in Ireland, and Cornwall' 
in England ; at Freiberg, Andreasberg, and Kongsberg; aloim 
with native copper at Lake Superior ; in Me.xico, in Peru, and in 
tho United States. The finest crystallized silver occurs at Laks 
Superior, aud at Kongsberg. . At the last locality the crystr,' ;■ 
are an inch in diameter, and are disposed on large filiform 
brushes. Silver occurs in large masses ; three of 436, 560, 812 It. 
have been recorded from Kongsberg. A block whicli, smelted 
44,000 lb was for some years used as a table by Duke Albert on 
his aunual visits of inspection to the Sehueeberg mine in Sa.xony. 
A Mexican specimen was found of 400 lb ; tlie mines of Huaiitaya 
in Peru have yielded masses of 444 aud 960 lb. Britain pioduces 
annually' about 760,000 oz. of silver, chiefly, however, from lead 
pres. The value of annual produce for the whole world from all 
sources is from 8 to 10 millions of piounds sterling. 

22. SciiNEiDEUiTE (GoZif MjnaZyaw), AuoHgj. 

Tetragonal four-sided prisms, easily crumbling, yellowish white 
to white ; sometimes in grains the size of a iiea. C.c. : gold 41 '63, 
mercury 58‘37. Found at Mariposa in California. A variety 
(Au, Ag)g Hg 5 is found along with platinum in Columbia; this 
contains gold 38 ’39, silver 5, mercury 57 '40. 


23. Ahqueiute, AgjHg . 

Cubic. In octahedra, also, in grains and dendrites. G.'=10'8. 
Like native silver, but softer. O.c. ; silver 86'5, mercury 13‘5. From 
Arqueros in Coquimbo, Chili. Kongshergite, Agj^Hg, occurs at 
Kongsberg, with 95'1 of silver aud 4 '9 of mercury. 

24. Amalgam, Ag.Hgo, and AgHgj. 

Cubic (fig. 33, iu combination with 40, 30, 41, 38). Cl. dodeca- 
hedral. H. =3 to 3’5 ; G. =10'5 to 14. Colour aud streak silver- 
white. Fracture conchoidal, brittle, grates when cut. In closed 
tube yields mercury aud leaves silver. Sol. in n. acid. Tho first 
variety (silver 34 ’S, mercury 65 '2) occurs at Moschellandsberg 
in the Palatinate, where the veins of mercury aud silver intersect 
one another; tno second (silver 26‘25, mercury 73'75)_ there, 
and also at Allemont in Dauphine, Almaden in Spain, _iji 
Hungary, and iu Sweden. From Eosilla in Atacama (Chili) 
Domeyko reports the following other compounds; AgjHg^, silver 
46 ’8, mercury 53 •2, white and rilvery ; AgHg , silver 65 T, mercury 
44 '9, granular and dull; AgjHgj, silver 64'2, mercury 35'8; of the 
last there is a mass weigliing 22 lb iu the museum of Santiago. 


25. Gold, Au. 

Cubic (figs. 30, 26, 33, 40, 36) and more comple.x forms. Crystals 
generally smallaiid indistinct through elongation, assuming capillary 
and arborescent shapes. Also in thin plates. Twins rare; twin face 
octahedral. Frequently in rounded and apparently colloidal masses 
impacted in clay, or loose in small grains (pipettes) rolling in tho 
bed of sti’caras. Fig. 265 is of such a mass found iu Sutherlaud. 
No cl. H. =2‘5 to 3 ; G. = 17 to 19’4. Lustre metallic, hut fre- 
quently dull and partly 
coated with a brown crust. 

Colour and streak yellow- 
ish white to bright gold- 
yellow. Malleable, ductile, 
and sectile ; tlie purer 
varieties the more so ami 
the softer. B.B. easily 
fusible. Sol. in aqua regia, 
generally with precipitation 1 
of chloride of silver. Solu- 
tion yellow, stains skin 
purple-red, witli corrosion. 

O.c. : gold, with silver from 72 to 26 per cent. ; sometimes iron and 
copper under 1 per cent. Found in beds and veins generally of 
quartz iu metamorphic rocks of a schistose nature, rarely iu diorite 
and porphyry, and very rarely in granite. Its general associate 
is limonite, formed from decomposition of pyrite ; sometimes also 
haunatito aud magnetite. Occurs also in inicroscojiic grains iu 
quartz, from which it is extracted by crushing <iiid amalgamation. 
The geologic range is from tho Azoic to the Tertiary and Cretaceous, 
as ill California; but even in these more recent rocks the original 
source must have been at least Palaiozoic. Of localities which yield 
gold the following may be noticed: — tho Lcadliills in Septiaud, 
Wicklow in Ireland, Dolgclly in North Wales, Cornw.all in 
England ; Transylvania, Hungary, ami Piedmont ; the Urals, 
Ekaterinburg, and India ; Kordofan, the coasc opposite Mailiigas- 
car, and the Gold Coast (the fame of which has been recently re- 
vived) ; ilinas Geraes .in Brazil, Bolivia, North Carolina, and 
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California ; and more recently New Soutli Wales and Queensland 
in Australia, .Tasmania, and New Zealand. 

Some of the largest single masses of gold found in recent times are 
the following: — one of 22 oz. in Transylvania, of 28 lb in North 
Carolina, of 20 lb in California, one of 96 lb troy near lliask in the 
Urals, and one of 181 lb 8 oz., which yielded £8376, lOs. 6d., at 
Ballarat, Australia. 

The annual produce of gold from Australia is ahoiit 5 millions of 
pounds sterling, of the United States about 15 millions, and the 
whole earth about 23 millions. 

The following sub-species may be noticed : — 

1. Elcclrum. This name for the alloys of gold and silver 
was applied by Pliny, whenever the proportion of the latter 
metal was one-fifth. An alloy of 2 gold and 1 silver contains 21 per 
cent, of silver; this is found in Sutherland. One of 1 to 1 cont.iins 
36 per cent, of silver, this last being the most usual proportion. 
It occurs in Transylvania, in the Altai, and in Colombia. Its 
colour is brass-yellow to yellowish white. G. = 12'5 to 15‘5. 

2. Porpezite, or Palladium Gold {ouro-poudre), from Porpez in 
Brazil, contains 9 '85 per cent, of palladium and 4 "17 of silver, 

3. liliodium Gold, from Mexico (G. =15 '5 to 16 '8), contains from 
34 to 43 per cent, of rhodium. 

26. Platinum, Pt. 

Cubic ; rarely in small cubes or octahedrons, usually in minute 
scaly grains, sometimes cohering, and also in rounded lumps. No cl. 
II. = 4 to 4‘5; G. =17to 19. Lustre metallic. Colour and streak pale 
steel-grey. Malleable and ductile with difficulty, having a hackly 
fracture. When containing much iron, maguetipolar. B. B. in- 
fusible. Sol. in aqua regia, but only when heated ; solution red ; 
corrodes the skin. C.c. : platinum, but never to a greater extent 
than 86 '5 per cent. The remainder consists of iron, iridium, rhodium, 
palladium, osmium, gold, copper, and a mechanical mixture of irid- 
osmine. The iron e.xists in quantities varying from 4 ‘3 per cent, to 
double that amount. Occurs in Brazil in syenite ; near Popayan 
(Colombia) in alluvium, associated with chromite, iridium, palla- 
dium, gold, and copper; in the Urals in alluvium derived from 
crystalline rocks; and at Nijni-Tagilsk in serpentine along with 
cliromite. It is also found in Borneo, California, and Carolina, and 
is said to have been found in the county of Wicklow in Ireland. 
The sands of many rivers yield it in small amount. Platinum does 
not occur in large masses. A mass in the Madrid JIuseum from 
Condoto weighs 26i oz. ; masses have been found in the Urals from 
11 to 21 lb. 

Iron Platina is a sub-species. This, which has a composition 
FcPtj, and contains from 11 to 13 per cent, of iron, is found at 
Nijui-Tagil.sk. G. “llffi to 15'8 ; H. =6. It is maguetipolar, and 
attracts iron much more strongly than an ordinary magnet. 

27. Platiniuidiuji. 

In minute silver-white grains. = 6 to 7 ; G. =16'94 to 22'8. 
Contains 55'44 platinum, 2779 iridium, 6'86 rhodium, 4'14 iron, 
3 '3 copper, ’49 palladium. Is found in Brazil. 

28. luiDiu.M, Ir. 

Cubic (fig. 27). H. =6 to 7; G. =21 '57 to 23'46. Cl. cubic, traces. 
Very slightly malleable. Silver-white to steel-grey. B.B. un- 
changed. Insoluble in all acids. C.c. : 76‘8 iridium, 19'64 
platinum, 0-89 palladium, 178 copper. Found at Nijni-Tagilsk, 
generally in minute grains. Is the heaviest known substance. 

sub-species. From Ava in India. C.c.: 60 iridium, 
20 platinum (according to Prinsep). 

29. Palladium, Pd. 

Cubic ; in minute octahedrons, and in grains. H. = 4 ’5 to 5; 6. = 
11-3 toll-8. Malleable. Light steel-grey. B.B. infusible. Slowly 
dissolves in ,n. acid, forming a brown-red solution. C.c.: palla- 
dium, with a little platinum and iridium. From the gold sands 
of Brazil, often in small plumose crystalline lumps. Also from St 
Domingo, and the Urals. Does not tarnish with sulphurous fumes. 

30. AlLO PALLADIUM, Pda. 

' Hexagonal ; in small flat hexagons. Cl. basal, perfect. Lustre 
bright silvery. Colour pale steel-grey. From Tilkerode in the 
Harz, with gold. 

31. New.ianskite {Osmiridium), IrOs (iridium 49-78, osmium 
1 50-22) and IraOs. 

Hexagonal; P 124°. OP, P, coP. Generally in flat sc.ales. 
Cl. basal perfect. . H. =7; G. =18-8 to 19-47. Lustre metallic. 
Colour tin-white. B.B. unchanged. Insoluble 
in all acids. The analyses of this mineral give 
quantities of iridium varying from 44 to 77 per 
eent., and of osmium from 21 to 49. Kuthenium, 
rhodium, and iilatinum make up the 100 parts. 

The largest quantity of ruthenium is 8-49, and 
one variety from New Granada was found to,contain no ruthenium, 
but 12-3 of rhodium, which is more than double its usual amount. 
Occurs with platinum in Choco (Colombia) ; at Newjaiisk and 
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several localities in the Urals, iu Australia, in northern California 
(somewhat abundantly in gold sands), also in Canada. 

32. SissEiisKiTE (Iridosmium), IrOs^ (iridium 19-9, osmium 80-11 
and IrOsj (iridium 24-8, osmium 75-2). ' 

Rhombohedral; R = 84°28'. H. =7-5 ; G. =21-12. Colour lead- 
grey to bluish. B.B. becomes black, with strong odour of osmic 
acid ; in flame of spirit-lamp shines strongly, and colours flame 
yellowish red. Occurs in small quantity with newjanskite at all 
its localities, and in proportionally larger quantity at Sissersk iu the 
Urals. It is used for pointing gold pens, and in the United States 
sells at 50 dollars an ounce. 


COMPOUNDS OF FLUORINE, CHLORINE, BROMINE, 
AND IODINE (HALOID SALTS). 

33. Fluorite {Fluor-spar), CaF . 

Cubic (figs. 267 to 270, also figs. 31, 33, 36, 55, 56, 57, 58); also 
divergent crystalline, granular, and compact. Cl. octahedral ; 
fracture conehoidal ; brittle. H. =4 ; G. =3-1 to 3-2. Transparent 
to pellucid. Lustre vitreous. Colourless, but generally coloured 
purple, blue, green, yellow, white, black, and pink. Sometimes 
two or three colours disposed in layers in one crystal. Frequently 



s\‘‘\ f \A 


Fig. 267. 
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Fig. 269. 


Fig. 270. 


phosphoresces with different tints of light, when heated. B.B . de- 
crepitates and fuses to an opaque bead. Sol. in s. acid with evolution 
of hydrofluoric acid. C.c.: 51-3 calcium, 48-7 fluorine. Common 
in veins, generally associated with metallic ores. Shetland, Suther- 
land, on the Avon, and Ballater in Scotland; Cumberland, 
Northumberland, Derbyshire, and Cornwall; Saxony, Bohemia, 
Freiberg. Used to be turned into vases and other ornaments ( “ blue 
John ”) ; formerly employed as a flux, now for etching and obscuring 
, glass. 

34. Yttroceuite. 

In crystalline crusts. H. = 4 to 5 ; G, =3-4 to 3-5. Translucent ; 
vitreous. Violet-blue to grey or white. B. B. infusible. Evolves 
fluorine when heated with sulphuric acid. C.c : fluorides of cerium, 
yttrium, and calcium. Finbo and Broddbo near Falun (Sneden), 
Massachusetts and New York. 

35. FLUOCERirE, CeF -i- Ce 2 F 3 . 

Hexagonal. H. =4 to 5; G. =4-7. Opaque-or translucent on the 
edges! Pale brick-red or yellowish ; streak yellowish white. B. B. 
infusible. In closed tube gives out hydrofluoric acid. C.c.: 82-64 
pero.xide of cerium, 1-12 yttria, 16-24 hydrofluoric acid. I into 
and Broddbo. 

36. Fluocerine, CeoF3-4(Ce203-f H.p). 

Massive; fracture conehoidal. H. =4-5 to 5. Opaque; resinous. 
Bright yellow to reddish brown; streak brownish yellow. B.u. 
infusible, darkens with the heat ; colour restored on cooling. C.c. : 
cerium 17-6, fluorine 10-9, sesquioxide of cerium 66-4 water 5 I. 
From Finbo. 

37. Bastnaesite, Ce„F3-t-Ce„03-l-4H30, and 

38. Hamartite, 2(LaO,CeO)3CO, -4 CeF 3 , are similar. Thc fiwt H 
from Bastnaes in Sweilcn, the seconil from 1 ike s I cak in Colorado. 
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39. Floellite, ALFj. 

Eight prismatic, lii acute rhombic octaliedroiis with truncated 

apes. Polar edges 109° G' and 82° 12', middle 144°. H. = 3. Lustre' 
vitreous. Colour white; transparent. Stenna-gwyn in CoruwalL 

40. Ceyoute, 3EaF-f .:ll2F3. 

Anorthic ; but mostly in cleav- 

able masses. AT : T 91° 57' ; P:T 
90° 2'; FiJI 90° 40'. Cl. P 
perfect, J[ and T imperfect ; 
brittle. H. = 2-5 ; G. -2-9 to 3-08. 

A'^itreous, somewhat pearly on P. 

Translucent ; after immersion in 
water transparent. Colourless and 
snow-white ; but when deep-seated 
brown to black. Melts even in 
llamc of candle to .a white enamel. 

In open tube traces of hydrofluoric 
acid. Sol. in s. acid. C.c. ; alumi- 
nium 13, sodium 32'S, fluorine 54:2. 

Arksutfiord, Greenland ; Miask, 

•Siberia. Used for manufacture of a wliite glass, and extractio.n of 
aluminium. 

41. AuK.suriTE, (CaNa)3F-l- ALFj. CazJTa^liS. 

Massive granular. H. = 2 '5 ; G. = 3 '03 to 3 T8. Cl. one distinct. 
ATtreous; white; translucent C.c.: aluminium IS '6, sodium 23‘3, 
calcium 6 S, fluorine 51 '3. Arksutfiord. 

42. CiiioLiTE, 32J'aF-l-2Al2F3. 

Pyramidal, and twins (fig. 272). 

Middle edge 111° 14'. Mostly granu- 
lar. Cl. imperfect. H. = 4;G. =2'S4 
to 2'9. Resinous ; white. Fuses more 
easily than cryolite ; evolves hydro- 
fluoric acid. C.c. : aluminium IS'6, 
sodium 23 ‘4, fluorine 58. Ilmen 
Mts. near Miask. 272 (species 42). 

43. CiionxEFFiTE, 2E’aF-f ALF3. 

G. = 3. Other characters like chiolite, and from same locality. 

44. Pachxolite, 3(Ca]17a)F-b ALF3-4 2HoO . Ca:I7a=3:2. 
Oblique prismatic. c»P9S°34'; always twins. ATtreous; white; 

semitransparent. C.c. : aluminium 12'3, calcium 16T, sodium 12‘4, 
fluorine 51 T, water 8T. Evolves water with cr.ackling, when 
heated ; other characters like cryolite, along with which it occurs in 
Greenland. 

45. T110.MSEXOLITE, 2(CaNa)F-pAl2F3-t-2H.,0. Ca:17a = 7:3. 
Oblique prismatic. Prismatic planes striated; <»P 89° (fig. 273). 

Cl. basal, perfect. H. = 2'5 to 4 ; G. = 274 to 276. ATtreous ; cleav- 
age face pearly. AVhite with yellow crust; translu- 
cent. C.c.: aluminium 15, calcium 15 '4, sodium 
7 'C, fluorine 52 '2, water 9’S. B. B. fuses more easily 
than cryolite to clear glass, decrepitating violently. 

Along with cryolite in Greenland. 

4G. GE.VIIKSUTITE, Ca.jF -)- AI0F3 -b dHoO . 

Earthy. H. = 2. AVhite; dull; ojjaque. C.c.: 
aluminium 15’5, calcium 19'3, sodium 2'5, fluorine 
41’2, water 20'3. Along with cryolite. 

47. Evigtokite, 2CaF..-b ALFa-b21LO. 

Cryst.allino. Soft; brittle; like kaolin. C.c.: 

calcium 22 '39, aluminium 16 '23, sodium '43, 
fluorine 55 ’24, water 5 71. Arksutfiord, Green- 
land. 

48. Pnosoi’iTE. 

Oblique prismatic. A hydrated silico-fluoride 
of aluminium and calcium. H. = 4 ;- G. “2'89. 

Colourless imbedded crystals. From the tin- 
mines of Altenberg. 

49. C.VLOJtEL, Hg.jCl. 

_ Pyramidal ; P 135° 50’ (fig. 274). H. = 1 to 2 ; 

G. -»6‘4 to G’5. 'frauslucent ; adaimautine. Yel- 
lowish white to grey. Sublimes unchanged inclosed 
tube ; with soda yields mercury. Insol. in n. acid. 

C. c. : mercury 35, chlorine 15. Moschcllandsberg, 

Idri.a, Ahuadeu. 

50. Sylvite, KCl. 

Cubic (figs. 2G, 30); also massive. Cl. cubic. 

H. “■2; G — I’O to 2. White or colourless. , 

A'itreous ; soluble; taste like common salt. rig. -r4 (sp. 49). ^ 
C’.c.: potassium 52'5, chlorine 47 "5. B.B. fuses, and colours 
flame violet. Crater of ATsuvius, and salt beds of Stassfurt. 

51. II.VLITK (Coi/uiio)i Salt, Jlock-iiill), JCaCl. 

Cubic (fig.2I) ; generally granular, sometimes fibrous- Cl. cubic. 


H.=2; G. =2-1 to 2'2. 'frausparent to translucent vitreous. 
Colourless or white ; but often coloured red, yellow, or blue. 
Taste saline. B.B._ fuses and partly evapomtes ;• colours flame 
yellow. C.c.: sodium 39‘3, chlorine 607. In gre.at beds at 
AVieliczka, Salzburg, Be.x, &e., on the Continent; Cheshire in 
England. As an efflorescence in Brazil, Abyssinia, the Caspi.ai and 
Aral Seas. As a sublimation among lavas at A’'esuvius and other 
volcanoes. 

' 52. Saemiac, XH^Cl. 

Cubic (figs. 30, 40, .and 41 with 26, 33, 40). Cl. octahedral ; also 
stalactitic, globular, and as an efflorescence. H. = 1 ‘5 to 2 ; G. == 1-5 
to 1 ‘6. Pellucid ; vitreous. Colourless, but sometimes stained. 
T.asto pungent. B.B. directly volatile ; in , copper colours flame 
bluc-grecn. C.c.; 32 ammonia, 66 ‘4 chlorine. A sublimate on 
active volcanoes. Vesuvius, island of Volcano, Iceland. Xtar 
coal-seams which have token fire, in Scotland and at Newcastle. 

53 . Ciiloiio-Calcite, CaCl-r(KCl, NaCl). 

Cubic. Yesuvian bombs. 

54. Ceraiigyuite, AgCl. 

Cubic (fig. 26). 'Pwins on octahedral face. No cl. ; chiefly 
massive in crusts. H. =1 to 1‘5; G. =5’5 to 5‘6. Fracture con- 
choidal. Malleable. Translucent; adamantine to resinous. Grey, 
yellowish, and greenish. B. B. fuses easily to a dark bead, reduced 
in inner flame. Soluble in ammonia. C.c.: silver 75, cbloriuo 
25. Johanu-Georgenstadt, Mexico, Peru. 

55. Emboute, 2AgBr-t 3AgCl. 

Cubic (fig. 29); also massive or concretionary. H. = ltol 3; 
G. -^o'S. Adamantine to resinous. Green and yellowish green. 
C.c.: silver 67, chlorine. 13, bromine 20. Chili, Mexico, Honduras. 

56. Bro.mite, AgBr. 

Cubic (figs. 26, 30). H. =1 to2; G. =5'8 to 6. Splendent. A'ellow 
to olive-green; streak siskin-green. B.B. fusible easily,. C.c.; 
silver 57’5, bromine 42’5. San Onofre and Plateros (Jlexico). 

57. lODl TE, Agl . 

Hexagonal. Cl. basal ; also massive, and in crystalline plates 
some inches in ividth; tliese are flexible. H. “Ito 1‘5; G. = 
S'5to 57. Translucent; adamantine. Citron and sulphur-yellow; 
streak yellow. B.B. fusible, colours the flame purple-red, and 
leaves button of silver. C.c. : silver 46, iodine 54. Zacatecas in 
Mexico, Algodones in Chili, Arizona, rarely in Spain. 

58. COCCINITE, Hglo. 

In grains of an adamantine lustre, from Casas-Viejas in ilexico. 
Colour red to yeUow ; in acute rhombic prisms. aUso from Zimapau 
and Culebras. 

59. Tocornaclite, Agl-fHgoI. 

Amorphous, yellow, soft. Cbanarcillo in Chili. 

60. COTUXKITE, PbCl. 

Right prismatic. H.=2; G. = 5-238. , Transparent ; high ada- 
mantine to pearly. AA'hite. C.c. : lead 74, chlorine 26. Crater of 
Vesuvius. 

61. AIolysite, Fe.jCl3. 

Incrustiug. Brownish red and yellow. On lavas of Vesuvius. 
C.c.: iron 34’5, chlorine 65 '5, 

62. Cabnallite, KCl-i-2MgCl-H2H50. 

Right prismatic. Noel. Conchoidal fracture. H. =2to2‘5: 
G. = 1'6. Colourless, generally red from iron. C.c.: 34'2 chloride 
of magnesium, 26 ’9 chloride of potassium, 38 '9 wafer. Stassfurt, 
Galicia, Persia. 

63. Taciuiydrite, CaCl-(-2MgCl-f I2H2O. 

Massive. Yellow, translucent, very deliquescent. In anhydrite- 
C.c.: calcium 7'46, magnesium 9’51, chlorine 40'34, water 42’69. 
Stassfurt. 

64. Kremersite, KCl-i-NPIiCl-pFe2C]3 4-3H20. , 

' Cubic ; in octahedra. Ruby-red. Soluble. Fumaroles of 
A''esuvius. 

65. Erithrosidebite, 2KCl-f-Fe..Clj-F2ILO . 

Right prismatic. A^'esuvian lava. 

66. if.VTLOCKITE, PbCl-fPbO. 

Pyramidal; P 136° 17'. Crystals tabular. Cl. b.asal; fracture 
conchoidal. II. =.2’5 ; G. =>7‘21. Translucent; adamantine, 
A'cllowish white. B. B. fuses easily with decrepitation ; colours 
flame blue. 'C.c.: chloride of lead 55’5, oxide of lead 44‘5. 
Cromford in Derbyshire. 

67. Me.sduute, PbCl-f2PbO. 

Bight prisiiuatic; chiefly massive. Cl. ceP perfect 102° 36'. H. “2’5 
' to 3; G. “7'to 7‘1. Fracture conchoidal. Translucent; adauiaii- 
tino to pc.irly. Yellowish or greyish white. BB. dccrepit.itcs, fuses- 
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Fig. 275 (sp. 69). 


jasily. Sol. in n. acid. C.c. : chloride of lead 40, protoxide of 
lead 60. Mendip Hills, and Brilon in Westplialia. 

. 68. ScHWARTZEJIBERGITE, PbI + 2PbO. 

Ehombohedr.al ; in thin crusts. H. =2 to 2'5 ; G. = 57 to 6‘3. 
Adamantine. Honey-yellow. Desert of Ata- 
cama. 

69. Atacaiiite, CuC1 + 3Cu0,H„0. 

• Eight prismatic ; coP (J/) 112“’ 25', Pco (P) 

106” 10', cdPm (A) (fig. 275); also reniform. 

CL h perfect. Semitransparent ; vitreous. 

Emerald - green ; .streak apple- 
green. B.B. fuses, leaving cop- 
per. Easily soluble in acids. 

C.c. : copper protoxide 55’85, 
copper 14'86, chlorine 16'61, 
water 12‘68. Atacama, Chili ; 

Tarapaca, Peru; Bolivia ; Burra- 
Burra, Australia ; Serra de 
Bembe, Ambriz, Africa ; Vesu- 
vius and (?) Etna. 

70. Tallinqite, CuCl, H^O-rfCuO, HjO. 

In crusts. H. =8; G. =3*5. Bright blue to 
greenish blue. Translucent ; brittle. Botallack 
in CornwalL 

71. Perctlite, (PbCl + PbO) + (CuCl + CuO). 
Cubic (com. of figs. 26, 30, .33, 36). H. =2. 

Vitreous. Sky-blue. Sonora in ilexico. 

72. CoKNELUTE. 

rig._/Ol:.p. Hexagonal (fig. 276). i : r 143“ 10' ; r ; r 132” 
50'. Crystals acicular. Vitreous ; translucent. Vitriol-blue. A 
chloride and sulphide of copper. Wheal Unity and IVlieal Damsel 
(Cornwall). 


OXIDES OF METALS. 

1. SUDO.XIDES AKD PROTO.XIDES. 

73. Cuprite, CaD . 

Cubic (figs, 22, 30, 33, 26, with 39, 40).\ Compact and granular. 
Cl.'octahedral ; brittle. H. =3'5 to 4 ; G. =57 to 6. Transparent 
and opague ; adamantine. ' When transparent, crimson ; when 
opaque, cochineal or brick-red. Often tarnished grey. B.B, 
becomes black, fuses, and is reduced on charcoal. Soluble in acids 
and in ammonia. C.c. : 88'9 copper, ll’l oxygen. Cornwall, 
Siberia, Banat, Ches-sy near Lyons, Linares in Spain, Urals, South 
Africa, Burra-Burra. Valuable copper ore. Chalcotrichite consists 
of cubes elongated so as to become fibrous. Tile-ore is a ferruginous 
variety. Hepatic copper, liver ore, or pitchy copper ore seems to 
be a product of the decomposition of chalcopyrite. Delafossile, 
CunO-f-FcjOj, from Bohemia and Siberia. 

74. Water, HjO . 

Hexagonal, when solid, in complex twins in snow crystals; 
rhombohedric by cleavage, in ice. H. = 1’5; G. = '918. Hence 1000 
of water=1089'5 of ice, or water expands I’rth in freezing. Trans- 
parent ; vitreous. Colourless, but in bulk pale emerald-green. E 
117“ 23". Cl. basal. Water when pure colourles.s, in mass bluish 
green. Occurs in centre of geodes of chalcedony in China ; of 
druses of quartz in California and many other countries ; in 
zeolitic cavities to the amount of several gallons in the Faroes, also in 
the Hebrides, &c. Water of the ocean, from holding saline matters 
in solution, has G. = 1 '027 to 1'0285. Waters of s.iline lakes contain 
sometimes 26 per cent, of salts, and have G. 1'212. Besides its 
vast bulk in the ocean, water occurs in enormous amount in the solid 
form, often as water of crystallization in rocks and minerals, e.(j., 
zeolites. Igneous rocks in some districts are converted largely 
into saponite, which contains 25 per cent, of water. Water is the 
standard for specific gravities of solids and liquids ; 1 cubic inch 
at 60” F. and 30 inches of the barometer weiglis 252'458 grains ; 1 
litre weiglis 1000 grammes. 

75. Pehiclase, MgO. 

Cubic; in cubes and octahedrons. Cl. do. H. =6; G. =3'6 to 
375. Tran.sparent; vitreous. Grey to dark green. B.B. infusible. 
SoL in acids. C.c. : magnesia, with 6 to 8 of iron o.xide. Sorania. 

76. Buxsexite, NiO . 

Cubic ; in octahedrons. H. =5'5 : G. =6'4. Vitreous. Pistachio- 
green. Johann-Georgenstadt. 

77. Zincite, ZnO. 

Hexagonal and granular. Cl. ba.sal. H. = 4 to 4‘5 ; G. = 5'4 to 
5'5. Adamantine; translucent. “Blood- or hyacinth-red; streak 
orange-yellow. B.B. infusible, but phosphoresces. C.c. : zinc 


80'26, oxygen 1974; sometimes with manganese peroxide. 

V aluable ore of zinc. Franklin and Sterling in Xew Jersey. 

78. M.UiSicOT, PbO. 

Massive ; scaly crystalline. H. =2 ; G. =7-8 to 8. Sulphur- or 
lemon-yellow ; often contains iron. Popocatepetl in Mexico. 

79. Melacoxite, CuO. 

Cubic; compact. H. = 3 to 4; G. = 6 to 6-3. Black. B.B. 
infusible ; soluble in acids. Cornwall, Leadhills, Lake Superior, 
Burra-Burra. 

80. Tenokite, CuO. 

Oblique prismatic ; occurs in thin scales of metallic lustre on lava 
of Vesuvius. Colour black and dark-red. 

2. Sesquioxides. 

81. Corundum, ALO3. 

Hexagonal^ E 86” 4'. Twins common. CL rhombohedral, and 
bas-al. Excessively tough, and difficul tly frangible. H. = 9 ; G. = 3 '9 
to 4'2. Transparent or translucent ; vitreous, but pearly to metallic 
on basal face. B.B. unchanged. As Corundum, white, grey, and 
greenish, frequently with bronzy lustre on basal face. C.c. : alumina, 
with a little peroxide of iron. China, Ceylon, Bohemia, Malabar, 
Macon in North Carolina (one crystal 300 lb weight). Emery is 
compact, crystalline, granular ; grey to indigo-blue. Asia Jlinor, 
Naxos, Spain, Greenland, America. Corundum is used when crushed 
for cutting and polishing gems in China and India, emery in powder 
for grinding. Alumina oc- 
curs also in a purer state in 
transparent crystals of vari- 
ous tints of colour. When 
red and of the colour of 
pigeon’s blood they are 
termed Eubies; these come 
from Syriam in Pegu, Ava, 

Ceylon, Bohemia, and near 
Exp.aillj*. When 5 carats in 
weight a ruby is twice the 
value of a diamond of the 
same size, when 10 carats 
three times the value. 

When blue the crystal is the 
Sapphire, found chiefly in 
Ceylon and Pegu ; when 
green it is the Oriental 
Emerald, when yellow the 



Fig. 277. 


Fig. 278. 


Oriental Topaz, when purple the Oriental Amethyst, — the adjective 
here distinguishing them from the true or occidental stones of the 
same name. Other tints of colour also occur, but with the excep- 
tion of the red and blue they are seldom pure or deep. The prism 
when cut with a hemispherical dome sometimes displays a six- 
rayed star, either of a bright gold or a silvery white colour, upon a 
greyish blue ground, niese receive the name of Asleria Sapphires. 
'I'he same crystal frequently shows portions of even three different 
tints. When perfectly devoid of colour, they are called Water 
Sajy^hires', such are little inferior to the diamond in brilliancy, 
but do not disperse rays of light to the same extent. 

82. H.EM.VTITE, Fe^Oj. 

He.xagonal and rhombohedral ; E 86”. Crystals rhombohedric, 
prismatic, and tabular. Twins with axes parallel. Cl. E, and basal ; 
fracture conchoidal; brittle. H. = 5’5 to 6 "5; G. =5T to 5 '3. 
Opaque, but in thin laminse transparent and blood-red. Brilliant 
metallic lustre, iron-black to steel-grey, often brilliantly tarnished of 
red, yellow, green, and blue tints ; 
streak cherry-red. B.B. in the inner 
flame becomes black and magnetic. 

Sol. in acids. C.c.: iron 70, oxygen 
30. The following are varieties or 
subdivisions: — 

Elba Iron Ore, highly modified 
rhombohedral crystals, often bril- 
liantly tarnished. Specular Iron Ore, 
in thin flat crystals, often from 
volcanoes, as on the island of Ascen- 
sion ; this variety includes Micaceous 
Iron, thin, lamellar, and curved, and 
Ecd Iron Froth, scaly, lied Iherna- 
lite, in botryoidal and stalactitic 
forms, which are internally com- p. 

posed of radiating fibres, and often ’ 

have a concentric structure ; the external surface bas_ a dark 
red to a brownish red hue. Compact and Ochrey varieties, with 
more or less aluminous impurity, pass into Reddle or red chalk, ana 
when still more earthy into jaspery and columnar ores. _ am ore is 
veiy commonly distributed: — micaceous iron at Pitfichie in Aberdeen 
and Birnam in Pertlishire ; red hamiatite at Leadhills and at 

xvr, — 49 
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Ulverston iu Lancashire ; specular irou at Tavistock in Devonshire 
and in Cuinherland. ilartitc seems to be the same substance in 
pseudomorphs after magnetite ; it occurs in oetaheJra in Bute, 
Framont (Vosges), New York, and Brazil. 

83. iLiiESiTE, (Fe,Ti)o03. 

Rhombohedral ; K. 86°. Crystals rhombohedral and tabular, also 
in twins. Cl. basal ; fracture conchoidal. H. = 5 to 6 ; G. = 4 "66 to 5. 
Opaque, seinimetallic, iron-black 
to dark brown ; streak black or 
reddish brown. Sometimes slightly 
magnetic. B.B. infusible, but with 
inicrocosmic salt forms a red glass. 

Slowly sol. in s. acid when pow- 
dered. C.c. : peroxide of iron, with 
from 8 to 53 per cent, oxide of 
titanium. Occurs in metamor- 
])hic rocks.' Common in chloritic 
gneiss in Scotland ; Menaccan (Cornwall), Ilmen Mountains, Salz- 
burg, Egersund (Norway), Arendal, Dauphiue (Crichtoiiite), Massa- 
chusetts (JVashinglonitc). 

84. ISEItlXE. 

Cubic ; iu octahedra. Strongly magnetic ; in other respects similar 
to ilmenite, but occurs in igneous rocks. Common as black iron- 
sand iu Scotland ; Iserweise in Bohemia, Auvergne, Canada, New 
Zealand. 

3. CoMPOu:xDS OF Sesquioxides with Photoxides (Swxels). 

85. Magnetite, FeO, Fe^Oa. 

Cubic (figs. 35, 30, 33, 29, 34, 37, with 40, 41, 36). Hemi- 
tropes common on octahedral face (fig. 169). Twins (fig. 261). Faces 
of coO striated iu long diagonal. Often compact and granular. Cl. 
octahedral ; fracture conchoidal or uneven ; brittle. H. =5'5 to 6‘5; 
G = 4'9 to 5'2. Opaque; lustre metallic. Iron-black to brown; 
streak black. Highly magnetic ; often polar, forming natural 
magnets. B.B. becomes brown and non-magnetic, fusing with 
difficulty. Powder sol. in h. acid. C.c. : 31 protoxide and 69i)er- 
oxide of irou; or 72'4 iron, 27 '6 o.xygen; sometimes with titanic acid. 
In crystals in Shetland and Sutherland ; also Cornwall and Antrim, 
Traversella (Piedmont), Tyrol, Styria. Massive at Danuemora and 
Taberg (Sweden), Norway, Urals, Harz, Saxony, Elba. This is 
the most important ore iu Norwajq Sweden, and Russia, and affords 
the finest irou. 

86. Magnesio-Feeuite, MgO, FcjOg. 

Cubic (fig. 30). H.=6 to 6-5; G.=4-57 to 4'66. Other 

characters same as magnetite. C.c. ; magnesia 20, peroxide of iron 
87. Fumaroles of Vesuvius. 

87. Jacobsite, (MuO, MgO), (FcoO^, MmOj). 

Cubic; 0. Black ; vitreous ; streak red. Nordmark in Sweden. 

88. Frankuxite, (FeO , ZuO , MuO), (FcoOj , Mn^Oj). 

Cubic (figs. 34, 64) ; also granular. Cl. octahedral ; fracture 
conchoidal ; brittle. H. =5 ’5 to 6 '5 ; G. = 5-07. Metallic lustre. 
Iron-black ; .streak reddish brown. Opaque ; slightly magnetic. 
B.B. infusible, but shines and throws ont sparks. On charcoal with 
soda a deposit of o.xide of zinc. Sol. in h. acid with evolution of 
chlorine. C.c. : about 67 irou oxide, 17 manganese peroxide, 16 
zinc oxide, Franklin and Sterling (New Jersey). 

89. Curomite, FeO, CroOa . 

Cubic; in octahedra, generally granular-massive. H. “S'S; 
G. =4'4to4'5. Opaque ; semimetallic to resinous. Iron-black to 
dark brown ; streak reddish brown. Fracture uneven ; sometimes 
magnetic. B.B. unchanged ; iured. flame becomes magnetic; with 
borax forms an emerald-green bead. Not soluble iu acids. C.c. : 
19 to 37 protoxide of iron, 0 to 15 magnesia, 36 to 64 peroxide of 
chromium, 9 to 21 alumina. Unst (Shetland), Towanrieff (Aber- 
deenshire), Silesia, Bohemia, ^ Styria, Urals, Turkey, Baltimore, 
Jlassachusetts, and Hoboken. The ore of eliromium ; used for 
dyes. Irite is chromite mixed with iridosmiuin. 

90. UmvNiNtTE (Pitc/t iSioicfe), UO, UjOj. 

Cubic (fig. 30); usually massive and botryoidal. H. =5 to 6; 
G = 6 ’5 to 8. Lustre pitch-like to submetallic. Colour velvet-black, 
brownish black, and grey. B.B. infusible. Not sol. in h. acid, 
but easily in hot n. acid. C. c. : oxides of uranium 80, wit li a mixture 
of other oxides. Johann-Georgenstadt, Annaberg, Przibram, Ked- 
ruth in Cornwall. The chief ore of uranium. 

91. Gahnite, ZnO, AI 0 O 3 . 

Cubic (figs. 166, 30, 33, and tvith 39, 40), Hemitropes like 
magnetite. Cl. O; brittle, with conchoidal fracture. H. =7'5to 
8; G. “d’S to 4'9. Opaqiie; vitreous to resinous. Dark leek-gveen 
to blue; streak grey. B.B. unchanged. Unaffected by acids or 
alkalies. C.c.: 44 oxide of zinc, 56 alumina. Falun, Broddbo, 
Iladdam in Connecticut, and Franklin in New Jersey. Btjduite 
contains 42 per cent, sesquioxide of iron; Kreittonite contains 
24 oxide of manganese. 



92. Heroynite, FeO, ALO3. 

Cubic; generally granular massive. H. — 7'5 to 8; G. -=3-9 to 
3'95. B.B. infusible. C.c. : oxide of irou 41 '1, alumina 58'9. 
Konsberg iu the Bohmerwald. 

93. Spinel, MgO, ALO3. * 

Cubic (figs. 30, 33, 40 with 26); hemitropes united byface of 0. Cl. 

octahedral ; fracture conchoidal. H. =*8 ; G. =3'4 to 4T. Trans- 
parent to opaque ; vitreous. Black, red, blue, green ; streak white. 
B.B. infusible and unchanged. C.c.: 28 magnesia, 72 dumina; 
some with a little iron, and, the red varieties some chromium; 
Varieties are — Spinel Ruby when scarlet, Balas Ruby when rose-red ; 
both often sold as the true ruby', but not nearly so valuable ; when 
of 4 carats valued at half the price of a diamond the same size. These 
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Fig. 283. 

come from Pegu (native name Balachan). The violet-coloured.is the 
Alabandine ruby from Alabandin in Caria, (AsiaMiuor). The orange 
red is the Rubicella. The above also occur at Ceylon, Ava, and Siam. 
Sapphirinc is. p.ale sapphire-blue to gi-eenish or 
reddish blue ; IroiUiAker in Sweden, Greenhaud, 

.and North America. Plconasle, dark green or 
blue to black ; from Candy in Ceylon. Chloro- 
spinel, grass-green with a yellowish white 
streak ; from Zlatoust. JFatcr-sppiel colour- 
less ; from Ceylon. PicoHte is _ a dark blue 
chvomiferous variety from serpentine. 

94. CilRTSOBERYL, GIO, A1 s03, 

Right prismatic (fig. 284). Twins common, 
united by a face of P«> (fig. 285, also 156). Cl, 
brachydiagonal imperfect, macrodiagonal more 
so; fracture conchoidal. H. “8’5; G. =3’68to 
3 ’8. Transparent or translucent; viti’eous. 

Greenish white, leek-green, and dark emerald- 
green, B.B. infusible. Not affected by acids. 

C.c.: glucina20, alumina 80. Brazil, Ceylon, 

India, the Urals, Haddam in Connecticut. A 
very valuable gem. It sometimes possesses an 
opalescent baud, which when the stone is cut 
en caboclion appears as^a streak of floating 
light ; whence it derivS its name of, Cymo- 
jjJuiiie. It is then also called the chatoyant or 
Oriental chrysolite, and when fine is of extreme 
value. The emerald-green variety, or Alex- 
andrite, is columbine-red by transmitted light. 


Fig. 284 (sp. 94). 



Fig. 285, 




4. Deutoxides, 

95. Rutile, TiOo. 

Pyramidal ; prisms dominant. P 84 40'; Poo 65° 35' (figs. 286, 
287). Hemitropes common, with axes, of halves 114° 26'. Cl. 
00 P and ooPoo, perfect. H. =6to 6'5; G. =4'2 to 4 ’3. Trans- 
parent to opaque ; 
adamantine lustre. 

Brown-red, red, pale 
yellow, and black ; 
streak yellowish brown. 

B.B. unchanged ; with 
borax in the ox. flame 
forms a greenish, in 
the red. flame a violet 
glass. Not affected by 
acids. C.c. : titanic 
acid, with some per- 
oxide of irou. Craig- 
cailleach and Beh-y- 

Gloe (Perthshire), 'Tiio _. no- 

Cobbler and Ben-keula 286, F)g. 287, 

(Argyllshire), Alps, Limoges, Norway', Brazil. Large crystals at 
Titanium Mount (Lincoln county, Georgia). Used in porcelain 
painting, and for tinting artificial teeth. When attenuated crystals 
are imbedded in rock-crystal they are called Venus’ hair. 
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109. Manganite, MnjjOj, H„0. 

Right prismatic, sometimes liemihedrio ; ooP LI/) 99 -40 Crystals 
prismatic (figs. 298 to 300); vertically striated: , ’ 

also columnar or fibrous. Hemitropes com- 
mou. Cl. brachydiagonal, perfect; brittle. 

H. — 3 ’5 to 4 ; G. = 4 '3 to 4 ’4. Opaque ; 
metallic lustre. Steel-grey to iron-black; 
streak brown. 13. B. infusible. Sol. in warm 
h. acid. C.c. : peroxide of manganese 89 '9, 
water 10 "1. Grandholm (Aberdeenshire), 

Cork, Upton Pyne (Exeter), Churchhill 
(Somerset), Warwickshire, Ihlefeld, Thuringia, 

Norway, Sweden, Nova Scotia. 





Pig. 298. 



i&i 


Pig. 299 (sp. 109). 

110. Limonxtb, 2Fe203-)-3H„0. ^ _ 

Fibrous, botryoidal, and stalaotitio, some- 

times earthy. H. =4-5 to 5-5 ; G. =3-4 to 300 (sp. 109) 
3-95. Opaque ; lustre silky, glimmering, or dull. Brown, yellow- 
Wackish brown, often black°on surface; streak^S- 

fl becomes red. B.B. in 

luner flame becomes magnetic, fusing to a gla.s3. C.c • peroxide 

fMifinn (Shetland), Hoy (Orkney) 

111, Naothosidekite, FcjOa, SH^O. 

Fibrous, stellate, also as an ochre. H. =2 '5. Silky or greasy 
piteh-hke or earthy In needles, goldeu-yellow or bromi-rfd- is 
an ochre, yellow, red, or brown ; streak ochre-yellow. B B like 
limonite. C.c.: peroxide of iron 81 'O, water 18-4. Hoy(6rkney) 

iulTHar? ’ =*Sbhigeroile 


112. Beauxii-e, (3AI3O3, Fe303),'2H„0, 

O disseminated also earthy and clay-like. 

I ochre-yellow, brown aiid red 0 7^ 

26-1, water 23-5. From Beaux (or 


Baux) near Arfes, and elsewhere in France. In grains in compact 
limestone. Pure yaneties used for manufacture of almuhiiZ ^ 

113. Eliasite, U„03-(-2H„0 

114. Bkpcite, MgO,H„0. 

B-B. inf4v ESiFy siSki); 

with silkv lustro Nciiialite, is a fibrous variety 

115. Pyeocueoite, MnO, HoO . 

i/bS'*' rSilFreS' IWif “S"?,*';™®',' 

“s- 

116. Giebsite (Sydrargillite), ALO3, 3H„0 

117. Limnite, FcoOa, 3H..O. 

ifiSStie os a yellow ochre. Like limonite, but 

Kff,So„Si1ii,S434.4:’' 

118. HYPnoTALciTE, ALO3, 31LO.f OMgO, H-0-P6H„0. 

G »7.oT““wi “»d somewhat fibrous." H =2 • 

A Tra^luco,; 

Snarum, Norway ; New York. 


Zlatoust, Urals; 


119. Pykoapbite, Fe^Oa, 3H.,0 + 8Mg0, H3O + 6H3O. 

Hexagonal ; tables and scaly coatings. Lustre pearly to sub 
metallic. Colour white to gold-yellow. Translucent. ^B.B 
fusible, yields water. Sol. in h. acid. C.c. : peroxide of 

b!n in“Sda^df ' ^"ofGrunay in Shetland, Ling- 

120. Gumjiite, U 3O3, 3H„0, 

In rounded lumps, resembling gum. H. = 2-5 to 3 • G 
4'-. Lustre greasy. Reddish yellow to vellowisli brown C e • 7o 

KhroeSgSt “'75, Will, i, 

121. Psilomelane, (BaO, MnO) Mn03+3H„0, MnO„-f-3H„0 ' 
Massive and botryoidal ; fracture coiichoidaL "h. ==5-5~ti> 6 • P ’ 

4-1 to 4-3. Bluish black. B.B. infusible. About 80 pereJnt ^4 
oxide qf manganese, with baryta, potash, and water. Hoy (Orkney) 

Kir ^>«^°f.:S«I“‘eeberg, Ihnenau, /elmon ^ 

Fmnem /Fad is similar, but sometimes soft and light. Lead- 
hills, Cornwall, Harz, France. ° ■ 

122 . Chalcophanite, 3InOZnO-f2MnO.>-f 2H„0. 

Hexagonal. RiRlU-SO'. CI. basal' H.'=2-5: G. =3-0] 
Metallic lustre. Blue-black ; streak brown, dull. Opaque • ilexibk-’ 
C.c.: manganese binoxido 59-94, protoxide 6-6, zinc oxide 21-T 
water 11 '6. Sterling Hill (New Jersey). ’ 

OXIDES OF NON-METALS. 

1 . Oxides of Arsenic- Axtuiony Family (Teroxides). 

123. ArSENOLITE, ASO 3, 

Cubic; in octahedra; also botryoidal, stalactitic. H = l-5- G = 

pale yellow. Translucent, 
bublimes in closed tube, condensing in brilliant octahedra. C c. ■ 

°^yp^24-24. Cornwall, Aiidreasherg, JoaehimsthaJ.’ 
Kapnik (Hungary), Hevada, Calitbruia. 

124. Senarmontite, SbOj. 

Cubic; in octahedrons. Cl. octahedral, also massive granular 
H. = 2 to 2 -0 ; G. = 5 ‘22 to 5 ‘3. Transparent; adamantine. White or 
grey._ B.B. in inner flame fuses and colours the flame greenish blue. 

P. : iV n . 83-56, oxygen 16-44. Endellion in 

Loinwall, Constantine in -Algeria, Malaczka in Hungary, 

125. Valentineiie, SbOa . 

Rightprismatic; coPl37“. Cl. »P, perfect. H.=2-5to3; G.-5-5 
to .5 -6. Traiislucpt; adamantine to pearly. Yellowish white, brown- 
grey; streak white. Other properties and composition like senar- 
raoutite, Glendinning (Dumfriesshire), Przibram, Brauusdorf 
(Saxony), Harz, Hungary, Allemout (Daiiphine), Siberia, 

126. Bisjiite, BiOj. 

Grey, yellow, green, C.c. : bismuth 
89-65, oxygen 10-35. St Agnes (Cornwall), Scliueeberg, Siberia. 

127. Molybpite, M0O3. 

Right prismatic; coP 136° 48'. In capillary crystals, also powdery. 
11-“1 to 2; G. =4-5. Straw-yellow to yellowish white. C.c.; 
molybdenum 65-71, o.xygen 34-29. With molybdenite at many 
of its localities. 

128. Tungstite, WOj. 

Earthy.^ Soft yellow or yellowish green. Sol. in alkalies. C.c.: 
tuiigsten /9'3, oxygen 20-7. Cumberland and Cornwall, Momoe 
in Connecticut. 

129. Cervantite, SbOj-f SbOj. 

Rightprismatic. Acicularigenerallyearthy. H. = 4 to 5; G. = 4-1. 
Isabel-yellow, reddish white. B.B. on charcoal reduced ; ’ un- 
altered je Sol, in h. acid. Harehill, Ayrshire; Endellion, &c., 

Canada - buliSf'’ ' Hungary ; Mexico ; 

130. SriBicONiTE, SbOj, H„0. 

H. ==4 to 5-5; G. =0-28. Pale yellow. In 
closed tube yields water. C.c.: antimony 74-9, oxygon 19-6, water 
6-5. Goldkronach (Bavaria). > Jo 

131. VOBGERITE, SbOj, 5H„0. 
powdery. White. In tube yields water, below red- 

ia^<»eri7'' o^Tb'eii 19-3, water21-8. Constantine 

132. Zundererz ( Tinder Ore). 

Iiln<7kl7’ masses. Colour dark cberry-rod to 

Hi^l 7 Two varieties:— one, fromKIaus- 

t P oiKfr® antimony oxide 33, iron oxide 40, lead 16, sulphur 4; 
of “‘‘‘1 Nlaustlial, seems to be a mixture . 

(4-34) (®2-04 per cent.), mispickel (13 -.40), and pyrargyrito 

133. Tellup.ite. 

rea'[tioSf°G . Radiated, spherical masses. Gives the 

reactions of tellurous acid. Facsebaya and Zalathna, Colorado. 
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134. Taktai.ic Ochre. 

Powdur}'; brown; vitreous. Pennikoja in Finland. 

2. Oxides of Carbon-Silicon Family (Binoxides). 

135. Quartz, SiO.. 

Hexagonal ; the purest varieties tctartoliedral. The primary 
.pyramid P has the middle edge -=103° 34', and the polar cdges-= 








Fig. 303.- Fig. 304. Pig. 305. 
perfect. Very frequently it appears 
(or ^P), with polar edges-. 9 v 15'. 



Fig. 300. Fig. 307. 


Pig. 308. 


Fig. 301. Fig. 302. 

133° 44', and is often 
as a rhombohedron R 
Crystals often of coP, p 
or coP, P, 4P, the forms 
00 P and 4P being combined 
in an oscillatory manner, 
jn-oducing stria: on the face 
of the prism (figs. 303, 304, 

305); also coP, P, J(2P2), 
the last face appearing as a 
rhomb replacing the alter- 
nate angles between the two 
other forms (figs. 307, 308). 

They are prismatic, or py- 
ramidal, or rhombohcdral, 
when P is divided into R and -R; the latter 
very often wanting. Jfany faces plagihcdral, as 
in figs. 302, 306, 309. 

Twins common, with parallel axes, and cither 
merely in juxtaposition (.see fig. 178) or interpene- 
trating. Crystals often distorted, as in figs. 310 
to 313. The crystals occur either single, attached, 
or imbedded, or in groups and druses. Jlost fre- 
quently granular, massive, fibrous, or columnar; 
also in psondomorphs, petrifactions, and other 
forms. Cl. rhombohcdral along li, very imper- 
fect; prismatic along coP, still more imperfect; 
fracture conchoidal, uneven, or splintery. If- r 7 j 
G. ->2‘5 to 2'8 ; 2'05 in the purest varieties. 

Colourless, but more often white, grey, yellow, 
brown, red, blue, green, or even black. Lustre 
vitreous, inclining to rc.sinous; transparent or 
translucent ; when impure almost oi)a(iue. B. B. 
infusible alone; with soda, elfervcsces, and melts 
into a clear gl.ass. Insoluble in acids, except the hydroduoric; 
when pulverized, slightly soluble in solution of pota.sh. C.c. : 



Fig. 309. 




Fig. 312. Fig. 313. 

48'05 silicon and 51 '95 o.xygen; but frequently a small amount of 
the oxides of iron or titanium, of lime, alumina, and other 
substances. 

'Phe following are varieties : — 

Jlock-crijstal ; highly transparent and colourless ; Daupliiue, 
Switzerland, 'i’yrol, Hungary, Madagascar, and Ceylon. 

AmethyU : violet-blue (from iron peroxide or manganese), and 
often m.arkcd by zigzag or undulating lines, and the colour dis- 
]) 0 scd in clouds; Siberia, Persia, India, Ceylon, Brazil (white or 
yellow, named false topaz),’ Hungary, Ireland (near Cork); .and 
Aberdeenshire. Wine-yellow (Gitrm and Gold Tojxtz) ; the brown 
or Smoky QmHz (coloured by a substance containing carbon 
and nitrogen); and the black or Morion, from Siberia, Bohemia, 
Pennsylvania, and other places. Caimyorm Stone, black, brown, or 
yellow, from Aberdeenshire mountains. 'I'lio above are valued as 
ornamental stones ; those which follow are loss so. 

Jtose Quartz: red inclining to violet-blue; Clashnarco Hill (Aber- 
deen), and Rabenstein in Bavaria. Milk Quartz: milk-white, and 
slightly oiwlcscent; Greenland. Prase: leek and other slmdes of 


green; Saxony and Cedar Mountain in South Africa. Cat's-nc 
inclosing asbestos: greenish white or grey, olive-green, red, brown’, 
or yellow ; Ceylon and Malabar. Avanturinc, enclosin'^ mica* 
yellow, rod, green, or brown; India, Spain, and Scotland. Sidcritc- 
indigo or Berlin blue ; Colling in Salzburg. 

Common Quartz, crystallized or massive, white or groy, also red, 
brown, &c., is a frequent constituent in m.any rooks. Some impure 
varieties are properly rocks, .as:— 

(1) Ferruginous Quartz, or Iron Flint: red, yellow, or brown; 
often associated with iron ores. 

(2) Jasper: red, yellow, brown, also green, grey, white, and 
black ; alone, or in spots, veins, and bands {liihbon or Egyptian 
Jasper); Ur.al.s,Tusc.au Aponninc-s, Harz, and many parts of Scotland. 

(3) Lydian Stone, or Flinty Slate : black, grey, or white ; has a 
splintery or conchoidal fracture, breaks into irregular fragmcn,ts, 
and masses by many transitions into clay-slate, of which it is often 
merely an altered nortion, as in Scotland; used as a touchstone for 
gold, and at Elfdai (Sweden) manufactured into ornaments. 

(4) Jlornstone or Chert : compact, conchoidal, splintery fracture ; 
translucent on tho edges; dirty grey, red, yellow, green, or brown; 
passes into flinty slate or common quartz; common in tho Jlount.aiii 
limestone. Oolite, and Grcens.and formations; and often contains 
petrifactions, ns shells, corals, and wood. 

Other siliceous minerals seem intimate mixtures of quartz and 
opal, .as: — 

Flint : greyish ayhite, groy, or greyish black, also yellow, red, 
or brown ; sometimes in clouds, spots, or stripes ; semitrans- 
parent; lustre dull; fracture flat conchoidal; occurs chielly in the 
Chalk formation, as in England, Ireland, Aberdeenshire, France, 
Germany, and other countries; sometimes in beds or vertical veins, 
often in irregular lumps or concretions, inclosing petrifactions, as 
sponges, cehinoids, shells, or siliceous Infusoria. Tho colour is 
p.artly derived from carbon, or organic matter. Used formerly for 
gun-flints, and still for the manufacture of glass and pottery; and 
cut into cameos or other ornaments. 

Chalcedony : semitransparent or translucent ; white, grey, blue, 
green, yellow, or brown; stalactitic, rcuiform, or botryoidal, and 
in pseudomorphs or petrifactions ; Iceland, Faroes, Trevasens in 
Cornwall, Scotland, Hungary, Boliemia, Oberstein. Carnelian.: 
chiefly blood-red, but also yellow, brown, or .almost black ; India, 
Arabia, Surinam, and Siberia; .also Bohemia, Sa.xony, and Scotland 
(Fifc.shirc). Plasma: leek- or grass-green, and waxy lustre; Olym- 
pus, Black Forest, India, and Cliina. 

Chrysoprasc: apple-green; Silesia, and Vermont in NorthAmcrica. 
Moss- Agate and Ucliolropc : dark green and dendritic (called Blood- 
stone when sprinkled with deep red spots); India, Siberia, Bohemia, 
F.assa Valley, island of Rum and other parts of Scotland. 

136. Tridyjiite, SiOo. 

Hex.agonal ; P middle edge 324° 4', polar edges 327° 35'. Single 
crystals, very minute hexagonal tables of OP, kjP, but with the 
edges replaced by P and ooP2, arc rare (fig. 314). Mostly twinned 





Fig. 314. 




Fig. 316. P'l;- 310. 

in double or (oftoner) triple combinations (figs. 

315 to 317). Cl. bas.a], indistinct; fracture con- 
choidal. H. 7 ; G. = 2 -282 to 2 -320. Colourless 
and transparent; vitreous, pearly on the hose. Fig. 317. 
B.B. like quartz. C.c.: 90 silic.i, with some 
alumina, magnesia, and iron peroxide, probably ir(mi the matrix. 
Discovered by Von Rath in the trachyte of San Cnstob.al, near 
Pacliuca, in Mexico ; also in the trachyte of Jlont-Uoro (Puy-dc- 
DOme), the Drachcnfels, and Hungary. Many ojials, trc.ated with 
solution of potash, leave crystals, as those from Zimapau, K.aschau, 
Silesia, and the cacholong from Iceland. A\ hero such cry.stala 
arc abundant, the opal becomes opaque or snow-white. Jeiiztcn 
regards these as still another variety of silica. 
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137. Opat,, DSiOj, H.jO to SSiOo, aO . 

Amorphous; fracture conchoidal; very brittle. II.=5-5 to 
0*5; G. =2 to 2*2. Transparent to opaq^ue; vitreous, inclining to 
resinous. Colourless, but often white, yellow, reel, brown, green, 
or grey^ with a beautiful play of colours, B, B. decrepitates and 
becomes opaque, but is infusible; in the closed tube yields water; 
almost wholly soluble in solution of potash. C.c. : silica, with, 5 to 
^lost opals are mixtures of various minerals. 

,r?77 , SyaliU, Glassy Opal, 
or Muller s Glass; transparent, colourless, very glassy; small botry- 
mdal, or mcrusting; Kaiserstuhl in the Breisgau, Schemnitz, Silesia, 
Moravia, Mexico, and other places. (2) J^lre Opal or Girasol; trans- 
parent; brilliant vitreous lustre; bright ly’acinth-red or yellow; 
Zimapan in Mexico, and the Faroes. (3) Noble Opal, semi-trans- 
parent_ or translucent ; resinous, inclining to vitreous ; bluish or 
yellowish white, with brilliant prismatic colours; most show double 
refraction and are binaxal; in irregular masses or veins near Eperies 
^^iHungarj'; Australia. (4) Common Opal: semitransparent, vitreous* 
wJute, yellow, green, red, or brown; Hungary, also Faroes, Iceland, 
the giants Causeway, and the Western Isles of Scotland. (5) 
Semi-opal: duller and less peUucid; Wood Opal or Lithoxylon: with 
the form and texture of wood distinctly seen; Hungary, Bohemia, 
and other countries. (6) JlenilUc: compact, reniform; opaque and 
broim or bluish grey; hlonilmontant, near Paris. (7) Opal Jaspcr: 
blood-red, brown, or yellow. {&) Cacholong: opaque, dull, glimmer- 
ing, or pearly, and yellowish or rarely reddish white; in veins or 
xeniform and incriisting ; Faroes, Iceland, the Giant’s Causeway. One 
variety is named Hydrophane, from imbibin" 
water, and becoming translucent. (9) Siliceoi^ 

Sinter: deposited from the Geyser and other 
hot springs; and Pearl Sinter: incrustin" 
volcanic tufa^ at Santa Flora in Tuscany 
■{Fiorite), and in Auvergne. 

138. ZiRcoK, ZrO„, SiO„ . 

Pyramidal ; P 84° 20'. ' Crystals, coP, p • 

often with 3P.3; also ooPoo, P; or a>P» M 

^ 5P5 (sj; 

(fig. 318, also 86, 87, 585). Cliiefl}’ prismatic 
or pyramidal, and in rounded grains. Trans- 
parent to opaque ; 
vitreous, often ada- 
mantine. Barely 
white, generally grey, 

.yellow, green, or fre- 
•quently red and 
brown. B.B. loses 
its colour, but is in- 
fusible. Hot affected 
by any acid except 
concentrated s. acid, 
after long digestion. 

C.c.: 66 '3 zirconia 
and 33 "7 silica, with 
0 to 2 iron peroxide 
as colourin»T maffpr 

ThS ■ s'; ri. lisa; 

britontly cotared ..„.d liTssinlU 




Bimpi, Scotland; Cornwall, England: Elba and Trn 

Rossie, Middletown, and Schoharie in US 
Berezoff tSiberia), Adelfors (Sweden), Mexico Used 
facets and set as an ornament, ' to be cut in 

under the name of marca- 
sites; also for striking fire in 
the old firelocks, whence the 
name of firestone; now used 
for manufacture of sulphuric 
acid. 

140. Maucasite, FeS;. 

Bight prismatic ; ooP nn 
106" 5'. _ Crystals tabular, thin 
prismatic, or pyramidal. 

Twins very frequent, also cockscomb-like 
.and stalactitic. Cl - . umu ime 

to 4*9. Greyish 
yellow to greenish 
often with brown 
streak greenish grey or 
brownish black. B.B., &c., 
like pyritc. Very prone to 
decomposition, beingchan^ed 
into green vitriol, which nuay 
be detected by the tongue. 

Sjiear Pyrites are twins “Tike 
fiir. 325 ; Littmitz, Przibram. 



Fig. 323 (sp. 139). 

iiso cockscomb-like groups, or spherical 
bronze-^”'^*^'''^ uneven; brittle. G^^lS 

grc)', 
crust : 



Hepatie Pyrites or Zcbcrlnes, liver- 
--Z, Saxony, Sweden. Cache 
Nyrositc contains arsenic. 


utk,... jrynics or M,cbi 




S- 



Fig. 326. 


... , f'S- 318. Fig. 319 iggj 

Tvi^ HiT-St- 


10O SELEHIDES, TELLURIDES, &c. 

139. Pyuite, FeS„ . 

Sisisisss 

pseudomorphs. Cl. cubic or Jcfahedril, dSrb”' H. =6 



Fig. 320. 


Fig, 321, Fig, 32^ 

yellow; streak brownish bUck ®'^vhen\roV®'‘ gol*!- 

snlphur. In closed tube sulphur 

Larnswith Hue flame, and odour of charcoal 

flame fuses to magnetic bead Sol i'ti ®'*^P^n™ns acid. In inner 

^Iphur. C.c.:iron46 7, sulphur position of 


Cr}-3tnls like 



Pig. 327, 


141. Mispickel, FeS;-t-FeAs. 

Eight prismatic; c»P(J/)iii» t2'(fig. 326). Twins common- nT-o 
massive or columnar. Cl. c»P; fracture ns common, aho 

uneven; brittle. H. = 5-5 to 6; G. =6 
to 6-2. Silver- white to steel-grey; 

streak black. In closed tube yields 
first a red then a brown sublimate, 
hastly metallic .arsenic. B.B. on char- 
coal fuses to a Hack magnetic globule, 
ooi. in n. _ acid, with separation of 
wscnious .acid and sulphur. C.c.; 34-3 
iron, 46-1 arsenic, 19-6 sulphur; some- 
times silver or gold, or 5 to 9 of cobalt. 

Cornwall, Freiberg, Zinnwald, Sweden, Franconia, America. 

142. LEtrcopYRiTE, FeAs. 

Right prismatic ; coP (d)i22°26'; P=o(o)5r20'. 
ng-f-/; generally nuassive or columnar. Cl. bas.al; 
fracture uneven ; brittle. H. =5 to .5-5 ; G. =7 to 
w darker taniish; streak greyish 

, ® ®niits strong smell of arsenic, and fuses 

to a black magnetic globule. C.c.: iron 27-2, 
arsenic 72-8 ; sometimes iron 32-2 and arsenic 66-8 ; 
always some sulphur, and often nickel and cob.alt. 
iossuni in Norway, Andreasberg, Styria, and Silesia. 
Spathiogiyrite, from Bieber in Hesse, seems a variety. 

143. COBALTITE, CoSj-fCoAs. 

’ sometimes nmssive (figs. 67, 74). Cl. 

’ \¥“®- : G. =6 to 6-3; brilliant lustre, 

blarb R ’ ^^^'slies yellow or grey; streak greyish 

T^inaLivr sulphur 19-2. St Just in Cornwall, 

cs Sweden, Skutterud in Iforway, Qucrbach in Silesia. 

144 Glatjcodote, (Co, Fe)S„-P(Co, Fe)As„ 

6 3®'- Cl. basal, p'erfect. H. =5; G.= 

04-r n 0^“^ ‘®‘ • Creyish white ; streak black. C.c.: cobalt 

sulphur 20-2. Huasco in Chili. 

14o. Sjialtike, (Co, Fe, Hi) As,. 

nact* > ul'o reticulated and granular com- 

6^4 to 7-3 l^rlttle. H.=5-5,- G.= 

streak ^ to steel-grc}”, with dark or iridescent tarnish ; 

heated ” On ■ ^.''°l'res odour of arsenic, when broken or 

and 1 to 19 T® ® cobalt; sometimes 3 to 19 iron, 

Cornwall <5ni ^ bismuth. Dolcoath and Redruth in 

hrConnectfeut Annaberg, Tunaberg, Alleiuont, Chatham 

146._ Chloantite ( White NicTcel), HiAs . 

brittle**^ compact; fracture uneven; 
blX’ In 71, til Tin-ivhite, rapidly tarnishing 

becomes copper-rerr'^n-^“^® ^ sublimate of arsenic, and 

fuses with nn,pl, °‘lour of arsenic when broken. B.B. 

acid, and leave! ^"i°¥i ®oated with crystals of .arseuious 

arseni? but ''*¥® C.c. : 28-2 nickel, 71-8 

mont, Chathai in SeSh ®®^'“®®’'®'"S>. Riechelsdorf, Alle- 
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147. Gersdoeffite, NiS-. + lfiAs;. 

Cubic (figs. 74, 30, 26). Cl. cubic, generally granular. 11. ==5'5; 
G. = 6'67. Lustre metallic. Silver-white to steel-grey, decrepitates 
in closed tube. B. B. fuses to a black slag ; partially sol. in n. acid. 
C.C.: 35'2 nickel, 45'4 ai-senic, and 19'4 sulphur; sometimes 
with cobalt. Craignuir, near Loch Fyno, with 23 nickel and 6 
cobalt. The Harz, Sweden, Spain, and Brazil. 

148. TJllmannite, NiSb-pNiSo. 

Cubic (figs. 31, 29, 27) ; often tetrahedral, and in twins as in 
figs. 328, 329. Cl. cubic, perfect; fracture uneven. II. =5 to 5*5; 
G. =6'2 to 6 '5. Lead-grey to tin-white, often with iridescent 



tarnish. B.B. fuses with dense fumes. Sol. in n. acid. C.c. : 27'4 
nickel, 57'5 antimony, and 15'1 sulphur. Wcsterwald, Siegen, 
Harzgerodo, Lolling (Carinthia), Lobonstcin, and Bleibcrg. 

149. RAJIMF.I.SEF.UGITF,, NiAs. 

Right prismatic ; coP 123° to 124°. Chiefly massive, or in radiating 
and botryoidal aggregates. II.^S; G. ='7'2. Colour tin-white. 
Schneeborg, Roichelsdorf, and Wittichon in Baden. 

150. Haueeite, SIuSo. 

Cubic (figs. 30, 30-26, 30-33-37). Crystals single or in spherical 
groups. Cl. cubic, perfect ; H. =4 ; G. “S'lO. Reddish brown to 
Browiiish black ; streak brownish rod. In closed tube yields sul- 
phur, and leaves a green mas.s, -which is sol. in h. acid. C.c.: 46 
manganese and 54 sulphur. Kaliiika in Hungary. 

161. Pyreiiotite (J/flj/neffe PynVcs), FcjSg. 

Hexagonal; P 126° 48'. Crystals rare, sometimes homihedral onsj, 
commonly massive or granular. Cl. coP, imperfect ; brittle! If.= 
3’5 to 4’5 ; G. =4'5 to 4‘6. Colour bronze-yellow with pinchbeck- 
brown tarnish ; streak greyish black, lloro or loss magnetic. C.c.: 




Fig. 330. 


Fig. 331. 


63'65 iron and 36 '35 sulphur ; sometimes with nickel. Common in 
primary limestones and diorites of Scotland. Crystallized in above 
forms at Askaig, on Loch Shin, Sutherland ; Carnarvon, Cornwall, 
Fahlun, Bodenmais, Andreasberg. Di.stinguishcd by its colour 
and its solubility in h. acid. 

152. Linna:ite, 2(Co, Cu)S + CoSj. 

Cubic (figs. 29, 30) ; often twinned ; twin face 0 ; also m.a.ssive. 
Cl. cubic; brittle. IT. =-5'5; G. =4'9 to H. Silver-white, with a 
yellow tarni.sh ; stre.ak blackish grey. B.B. fuses to a grey mag- 
netic globule, which is bronze-yellow when broken. C.c.: cobalt 
4 3 ‘2, copper 14 'I, iron 3 '5, suli)hur 38 ‘5. Bastnacs (Sweden). 

153. SrEOE-STTE, CoS-f 17LS3(?). 

Cubic ; generally in crystals like fig. 29 ; also massive. Colour 
.silver-white, inclining to pink. Other features like linnaiite. C.c. : 
cobalt 40 ’8, nickel 14 '0, sulphur 43'1. Jliison near Siegen, Sfary- 
iand, and Missouri. The American mineral has 30'5 of nickel. 

154. Por.YDYMiTE, Ni.,Sj. 

Cubic ; in minute octahedral crystals and flattened twins. Cl. 
cubic. H.=»4'5; G.“4‘81. C.c.: 39’45 nickel, 10-55 sulphur, but 
generally with 4 of iron. tVestphalia. Saynitc or prinwnto seems 
to be a bismuthic and cobaltic variety; it is from Grunan in Sayn- 
Altenkirchcn. 


1.55. BYi:rciiuiTE, 3NiS-f 2NiS., . 

H.=3 to 3‘5 ; G.=-4’7. C.c.: 54'23 nickel, 279 iron lo-s/; 
sulphur. From the Wcsterwald. 

156. IIOREACiiiTE, 4Fc..S3-f KiaSj. 

Crj'stalline m.as.scs lL = 4-5 ;'g. =4-43 to 47. Colour pinch- 
bcck-brown ; stre.ak b ack C.c : nickel 11-98, iron 41 -96, silphur 
46-87. Ilorb.ich in the Black Forest. 

157. Skutterudite, CoA.Sj. 

Cubic (fig,s. 30, 26 with 33, 40) and granular. Cl. cubic ; frac- 
ture conchoidal ; brittle. H.=0; G. -6-74 to 6-84. Tin-white to 
lead-"rey. Lustre brilliant. In closed tube gives sublimate of 
metallic arsenic, otherwise like smaltino. C.c. : 79 arsenic 21 
cobalt. Skutterud, near Slodum in Norway. ’ 

158. Galejja, PbS. 

Cubic ; crystals chiefly cube, octahedron, and rhombic dodcc.a- 
hedron ; rarely 20 and 202. Also massive and granular, compact, 
or haminar, and in pscudomorphs of pyromorphito and other 
minerals. Cl. cubic, very perfect ; 
fracture scarcely observable ; sectile. 

IL = 2-5; G.=7-2 to 7-6. Lead- 
grey, with darker or rarely iridescent 
tarnish; streak greyish black. B.B. 
decrepitates, fuse.s, and leaves a 
globule of lead. Sol. in n. acid. 

C.c.: 86-7 lead, and 13-3 sulphur; 
but usually contains a little silver, 
ranging from 1 to 3 or 5 parts in 
10,000 ; mrely 1 per cent, or more. 

Some contain copper, zine, or anti- 
mony, others selenium, and others 
(the “supersulphuret”) probably free 
sulphur (2 to 8 per cent.). Most 
common ore of load in many countries. 

T T Is.-*- I 



Fig. 332. 


Lcndhills, Pentland Hills, 
i.inlithgow, Invorkeithing, Monaltric, Tyndrum, Strontian, Islay, 
Orkney, Cornwall, Derbyshire (Castletown), Cumberland (Alston 
Moor), Durham (Allonhead), Walc.s, Isle of Man. 

159. CuiT.opr.uiiniTE, 2PbS-fCu2S. 

Cubic. IT. “2-5 ; G. =6-4. Bluish grey. Chili. 

160. Beecerite, ePbS-fBLSj. 

Cubic. G. =.7-27. Cl. cubic. Light to dark grey. Lustre brilliant. 
C.c.: sulphur 15, bismuth 20-0, lead 04-2, with copper 1-7. Grant 
(Park county, Colorado). 

101. C'lau.stiiai.ite, PbSc. 

Cubic; but massive granular. H. = 2-5 to 3; G.“8-2 to 8-3. 
Lc.ad-grcy ; streak grey. B.B. fuse.s, smells of selenium, colours 
the flame blue, stains the .support red, yellow, and white, and 
volatilizes, e.xcept a small residue, without fusiii". C.c.: 72-7 lead, 
27-3 selenium ; but sometimes 11-7 of silver. Zorge, Lerbach, and 
Clausthal in the Harz. Tilkcrodilc, or Sdcn-Colalt-Iilei, containing' 
3 per cent, of cobalt, from Tilkerode, is a variety. 

162. ZOECITE. 

Massive granular ; like clausthalite, but inelining to reddish, and 
often tarnished. Tliero are four varietic.s. (a) Sclen-Bld-Kupjcr •. 
G.*=7-4to7-5 ; 5PbSe-i-CuSo ; with 4 copper, 65 lead, 30 selenium. 
(5) 'The same, but with G. =5-0 ; 4Pb, iCu, 7Sc ; with 15-8 cojipor, 
48-4 lead, and 35 selenium, (e) Schn-Kwpfcr-Bhi-. with G. — 7; 
2PbSe-}-CuSo; with8coppor, 57 lead, and 32 selenium. (d)2PbSo + 
9CuSe ; with 40-04 copper, 10-58 lead, and 30-59 selenium. From 
Tilkerode and Zorgo in the Harz, and near Gabel in 'Thuringia. 

103. ALTAirE, PbTo . 

Cubic and granular ; fracture uneven ; sectile. H. = 3 to 3' 5; G. — 
8-1 to 8-2. 'Tin-white to yellow, with yellow tarnish. B. B. colours 
the flame blue, fusing to a globule, which almost wholly volatilizes. 
C.c. : 01-9 lead and 33-1 tellurium. Zavodinski in the Altai, 
California, Colorado, and Cliili. 

164. Redrutiiite [Copper Glance), Cu„S. 

Bight prismatic. coP (o) 119° 35'; P [P) middie edge 125 22 ; 
•ji? (a) middle edge 65° 40'; hX'm (d) middle edge 125° 40'; (>-•) 

middle edge 05° 48'. Crystals OP (s), mP (o), mPm (p) (lig.s. 333, 



Fig. 33 


Fig. 331. 


334); with hexagonal .aspect ; .also twins ; and 

imperfect ; fracture conchoidal or uneven ; sectile. 11. — - o to J , 
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G. =5'5 to 5 ’8. Eather dull; brighter on the streak. Blackish 
lead-grey, with a blue or other tarnish. B.B. colours the flame 
blue ; on charcoal in the oxygen flame sputters, and fuses easily ; in 
the red. flame becomes solid. With soda gives a grain of copper. 
Green solution in n. acid, leaving sulphur. C.c.: 79'8 copper, 20*2 
sulphur. Fassnet Burn (Haddingtonshire), Ayrshire, Fair Island, 
near Bedruth and Land’s End in Cornwall, Saxony, Silesia, Nor- 
way, the Banat, Siberia, and the United States. Important copper 
ore. 


165. STEOilEYERITE, CUjSTAgS. 

Right prismatic ; isomorphous with redruthite. Crystals rare ; 
usuall}’ massive ; fracture flat, very sectile. H. =-2‘5; G. = 6‘2to 
6-3. Bright. Blackish lead-grey. C.c.: 53-1 silver, 31;2 copper, 
an 1 15'7 sulphur, but often indeterminate proportions of silver (3 to 
53) and copper (30 to 75). Schlangenberg in Siberia, Eudelstadt in 
Silesia, and Catemo in Chili 

166. Bekzelixite, CujSe. 

Cr 3 -stalliue, in thin dendritic crusts, and imbedded in calcite. 
Silver-white with a black tarnish ; streak shining. In open tube 
gives a red sublimate of selenium, with white crystals of selenious 
acid. B.B. on charcoal fuses to a grey, sh'ghtly malleable bead, 
giving odour of selenious acid ; with soda a grain of copper. C.c. : 
61 ’5 copper and 38 '5 seleniuru. Skrikerum in Smdland, Lerbach 
in the Harz. 

167. CsooKESiTE, (CuT^oSe. ' 

In crystalline grains the size of peas. H. =2‘5 to 3 ; G. = 6 9. 
Brittle. Lead-grey. Metallic. B.B. colours the flame intense 
green. C.c.: 4576 copper, 371 silver, 17‘25. thallium, 33‘27 
selenium. From Skrikerum. 

168. Epkairite, CujSe-iAgSe. 

Massive and granular crystalline. Cuts with knife. Lead-grey ; 
streak shining. B.B. fuses to a brittle metallic grain. C.c. : 43*1 
silver, 25*3 copper, and 31 *6 selenium. Skrikerum, Atacama, Chili. 

169. Abgextite, Ag„S . 

Cubic. ooOoo ; 0; cod; and 202 (figs. 29, 56). Crystals generally 
misshapen, with imeven or curved faces ; in druses, or linear 
groups ; also arborescent, capillary, or in crusts. Cl. indistinct ; 
fracture hackly j malleable and flexible. H. =2 to 2*5; G. =7 to 
7*4. Rarely brilliant, more so on the streak. Blackish lead-grey, 
often with a black, brown, or rarely iridescent tarnish. B.B. on 
charcoal fuses, intumesces greatly, and leaves a grain of silver. 
Sol. in con. n. acid. C.c.: 87 silver and 13 sulphur. Huel 
Duchy, Dolcoath, Herland, and near Callington in Cornwall ; 
Alva in Stirlingshire : Freiberg, Marienberg, Annaberg, Schneeberg, 
Johann-Georgenstadt, Joachimsthal, Schemnitz and Kremnitz, 
Kongsberg. Cointnou ore at Guanajuato and Zacatecas in Mexico, 
in Pern, and at Blagodat in Siberia. 

170. Acaxthite, AgS. 

Right prismatic. H. =2*5; G. = 7*33. Iron-black. C.c. like 
argentite, thus dimorphous. Freiberg and Clausthal, on argentite; 
also at Copiapo. 

171. Jalpaite, fiAgS-pCmS. 


Cnbic; formO. Cl. cubic; malleable. H. =2*5; G. = 6*88. Dark- 
grey. Metallic lustre. C.c.: silver 71*78, copper 14*04, sulphur 
Jalpa in Mexico. 


14 


172. Lautite (CuAg) As.S. 

Granular. Iron-black. H. =3; G. =4*96. C.c.: copper 28*3, 
silver 12, arsenic 41*8, sulphur 17*86. Lauta, near Marienberg. 

173. Na'usi.asxite, AgSe. 

In thin plates and granular. Cl. hexahedral, perfect. Malleable. 
H. =2*5;G. =8. Iron-black. Splendent. C.c.: 73 silver* and 27 
selenium, with 4*91 lead. Tflkerode. 

174. Hessite, AgTe. 

Cubic or anorthic(l) ; massive and granular*. Slightly malleable. 
1I. = 2*5 to 3 ; G. = 8*l to 8*45. Blackish lead-grey to steel- 
grey. B.B. on charcoal fumes, fuses to a black grain rvith white 
sjrots, and leaves a brittle grain of 
silver. C.c.: 62*8 silver and 37*2 
tellurium. Zavodinski (Altai), Nag- 
yag, Rezbanya, California, and ChUi. 

175. Petzite, 2AgTe-rAuTe. 

Like hessite. Two varieties : — 

(u) rvith G. “8*72, containing 18 per 
cent of gold, from Nagyag ; (6) wrth 
G. =9 to 9*4, and 24 to 26 of gold. 

Calaveras and Tuolumne in Cali- 
fornia, Colorado. 

176. DlscR-tsiTE, Ag,.Sb ; Ag.jSb ; 
and -Vg^Sb. 

night prismatic ; P with ijolar 
edges 13*2" l*^ and 9*2"; cop 120 “ 
neatly (figs. 335, 336). Co*staLi short prismatic, or thick tabular. 



ng.'335 (sp. 176). 


and vertically striated (fig. 335) ; twiirs united by a face of oop . 
often in stellar groups (fig. 336) ; also massive or granular, 

basal and Poo , distinct ; ooP imperfect ; rather 
brittle, and slightly malhable. H. =3*5; 

G. =9*4 to 9*8. Silver- white to tin-white, with 
a yellow or hlackish tarnish. B.B. fuses easily, 
fumes staining the charcoal white, and leaves 
a grain of silver. Sol. in n, add. C.c.: 64 
to 84 silver, and 36 to 16 antimony. Andreas- 
berg, Allemont in Dauphine, Spain, and Ar- 336. 

queras in Coquimbp (Chili). A valuable ore of silver. A varietv 
from ChiU contains 94*2 silver and 5*8 antimony, and is Agj^Sb ^ 

177. Blende, ZnS. 



Cubic and tetrahedral (figs. 152, 153, 337). Twins reniarkaUy 
common, united by a face of 0, and several times repeated • fre- 
quently massive and granular. CL CO 0, perfect; veiy brittle. H.= 
3*5 to 4 ; G. =3*9 to 4*2. Semitransparent to opaque ; adamantine 
and resinous. Brown or black, also 
red, yellow, and green, rarely colour- 
less or white. B.B. decrepitates, often 
violently, but onlj' fuses on very thin 
edges. Sol. in con. n. acid, leaving 
sulphur. C.c.: 67 zinc and 33 sulphur; 
but generally in the darker .varieties 
with 1 to 15 iron, 0 to 3 cadmium. 

Very abundant. Glen Gairn (bright 
yellow and highly phosphorescent), 

LeadhiUs. Tyndrum, Cornwall, Derby- 
shire, Cumberland, the Harz, Freiberg, 

Przibram, Schemnitz, Kapnik, North , 

America, Peru. Used for producing zinc vitriol and sulphur, and 
as an ore of zinc. Lithium, indium, thallium, and gallium have 
all been found in blende. 



178. WuRTZiTE, eZnS-pFcS. 

Hexagonal ; ooP, P, with well-marked horizontal stride. CL 
basal, and pi*ismatic. H. =3*5 to 4; G. =3*9 to 4*1. Brownish 
black; streak light brown. C.c.: like blende, which is thus dimor- 
phous. Oruro in Bolivia, and Przibram (radiated .and cadmiferous). 

179. Greenockite, CdS. 

Hexagonal, and generally hemimorjihic. P 86° 21'; 2P 123° 54'. 
Crystals 2P, OP, coP, P; orP, 2P, o=P; attached singly. CL ooP, 
imperfect; basal perfect. H. =3 to 3*5; G. =4*8 to 4*9. Trans- 
lucent; brilliant resinous, or adaman- 
tine. Honey- or orange-yellow, 
rarely brown; streak yellow. B.B. 
decrepitates, and becomes carmine- 
red, but again yellow when cold ; 
fused with soda forms a reddish 

brown coating on charcoal. Sol. in . . 

h. acid. C.c.: 77*6 cadmium, and 22*4 sulphur. Bishopton m 
Renfrewshire, Praibram, and FriedensviUe in Pennsylvania. 



Fig. 338. 


180. Alabasdine, MnS. 

Cubic ; O and coOpo ; usually massive and granular. CL heia- 
hedral, perfect; fracture uneven; rather brittle. H. =3*5 to 4; 
G. =3*9 to 4. Opaque; semi-metallic. Iron- black to dark, steel- 
grey, brownish black tarnish ; streak dark green. B.B. fuses on thin 
edges to a brown slag. Sol. in b. acid. C.c. : 63 manganese and 
37 sulphur. Nagyag, Kapnik, Alabanda in Caria, Mexico, and 
Brazil. 


181. Milleeite, NiS . 

Hexagonal rbombobedral ; R 144” 8'; in fine acicular prisms 
of <»P2, R. Brittle. H. = 3 *5 ; G. = 4 *6 (or 5 *26 to p *65). Brass* 
or bronze-yellow, with a grey or iridescent tarnish. B.B. fuses 
easily to a blackish metallic globule, which boils and sputters. 
In nitro-hydrochlorio acid forms a green solution. C.c. : 64*4 nickel 
and 35*6 sulphur. Morven (Argyllshire), Chapel (Fife), Ayrshire, 
near St Austell in Cornwall, at Merthyr-Tydvil, Johann-Georgen- 
stadt, Joachimsthal, Przibram, Camsdorf, Eiechelsdorf, Pennsyl- 
vania. 


182, Pentlandite (Eweiiniclrcltics), 2FeS-f-NiS. 

Cubic ; massive and granular ; fracture uneven ; brittle. H. “ 
3*5 to 4; G. =4*6. Light pinchbeck-brown, with darker streak. 
Not magnetic. B. B. acts in general like pyrrhotite ; the roasted 
powder forms with borax in the red. flame a black opaque 
C.c.: 36 sulphur, 42 iron, and 22 nickel ; -but mixed with pyrrhotite 
and chalcopyrite. Lillehammer in southern Norway. JnvcranU, 
5FeS-f NiS, with 11 of nickel, from near Inveraray, is a variety. 

183. Nickelite (Uoyiper A’ici-el), NiAs. 

Hexagonal ; P 86° 50'. Crystals cdP, OP ; rare. Arborescent, 
rcniform, and massive ; fracture coiicboidal and uneven ; brittle 

H. = 5*5; G.=7*5to7*7. Light copper-red, with a blackish taruisn. 

It forms no sublimate in the closed tube. B. B. fuses with strong 
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fumes to a white, brittle, metallic globule. C.c.: 43-6 nickel and 
56-4 arsenic. Hilderston in Linlithgow, Pibble in Kirkcudbright, 
Leadliills, Pengelly and Huel Chance in Cornwall, Freiberg, Schnce- 
berg; Joachiinsthal, Sangerhausen, Andreasberg, Chatham in Con- 
necticut. Used as an ore of nickel. 

181. 'Qii^n'uxvn'UE. {Antimonial Nickel), NiSb. 

Hexagonal; P 86° 56'. Crystals, thin striated liexagonal tables 
of OP, cop. H. =*5; G. *=7*5 to 7*6. Brilliant, Light copper-red, 
generally with violet tarnish. B.B. fumes, but fuses with great 
dilficult}'. C.c.: 32'2 nickel and 67 '8 antimony. Andreasberg. 

185. Stannite (rm Pynto), 2CuS, SnSo+2(FcS, ZnS) + SnS 2 . 

Cubic ; in cubes very rare, generally massive and granular. Cl. 

hexahedral, imperfect; fracture uneven or small conchoidal; 
brittle. H. =4 ; G. =4'3 to 4’5. Steel-grey ; streak black. C.c.: 
26 to 32 tin, 24 to 30 copper, 6 to 12 iron, 2 to 10 zinc, and 30 
sulphur. Huel Rock near St Amies, St Michael’s Mount, and Caru- 
brea in Cornwall; Zinuwald. Bell-metal ore. 

186. STEiiNBEiiGiTE, (AgS -f 2FeS)FeS3 . 

Eight prismatic; P middle edge 118°. , Crystals usually thin 
tiibular; in twins, or in fan-liko and spheroidal gi-oups. Cl. basal, 
perfect ; sectile, and flexible in thin 
lamime. H. =1 to 1‘5; G. =4‘2 to 
4 '25. Dark pinchbeck-brown, often 
a violet-blue tarnish ; streak black. 

C.c.: 34'2 silver, 35‘4 iron, and 30'4 
sulphur. Joachiinsthal, Schneeberg, 
and Joh.ann-Gcorgcnstadt. Flexible 

Sulphurct of Silver, from Hungary and Freiberg, is identical. Frie- 
scilc, AgoFcjSg, in twins (fig. 339), is a variety. 

187. Kittixoeuite, AgAs. 

Oblique prismatic. coP 126° 18' ; ooPm .and OP. Cl. ba.sal ; 
fracture conchoidal; brittle. H. ’=2'5to3; G. =5‘03. C.c.: silver 
577, the remainder being arsenic, with someselenium. Joachimsthal, 
Silesia, Fclsbbanya in Hungary. 



192. DomeykitEj Cu„As. 

Botryoidal or inassive ; fracture uneven ; brittle. H. =3 to 3‘5 • 
G. =7 to 7 '5. Tin- or silver- white, inclining to yellow, with an 
iridescent tarnish. Not alfectedby h. acid. C.c.: 71-03 copper and 
28-37 arsenic. Calabazo in Coquimbo, and Copiapo in Chili. Coii- 
airmfc, massive, seems an impure variety ; from Condurrow mine .and 
near Redruth (Cornwall). Algodonile from Lake Superior, lVhib~ 
ncyile from Mexico, and Barwinitc (88 copper) are also identical 
or similar. 

193. Melonite, Nio'Pca. 

Hexagonal ; minute tabular crystals, foliated and granular. 
Metallic lustre. Reddish white ; streak dark grey. C.c.: nickel 21, 
silver 4-1, tellurium 73-4. Stanislaus and Calaveras (California). 

194. Sylvanite, AgTcj-f AuTej. 

Oblique prismatic, C 55° 21'. coP 94° 26'; - P‘>oo 19° 21'; P'co 
62° 43'. Crystals small, short acicular, and often twinned and grouped 
in rows like letters; sectile, but friable. H.=l-5 to 2; G. = 7-99 to 



188. COVELLI.NE, CuS. 

Hexagonal. Crystals coP, OP; rare; usually reniform and granu- 
lar, Cl., basal; sectile. Thin laminar flexible. H. “l-O to2 ; G. ■= 
3-8 to 4-0. Resinous. Indigo-blue; stre.-ik black. B.B. burns 
with blue flame. Sol. in u. acid. C.c.: 66-7 copper, 33-3 sulphur. 
Cairubeg in Cornwall, Vesuvius, Leogang (Austria), Chili, Angola, 
New Zealand, and Victoria. 

189. CiiALCorYi-.iTE {Coi>pcr Pyrites), CuS + FeS . 

Pyramidal ; and sphenoidal hemihedric ; JP (P) with polar edges 

71° 20' ; ooP«3 . Crystals generally small and deformed ; twins 
very common, like fig. 340. P«5(5) 89° 10', 2Pco(c) 126° 11', 

OP (a), P (fig. 89). Most commonly compact and disseminated; 
also botryoidal and reniform. Cl. pyramidal 2P<o ; some- 
times rather distinct; fracture conchoid.!! or uneven. H. =3-5 to 
4; G. = 4-1 to 4-3. Bra.ss-yellow, often with a gold-yellow or 
iridescent tarnish (peacock coiiper ore) ; 
streak greenish black. B.B. on charcoal be- 
comes darker or black, and on cooling red; 
fuses easily to a steel-grey globule, which at 
length becomes magnetic, brittle, and greyish 
red on the fractured surface ; with borax and 
soda yields a grain of copper; moistened with 
h. acid, colours the flame blue. C.c. essenti- 
ally 1 atom copper, 1 atom iron, and 2 atoms 
sulphur; with 34-5 copper, 30-5 iron, and 35 640. 

sulphur. The most abundant ore of copper. In Kirkcudbright- 
shire and Wigtownshire, 'fyndrum in Perth.shire, Inverness-shire, 
Lairg in Sutherland, Shetland, Anglesea (Parys mine), Derbyshire, 
Staftbrdshire, Cumberland, Gunnislake (Devonshire), St Austell 
(Cornwall), Wicklow, Falun, Roraas, Freiberg, Mansfeld, Goslar, 
Laiiterbcrg, Jliisen, Siberia. It is distinguislied from pyritc by 
yielding readily to the knife, by its tarnish, and by forming a green 
solution in n. acid. 

190. Boknite {Purple Copper), 3Cu„S, FcoSj . 

Cubic. Crystals coOoa , and coOco , 0; but rare, and generally 
r.)U"h or uneven ; also twins. Mostly massive. Cl. octahedral ; 
fiacture conchoidal; slightly brittle; sectile. H. =3; G. =4-9 to 
5-1. Colour between copper-red and pinchbeck-brown, with tarnish 
at first red or brown, then violet or sky-blue ; streak greyish black. 

B. B. acts like chalcopyrite. Soluble in con. h. acid, leaving sulphur. 

C. c.: 55-6 copper, 16-4 iron, and 28 sulphur. Crystals near Redruth 
aiid St Day in Cornwall ; massive at Killaniey in Ireland ; also 
Norway, Sweden, Mansfeld, Silesia, Tuscany, and Chili. An ore of 
copper. 

191. Cuban, CuS, Fe.Sj. 

Cubic. H. =4; G. =4-1. Bronze-yellow; streak bronze-yellow and 
black. Barracanao in Cuba, 'Tunaberg and Kafveltorp in Sweden, 


8-33. Steel-grey to silver-white, and pale bronze-yellow. C.c. : 59 '6 
tellurium, with 0-6 to 8-5 antimony, 26-5 gold (in some 30), and 
13-9 silver, with 0-2 to 15 lead. Olfenbanya {Qraphio Tellurium), 
Nagyag ( Yellow Tellurium), and California. 

195. Nagyagi'I'e, Black Tellurium. 

Pyramidal. P 137° 52'; Poo 122° 50'; and OP (fig. 343). Crystals 
tabular, rare; in general in thin plates or foli- 
ated. Cl. basal, perfect; sectile ; thin lamime 
flexible. H.-l to 1-5; G.=6-85 to 7-2. 

Sidendeut. Blackish lead-grey, C.c.: 51 to 
63 lead, 6 to 9 gold, 1 copper and silver, 13 to 
32 tellurium, 3 to 12 sulphur, and 0 to 4-5 
antimony. Nagyag and Olfenbanya in Tran- 
sylvania. 

196. Maldonite, Au^Bi. 

H. = 1-5 to 2; G. =8-2 to 9-7. Colour 

silver-white, with black taniish. C.c.: gold Fig. 343 (sp. 195). 
64-5, bismuth 35-5. Occurs in granite veins at Maldon in Victoria. 

197. CniLENiTE, Agii,Bi. 

Minute plates of metallic lustre. Silver-white, but tarnished red 
or yellow. Silver 83-9, bismuth 16-1. From the mine San 
Antonio near Copiapo in Chili. 

198. Cinnabah, HgS. 

Hexagonal and rhombohedral; R71°48'. R(jt),OR(o),coE ()«)■ JR 
(i) (fig. 344). Crystals rhombohedral; also 
granular, compact, and earthy. Cl. coR, 
perfect ; fracture uneven and splintery ; 
sectile. H. “2 to 2-5; G.-- 8 to 8-2. Trans- 
parent, with circular polarization. Adaman- 
tine. Cochineal-red; streak scarlet. C.c.: 

86 -2 mercury, 13-8 sulphur. Idria in Carniola, 

Almadcn in Spain, Wolfstein in Bavaria, 

Saxony, Hungary, Tuscany, China, Cali- 
fornia, Mexico, Peru. Chief ore of mercury. Also a pigment. 
Hepatic Cinnabar is a bituminous mixture. 

199. Tie.mannite, HgSe . 

Finegrauular ; brittle. H. ■=2-5; G. =7’1 to 7’4. Brilliant. Dark 
lead-grey. C.c.: 75 mercury, 25 selenium. Clausthal and Zorge. 

200. Leubaciiite, (Pbllg)Se . 

Granular and massive. G. = 7’8 to 7 '88, Colour steel-grey to 
iron-black. Brittle. Lerbach, 'Tilkerodo in the Harz. 

201. Guanajuatite, BLScj. 

Massive ; granular ; foliated and fibrous. 11. - 2 '5 to 3 ; G. - 6 '25. 
Blue-grey; streak grey and shining. Metallic; soft and malleable. 
C.c.: selenium 3*1 *3, sulphur '7, bismuth 65. Sauta Rosa (Guana* 
juato, Mexico). 

XVI. — SO 
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202. CoLORADoiTi:, HgTe . 

■ Massive and. gi-auular. H. =3; G. =8'63. Metallic. Iron-black. 
Couchoidal fracture. C.c.: 61 mercury, 39 tellurium. Colorado. 

203. Molybdenite, MoS. 

Hexagonal(?). Crj-stals OP, ccP; andOP, ooP,P, Generally seal}'. 
Cl. basal, perfect; sectile and flexible. Feels greasy. H. =1 to I'o ; 
G. =4'6 to 4'9. Lead-grey with red tinge ; grey streak on paper, 
greenish on porcelain. B.B. colours flame siskin-green ; on 
charcoal yields sulphurous fumes, 
and forms a white coating ; in warm 
nitrochloric acid a greenish, and in- 
boiling s. acid a blue solution. 

C.c.: 59 molybdenum, 41 sulphur. 

In granular limestones, and in 

granites in Sutherland, Boss, Aberdeen, Argyll, and Kirkcudbright; 
Shap in Westmoreland, Caldbeckfell in Cumberland, Arendal, 
Ziunwald, 3Iont Blanc, Maine, Connecticut, Yea in Victoria. Used 
for preparing blue carmine, for colouring porcelain. 

204. Laurite, (RuOs)3Sj. 

Cubic. Crystals 0, ooOoo ; oo03, ooOoo. Cl. octahedral. H. = 
7'5 ; G. =-6'99. Metallic, bright. Dark iron-black. Powder grey. 
Brittle. C.c. : ruthenium 65 '18, osmium 3 '03, sulphur 31 ‘79. 
From platinum grains, in Borneo and Oregon. 




Serria, 


coP90’ 


205. Realgar, AsS. 

Oblique prismatic. coP(jIi)74'’26'; P' to (ii) 132’ 2', ooP“2 (Z) 113' 
16'. Crystals (fig. 346) generally prismatic; 
sometimes massive. Cl. basal, also clino- 
diagonal ; fracture splintery ; sectile. 

H.=l-5 to 2; G.=3-4 to 3-6. Trans- 
parent to opaque; resinous. Aurora-red ; 
streak orange-yellow. C.c.: arsenic 70, 
sulphur 30. lT.agyag, Felsbbanya, St 
Gotthard, Vesuvius. 

206. ORPiiiENT, AsoSs. 

Right prismatic. ooP 117’ 49’. Fre- 

quentlj' foliated. Cl. brachydiagonal ; 
striated vertically ; sectile and flexible. 

H. =1'5 to 2; G. =3‘4 to 3'5. Semi- 
transparent; resinous to pearly. Citron- 
yellow and orange-yellow. C.c. : arsenic 61, sulphur 39. 

Kapnik, Andreasberg, Solfatara, Zimapan in Mexico. 

207. Dimorphite, As-jSj. 

Eight prismatic. H. =1'5; G. =3'68. Orange-yellow. Solfatara, 

208. Stibnite, SboSj. 

Right prismatic. P polar edges 109’ 26' and 108 
Crystals (fig. 347) generally prismatic. Cl. 
brachydiagonal, perfect; sectile. H. “2; 

G. =4-6 to 4 ’7. Brilliant lead-grey, often 
tarnished. C.c.: antimony 71 '8, sulphur 
28 "2. Maisley, Banffshire; HarehUl, 

Ayrshire ; Glendinning, Dumfriesshire ; 

Endellion and Padstow, Cornwall ; WoKs- 
berg, Harz ; Przibram, Schemnitz, 

Auvergne, Spain, America, Melbourne. 

Chief ore of antimony. 

209. BisjiUTntSE, BLS3. 

Right prismatic. ooP 91° 30'. Crystals 

prismatic, striated ; also granular and 
foliated. Cl. brachydiagonal ; sectile. 

H. =2to2-5; G. = 6‘4to6‘6. Lead-grey. 

C.c.; 81-2 bismuth, 18 '8 sulphur. Caldbeckfell (Cumberland), 
Redruth (Cornwall), Riddarhyttan and Bastnaes (Sweden), Alten- 
berg, Haddam (Connecticut), Ballarat (Victoria), Bolivia. 

210. Frenzelite, BuScj, or 2BiiSe3-f BijSj. 

Right prismatic ; mP 90°. Needle crystals, and massive. Cl. 
brachydiagonal. H. =2'5 to 3; G. =6‘25. Bluish grey; streak 
greyish blaek, shining. Lustre metallic. Malleable. C.c.: bismuth 
67 ’38, selenium 24 '13, sulphur 6'6. Guanajuato (Mexico). 
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Pig. 347 (sp. 208). 


SULPHUR SALTS. 

211. Gtn;jARiTE, Cu„S -r 2Sb3S3 . 

Right prismatic. ooP 101° 9'. Cl. brachydiagonal. H. =3'5; 
G. = 5 '03. Steel-green, with bluish 
streak. C.c.: copper 15 ’5, anti- 
mony 58 '5, sulphur 25. Guejar in 
Sierra Nevada. 

212. Miaroyrite, AgS-^SbS3. 

Oblique prismatic, C 81° 36'. 

P 90° 53'; -P 59° 59'. Crystals 
pyramidal, or tabular (fig. 348) ; 
massive; sectile. H. =2 to 2’5 ; Pig. 348 (sp. 212). 

G. =-5-2 to 5’3. MetaUic adamantine. Blackish lead-grey to steel 



grey; streak cherry-rod. C.c.: 37 silver, 41 antimony, 22 sulphur. 
Freiberg, Przibram, Potosi. 

213. Morocochite {Sitter- JFismulh Glanz), AgS + BiSj. 

Massive. Colour grey; streak light green. G. =6‘92. C.c. : silver 
28 ’3, bismuth 54 '7, sulphur 17. Morococha in Peru. 

214. Sartorite, PbS-f AS3S3. 

Right prismatic. Crystals slender; coP 123° 20'. Cl. OP. H. =3- 
G. =5'39. C.c.: lead 42'68, arsenic 30'93, sulphur 26'39. Binnen- 
thal in Switzerland. 


215. Zinokenite, PbS-fSbSj. ^ 

Right prismatic. coP (d) 120° 39'; Poo ( 0 ) 150° 36' (fig. 349). 

Crystals acicular ; vertically striated, and twinned r~ 

3 or 6. Sectile. H. = 3 to 3'5 ; G. = 5 "3 to 5 '35. 

Steel-grey to lead-grey ; with blue tarnish. C.c, : lead j 
35‘9, antimony 42, sulphur 22’1. Wolfsberg. 

216. Emblectite, CuS-bBLSj. 

Right prismatic. Tin-white. Saxony, Wurtemberg, 

and Copiapo. 

217. WOLFSBERCITE, CmS-fSKSg. 



Pig. 349 
(sp. 215). 


Right prismatic. coP 135° 12'; 00 P2 111°. Crystals tabular; 
also line granular. Cl. brachydiagonal, perfect ; fracture conchoidal 
oruneven. H. — 3‘5;.G. =4'748. Lead-grey to iron-black, sometimes 
iridescent; streak black, dull. C.c.: 25 ’4 copper, 49 antimony, 
and 25'6 sulphur. Wolfsberg, 

218. Brrtiiierite, FeS, SbSg. 

Massive ; columnar of fibrous, with indistinct cleavage. H. =- 
2-3; G. = 4 to 4 -3. Dark steel-grey, reddish. Tintagel and Padstow 
in Cornwall, Auvergne and Anglars (Creuse) in France, Braunsdorfin 
Sa.xony. In France used as an ore of antimony. 

'219. Plagionite, PbjSba. 

Oblique prismatic, C 72° 28'. P 134° 30' and 142° 3'; -2P 
120° 49'. Crystals thick, tabu- 
lar (fig. 350), minute, and in 
druses. Cl. -2P, perfect; brittle. 

H. = 2 ’5 ; G. = 5 ‘4. Blackish 
lead-grey. C.c.: 41 lead, 33 
antimony, and 21 sulphur. 

Wolfsberg. 

220. Kl^aprotuite, 3Cu..S 

-b2BLS3. 

• Eight prismatic; long striated 
crystals; coP=107°. Wittichen, Fig- 350 (sp. 219). 

Bulach. Sehirmcrite, from Colorado, 3(Ag2Pb)S-f 2Bi3S3, with G, 
= 6'74, is similar. 



221. Binnite, 3CuS - r 2AS3S3 . 

Cubic. Typical forms co6, 202; 0, ooO=o, 606; 404, lOOlO 
303. H.=4'5 ; G. =4'48. Metallic. Black. Binnen. 


222. Laresonite, 3PbS -f 28^83 . 

Eight prismatic; ooP 101° 20'. Crystals 00 P, coPco, long- 
prismatic, parallel or radiating. Cl. basal perfect, ooP and brachy- 
diagonal imperfect; sectile. H. =2 to 2'5 ; G. =5'5 to 6'7. Steel- 
grey to dark lead-grey. B.B. decrepitates, fuses easily, and wholly 
volatilizes except a small slag. Sol. in warm n. acid. C.c.: 44'5 
lead, with 2 to 4 iron, 34 ’9 antimony, and 20 ’6 sulphur. Cornwall, 
Estremadura, Hungary, -Siberia, and Brazil. 

223. Duerenoysite, 2PbS -p As.,S 3 . 

Right prismatic. ooP 93° 39'. Generally in thick reotangubr 
tables. H. =3; G. =5'56. Lead-grey. Brittle. Binnen, St Gotthard. 

224. Frieslebenite, 5(Pb, Ag2)S-P2Sb»S3. 

Oblique prismatic, C87° 46'. coP 119° 12'; P“oo 31° 41' (fig. 351) 
in prisms with curved reed-like faces, and 
strong vertical strioe. Twins intersecting ; 
also massive. Cl. ooP, perfect; fracture con- 
choidal or uneven ; rather brittle. H. = 2 to 
2'5 ; G. =6’2 to 6’4. Steel-grey to dark lead- 
grej'. C.c.: 22 ’5 silver, 32 '4 lead, 26 ‘8 anti- 
mony, and 18 ’3 sulphur. Freiberg (Saxony), 

Hiendelaencina (Spain). 

225. Py'r.argybite, 3Ag,,S-{-Sb3S3. 

Hexagonal rhombohedral ; R (P) 108° 42'; 

-4E137°5S'; OR; -2R(r); E3; ooP2(s); 
and ooR (Z). Crystals prismatic (fig. 352); 
twins common, of various kinds; also massive, 
dendritic, or investing. Cl. R, rather perfect; 
fracture conchoidal to uneven and splintery; 
sectile. H. =2 to2'5. Crimson-red to blackish lead-grey ; streak 
cochineal to cherry-red. Huel Brothers and Huel Duchy in 
CornwaU, Andreasberg, Freiberg, Johann-Georgenstadt, Annaoerg, 
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Scheninitz and Kremnitz, 



Schneeberg, Jrarionberg, Przibrain, 

Kongaberg, Jlcxico, Nevada, kc. 

220. Piiou.STiTE, SAg^S+As^Sj. 

Khoinbobedral, like pyrari^vritc 

G. -5-5 to 5-0. Semi- • ' 

transparent to , trails- x 

lucent on the edges, ' f-i' — 

C'oehineal to crimson-red. 

O.c. :_05'5 .silver, 15 ‘1 
arsenic, and 19'1 sulphur. 

Streak aurora-red, B. B. 
ar.sonical odour, and ■ i. . ■ ; 

dilGcultly reduced to l•sl! si I \l 
metallic silver. At the 
same localities as pyrar- 
gyrite; both are valu- 
able ores of silver. Pvcd 
orpiment has a lower 
specific gravity, and 
yellow streak; cinnabar 
volatilizes .before the , 

bloivpipe. 'S' ouJ (.sp. 225). Fig. 353 (.sp. 220). 

227. BouLtKCEUiTK, SPbS+SbSa. 

Fine g'ranular, columnar, radiating, or fibrous; slightly scclile. 

H. -o ; G. “ 5-8 to 0. .Silky, metallic. Blackish lead-grey, with 
d.irker streak, L L, hkcjamesonite. C.c.: 50 lead, 22-8Ltimony, 
and 18 2 sulphur. iroheres m France, Oberlahr (RhenLsh 
rriBaia), Laplaud, and bibiiria. ^ Plumhoslib or Emhrclhiic. from 
Jicrtchinsk, la only a variety. 

228. Kouelmte, 3Pb.S, BLSj + SPb.S, Sb-.S^. 

Kadmtcd columnar; soft. . G. -0-2 to 0-3.' C.c. : 53 lead, 20 bis- 
muth, 10 antimony, and 17 sulphur. Ilveua in Nerike (.Sweden). 

229. WirnoiiE.viTE {Oinireous Biamulh), 3Cu3 -l--Bi..S 3 , 

- Pris'natic ; i'l tabular crystals like bournoiiite." Wittichen 
in the Black Forest. 

230. BoiJJt.so.viTE {3CuS + Sb^S^) + 2(3PbS + SbA). 

Bight prismatic. coP {d) 93’ 10'; fv. (u) 90’ loVf''-^ («) 92’ 31 

OP (r); copco(a); copM(/i:) (fig. 351). Cl. brachydiagonal, im- 
perfect; fracture uneven to conchoidal; 
rather brittle. If. ■=-2'5 to 3; G. ‘“57 
to 5'9, Lustre brilliant metallic. Steel- 
grey. C.c, : 12-1 lead, 13 copper, 2.5 
antimony, and 19'0 sulphur. Bedruth 
and BeeraLston; Harz (Neudorf), Brauns- 
dorf, Kapuik, Servoz; Alais and Pontgi- 
baud in France. 

jyijlchilc from 'Woleli in C'arintliia is 
only a variety. 

231. Aikisite {Kecdle-ore), 2(3 PBS 
-i-Bi„S3)-f-3(CuS-)-BL.S3). 

Bight prismatic ; ' long thin crystals 
imbedded in (puartz, often bent or broken; 
rather brittle. H, =* 2 '5 ; G. =“ 0 7 to 0 -8. ^ ‘O- "51 (sp. 230). 

Blackish lead-grey or steel-gre}', witli a brownish tarnish. C.c. : 
30 lead, 11 copper, 30 bismuth, and 17 sulphur. Berezolf (Siberia), 
Georgia. 


A L 0 G Y 


G, 


395 

to « Btecl-Iim- ,hs, 0,0.11, ■ ni,»n«lle, ,nd with ..fe, 

except B 107° 50' (fig. 353). ‘Essentially Cu.S in combination with ShSj. Airthrey^mar 



232, .STyLoryp, 3(CuAgFc).S + Sb„S 3 . 
Bight Tirismatic. OP 92’ 30', H. •“3; G, ■ 

Chili. 

233, 


‘ 1 '8. Black. Copiapo, 


Avvivite, ICuS-KA-s-Sj, ,Sk.S 3 , Bi.Sj), 

Massiv'e, similar to the foregoing. From Anaiver in Valai.s. 
Blwlcnlc is similar, but with 15 "5 of antimony. 

231. JULI.VVITE, 3CU2S-I-A.S0.S3. 

Cubic. G. ‘=5'12. Metallic. BeddLsh grey. Rudelstadt in 
Silesia. 


235 . Meveguinitk, IPbS-fSboSj. 

Oblique prismatic, C 72’ 8'. coP 110’ 21'; P°co 


70’, Crystals 
rare ; mostly 


small, acicular, chielly of coP'w, cop°co, coP , 
fibrou.s. If, -“3; G, “‘O'l, Bottino in 'I'mcany, Sehwarzenber" in 
Sa.xon}'. ° 

230.- Jor.n,i..viTE, IPbS-pAs.Sj. 

Bight prismatic ; coP 123’ 29'. Cl. brachydiagonal, perfect. 
Streak black. G.=“0-38. C.c.: lead 08-9, arsenic 12'5, sulphur 
18 "0. Binuen and Nagyag. 

237. 'rETiEUiEDEiTE (idt/dcrc), lCu„S-t-Sb 2 .S,.,. 


'I'e-sscral and tetrahedral. In crystals 


0 


0 _ 202 
-V- "0.— 


(figs. 


355 to 358, also 05, 00, 200), Twins (figs. 101, 207); generally 
massive. Cl. octahedral ; fracture conchoukl ; brittle. fl.-“3'14; 



Stirliijg, Sandlodge in .Shetland, Tomnadasliin on Loch 'fay, Kirk* 
cudbriglit; Crinnis and other Cornish mines near St Austell; Harz, 
Miisen, Freiberg, Camsdorf, Alsace, Kremnitz, and Kapnik. 'I’hoso 
with 17 to 31 silver are the Bilver Fahlore (Freiberg). Ore of 
copper and silver. 

238, TE.v.v.i..vTiTE, (CuS, FeS) AswSj , 

Cubic (like fig. 237). Cl. coO. Brittle. H. =1; to 1‘5. 

Iron-black ; streak dark red, grey. C.c. : 19 copper, 1 iron, 19 
arsenic, and 28 sulphur. Bedruth and St D.iy (Cornwall), and 
Skuttcrud. C'oyi/jer-Wcmfc, with brownish red streak; G. ^I'S; con* 
tains 8 ’9 zinc ; Freiberg. 

239. VoL'iTZLiT^ (}Fci$srjilli/jerz), IBS-fSbwSj. 

Like tetrahedritc, H. =-2’5; G. ‘=5’lto57. C.c. : silver 0 to 22, 
lead 38 to 52, antimony 8 ’5 to 22, sulphur 13 to 22'5. Freiberg. 

210. Stei'Ii.vvite, 5Ag.jS-f Sb^Sj. 

Bight prismatic. coP ( 0 ) 115°. 39'; P (P) middle edge 101° 20'; 

2P«:((7) middle edge 107° 18'; OP (»); coPcofp) (figs. 333, 331). 
Cl. d and both imperfect ; fnacture conchoidal or uneven ; sectilo. 
II. =“2 to 2'5 ; G. “»G'2 to 0’3. Iron-black to blackish lead-grey. 
C.c.: 08’5 .silver, 15'3 antimony, and IG’2 sulphur. Cornw.all, 
Freiberg, .Schneeberg, Annabcrg, Joachiinsthal, Przibrain, Schem- 
nitz, Mexico, Peru, and Siberia. Valuable ore of silver. 

211. Geoci’.ovite, 5PbS-I(Sb, A-slo-Sj, 

Bight prismatic. Fracture conchoidal ; seotile. H. = 2 to 3 ; G. ■=* 
G’15 to 0'51, Pale lead-grey. C.c. : 07 load, with 1 to 2 copper and 
iron, 16 antimony, with 17 arsenic, and 17 sulphur. .Sala in 
Sweden, Meredo (Oviedo) in Spain, and near Pietrosanto in Tuscany. 

212. Kii.njiiciCE.viTE, GPbS-t-SlESj. 

Massive; granular or foliated. C.c. : 70'01 lead, 1370 antimony, 
and 10 '23 sulphur. County Clare in Ireland. 

213. P 0 LYJ 1 -V.SITE, 9(Ag2, CiiJS-P(Sb, As)J33. 

Ile.vagoiial ; P 117°. Ciystals OP, ceP ; and OP, P, tabular. 

Cl. ba3.al, imperfect; sectilo, and easily frangible. If. = 2 to 2-5; 
G. =0 to C'25. Iron-black, in very thin lamella;, translucent, 
red. C.c. : 01 to 72 silver, 3 to 10 copper, IG to 17 sul(ihur, 0‘2 to 
8 antimony, and 1 to G arsenic. Freiberg', Joacliimsthal, Schem- 
nitz, Guanajuato, Nevada, and Idaho. Bieh ore of silver. 

211. P0I,YAIlCYJtITE, 12Ag3-j-Sb“S3. 

Cubic. Typical form 0, coOm, coO,;»Oi/i. Cl. cubic. H. ‘“2'5; 
G.-“0'97. Metallic, iron-black ; streak black. Jlalleable. C.c.: 

78 '2 .silver, 7’1 antimony, 11 ’5 siilidiur. AVolfach in Baden. 

215. Evaegjte, 3Cii„S-f As.jS.. 

Eight pnismatic. Cl. coP 97° 53' perfect, brachydiagonal 100’ 58' 

and macrodiagonal less so. Typical form coP, OP, copco, coPm. 
Brittle. If. -=3; G. “-I'S to I'S. Iron-black, C.c. : IS’S copper, 
19'1 .arsenic, and 32‘0 sulphur. Moroeoelia in Peru. 
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246. CL.A.r.iTE, 3CuS + AsS. 

Oblique prismatic. Cl. clinodiagonal. Ordinary form <»P, 
ooP'oo, OP, MiP. H. = 3‘5; G.=4'46. Dark bluish grey. " Kiiizig- 
thal in Baden. Luzonite is similar. 

247. Fajiatixite, 3CuS + SbS. 

Eight prismatic. Typical form OP, ooP, ooPoo , ooP3. Massive or 
reniform. H. = 3'5; G. =4‘.57. Copper-red to grey ; streak black. 
Famatina Mts. in the Argentine Kepublic, and Cerro de Pasco in 
Peru. 

248. Chiviatite, 2PbS -i- OBi^Sj . 

Foliated, massive. G. =6'9. Metallic. Lead-grey. Chiviato in 
Peru. 

249. Epigenite, 6RS + -A.S0S5. 

Right prismatic. ooP 110° 50'. Steel-grey. H. =3'5. Witti- 
chen. 

250. Epibotjlakgerite, OPbS-fSboSj. 

Eight prismatic. G. =6’3. SletaUic. Blue-black. Altenburg 
in Silesia. 

251. Xanthocon, 2{3AgS-4As„S3) + {3AgS-f-As2S5). 

Hexagonal rhombohedral. R : OR 110° 30'. Crystals thin hex- 
agonal tables; brittle, easily frangible. H. =2 to 2‘5 ; G. =5 to 
5 '2. Translucent; adamantine. Orange-yellow or brown; streak 
darker. In the closed tube fuses easily, becomes lead-grey. C.c. : 
63 '4 silver, 14 '7 arsenic, and 21 ‘9 sulphur. Himmelsfiirst mine at 
Freiberg. 

252. Pyrostilpnite {Fire-Uende). 

Oblique prismatic ; crystals like stilbite. OP 139° 12'. Twins on 
orthodiagonal. H. =2;G. =4'2. Lustre pearly, and adamantine. 
Colour hyacinth-red and bright-yellow. Sectile. C.c.: 62'3 silver, 
with sulphur and antimony. Freiberg, Andreasberg, Przibram. 

OXYSULPHURETS. 

253. Kermesite, Sb03-b2SbS3. 

Oblique prismatic; crystals coPco, OP,’ acicular and diverging; 
sectile. H. =1 to 1'5 ; G. =4'5 to 4'6. Translucent ; adamantine. 
Cherry-red; streak similar. Sol. in h. acid. In potash solution 
becomes yellow, and dissolves. C.c.: 75 '3 antimony, 19‘8 sulphur, 
4 ’9 oxygen. Braunsdorf, Przibram, Pernek near Bbsiug (Hungary), 
Allemont, Southham (Canada). 

254. Yoltzine, ZnO-t-4ZnS. 

Incrusting. H. =4‘5; G. =3-7. Yellow. Pontgibaud and 
Joachimsthal. 

255. Kakelixite, 3BiO-iBiS. 

H. =2;G. =6‘6. Metallic. Lead-grey. Zavodiuski in the Altai. 

256. Bolivite, BLOs-i-BLSa. 

Rhombohedral. From Bolivia. 


262. Bopacite, 2Mg3'B4-fMgCl. 

Tesseral and hemihedral (figs. 63, 253, 359). CL octahedral im- 
perfect ; fracture couchoidal ; brittle. ’ 

H. =7 ; G. =2‘9 to 3. Transparent or 
translucent ; vitreous or adamantine; 

Colourless or white, often greyish, yellow- 
ish, or greenish. Becomes polar electric by 
heat. B.B. fuses with difficulty to a clear 
yellowish bead, which on cooling forms a 
white opaque mass of needle-like crystals ; 
at the same time colours the flame green. 

Sol. in h. acid. C.c. : 62 ‘5 boracic acid, 

26 '9 magnesia, 7 "9 chlorine, and 27 mag- 
nesium. Liineberg, ■ Segeberg in Holstein, Fig. 359. 

Stassfurt. 

263. Stassfuktite. 

In very minute prismatic crystals. Y'^hite. C.c. same as boia- 
cite, and thus perhaps dimorphous. Stassfurt. 

264. Rhodizite, 260364 (f). 

H. =8 and G. =3‘3 to 3 '42; agrees in most characters with 
boracite. Pyro-electric. Mursinsk in Siberia. 

265. Ludwigite, 2MgB -fFeFe 2 . 

Fibrous masses. From limestone at Morawitza in the Banat. 

266. Borax (rini-aZ), Xa.,2B4-10H2. 

Oblique prismatic, C 73° 25'. ooP 87° ; P 122° 34' (fig. 360) 
Almost isomorphous with angite; brittle. H. =2 
to 2‘5; G. =17 to 1‘8. Pellucid; resinous. Colour- 
less, or yellowish, greenish, and greyish white. 

Taste feebly alkaline and sweetish. C.c.: 16'4 
soda, 36 ‘5 boracic acid, and 47 ‘1 water ; but often 
with 2 phosphoric acid or other impurities. Shores 
of salt lakes in Tibet arid Nepal,. in California, 
and near Potosi. 

267. Bouocalcite, Ca2B'+6H2. 

Similar to ulexite (sp. 268) ; and from same 

locality. • Fig. 360 (sp. 266). 

268. Ulexite, hTa/B-f 2Ca2’B + 18H3. 

Fibrous. H. =1;G. =1‘6. YUiite. Tasteless. Iquique and Nova 
Scotia. 

269. SZ.MBELY1TE, 2l’rg52B-l-3li[2. 

H. = 3 ’5 ; G. = 2 7. AVerksthal in Hungary. 

270. Hydroboracite, 26a3’B3-i-2ilg3'B3-H2'H2. 

Radiating and foliated. Caucasus. A similar mineral, with soda 
in place of magnesia, is found in Peru. 

271. SmssExiTE, (Mn, Mg) 3 B-r-Ho.~ 

Fibrous, silky. White. H. =3; G. =3’4. Franklin (Sussex 
count}', New Jersey). 




BELENITES. 

257. Chalcosiexite, Cu’Se-f 2H2 [=CuO, Se0o-4 2H20]. 

Oblique prismatic, C 108° 20'. G. =376. Bright blue. Trans- 
parent. C.c.: selenious acid 48'2, copper oxide 35'4, water 15’3. 
Cerro de Cacheuta (Mendoza, Argentine Republic). 

NITRATES AND BORATES. 

258. Nitratixe, Na2’N._.[=Na20, N^Oj]. 

Rhombohedral ; E. 106° 30'. Tarapaca in Peru. Used in the ' 
arts as a substitute for nitre ; but deliquesces in moist air. 

259. Nitre {Saltpetre), K 2 N 2 [ = K30, NjOj]. 

Right prismatic. ooP (J/) 118° 49'; 2Poo (P) 70° 55'; Poo 109° 52'; 

c»Pco(A) (fig. 275); isomorphous with aragonite. Acicular, 
capillary, or pulverulent. Cl. indistinct; fracture couchoidal. H. = 
2 ; G. = 1 ’9 to 2. Semitransparent ; vitreous or silky. Colour- 
less, white, or grey. Taste saline and cooling. Defl.agrates 
when placed on hot charcoal ; and B.B. on platina wire melts very 
easily, colouring the flame violet. C. c. : 46 ’6 potash and 53 '4 nitric 
acid, but ahyays more or less impure. In the limestone caves of 
many_ countries; Hungary, Spain, India. Used for producing nitric 
acid, in glass making, medicine, and the manufacture of gunpowder. 

260. Nitrocalcite, CaN2-i-H2. 

Fibrous or pulverulent. AFhite or grey. C.c.; 30-8 lime, 59-3 
nitric acid, and 9 '9 water. Limestone caves of Kentucky ; on old 
walls and limestone rocks. 

261. Nituomagnesite, MgN2-fH2. 

Taste hitter. • In the same places, and similar to nitrocalcite. 


ANHYDROUS CARBONATES. 

272. Calcite {Calc-spar, Calcareous Spar), CaC . 

Hexagonal and rhombohedral ; R 105° 5' (fig. 101). The forms 
and combinations exceed those of any other mineral. Among them 
are more than fifty rhombohedrons, especially - 4R 135° ; R ; - 2R 
79° ; and 4R 66° ; with OR and ooR as limiting forms. There are 
one hundred and fifty-five distinct scalenohedrons, as E3 ; E2 ; 
|R3 ; and the second hexagonal prism ooP2. Hexagonal pyramids 
are among the rarer forms. Some of the most usual combinations are 
00 R, -4R (c, g, fig. 179) ; or -IR, ooR, very frequent ; also coE, 
OR; likewise -2R, '&.{/, P, fig. "107) ; E3, coE,-2R; R5 (y), E3 
(r), R (P), 4Ri7)i), ooR (c) (fig. 109); E, R3 (fig. 108). Several 
hundred distinct combinations are known. 

Hemitropes and twins are not uncommon. These occur 
with the axes parallel (figs. 106, 146, 148, 180, 366, 367). Others 



Fig. 361. Fig. 362. Fig. 363. Fig. 364. 

are conjoined by a face of R, the axes being almost at right angles, 
89° 8' (figs. 183, 369) or by a face of - JR, in which the chief 
axes form an angle of 127^° ; and usuallj" many times repeated, 
so that the centre crystals apipcar in lamella; not thicker than 
paper (fig. 131) ; at an obtuse angle, as figs. 149, 363. or an acute 
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angle, as figs. 3C1, 308. Also occurs granular, lamellar, parallel 
or radiated librous, compact and earthy. Cl. rhoinhohcdral along 
It, very perfect and ea.sily obtained, so tliat the conehoidal 
fracture w rarely observable ; brittle. 11. -3 ; G. -2-G to 2-8 ; pure 
transparent cry.stals=.272. Pellucid in all 
degrees. Very distinct double refraction. 

Lustre vitreous, but several faces resinous, and. 

OR pearly. Jlost frequently colourless or 
ivhite, but often grey, blue, green, yellow, 
red, brown, or black ; streak greyish white. 

B.B. infusible, but becomes caustic and emits 
a bright light. Eifervcsccs, and is entirelj’ 
sol. in h. or n. aeiil. The fine powder, ignited 
on i)latina-foil over the spirit-lamp, forms a 
somewhat conncctc|l mass, and even adheres to the platina. C.c. 
of the purest varietic.s, carbonate of lime, with -14 carbonic acid .and 
50 lime, but usually contains magnesia and proto.vide of iron or 
of manganese. Remarkable specimens of the crystallized variety 
or proper calc-spar are found at Alston 
Jloor in Cumberland (Hat rhombic 
crystals) and in Derbyshire (pale yellow / 



Fig. 305. 



Fig. 300. Fig. 307. 

transparent pyramids), at Strontian, Elic in Fife (figs. 370, 371, 
372), Andreasberg and other parts of the Harz (si.’C-sided prisms), 
and at Freiberg, Tharand, and ifaxen in .Saxony. 

Certain varieties are distinguished. Iceland Spar, remarkable 
for its transparency and double re- 
fraction, occurs massive and in huge 
crystals in a trap rock in Icehind. 
Slate Spar, thin lamellar, often 
with a shining white pearly lustre 
and greasy feel; Abergairn and Glen 




Fig. 308. 


Fig. 309. 


Tilt in Scotland, Wicklow in Ireland, and Nonvay. Aphrile, fine 
scaly ; from Ile.s.se and Thuringia. Marble is the massive crys- 
talline variety of this mineral, produced by igneous action on com- 
pact limestone. Paros, Na.xos, and 
Tenedos furnished the chief supply to 
the Grecian artists ; Carrara, near the 
Gulf of Genoa, to those of modem 
times. Some of the coloured marbles 




Fig. 371, 


of the ancients were impure limestones, as the Oipollino, zoned 
with green talc or chlorite, and Verde Antique, mixed with green 


^rpentine. lluin Marble shows irregular markings like ruins* 
Val d Arno (Florentine marble), and Bristol (Cotliam marble).’ 
Lwullite from Egypt, and Anthraconite, from Campibelltown and 
Kilkenny, are black from carbon. Lnmaehello, from Bleiberg in 
Carinthi.a, exhibits beautiful iridescent colours from fossil shells, 
sometimes deep red or orange {Fire Marble). Ilislopite, from 
Poonah, is green, from celadonite. 

Limestone occurs in all formations under various names, as Oolite, 
c"g-stone, orroe-.stone,— roundconcretionswithaconcentricstructure 
like the roe of a fish ; Pisolite, or peastone, 
similar structure; -Olialk, soft earthy; 

Lithoijraphic Slone, yellowish and compact, 
from Solenhofen ; and Marl, calcareous 
matter more or less mixed with clay. 

Calcareous Tufa, generally a recent deposit 
from calcareous springs, lias often a loose 
friable texture, but at other times is hard 
and compact ; and in the neighbourhood of 
Rome forms the common building stone 
Traverlino. The sandstone of Fontaine- 
bleau is carbonate of lime (i) mixed with 
quartz_ sand ( J), and occasionally crystal- 
lizing in rhombohedrons. 

This mineral is employed in many 
ways:— the coarser varieties, when burnt 
to drive off the carbonic acid, as lime, for 
mortar, manure, tanning ; as a flux in 
melting iron and other ores, or in jire- 
paring glass, and for similar purposes ; the 
liner, as marbles, for sculpture, architec- 
ture, and ornamental stone-work ; the chalk for writing, white- 
washing, or producing carbonic .acid. 

Phiwbocalcitc. — Cl. 104“ 53'. White and pearly; softer than 
calc-.spar; but G. =2'824. Contains 2'3 to 7 '3 carbonate of lead, 
AVanlockhead and Leadhills (Scotland). 

273. Dolomitj: {Biller-spar), CaC-fifgC. 

Hex.agonal rhombohcdral ; R 100“ 15'-20'; most frequent form 
R. 'Die rhombohedrons often curved and saddle-shaped ; also 
granular or compact, often cellular and porous. Cl. rhombohedral, 
lL-=3'5 to 4*5; G. =2'85 to 2’95. 'I'ranslucent ; vitreous, but 
often pearly. Colourless or white, but frequently pale red, yellow, 
or green. B.B. infusible, but becomes caustic, and often shows 
traces of iron and manganese. Fragments elfervesce very slightly 
or not at all in hydrochloric acid ; the powder is partially soluble, 
or wholly when heated. C.c.: 54*3 carbonate of lime and 457 
carbonate of magnesia, but generally carbonate of lime with more 
than 20 per cent, carbonate of magnesia and less than 20 per cent, 
carbonate of iron. 

Varieties are — Dolomite, massive-granular, easily divisible, white; 
Ithomb or Bitter-spar, larger grained, or distinctly crystallized and 
cleavable, often inclining to green ; and Brown-spar and Pearl-spar, 
in simple crystals generally curved (fig. 231), or in imitative forms, 
of colours inclining to red or brown, more distinct pearly lustre, and 
under 10 per cent, carbonate of iron. Leadhills and Charlestoivn 
in .Scotland, Alston in Cumberland, in Derbyshire, Traversella in 
Piedmont, St Gotthard, Gap in France. Greenish, twinned ; Miemo 
in 'Fuscany {Miemile), and Tharand in Saxony {Tharandile). 

The massive and compact varieties are very common, and are 
valued as building stones (cathedral of Milan, Y ork ilinster, and the 
Houses of Parliament at Westminster). 'Fho Parian marble, and 
also the Sutherland and Iona marble.s, belong to this species. 

274. Akkeuiti:, C'aC -f (ifgFc)O. 

R 100“ 12'. Usually massive and granular. G. = 2‘9 to 3'1. 

Otherwise like siderite. Unst (Shetland), Styria. 

275. JLvoxesite, JIgC. 

Rhombohedral ; 107“ 10'-30'. Roniform or massive. H. yS'S; 
G. =2'85 to 2’95. Subtr.inslucent or opaque; streak shining. 
Snow-white, greyish or yellowish white, and pale yellow. Tyrol, 
Norway, North America. 

270. Bkeu.s'.vep.ite (Crioicr4f4c), j\’rgC-f(MnFe)C. 

Hexagonal rhombohedral; R107“10'-30'. Granular or columnar. 
Cl. R, very perfect. H. =4 to 4-5 ; G. -2 '9 to 3-1. 'fransparent or 
translucent on the edges ; highly vitreous. Colourless, but often 
yellowish brown or blackish grey. C.c. essentially carbonate of 
magnesia, with 51’7 carbonic acid and 48'3 magnesia, but often 
mi.xed with 8 to 17 carbonate of iron or manganese. Unst, Tyrol (in 
Fas.sa Valley, &c.), St Gotthard, Harz. 

277. Sidekite {Sparry Iron, Chalybile),TeG. 

Ile.xagonal and rhombohedral ; R 107“. Chiefly R, often curved, 
saddle-shaped (fig. 232), or lenticular. Cl. rhombohedral .along R, 
perfect; brittle. H.=3-5 to 4-5 ; G.=37 to 3-9. _ 'rramslucent m 
various degrees, becoming opaque when weathered ; vitreous or pearly. 
Rarely white, generally yellowish grey or yellowish brown, changing 
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to red or blackisli brown on exposure. B.B. infusible, but becomes 
black and magnetic ; witb boras and salt of pbospborus shows 
reaction for iron ; with soda often for manganese. In acids soluble 
with effervescence. C.c. carbonate of iron, with 62'1 protoxide of 
iron and 37 '9 carbonic acid, but usually 0‘5 to 10 or even 25 
proto.xide of manganese, 0‘2 to 15 magnesia, and 0‘1 to 2 lime. 
Unst, Ivintyre. In beds or masses in Bceralston in Devonshire, 
Alston Moor in Cumberland, and in many of the tin-mines in 
Cornwall, in Styria, Carinthia, and IVestphalia ; in veins in Anhalt 
and the Harz ; also in the Pyrenees and the Basque provinces of 
Spain, as near Bilboa ; in crystals at Joachiinsthal, Freiberg, 
Klausihal. 

Clay Ironstone, grey, blue, brown, or black, — G. =2’S to 3 '5, II. = 

3 '5 to 4'5,— is an impure variety. 

278. Di.iLOGiTE Utal Manganese), MnC . 

Hexagonid rhombohedr.il ; It 106“ 56'. Cri'stals often cun’ed, 
lenticular, or saddle-shaped ; also spherical, reniform, and columnar 
or granular. Cl. 11, perfect. H. =3'5to4'5; G. =3'3to3'6. Trans- 
lucent ; vitreous or pearly. Bose-red to llesh-red ; sheak white. 
C.c.: 62 manganese proto.xide and 33 carbonic acid. Freiberg, 
Schemnitz, Kapnik, Aagy.ag, Elbingerode, and near Sargans. 

279. CoB.tLTSP.lTH, CoCo. 

Bhombohcdral and sidieroidal. H. = 4 ; G. =4 to 4T3. Peach-, 
blossom-red ; but dark externally. Schueeberg. 


2S0. Smithsoxite {Calaminf), ZnC . 

Hexagonal rhombohedral ; E 107^ 40'. Usuallj’ reniform, stal- 
actitic, and laminar or granular. Cl. B, perfect, but curved; fracture 
uneven, conchoidal ; brittle. H. = 5 ; G. = 4‘1 to 4‘5. 'Translucent 
or opaque ; pearly or vitreous. Colourless, but often pale gi'eyish 
yellow, brown, or green. C.c.: 64‘S ziuc oxide and 33"2 carbonic 
acid. 3Iendip in Somersetshire, Matlock in Derbyshire, compact at 
Alston Moor, Chessy near Lyons, Altenberg near ^Ux-la-Chapelle, 
Briloa in MTestphalia, 'Tariiowitz in Silesia, Hungary, Siberia. 

• 281. ArtaGOxiTE, CaC. 

Bight prismatic. ceP 116° 10' ; Poo 108° 26', The most common 
combinations are cePso [h], coP(J/), Poo (F, P)(fig, 275), generally 
long prismatic (like the separate crystals in fig. 184 ) ; oopoj , coP, 

OP, generally .short prismatic; crj-stals of 6P^j, aP, Poo, 6P=o (y) 
(fig. 373) acute lyramidal. But simple crystals are 
rare, from the great tendency to form twins, con- 
joined by a face of coP, and repeated either in 
linear arrangement (lig. 185) or in rosette group- 
ing (fig. 186). Also columnar, fibrous, and in 
crusts, stalactites, and other forms. CL brachy- 
diagonal, distinct ; fracture conchoidal or uneven. 

H. •=3’5 to 4; G. =2‘9 to 3 (massive 2'7). Trans- 
parent or translucent ; vitreous. Colourless, but 
yellowish white to brick-red ; also light green, 
violet-blue, or grey. In tlic closed tube, before 
reaching a red heat, it swells, and falls down into 
a white coarse powder, evolving a little water. 

Unst and Leadhills ; Valencia, Molina and else- 
where in Aragon ; Leogaug in Salzburg, and Aiiti- 
paros. Flos-ferri, coralloid, in the iron-mines of 
Styria. Satvn-iiHir, fine fibrous silky, at Duftou 
(Westmoreland). Stalactitic, coast of Galloway, 

Leadhills, Biickinglianisbire, and Devonshire. Also 
deposited as tufa by the Carlsbad and other hot 
springs. 

2S2. WiTUEUiTE, BaC. 



Fig. 373. 


Bight prismatic. ceP (3) 118° 30'; 21’co(P) 112°. Crystals 
not common like fig. 275, but geueraOy with quite an hexagonal 
aspect from being twinned like aragonite 
(fig. 374). Oftoncr spherical botryoidal, or 
reniform, with r.idiatcd-columnar structure. 

Cl. ceP, distinct ; fracture uneven. 11. =3 
to3'5; G. =-4‘2 to 4 •3. Semitransparent 
or traiiriuceiit ; vitreous, or resinous on 
the fracture. Colourless, but generally 
yellowish or greyish. B.B. fuses easily 
to a transprciit globule, ojiaque when 
cold ; on cuarcoal boils, becomes caustic 
and sinks into the support ; soluble with 
eircrvescencj in n. or h. acid. C.c.: 22'3 
carbonic acid and 77’7 baryta. Alston 
Moor and Hexham in Korilmniberland, 
also in .Styria, Salzburg, Hungary, Sicily, 

Sil'cria, and Chili. 

233. Alstoxite, BaC-t-CaC. 

Bight prismatic, cep 118° 50’; 2?’oo 1 11° 50' ; usual combination 
I*, 2Tcc, ceP, rec. lulling an hexagonal iiyramid (lig. 375). Cl. coP 



Fig. 37i 



and ooPco, rather distinct. II. =4 to 4-5; G.=3-65 to 376. 
3'76. Translucent ; weak resinous. 

Colourless or greyish- white. C.c,: 

66 carbonate of baryta and 34 
carbonate of lime. Fallowfield near 
Hexham, and Alston Moor. 

284. SxKOXTi.vxiTE, SrCi. 

Eight prismatic. ceP 117° 19'; 

Poo 108° 12'. Crystals (fig. 376) 
and twins like aragonite ; also broad 
columnar and fibrous. Cl. pris- 
matic along ocP H, =3‘5; 

G.=3'6 to 3'8. Translucent or 
transparent ; vitreous or resinous 
on fracture. Colourless, but often 
light asparagus- or apple-green, more 
rarely greyish, yellowish, or brown- 
ish. B.B. fuses in a strong heat 
only on very thin e Jges, iutumesces 
in caulillower-like forms, shines Fig- 375 (sp. 283). 
brightly, and colours the flame red ; easily soluble in acids, with 
effervescence. C.c.: 30 carbonic acid and 70 strontia. but ofteu 
contains carbonate of lime (6 to 8). 

Strontian in Argyllshire, Suther- 
land, Leogang in Salzburg, Branus- 
dorf in Saxony, Hamm in West- 
ph.ilia, the Harz; at Schoharie 
(H.Y.) and elsewliere in United 
States {Emmonitc). It is used 
to produce red fire iu pjTotechnic 
exhibitions. " Fig. 376, 

285. iLvXG.vxocALCiTZ, (Sin, Ca, i’e) C . 

Eight prismatic ; in prisms like aragonite, and bears the same 
relation to dialogite that aragonite docs to cale-spar. H. 4 to 5 ; 
G. = 3'03. Bed or reddish white. Vitreous. Schemnitz, 

286. Cerussite {Lead Sym -), PbC. 

Eight prismatic: isomorphous with aragonite and nitre. 

(J/) 117° 14'; P» 10S°16';2P« (it) 69° 20'; 

also OP; P (0; iPw («)i “Bco (1); coP3 (c) 

(fig 377). Twins common (figs. 158, 159, 378,. 

379). Also granular- or earthy. Cl. coP and ^ 

2? 00 , rather distinct ; fracture conchoidal ; 
easily fran^ble. H. = 3 to 3’5; G.=»6‘4_to 
6 '6. ' Transparent or translucent ; adamantine u 
or resiuous. Colourless and often white, but 
also grc}', yellow, brown, black, rarely ^reen, 
blue, or red ; streak white. B.B. decrepitates 
violently, but easily fused aud reduced ; 
soluble with efl'ervescence iu ri. acid._ C.c. ; 

83 "5 pirotoxide of lead and 16 ’5 carbonic acid. 

Very common. Leadhills, Waulockhead, 

Keswick, Alston !3Ioor, Bceralston in Devon- 
shire, St Minver iu Cornwall ; Przibram, lilies, aud Blcistadt ; 
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'Tarnowitz, Johanu-Gcorgenstadt, Zellerfeld, Klausthal, and many 
other places. 

287. BAUYTo-CALcrn;, BaC-i-CaC. 
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Crystals 
76^ 28'. 
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P^co {h) 61° (figs. 380, 381) ; also columnar and granular. Cl. P 
perfect, P^co less perfect. H. =4; G.=3-6 to 37. Transparent 
or translucent ; vitreous, inclining to resinous. Yellowisli white. 
C. e. : like alstonite. Alston Moor. 

288. Bis3Iuto-sph.erit£, BioO . 

Small fibrous brown concretions from bTeustadtel, near Schnee- 
berg. 

HYDROUS CARBONATES. 

289. Tiiermonatrite, Na„C-fIL. 

Right prismatic. ooP2 {cl) 107° 50'; Pco (o) S3' 50'; with ooPo) 
{P) in rectangular tables (fig. 382). Cl. 
brachydiagonaJ, perfect. H. =l-5; G. =1‘5 
to 1'6. Colourless. B.B. like natron, 
but does not melt. C.c.: 50 ‘1 soda, 35 "4 
carbonic acid, and 14 ‘a water. Natron 
lakes of Lagunilla in Venezuela, of Lower 
Egypt, and of the steppes between Urals 
and Altai. 

290. Natron, NajC + lOfio. 

ObRque prismatic, C 57° 40'. 

artificial ; with coP 79° 41' ; P 
Cl. orthodiagonal, distinct. H. = 1 to 1 '5 ; 

G. =1-4 to 1-5. Pellucid; vitreous. 

Colourless or greyish white. B.B. melts (^P- 

easily, colouring the flanie yellow. C.c. : 22 soda, 15 carbonic 
acid, and 63 water ; but muted with chloride of sodium and other 
salts. Only as an efllorescence on the ground or rocks (lava of 
Vesuvius and Etna) in various countries (Hungary, Egypt, Tartary), 
and in mineral springs and lakes. Used in the manufacture of 
soap, in dyeing, and in bleaching. 

291. Tro.va, Ur-VO, ifa-jCj+lHs. 

Oblique prismatic. Crystals 0P'(2'), coP^m (Jf), P (;i). 

103° 15' (fig. 383). Cl. orthodiagonal, perfect. 

H. >=2'5 to 3; G. =2'1 to 2'2. 'Transparent to 
translucent. Colourless. Does not decompose in 
the air. Taste alkaline. C.c.': 38 soda, 40 car- 
bonic acid, and 22 water. Fezzan and Barbary 
[Tfona), Lagunilla {Urao). 

292. G.\ylu.ssite, Na._,C + CaC-r5lL. 

Oblique prismatic, 0 78° 27'. Cl. mP, imperfect ; fracture 
conchoidal. H. =2--5; G. =1-9 to 1'95. Transparent; vitreous. 
Colourless. C.c.: 34'5 carbonate of soda, 33'0 carbonate of lime, 
30'4 water, rvith 1'5 cla}'. laigunilla. 

293. Hydroilvgnesite, MgL'3-r4H... 

Oblique prismatic. coP 88° nearly. Crystals small, rare ; also 
massive. H. “I'o to 3; G. =2-14 to 2-18. Vitreous or silky. 
VThite. C.c. : 36'2 carbonic acid, 44 magnesia, and 19'8 water. 
Unst (.Shetland), MoravLa, Kumi in Negropont, Hoboken in New 
Jersey', and 'Texas in Pennsylvania. 

294. Azueite (Rfue Copper), Cu3C„-f IL. • 

Oblique prismatic, 0 87° 39'. mP (J/) 99° 32'; -P (C) 106° 14'. 
Crystals OP, coP, coP^oo , - P (or h, .1/, s, //, in fig. 384, but in 
another position) ; also radiated and earthy'. Cl. clinodomatie (P) 
59° 14', rather perfect ; frac- 
ture conchoidal or splintery. 

H. = 3'5to4-2; G.=-37to3'8. 

Translucent or opaque; vitre- 
ous. Azure-blue, the earthy 
varieties (and streak) smalt- 
blue. B.B. on charcoal fuses 
and yields a grain of copper ; 
soluble with effervescence in 
acids, and also in ammonia. 

C.c.: 69 '1 protoxide of copper, rig. 3M. 

257 carbonic acid, and 5'2 water. Crystals at Redruth, Alston 
Moor, Chessy near Lyons, in Siberia, Moldawa in the Banat, Burra- 
Burra (Australia). Valued as an ore of copper. 

295. MAi-iculTE, CUjC-fHo. 

Oblique prismatic, C 61° 50'. cbP 104° 20'. Crystals coP (J/), 
coP“co (s), OP (P), in hemitropcs (fig. 385). In general acicular, 
scaly, or reniform, stalactitic, and radiated fibrous. 

Cl. basal and clinodLagonal, very perfect. H. =3’5 
to 4 ; G. =3'6 to 4. 'Transparent or translucent on 
the edges ; adamantine, vitreous, silky, or duU. 

Emerald and other shades of green ; streak apple- 
green. B.B. and with acids like azurite. C.c. : 


Fig. 383. 
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71'8 copper proto-xide ( = 57 ’5 copper), 20 carbonic 
acid, and 8 '2 water. Crystalline at Eheinbreiten- 
bach on the Rhine and Zellerfeld in the Harz ; fibrous 
and compact at Sandlodge in Shetland, Leadhills, Cornwall, Wales, 
and Ireland, at Ches.sy in France, Siberia, the Urals, Saalfeld in 


Fig. 385. 


'Thunngia, Moldawa in the Banat, in North America, Africa and 
Australia. Frequently pseudomorphous after copper and its’ ores 
also after calcite and cerussite. Valuable ore of copper ; the finer 
varieties are prized for ornamental purposes. 

296. Hydrozincite, ZnC-ffiZnHo. 

illassive. C.c.: zinc oxide 75-3, carbonic acid 13'6, water ll'l. 
Siiain, Westphalia, Bavaria, Persia, United States. Valuable ore. 

297. Auric ii.VLCiTE, 2CuC + 3ZnH„. 

Acicular. H. =2. Translucent, pearly, and verdigris-green. 
C.c. : 29-2 copper proto.xide, 447 zinc oxide, 16'2 carbonic acid, 
and 9'9 water. LeadhiUs, Matlock, Loktevski in the Altai. 

298. Emerald-Nickel {Zaratite), NiC-pOHo. 

Amorphous, reniform, and incrusting. H. =3; G. =2'6to27. 
Translucent; vitreous. Emer.ald-green. C.c.: 59 "3 nickel pro- 
toxide, 117 carbonic acid, and 29 water. On chromite at Hagdale 
in Unst, Te.xas in Pennsylvania ; also Cape Ortegal in Spain, 
Tyrol, and Ekaterinburg in the Urals. 

299. Lindakerite, UaC-l-fiCaC + lOHo.' 

In small siskin-green crystalline aggregates. H. =2'5 to 3^ 
From Elias mine near Joachirnsthal, implanted on pitch-blende. 

300. VoGLiTE, 4UC-P7Ca(3-i-3CuC-f 24 H 2 . 

Rhomboidal. Emerald-green scales with pearly lustre. Elias 
mine, Joachirnsthal. 

301. Liebigite, U3C-pCaC-p20H2. 

Mammillary concretions. H. =2to2'5. Apple-green. Adrian-- 
ople, Joachirnsthal, and Johann-Georgeustadt. 

302. Bismutuite, BijCj+IHj, 

Disseminated, investing or acicular ; fraeturc conchoidal or un- 
even ; very brittle. H. = 4 to 4 ’5 ; G. = 6 '8 to 6 '91. Opaque ; dull 
vitreous. Grey, yeUow, or green. C.c.: 90'1 bismuth oxide, 6 '4 
carbonic acid, and 3 ’5 water. Ullersreuth (Reuss), Schneeberg, 
Johann-Gcorgenstadt ; also Chesterfield in South Carolina. 

303. L-iNTHANITE, LaC-pSflo. 

Right prismatic. coP 92° 46'. Small tabular crystals ; usually 
granular or earthy. Cl. basal. H. = 2 ; G. =27. Dull or pearly. 
AVhite or yellowish. C.c. : 21 carbonic acid, 55 lanthanum oxide, 
and 24 water. Bastnaes in Sweden, Lehigh in Pennsylvania, 


CARBONATES WITH HALOID SALTS, ka. 




304. Phosgenite, PbCl-pPbC 
Pyramidal. P 113° 56'. Crystals short-prismatic or sharp- 
pyramidal. Cl. ooP, rather perfect ; fracture 
conchoidal. H. = 2’5 to 3; G. = 6 to 6 •2, 

Transparent or translucent ; resinous adamaii' 
tine. White, yellow, green, or grey. C.c. 

51 chloride and 49 carbonate of lead. Very 
rare. Stottfield 
near Elgin in 
Scotland, Matlock 
and Cromford in \/7 
'Tar- ^ 



Derbyshire, 
nowitz. 




Fig. 386. 


305. Parisite, 3CeO-pCaF. 
Hexagonal. P 164° 58'. Cl. basal, 
perfect. H. =4'5 ; G. = 4'35. Vitre- 
ous ; on cleavage - plane pearly. 

Brownish yellow, inclining to red. 
C.c. : 23 '5 carbonic acid, 42 '5 prot- 
r- r on-\ o.xidc of, cei'ium, 8 '2 lanthanum 

iig. 387 (sp. 30o). oxide, 9 '6 didymiuiu oxide, 2'8 lime, 

10 '1 fluoride of calcium, and 2-2 fluoride of cerium. Emerald 

mines of the Muzo YaUey in Colombia, Urals. 

306. Lelidhillite (J/aanVe), PbjgC^SjOjj -f SHn . 

Right prismatic. P middle edge 137°; coP 120° 20'; 2Pco 43°12(. 




Fig. 388. 


Fig. 389. 


ilostlv tabular ; also twins. Cl. basal, perfect ; slightly brittle. 
H.=2'5: G. =6‘26 to6'44. . Transparent or translucent ; resinous 
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acid with efTervesccnce. C.c.: sulphate of lead 57-6, oxide of lead 
42 ‘4. Leadhills ; rare. 

HYDEOUS sulphates. 

318. lIiiUBiLiTE(&'/a!«}cr .S’aft), HajS + lOHo. 

Oblique prismatic, C 72" 15'. Cl. orthodiagonal ; fracture 
conchoidal. H. =l'5to 2; G. >=l’4to I'o. Pellucid and colour- 
less. C.c.: 13 "2 soda, 24 '8 sulphuric acid, and 50 water. As 
an efilore-scence in quarries, on old walls, or on the ground ; in 
the waters of lakes and springs in Eussia and Egypt, and on 
Vesuvius on lava. 

319. Gypsuii, CaS-i-aHj. 

Oblique prismatic, C 80’ 57'. The most common forms are 
coP 111’30'; P 138’ 40'; — P143’ 30'; and coP'co. Twocommon 
combinations are coP(/), coP'co (p),-P (1) (fig. 129), and this 
with P. Lenticular crystals often occur; hemitropes frequent (figs. 
161, 150, 151); also granular, compact, fibrou-S, .scaly, or pulverulent. 
Cl. clinodiagonal perfect, along P much less perfect ; sectile ; thin 
plates flexible. H. =l-5 to 2 (lowest on P) ; G. =2'2to 2'4. 
'fransparent or translucent ; vitreous, on cleavage pearly or silky. 
Colourless, and snow-white, but often red, grey, yellow, brown, and 
more rarely greenish or bluish. In the closed tube yields water. 
B.B. becomes opaque and white; soluble in 400 to 500 parts of 
water, scarcely more so in acids. C.c.: 46'5 sulphuric acid, 32‘6 
lime, and 20 '9 water. 

Transparent crystals, or Selenite, occur in the salt-mines of Bex 
in .Switzerland, of the Tyrol, Salzburg, and Bohemia, in the sulphur- 
mines of Sicily, at Lockport in New York, in porphyry at Gourock, 
in the clay of Shotover Hill near Oxford, at Cnatley near Bath, and 
many other localities. Fibrous gypsum at Campsie, Ifatlock in 
Derbyshire, and at Ilfeld in the Harz. Compact gypsum in whole 
beds in many parts of England, Germany, France, and Italy, at 
Volterra in 'Tuscany {Alabaster) often with rock-salt. The finer 
qualities (or alabaster) ate cut into various ornamental articles. 

320. Kiesep.ite, i'igS + Hj, 

Ehornbic, but chiefly massive, G, =>2'52. Pellucid; CTeyish 
white. C.c. : magnesia 29, sulphuric acid 58, water 13, In beds at 
Stassfurt. 

321. Ep.somite (E';Mom..Saft), i*IgS-}-7I'L, 

Eight prismatic. P mostly hemiliedric ; c«P 90’ 33'. enP {21), 

ooPm (o), P (1) (fig. 399). Granular, fibrous, or earthy. Cl. 
brachydiagonal, perfect. H. =2 to 2'5 ; 

G. “l^S, Pellucid; vitreous; and white. 

Taste bitter. C.c.: 16-32 magnesia, 32 ’53 
sulphuric acid, and 51 '15 water. Efflorescence 
on various rocks, as at Hurlet near Paisley, 

Idria, llontmartre, and Freiberg; on the 
ground in .Spain and the Eussian steppes ; 
in mineral waters, as at Epsom in Surrey, 

Saidschitz and Seidlitz in Bohemia. Used in 
medicine. 

322. Go.si..vp,ite {IVldle Vitriol), ZnS 
-t-7H„. 

Eight prismatic. ceP 90’ 42' ; isomor- 

jihous with epsomite. ceP, coP», P (JT, o, 

1) (fig. 399). ilostly granular or stalactitic ; 
reniform and incrusting. Cl. brachydiagonal, perfect. H. =2 to 
2'5 ; G. =2 to 2'1. Pellucid ; vitreous. White, inclining to grey, 
yellow, green, or red. Taste nauseous-astringent. C.c.: 28'2zinc 
oxide, 27 '9 sulphuric acid, and 43 '9 water. 

Holywell ill Flintshire, Cornwall, Eam- 
melsberg near Goslar in the Harz, Falun, 

Schemnitz. Used in dyeing and medicine, 

32-3. Hore.s'OSITE, iiiS + Tti,. 

Acicular, fibrous, and .os an efflorescence. 

H. =>2 to 2 '25; G. =2. Lustre vitreous. 

Apple-green ; streak white. ..Soluble, 3Ior- 
vem in Argyllshire, Cape Ortega! (Spain), 

Lake Huron, Pennsylvania. 

324. IIeuixtekite {Green Vitriol, Cop- 
peras), FeS-f7Ho. 

Oblique prismatic, C 75’ 45'. a>P (/) 

82’ 22' ; . - P (P) 101° 34' ; P'co (o) 67’ 30' 

(fig. 400); chiefly stalactitic, reniform, or in 
crusts. Cl. b.asal, perfect; prismatic less so. 

'Translucent, rarely transparent ; vitreous. Leek- orriiountain-grcen, 
often with a yellowish coating ; streak white. C.c. : 26 protoicide of 
iron, 29 sulphuric acid, and 45 water. Hurlet near Paisley, 
Bodenmais, Eammelsberg, Falun, Schemnitz, Bilin. Used in 
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Fig. 399 (sp. 321). 



Fig. 400 (sp, .324). 
H.=^2; G.-.l-8tol-9. 


acid"°’ manufacturing ink, Prussian blue, and .sulphuric 

.325. Smikite, Mn/ii + H,.. 

Stalactitic aggregates. Eose to white. Fel.sobanya (Hungary). 

326. 3r.iLL.u’.DiTE, HnS + 7IL. 

Ciystalline foliated masses ; apparently oblique prismatic. Lucki- 
Bay mine in Utah, 

327. BlECERtTE {Colalt Vitriol), CoS-}-7Hj. 

Oblique prismatic ; usu.illy stalactitic, or an efflorescence. Palo 
rose-red, C.c,: 20 cobalt o.xide, 4 magnesia, 29 sulphuric acid, and 
47 water, Bieber near Hanau, and Leogang. 

328. Aluxocexe {Uair-SalC), Al.ii'-f ISIL . 

C.ii>illaiy or acicular, in cru.sts or reniform masses. H. =>1-5 to 
2; G, = 1'6 to 1'7. Silky. White, inelining to green or yellow. 
C.c.: 36 sulphuric acid, 15'4 alumina, 48'6 water. Volcanoes of 
South America, in coal and lignite in Germany, and on old walls. 

329. Alujiixite ( IVehstcrite), ALis'-j- 9H . 

Eeniform, and very fine scaly, or fibrous. Fra'-ture earthy ; 
■sectile or friable. H. = 1 ; G. = 1'7. Opaque ; dull or glimmering ; 
snow-white or yellowish white. C.c.: 29'8 alumina, 23-2 sulphuric 
acid, and 47 water. Newhaven in Sussex ; Epemay, Auteuil, and 
Lunel Vicil in France; Halle and ilorl in Prussix FelsobanyiU, 
from Hungarj', in rhombic tubes, is similar, but has 10 per 
cent, of water. 

330. CoQuiirniTE, 'FeJS-r9H„. 

Hexagonal. P 58’. Crystals OP ; with ceP and P ; usually 
granular. Cl. coP, imperfect. H. =2 to 2'5 ; G. = 2 to 2'1. 
White, also brown, yellow, red, and blue. C.c. : 28 ’5 iron peroxide, 
42-6 sulphuric aoui, and 28-0 water. Copiapo in Chili, and C'alama 
in Bolivia. 

3.31, COPIAPITE, 2’f'e25S’+]3H2, 

Six-sided table.s, but system uncertain ; also granular. Cl. per- 
fect. Translucent; pearly. Yellow. C.c.: 34 iron peroxide, 42 
sulphuric acid, and 24 water. Copiapo in Chili. Also radiated- 
fibrous masses, dirty greenish yellow, incrusting the former, 
with 32 sulphuric acid ami 37 water. Both probably mixtures. 

Fibroferrite, also from Chili, and Fellow Iron Ore, from the brown 
coal at Kolo.soruk in Bohemia and 3Iodnm in Norway, are both 
reniform, or compact and earthy. H. = 2'5 to 3 ; G. «>2-7 to 2-9. 
Colour ochre-yellow. Apalclile, reniform-earthy, yellow, from 
Auteuil near Paris, is similar ; also Vitriol Ochre from Falun. 
J/i'sy, from Eammelsberg in the Harz, containing sulphates of iron, 
coi)per, zinc, and other metals, is a product of decomposition. 

332, Pis.sopnAXE, (ALt'klii + lSIL. 

Stalactitic ; fracture conehoidal ; very easily frangible. _ H. ■=2 ; 
G. =-l'9to2. Transparent or tran.slucent ; vitreous. Olive-green 
to liver-brown.; streak greenish white to pale yellow. C.c. : 7 to 35 
alumina, 10 to 40 iron peroxide, 12 sulphuric acid, and 41 water. 
S.aalfcld and Eeichenbach in Saxony. 

Carphosiderite, reniform, opaque, resinous, and straw-yellow, with 
a grea.sy feel, is related. H. “ 4 '5 ; G. = 

2-5. Consists of hydrous sulphate of 
iron. Labrador. 

333. Chalc.vstiiite, CuS + 5H2. 

Anorthic. coFot {n) : coPco (r) 79’ 

19'. P' (P)-. wF (T) 127’ 40'. P-. n 
120’ 50'. P-.r 103’ 27'. »P' (T) : 
co'P (.)/) 123’ 10' (fig. 401). Generally 
incnisting. Cl. 

T and M, im- 
perfect. H. =■ 

?roLde'"of Fig. 401 (sp. 333). 
copper, 32 sulphuric acid, 36 water. 
Cornwall, Wicklow, Hungary, Tyrol, 
Falun, and on lava of Vesuvius. 

334. BnocnAKTiTE, Cu-S-f 3CuH;. 

Eight pirismatic. “P 104’ 32'; I’a> 

152" 37'; and o-.i'co ; also reniform. Cl. 
brachydiagonal, perfect, H. -”3’5 to 4; 
G. -»3'75 to 3 9. 'Transparent or trans- 
lucent ; vitreous. Emerald or blackish 
green; streak bright green. C.c.: <0 
copper protoxide, 18 sulphunc .and, 
Sandlodge (Un.st), Eoughton Gill in Cuiuber- 

.XVI. — 51 
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land, Rezbanya, Ekaterinburg ; also Ivrisuvig in Iceland 
(Krisuvigilc). 

335. Laxgite, Cii.S-f 3CuH._;-r2IL. 

Right prismatic. coP 1-23'’ 44'. Crystals long-tabular, mostly 
in twins. Also in fibro-lamellar and concretionary crusts, with 
earthv surface. Cl. basal and brachydiagonal. H. =2'5; G. =3'5. 
Vitreous. Greenish blue. C.c.: Ca'l copper proto.xide, 16‘4 sul- 
phuric acid, and IS‘5 water. Coniwall. 

IFam'n^'ojiite is similar ; also JConiginc from. Siberia. 


330. Joii.vxsiTF. {Untii-vitriol). 

Oblique prismatic, C S5=' 40'. a>P 69°. Crystals similar to 
trona(Xo. 291, fig. 3S3), but minute; arranged in concretionary 
and renifomr inaSifS. H. “2to2’5; G. =3'19. Semitransparent; 
vitreous. Soluble. Taste bitter. Bright grass-green. C.c.ro.vides 
of uranium 07-72, oxide of copper 5-99, sulxdiuric acid 20-02, water 
5-59. Joaehimsthal (Bohemia), Johann-Georgenstadt. 


aP (m), acP'oo 


337 . Blodite (Aih-fll-ajiife), {irg'S'adS-f 2 H;,. 

Oblique irrismatie, C 100° 43'. coP“2 11-2° 55'; 

(6), coI>°2(a). «l”co (a), -P(;r),Fco 
(d), OP (f) (tig. 403). In prismatic 
crystals, or elUorescent. H. =3-5; G. 

“2-2. Ti-anspareiit. White or red. 

C.c.; 47-9 sulphuric acid, 8-5 soda, 12 
magnesia, and 21-5 water. Salt lakes 
on the Volga near Astrakhan, Isehl, 

Stassfurt, and near Mendoza in South 
America. 

licussuia from Seidlitz is similar, but 
a mixture. 

33S. Lo\VEiTE,2^Na2S-rMgS)-i-5H.;. 

Pyramidal, but only compact. Cl. 
basal, distinct ; also octahedral, with 
angles 110° 44’ and 105° 2'. H. =2-5. 
to 3 ; G. =2-370. Vitreous. Yellow- Fig. 403 (sp. 337). 
ish white to flesh-red. C.c.: 20 soda, 13 magnesia, 52 sulxdiuric 
acid, and 15 water. Ischh 



339. Syxgexite, K^’+CaS'-rlli. 

Oblique prismatic, C 70°. coP 73° 55'. Crystals ool’'’=o (a), 
cdP««) (5), OP (e), coP (p), coP'>2 (j)"), 
coP»3 (/'), 2P‘>2 (c'), P (o'), 2P ( 0 "), 

P'oo (^j-P^oo (r), POaJ (/), 2P“oo ()•"), 

- IF’co (A. CL ceP, perfect; fracture 
conchoidaL H. = 2-5; G. =2-25. Colour- 
less to milk-white. C.c.: lime 10 -SS, 
potash 2S-55, sulphuric acid 4S-45, 
water 5-47. Soluble in 400 piarts of 
water. In cavities in halite at Ivalusz 
(Galicia). 

340. PoLYU.vuTE, 2CaS-rMgS-f KjS 
-f2iL. 

Right prismatic. coP 115°. Mostly 
fibrous. II. =3-5; G. = 2-7 to 2-S. 

'rranslucent; resinous. Colourless, gene- 
rally brick-red. C.c.-. sulphate of lime 339). 

45, of magnesia 20-5, of potash 29, water 5-5. Isehl, Aussee, and 
Berchtesgaden. 

341. Alum, RS’-f(’AL'Fe4Sjq-241L. 

Cubic. 0, sometimes with 0=0=0 and 0=3 . Generally efllorescent 
in fibrous crusts. Cl. octahedral; fracture conchoidaL II. =2 to 
2-5 ; G. “1‘75 to 1 -9. Translucent. White. 'Taste sweetish-astrin- 
gent. Soluble. B.B. evolves suliihurous fumes, {a) Potash Alum: 
RO = K^O; 33-7 sulphuric acid, 10-9 alumina, 9-9 potash, and 45-5 
water. In the co.il formation at Ilurlet and Camxisie in Scotland ; 
the 'Tertiap- brown coals of Ilesso and the Rhine ; the Lias near 
Whitby; Silurian alum slates of Scotland, Norway, and Sweden; 
the volcanic ioruiatious of the Lipari Island.s, Sicily, and the Azores, 
(i) Ahxhioiiia Alum: RO = (Nli^O).; about 4 xier cent, oxide of 
amtnouium and 13 water. In closed tube forms a sublimate of sul- 
tibate of ammonix Tschenuig in Bohemia. (c) Soda Alum: 
llO<-*Na,0 ; witli 7 of soda and 4S water. Mendoza in South 
America, Solfaiara near Naples, and ililo. (d) Ifaijucsia Alum : 
RO — MgO. Ttaiisluceut and silkv. South Africa, Iquique iu Peru 
{l^chcriugiU). (o) Iroa Alum {Feather Alum) : RO = FeO. Hurlct 
near Paisley, Morsfeld in Bamria, Krisuvig in Iceland. ( f) Ifaii- 
ijU Aisi Alum: RO = MaO. From Delagoa Bay in South Atica. An 
alum with 3-7 oxide ot zinc occurs at Felsubanya, and has been 
termed DkiriclS'.c. 



3i-A VoLT.UTE, 3(Fe, K^S42fKwAUS rl2IL. 

C'ab.e. O; Black, brow-n, or green. II. = 3;G. » 


2‘79. Solfatara near Naples, Goslar in tlie Harz, and Krem- 
nitz. 

343. Aluxite, R^'-f 3ALS-r6IL. 

Rbombohedral ; R 89’ 10'. Crystals R and OR (fig. 405) ; also 
c.artby. CL bas.al. H. =3-5to 4; 

G. =2-6 to 2-S. Translucent ; vitre- 
ous, pearly' on 0. Colourles.s, but 
often stained. Hungary, Tolfa 
(near Civita Vecebia), Lipari 
Islands, Auvergne, and ililo. 

344. J.u:osiTE, KjS-f Fe.SS-f 

2(FOiL). 

Rbombohedral ; R S8° 5S'. CL 
basal ; also fibrous iu nodules or ■lO-'’ (sp. o43). 

incrusting. H. = 2-5 .to 3-5; G. = 3-24. Colour oebre-yellow. 

, Spain; Saxony, and ^Me.xico. 

345. Gelbeisexekz, KjS-{-4’Fe-'S-r9Ho. 

Foliated and massive. IL =2-5 to 3 ; G.=2-7 to 2-9. Bohemia, 
Norway, and Tcheleken Island iu the Casquau Sea. 

346. IJnusiTE, Fe-S-f 2NxiS-f SH-. 

Tcheleken Island iu the Caspian. 

347. Botp.yooexe (&d Vitriol), Fey%-r3(Fe«2S)-f 36Hy. 
Oblique prismatic, C 62° 26'. ooP 119° 56'. . Commonly botry- 

oiJal. H.=2 to 2-5 ; G. =2. 'Translucent ; vitreous. Hyacinth- 
red and orange-yellow. Falun in Sweden. 

318. HEllP.EXGnUXDITE. 

Oblique prismatic, C 88° 50'. Dark emerald-green crystals. 

H. = 2-5; G.=3-13. C.c.: 57-22 oxide of copper, 23-04 sulxdmrio 

oxide, 19'44 water, sometimes with lime. Herreugrund (Hungary). 

349. Lun-akite, ( PbS -r H-Pb) 4- (CuS 4- H-Cu). 

Oblique xirisinatic, C 77° 22'. ooP (.V) 61° 41' ; 2P‘’=o (k) 52° 31'. 
Ciystals coP“ai (a), OP (c), and the above forms generally'. Hemi- 
tropes united by coP“co (tt). CL ortbodiagonal, perfect ; fracture 




Fig. 406. 

conchoid.aL H. = 2-5 to 3; G. = 5-2 to 5-45. 'Translucent ; adamant- 
ine. Azure-blue to dark blue; streak x>alc blue. C.c.: o.xide of 
lead 55-69, oxide of cox>per 19-83, sulphuric acid 19-98, water 4-5. 
Lcadbills, Red Gill and Rougbton Gill (Cumberland), Linares in 
Spain, and Nertebiusk. 


2Pa) (x) 36° 10'. 


350. C.VLEDOXiTE, 5PbS4-2(HoPb)4-3(HXu}- 

Right juismatic. coP (m) 95°;Pa3 (c) 70° 57'; 

Crystals frequently as in fig. 407, but gene- 
rally hemibedral. CL brachydiagonal, a dis- 
tinct ; m, c imperfect. H. = 2-5 to 3 ; G. = 6-4, 

Transparent; resinous. Verdigris-greeu and 
mountain-green; streak greenish white. C.c.: 

CS'42 o.xide of lead, 10-17 oxide of copper, 

17-3 sulphuric acid, 4-05 water. Lcadbills, 

Red Gill iu Cumberland, Rezbanya in Tran- 
sy'lvania. 

351. Le-ttsomite, 3CuJS 4- 2{'aL31:L) -f- 
15fL. 

Right prismatic; but in tufts of capillary 
crystals with velvet-like appearance. Colour 
smalt-blue to sky-blue. C.c.: 49 oxide of 
copx>er, 2'97 lime, 11-21 alumina, 1-41 oxide of iron, 12-1 sulphuric 
acid, 22'5 -svater. Jloldawa in the Banat. V/oodicarditc is 
probably' an aluminous variety' 
of the above. Turquoise-bluo 
to greenish blue. Cotuwall. 

35-2. K.u^•lTE, ifgS 4- KCl 

-rSIL. 

Oblique prismatic, C 85° 5' 

(fig. 403). G.=2-13. CLortho- 
diagonaL White to reddish. 

C.c.: 16'1 magnesia, 15'7 potaz: 

21 '7 -water. Stassfurt. 



Fig. 407 (sq). 350). 



Fig. 403 (sp. 352). 

h, 32"2 sulphuric acid, 14 '3 chlorine, 
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Fig. 409 (sp. 355). 


TELLURATES AND CHROilATE.S. 

353. JlIo^•TA^' ITE, Bi-jTe + 2H„ . 

Incrusting, earthy. Lustre waxy. Yellowish. Opaque; C.c. 
bismuth 66 '8, tellurium 26 '8, water 5 '9. Highland in llontana. 

354. Maqnolite, flgTe. 

AVhite acieular erystals from Keystone mine in Colorado. 

355. Crocoisite, Rb'Cr. 

Oblique prismatie, C 77° 27'. coP 93° 42' (J/), -P 119° 12' (<), 
coP=2 if) 56° 10', coP'co {(j), (fig. 409). 

Cl. cop, dibtinet; seetile. H. = 2'5to 
3; G. “5‘9to6’l. Translueent ; ada- 
mantine. Hyaeinth- or aurora-red ; 
streak orange-yellow. C.e.: 31 chromic 
acid, and 69 lead protoxide. BerezolF, 
hlursinsk, and Nijni-Tagilsk in the 
Urals, Congonhas do Campo in Brazil, 

Eezbanya, Moldawa, and Tarnowitz. 

Used as a pigment, but not permanent. 

356. Pii(EXico-CiiRoiTE,2tb’Cr-l- Pb. 

Eight prismatic ; dimensions un- 
known. H. =3 to 3-5; G. =575. 

Translucent on the edges ; resinous 
or adamantine. Cochineal- to hya- 
cinth-red ; streak brick-red. C.c. : 23 chromic acid, and 77 prot- 
oxide of lead. Berczoir. 

357. Vauquelikite, 2(2PbCr-l-Pb)-f(2CuCr + Cu). 

Oblique prismatic, C 67° 15’. Crystals OP, - P, - P“co (or P, 
/, h), alwiiys twinned (fig. 410), the faces of OP 
forming an angle of 134° 30'; also botryoidal or 
reniform. H. =2-5 to 3 ; 6. =5 ‘5 to 5-8. Semi- 
translucent or opaque; resinous. Blackish or 
dark olive-green; streak siskin-green. C.c.: 61 
lead protoxide, 11 copper protoxide, 28 chromic acid. Leadhills, 
BerezofT, Congonhas do Campo (Brazil). 

ilOLYBDATES AND TUNGSTATES. 

358. ‘Wui.i'E.viTE, tbiio . 

Pyramidah P 131° 18'. 0P(a), JP (6), P, «P(«0, coP2 (r) (figs. 
411-414). Cl. P; brittle; 
fracture uneven, or con- 
choidal. H. =3; G. =6'3 
to 6 '9. Pellucid; resinous 
to adamantine. Orange- 
yellow, honey-yellow, and 
colourless. C.c.: protoxide 
of lead 61 '5, molybdic acid 
38 "5; red varieties have 
some chromic acid. Lack- 
entyre in Kirkcudbright 
(fig. 412), Bleiberg, Eez- 
banya, Pennsj'lvania, Za- 
catecas. 2 PbOMo 03 
CaOiloOj, with 6 '88 of 
lime, occurs in Chili. 
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Fig. 410: 



Fig. 413 (sp. 358). Fig. 414 (sp. 358). 

359. Eosite. 

Pyramidal. OP (c) : p' 117° 10' ; p' : p 125° 40' (fig. 415). H. =3 
to 4. Colour deep aurora-red. Streak orange- 
yellow. Avanadio-molybdateoflcad. Lead- 
hills. 

360. Megaeasite, MgiWs. 

Oblique prismatic; similar to wolframite. 

In fine needles. H. =3'5 to 4 ; G. = 6'45_to 
6 "97. Vitreous to adamantine. Yellowish 
brown to brownish red, translucent hyacinth- 
red; streak ochre-yellow. C.c.: protoxide 
of manganese 23-1, protoxide of iron 5'4, 
tungstic acid 71 '5. Schlaggenwald, Sadis 
dorf, llorococha in Peru. 

361. ScnEELii-E, CaW. 

Pyramidal; with many of the modifying planes hemihednc. P. 

113° 32'. Cl. 2Pco (n) 130° 33', perfect; P and. OP less so. Frac- 
ture conchoidal. H. =4 to 4-5; G. = 5 -9 to 6-2. Translucent; 
resinous to adamantine. Colourless, and grey, yellow, or brown; 
streak white. C.c.: 19*41ime, 80*6 tungsticacid. Caldbeckfell near 



Fig. 415 (sp. 359). 




! burg 'Silf Cornwall, Zinuwald, Schlaggenwald, Salz- 

beria, Connecti- 
cut. Employed 
for the extrac- 
tion of yellow 
tungstic acid, a 
lino pigment. 

362. Stolz- 

ITE, fbW. Fig. 416 (sp. 361). 

Pyramidal, generally hemihediic. P. 

131° 25'. Crystals sometimes spindle- 
shaped. Cl. P, imperfect. H. = 3 ; G. = 

7*9 to 8*1. Translucent ; resinous. Grey, 
yellow, brown. C.c.: 48*4 protoxide of 
lead, 51 *6 tungstic acid. Keswick, Zimi- 
wald, Coquimbo (Brazil). 

363. Reixite, FeiV . Fig. 417 (sp, 351). 

Pyramidal. P 103° 32'; basal angle 122° 8'. Cl. «P. H.=4; 

G. =6*64. C.c.: protoxide of iron 23*4, tungstic acid 75*45. 

Kimbosan in Japan. 

364. ‘Wolframite, (Fe, Mn) W. 

Oblique piismatic, C 89° 22'. coP (J/) 100° 37', -iPoco (P) 
61° 54', P'co (m) 98° 6', CDpoD (r), coP“2 (6), — P (a), 

42P'2(s). Twins common. Also laminar. 

Cl. clinodiagonal, ])crfect; fracture un- 
even. H.=5 to 5*5; G. = 7*1 to 7*5. 

Opaque; resinous, metallic, adamantine 
on the cleavage. Brownish black ; 
streak black (varieties n*ith most iron) to 
reddish brown (most manganese). C.e.: 

76 tungstic acid, 9*5 to 20 protoxide of 
iron, and 4 to 15 protoxide of manganese, 
in some with 1*1 uiobic acid. East 
Pool, Carnbrae, and mines near Redruth; 

Godolphin’s Ball in Cumberland ; Alten- 
berg, Gcyer, Ehrenfriedersdorf, Schlag- 
genwald, Ziunwald, the Harz ; also 
Urals, Ceylon, and North America, 

Fcrbcritc, with 26 protoxide of iron 

and 2FeW + Re (H. = 4 to 4 *5 ; G. = 6 *7 to 6 *8), from Spain, may be 
different. 

365. Hubxekite, HiDV. 

Eight prismatic. coP (J/). il/: 11/105°. Cl. coPco, perfect; 
usually foliated or columnar. H. =4*5; G. = 7*14. Adamantine on 
cleavage ; elsewhere greasy. Brown-red ; streak yellow-brown. 
C.c.: protoxide of mang.anese 23*4, tungstic acid 76*6. Mammoth 
district in Nevada, 

ANHYDROUS PHOSPHATES, ARSENIATES, AND 
VANADIATES. 

366. Xexotime, ■y'sP. 

Pyramidal. P 82° 22' middle angle; polar angle 124° 30'. 
Crystals P; ooP ; coPco. Cl. <»P. 

H. =4*5; G. =4*6 to 4*55. 'Translucent 
in thin splinters ; resinous. Yellowish 
and flesh-red. C.c.: 62 yttria, and 38 
phosphoric acid ; but some with 8 to 11 
cerium protoxide. Lindesnaes and Hit- 
terb in Norway, Ytterby (Sweden), 

Georgia, and ( JViscrine) St Gotthard. 




367. Cryptolite, CejPo. Fig. 419 (sp. 366). 

Acieular crystals, embedded in apatite. 

G. = 4*8. Transparent. Pale wine-yellow. Powder sol. m con. 
s. acid. Wohler found 73*70 cerium protoxide, 27*37 phosphoric 
acid, and 1*51 iron protoxide. Occurs in - - 

the apatites of granite in Scotland, but not 
in those of limestones. Also at Areudal. 

368. Moxlizite; (Ce, La, 'i'lilalL/ 

Oblique prismatic, C 76° 14'. coP 93° 

23'; crystals (fig. 4*20) generally thick or 
tabular. Cl. basal, perfect; translucent on 
edges. Flesh-red and reddish brown. C.c.: 

28 phosphoric acid, 37 to 46 cerium prot- 
oxide, 24 to 27 lanthanum o.xide; that from 
Zlatoust from 18 to 32*5 of thoria. Nliterb 
in Norway, iliask, Norwich in Connecticut, and the Eio Chico m 
Colombia. Twncritc, from Dauphine, in complex transparent 
honey-yellow crystals, is monazite. 



Fig. 420 (sp. 363). 
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3G9. Tnirni’'LiTE, (2Fo + Li2)Pj. 

Right prismatic. coP 133° ; chiefly granular. H. =-5 ; G. =-3'6. 
Resinous. Greenish grey with blue spots. C.c.: iron protoxide 10, 
manganese protoxide 5 ‘5, lithia7'5, phosphoric acid 45. Boden- 
mais .in Bavaria, Norwich in Slassachusetts. Lilhiophilite, from 
Fairfield (Connecticut), is a mangancsian triphylite. 

370. BEnzETJiTE {Kulinita), (Cairg)3As.j . 

Massive. H. =5 to 6; G. =2-52. C.c?: lime 23, magnesia 15, 

arsenic acid. 60. Sol. in n. acid. Litngban (Sweden). 

371. Aeseniate OF Nickel, Niaiia^. 

Amorphous. H. =4 ; G. =4'98. Sulphur-yellow. C.o.; o.xide of 
nickel 48 ’2, arsenic acid 50 '5. Johann-Goorgenstadt. 

372. Nickeleuz, lSh'3’A's3 4-2Ni. 

Crystalline massive. G. => 4 '84. Dark grass-green ; streak lighter. 
C.c.: oxide o£ nickel 62'1, arsenic acid 36 '6. Johann-Georgeustadt. 

373. Dechekite, (PbZnyV;. 

Botryoidal and stalactitic. If. =*3 to 4; G. •>5'82. Lustre 
resinous to greasy. Yellowish red, deep red ; streak orange to pale 
yellow. C.c.: 57 ‘7 oxide of lead, 15 '8 o.xide of zinc, 24 "2 of vanadic 
acid. AFanlockhead, Freiburg (in Baden), Lauter Valley. 

374. PSITT.VCINITE, 3(Pb3V?) + 6u3^2+06uK.. 

Mammillated and incrusting. Siskin- to olive-green. C.c.: 

vanadic acid 19'3, lead oxide 53'2, copper oxide 18'95, water 8'58. 
Silver Star (Montana). 

375. PUCIIEKITE, BL'Vj . 

Right prismatic. ooP 123° 55'. II. •= 4; G. “ 6’25. Cl. basal, per- 
fect; vitreous. Red or reddish brown ; streak yellow, liasily soluble 
iuacids. C.c.: bismuth oxide 71 '7, vanadic acid 28 ‘3. Schneeberg. 

376. Atopite, C.nJS'bo. 

Cubic (fi"s. 30 with 20 and 33). II. —5 '5 to 0; G. -S. Lustre 
gre-asy; yellow to resin-brown. Translucent. C.c.: antimouic acid 
73-2, lime 17‘5, iron protoxide 2'7, magnesia 1‘5, soda 4-3. Ling- 
ban (AVermland). 

HYDROUS PHOSPHATES, &c. 

377. BiiusniTE, (3Ca + JlIj)3*P2-)-41L. 

Oblique prismatic, C62° 45'. "Needle crj-stals. H. *=>2 10 2’5: 

G. = 2‘21. Vitreous. C.c.: lime 32'6, phosphoric acid 41 '3, water 
26 ‘4. Aves Islands and Sombrero (Antilles). 

378. Newbeuyite, JIg.AL, 'R-l-Gifj. 

Rightprismatic. Cl, brachydiagonal. C.c. : phosphoricacid 41'25, | 
magnesia 23, water 35*7. From guano, Skipton Caves, Victoria. 

379. HAiDixoEniTE. (l'a.jAs3-f3H3. 

Right prismatic. ooP 100°. Cl. perfect; scctilo, fle.xible. 

H. =2 to 2‘5 ; G. = 2’8 to 2'9. Otherwi.se like pharmacolito (sp. 
381). C.c.: 85'68arseniateoflime, and 14‘32 water. Joachimsthal. 

380. Roselite, R3'As2-f2H3. 

Anorthic. Cl. macrodiagonal. Rose-red ; streak white. H. =• 
3‘5; G. =3‘46. C.c. : 25'5 lime, 10'3 cobalt oxide, 3'0 magnesia, 
52 '4 arsenic acid, 8 "2 water. Schneeberg. 

381. Phaumacolite, 2CaAs2-f6H2. 

Oblique prismatic, C 65° 4' (fig. 421). mV (/) 117’ 24', -P (/) 
139° 17', - AP (») 141° 8', iP“co (0) 

83° 14', oc,P°3 (g) 157° o'. Crystals 
generally acicular and radiated. Cl. 
clinodiagonal, perfect ; sectile and 
flexible. H. =2 to 2'5 ; G. =2'6 to 
2'8. Translucent ; vitreous. Pearly 
white. Yields water in the closed 
tube. C.c.: arsenic acid 51, lime 25, 
water 24. Andreasberg, Bieber, Mar- rig. 4-1. 

kirchen, "Wittichen. Generally mixed with erythrite or annabergitc. 

382. 'Wapplerite, 2CaAs-i-8H5. 

Anorthic ; ooP' (m), oo'P (J/), ooP'2 

(n), <»'P.2(aV), ,P'« (fl), 'P,oo (D), 

3,P'co (t), 3'P,co (T), 2P'2(p), 3P'f (!7), 

3'Pf (&), 4,P4 (co), 2,P2 (^), ooPco (S) 

(fig. 422); also incrusting and globular. 

Cl. clinodiagonal . H. = 2 to 2 ’5 ; G. = 

2 ’48. Colourless. Vitreous. C.c.: 
lime 15 '6, magnesia 7 '4, arsenic acid 
47 ’5, water 29 '5. Joachimsthal. 

383. Hobxesite, MgjAs^ + 8H., . 

Oblique prismatic. coP 107°. H. 

-=5 to 1 ; G. =2‘47. White. Translucent; pearly. C.c.: 24’3 
magnesia, 29'14 water, 46‘56 arsenic acid. Probably' from Hungary. 


334. ViviANiTE, SFeit-t-SlL. / 

Oblique prismatic, C 75° 34'. coP (;«) 108’ 2' ; P (v) 120’ 26' 
P®«(w) 54° 40'. Crystals prismatic, (fig.s. 423, 424); also fibrous 
or earthy. . Cl. clino- 
diagoiial, perfect ; thin 
lamime flexible. II. “*2; 

G.=*2'0 to 2-7. Trans- 
lucent or transparcirt ; 
vitreou-s, or bright pearly 
on cleavage. Indigo- 
blue to blackish green ; 
streak bluish white, but 
soon beconie.s blue on 
e.xpoimro. C.c.: 33 T 
iron protoxide, 12'2 iron 
peroxide, 29 phosphoric 
acid, and 25 '7 water. 

Transp.arent indigo- 
coloured cry.stal.s at St 
-Agnes in Cornwall, and Fig. 423. Fig. 424. 

Allentown and Imlcytown in New Jersey ; earthy in Cornwall, 
Styria, North America, Greenland, and Now Zealand ; and in peat 
mosses in northern Germany, Sweden, Norway, and Shetland. 

335. Sy.mplesite, i’ea’As.+SlI.j. 

Obihiue i)rismatic ; in minute acicular crystals. Cl. clino- 
diagonal. H.'"2’5; G. ■•2’96. Vitreou.s. Cleavage face pearly. 
Celadon-green to palo indigo ; .streak bluish white. Lobensteiu 
ill Reus.-!, and Lolling in. Carinthim 

3S6. Euytiirite, CojA’sj + SIL. 

Oblique pri.-iinatie, C 55° 9'. coP'co (P), coP®co (T), Voo (J/) ; 
also ooP3 (A.-), and P (!) IIS’ 23' (fig. 425). 
fl. clinodiagonal (P), perfect ; sectile ; thin 
lamiiKc flexible. 11. «»1'5 to 2'5; G. ■=*2'9 
to 3. Translucent ; vitreou.-t, j'early on the 
cleavage. CrimsQU or peaehblossom-red. C.c.: 

33'2 arsenic acid, 37'8 cobalt protoxide, 24 
water, but often with nickel 9. Cornwall, 

Alston in Cumberland, Alva in Stirliimshiro, 

Schneeberg, Saalfeld, Allemont, Riechelsdorf, 
the Pyrenees, and ilodum in Norway. 

Kohttltbcschlag or Earlhj Incrusting Cobalt, 
reniforin, is a mixture of erythrino with arseni- 
otis acid. Lavendnlan, thin reiiiforiu l.avcnder- 
bliic crusts, translucent, rcsiiiou.s, or vitreous 
(H. >-2'5 to 3; G. -•2'95 to 3T), con.sisting of 
ar.seiiic acid, protoxides of cohalt, nickel, and copper, with water ; 
from Aniiaberg. 

337. IvoErioiTE, (Zn, Co, 5\i)3A.s.j + 8H2, 

Oblique prismatic ; massive or in crusts, with crystalline ^surface 
and fibrous structure. Cl. clinodiagonal, perfect. H. =*2-5 to 3 ; 

G. “3T. Lustre offracturo silky. Colour light carmine and ne.ach- 
blossom-red, of dilfcreiit shades stnak reddish white. Translucent 
to subtransluceut. C.c.: 30’52 ziue o.xide, 6'91 cobalt oxide, 2 
nickel oxide, with arsenic acid. Schiieehcrg. 

383. Axxauergite (AYcAcZ Oo/irtf), Ni3As-i-8Hj. 

Oblique prismatic ; iu capillary crystals, also earthy ; sectile. 

H. =2 to 2-5 ; G =>3 to 3T. Dull or glistening. Apple-green or 
greenish white; streak greenish white and shining. C.c.: 337 
arsenic acid, 37 ’3 nickel protoxide, and 24 water, but with a little 
cob.ait or iron. Leadhills, Pibble in Kirkcudbright, Andreasberg, 
Saalfeld, Riechelsdorf. 

389. Ludlamite, Fc;2P.j+9IL. 

Oblique prismatic, 0 79° 27'. coP 131° 23' ; OP ; P 111’ 29' 
(fig. 426). Cl. OP, perfect. 

U.-3-5; G.=3T2. C.c.: 

53’05 oxide of iron, 29‘83 
phosphorio acid, 17'0 water. 

Cornwall. 

390. Fillowite, 3(113?;) T 

Oblique prismatic, C 89° 

pseudo-rhombobedral. P; -2P8; OP. Cl. basal. H. = 4‘5; G. 
=3 '43. Resinous to greasy. AVax-yellow to red-brown, or 
colourless; streak white; translucent. C.c.: phosphoric acid 40‘2, 
iron protoxide 6‘8, manganese protoxide 40'2, lime 5'2, soda 5'8, 
water 1 •?. Branchville (Connecticut). 

391. Hureaulite, 5(iln, Fe)2'P., -t- sHo . 

Oblique prismatic, C 89° 27'. ooP 61°. Fracture conchoidal. 
H. =3'5; G. =3'2. Translucent; resinous. Reddish yellow or 
brown. B.B. fuses easily^to a bbek metallic globule. Soluble in 
acids. C.c. : 39 phosphorio acid, 8 iron protoxide, 42 manganese 
protoxide, and 12 water. Hureaux near Limoges. 
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llctcrcziCc. H.=5; G. =3'5. Ojiaque ; vitreous or resinous. 
Dark violet or blue to greenish grey ; streak violet-blue or crim- 
son-red. Contains more iron and less manganese than the above, 
Hureaux. 


392. DlCKI.VSO.VITE, 

Oblique pris_matic, C 60° 30'. Crystals tabular. Cl. basal, per- 
fect. H. “»3‘5 to -1; G. “O'OI. Vitreous; pearly on cleavage. 
Olive- to oil-green, and grass-green; streak white. Transparent; 
brittle. C.c. : phosphoric acid 40, iron proto.vide 12‘7, manganese 
proto.xide 25, lime 11-8, soda G'G, water 3-8. Branchvillc (Con- 
necticut). 


393. Tkiploidite, (iln, Folji'o+HnClin, Fe)j. 

Oblique prismatic, C 51° 5G'. Generally fibrous ; transparent ; 
resinous to adamantine. H. -^i-StoS; G. Yellowish-brown. 

C.c.: 43 'IS o.vide of manganc.se, 14 '88 protoxide of iron, 32 T phos- 
phoric acid, 4'I water. Fairfield (Connecticut). 

394. Faikfieldite, l{3t‘. + 2l’L. 

Anorthic; usually foliaceous. H.’=3‘5; G. ■=■3-15. White to 
straw-yellow ; streak white. Pearly to brilliaiit-adaniantiue on 
cleavage, 'fransparcnt ; brittle. C.c-: phosphoric acid 33’4, iron 
protoxide 5'G, manganese protoxide 15'G, lime 30, soda 7, water 
10. Fairfield (Counectieut). 


395. Cho.vdu.viisexite, MiijjYs.-pilL. 

In small grains. H. -»3. Yellow to reddish-yellow. Trans- 
lucent ; brittle ; fracture conchoidal. Paisberg mines (Werm- 
land). 

396. Keddinoite, 1103^2+ 311- • 

Right prismatic. P; f 2 ; col’oo. H. = 3 to 3‘5; G. =3'1. 
Vitreous; rose-pink to yellowish white. Translucent; fracture 
uneven; brittle. C.c.: pho.iphoric acid 34 '5, iron proto.\ide 5*43, 
manganese proto.xido 46‘3, lime '8, water 13‘I. Braiichville. 


397. ScoKODiTE, Fc-As 2 + 4U,3. 

Right prismatic. P with polar edges 102° 52' and 114° 40'. 
Crystals P (p), »P«) (n), and coPco (6) ; also OP, iP (i), mP (n), 

2P2 (s), mP2 (d) 120° 10', and 2P«j (m) 
132°(lig. 427); also eoluiunar ami fibrous. 
Cl. imporfeet; brittle. II. — 3'5 to 4; 
G, “ 3 •! to 3 ‘2. 'Translucent ; vitreous. 
Leek-green to greenish black, also indigo- 
blue, red, and brown, B.B, fuses easily, 
avith arsenical odour, to a grey magnetic 
slag. Sol. in h. acid, to a brown solution. 
C.c, : 49'8 arsenic acid, 34 'G iron jieroxidc, 
and 15 '0 water. St Austell in Cornavall, 
near Limoges in France, Schwarzenberg, 
Lolling in Carinthia, Brazil, and Siberia. 

398, Stiievgite, 'Fe„’P2+4H2. 

Right prismatic. P with polar edges 
101° 38' and 
115“ 36', mid- 
dle edge 111° 

30'. coP2 (if) 

and coPco (r), 

P (P), OP (A), 

2pco (m) 48°. 

(fig. 428). Cry- 
stals generally 
r, P, d‘, r do- 
minant. Cl. r. H. “3 to 4 ; G. =-2'87. 

Cherry-red. Translucent. C.c.: prot- 
oxide of iron 43 '18, phosphoric acid 
37'42, water 19'4. Rock Bridge (Vir- 
giiiia). 

399. Duebemte { Krauritc ), 2Fe-P2-l-3H2 . 

Right prismatic. coP about 123°. Spherical or reniform. Cl. 
brachydiagonal ; brittle. H. '=3to3'5; G. ■=3'3to 3'4. Trans- 
lucent on the edges, or opaque ; shining or dull. Dirty leek-green 
or blackish green; streak siskin-green, n ^ ' 

28 phosphoric acid, and 9 water. 

Linioge.s, 



427 (sp. 397). 



Fig. 428 (.sp. 398). 


C.c. : 63 iron peroxide, 
Westerwald, Hirschberg, and 


400 Bekaumte, SFcoSPo+llHo. 

Occurs in small foliated and columnar aggregates. Cl. plane 
metallic pearly. II. -2; G. =2-878. Colour hyacinth-red to 
reddish brown ; streak dirty-yellow. C.c. : 54-5 pero.xide of iron, 
28-05 phosphoric acid, and 16-55 water. Bohemia, Scheibenberg 
in Saxony. 


401. Eleo.vojute, 3Fe22P„-^8^fo. 

Oblique prismatic, C 48° '33'. ‘Tirin face the orthopinacoid. 

to 4. Dark hyacinth-red ; streak yellow 
1 itreous to pearly. C.c. : 51 -94 peroxide of iron, 31-88 phosphoric 
acid, 16 37 water. Eleonore mine near Bieber. 


- 402. Cacoxeve, 2Fe2P2-f 12H„. 

Radiated tufts, of a brownLsh-yellow colour. H. = 3 to 4 • 
G. =3-38. Sol. in h. acid. From the Hrbock mine near Zbirow in 
Bohemia. 


403. PiXAUMACosiDEKiTE (Cube Ore), IFe.SAsa-HSHj. 

Cubic and tetrahedral ; usually coQoo , with ® , or ooO. Brittle. 

II. =2-5; G. =2-9 to 3. CT. coOco. Semitransparent to translu- 
cent; adamantine or resinous. Olive- to emerald-green, honey- 
yellow, and brown ; streak straw-yellow. Pyro- electric. C.c. : 43 
arsenic acid, 40 iron peroxide, and 17 water. Carharrack in Com- 
w-all, Burdle Gill in Cumberland, Lobenstein in Reuss, Schwarzen- 
berg in Saxony, North America, and the gold quartz of Australia. 

404. Calaite (Turquoise), 2(AL)P2-1-5H2. 

Massive, reniform, or stalactitic ; fracture conchoidal. H. =6; 
G. =2-6 to 2-8. Opaque or translucent on the edges ; dull or iva.xy. 
Sky-blue, greenish blue, rarely green ; streak greenish white. 
C.c. : 47 alumina, 32-5 phosphoric acid, and 20-5 water, but mixed 
wirii phosphate of iron and copper. Silesia, Lusatia, and Reuss. 
Oriental turquoise, in veins, at Jleshed, near Herat ; in pebbles in 
Khorasan, Bokhara, and Syrian desert. 'Takes a fine polish, and 
is valued as an ornamental stone, but is destroyed by oil, and 
deteriorated by soap. 

405. Wavellite (Lasionite),zK\„iP.,+lTA^. 


Right prismatic. coP 126° 25 ; P« 106° 46'. Crystals coPco 

(F), coP (if), pco (0) (fig. 429) ; but generally small, acicular, and 
in raduted-hemispherical and stellate-fibrous masses. Cl. along 

ooP and pco , perfect. H. =3-5 to 4 ; G. =2-3 to 2-5. Translucent; 
vitreous. Colourless, but generally yellowish or greyish, 
sometimes green or blue. C.c.: 38 alumina, 35-3 phos- 
phoric acid, and 26-7 water; but generally traces of 
tiuoric acid (2 per cent.), Shiant Iriands and Glencoe 
in Scotland, Barnstaple, St Austell, near Clonmel and 
Portrush, Beraun in Bohemia, Amberg in Bavaria ; also _. 
in New Hampshire and 'Tennessee. Cceruleolaciin, from 429. 
Nassau, has two equivalents less of water. 

406. Vakiscite, ALPi + IHj . 

Right pi-ismatic; reniform; conchoidal fracture. H. =4 to 5 ; 

G. = 2-34 to 2-38. Apple- and emerald-green ; streak white. C.c.: 
32-4 alumina, 44-85 phosphoric acid, 22-74 water. Messbach in 
Reuss, Montgomery county in Arkansas. 

Zcqiltarovidiile from Bohemia contains one equivalent more water ; 
Evansiic from Hungary two equivalents more. 

407. Feschekite, 2ALP2-h8H.j. 

Right prismatic. coP 118° 32'; generally in crystalline crusts. 

H. = 5 ; G. =2-46. Grass- and olive-green. Vitreous lustre. C.c. : 
alumina 42, phosphoric acid 29, water 29. Nijui-Tagilsk. 

408. Peganite, 2ALPa-i-6Ho. 

Right prismatic. »P 127°. In thin reniform crusts, of fibrous 
structure. H. = 3to4; G. =2-49 to 2-54. Grass- and emerald- 
green. Vitreous or greasy lustre. C.c. : alumina 45, phosphoric 
acid 31-3, water 23-7. Striegis in Saxony. 



■109. Hoeeite, 'ZDjP+iUo. 

RiTht prismatic. coP2 82° 20'; P with polar edges 106° 36' and 
140°.° Cl. macrodiagonal, perfect. H.=2-5to3 ; G. =2-76 to 2-85. 
Vitreous or pearly. Greyish w-hite. C.c . : oxide of zinc 35 21, 
phosphoric acid 31-1, water 15-8. Altenberg. 

410. Adamite, AZnAso-iHj. 

Right prismatic. coP 91° 52'. Cl. macrodomic. H.=3-5; 
G. =4-34. Lustre vitreous. Colour honey- 
yellow to violet ; streak white. Trans- 
parent. C.c.: oxide of zinc 56-6, arsenic 
acid 40-2, water 3-2. Cape Garonne in | 

France, Chafiarcillo in Chiln 

411. Libethekite 40uP2-h6H2. 

Right prismatic. coP (it) 92° 20', Pm 
(o) 109° 52', and P (fig. 430). H.=4; 

G. =3-6 to 3-8. Translucent on the edges; 
resinous. Leek-, oRve-, or blackish-green; 
streak olive-green. C.c. : 66 copper prot- 
oxide, 30 phosphoric acid, and 4 water. 

Gunnislake (Devon), Libethen (Hungary), Nijni-Tagilsk. 



Fig. 430 (sp. 411). 
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Fig. 131. 


412. Olivenite, 4Cu (As3l\)+1L. 

Eiglit prismatic. c»(P) (r) 92° 30', Pot (1) 110° , 50', coPot (») 
(fig. 431); also splierical and reniform, and 
columnar or fibrous.. Cl. (r) and (1), im- 
perfect. H. =3; G. =4'1 to 4’6. Pellucid 
in all degrees ; vitreous, resinous, or silky. 

Leek-, olive-, or blackish-green, also yellow 
or brown ; streak olive-green or brown. 

■ B. B. in the forceps fuses easily to a dark 
brown adamantine bead, covered with 
radiating cr3'stals ; on charcoal detonates, 
emits arsenical vapours, and is reduced. 

Sol. in acids and ammonia. C.c. ; 5G'5 
copper protoxide, 39 '5 arsenic acid, and 4 
water; but also 1 to 6 phosphoric acid. 

Carharrack, 'Fin Croft, Gwennap, and St 
Da}’ in Cornwall ; Alston Mooi’, Thuringia, 

T}to 1, Siberia, Chili. 

413. Yeszelyite, 9C'u, 6Zu, Pj, As.^-flSlL. 

Obliq^uo prismatic, C 103° 50'. H. ="3‘5 to 4 ; G. = 3‘53. Green- 
ish blue. C.c.; copper 37 ‘34, 25‘20 zinc oxide, 10‘41 arsenic acid, 
9’ 01 phosphoric acid, 17 ’05 water, iloravicza (Banat). 

414. Descloizite, 2PbY2-hH2. 

Plight prismatic. coP 116° 25'. H. ’=3'5; G. =3'S6 to 6’1. 
Olive-brown to black. C.c. : 56 ‘48 oxide of lead, 16 "6 o.xidc of zinc, 
1T6 oxide of mang.inese, 22‘74 vanadic acid. Sierra do Cordoba 
in the Argentine Ilepublic. 

415. VOLEOETUITE, 4(Cu, Ca) -H IL . 

Hexagonal; small tabular crystals, OP, ooP, single or in groups. 
Generally massive. H. =3; G. =3‘45 to 3 ‘89. Olive-green; 
streak almost yellow. B.B. on charcoal fuse.s easily and forms a 
graphite-like slag, containing grains of copper. Sol. in n. acid, and 
with water gives a brick-red precipitate. C.c. : 37 to 38 vanadic 
acid, 39 ’4 to 46 eopjier oxide, 18 ’5 to 13 lime, 3 '6 to 5 water. 
Sissersk (Gr.als), Kijui-Tagilsk, and Friedrichroda in 'i'huringia 

416. T.vgilite, ICu'R-fSH'a. 

Oblicpie prismatic ; but botryoidal and radiating-fibrous, or 
earthy. H. =3;G. =4. Emerald-green. C.c. : 61 ’8 copper prot- 
oxide, 27 '7 phosphoric acid, and lO’o water. Hijni-T.agilsk, and 
near Hirsohberg. 

417. Eucheoite, 4C'uAso4-7lij. 

Right prismatic. coP (.17) 117° 

(1) and OP (P) (fig. 432). Brittle, 
to 4; G. =3'35 to 3’45. Translucent; vitre- 
ous. Emerald- or leek-green ; streak ver- 
digris-green. B.B. in forceps fuses to a 
greenish brown crystallized mass. Easily 
sol. in n. acid. C.c. ; 47 copper protoxide, 

34 arsenic acid, and 19 w’ater. Libethen in 
Hungary. 

418. EniNiTE, SCuAsj-f 2U2. 

Reniform and foliated; conchoidal fracture. 

H. =4’5 to 5 ; G. =4 to 4T. Translucent on 
the edges; dull resinous. Emerald- or grass-green ; stre.ak siihil.ar. 
C.c. : 59-9 copper protoxide, 34-7 arsenic acid, and 5 '4 w.atcr. 
Cornwall. Coriiwallite has 3 or 5 of water. 

419. Dikyeite, 5CuP2-f2H2. 

G. = 4'4. O.xide of copper 69, phosphoric acid 24 '7, water 6 ’25. 
Rheiubreitenbaeh and Nijni-Tagilsk. 

420. Mottp.amite, 5(Cu, Pb)Y2-l-2H2. 

Black _ orystalline crusts; streak yellow. H. =3; G. =5-9. 
C.c. : oxide of copper 20 ’4, o.xide of lead 7;2, vanadic acid 18 '7, 
water 3 '7. ilottram in Cheshire. 

421. Ehute 50uP„-h3H2. 

Right prismatic ; botryoidal, radiating, foliated. H. = 1 '5 to 2 ; 
G. = 3 ‘8 to 4’27. Translucent on the edges ; pearly on the cleavage. 
Yerdigris-green ; streak p.aler. C.c. : 67 copper protoxide, 24 
phosphoric acid, and 9 water. Ehl on the Rhine, Hijni-Tagilsk, 
Libethen. 

422. Tyeolite, fiCu'A'sj-fgHo. 

Eight prismatic. Cl. basal, perfect ; reniform. Radiate-folia- 
ceous. H. =l'5to2; G. =3. Lustre pearly on cleavage face. Colour 
apple-green and verdigris-green to sky-blue ; streak paler. Sub- 
translucent. C.c. ; oxide of copper 50 ’3, arsenic acid 29 '2, rvater 
20-5. 'Tyrol, Hesse, Thuringia. 

423. PiiospnoEOCJEU.ciXE (irtMiffe), eCuH + SHa! 

Ob%ue prismatic. Crystals otP'2 (/) 38° '56', P (P) 117° 49', 


20','POT()i) SO' 
H.-3-5 


52', with col’2 



SI 


M 


ft 


Fig. 432 (si). 417). 



with OP (a) .and coPoco (e) (fig. 433) ; usually small and indistinct- 
more common in spherical or reniform and ’ 

radiated-fibrous masses. H. = 5 ; G. = 4T 
to 4’3. Translucent throughout or on the 
edges; adamantine to resinous. Blackish-, 
emeiMld-, or verdigris-greeiu C.c.: 70 '8 
copper protoxide, 21 '2 phosphoric acid,, 
and 8 water. Cornw.al], Rheiubreitenbaeh, 

Hijni-Tagilsk. 

424. CLr.\ocLA,sE, OCuAa.+SHj. 

Oblique prismatic, C 80° 30'. OP (P), 

coP (w) 56°, ^PoOT (a) 99° 30', (r) 123° 48' , 

(figs. 434, 43.5) ; and hemispherical. Cl. ^23). 

basal, perfect. H. =2-5 to 3 ; G. = 4 -2. to 4-4. Translucent ; vitre- 
ous ; pearly on cl. Dark 
verdigris-green to sky-blue ; 
streak blue. C.c. : 62 ’6 

copper protoxide, 30 ’3 ar- 
senic acid, 7‘1 water. Corn- 
wall, 'Tavistock, Erzgebirge. 

425. SIl.YITE. 

Oblique prismatic or an- 

orthic (/). Radiating, cen- 
trally granular. ooP 125°, 

H.=.3to i;G.=2-06. Eme- 
rald-green to blue-green ; 
strc.ak p.aler. C.c.: 13-21 „. 

copper oxide, IS'l bismuth 134 (sp. 4_1). 
oxide, 30-15 arseuic acid, 11-1 water, 

426. Rjiagite, 5’Bi.j2'Asj-l-81L. 

Grape-like groups of minute cryst,als. Colour yellowish green ; 
.strc.ak white. Lustre wax-like ; brittle. H. =5 ; G. ■=6-82. C.c.: 
bismuth oxide 79-5, arsenic acid 15-6, water 4-9. Neustiidtel 
ne.ar Schneeborg. 



Fig. 435 (sp. 424). 


GcLstergang, Joacliiinstbal. 


427. Tkooeuite, 3UAso + 12H2. 

Oblique prismatic, C 80°. Crystals thin tabular. Cl. clino- 
diagonal, perfect. Lustre pearly. G. =3-3. Lemon-yellow. C.c.: 
65-95 oxide of uranium, 17-56 arsenic acid, 16-49 water. In closed 
tube gives olf water, ami becomes golden brown, but again yellow 
on cooling. Heustiidtel. 

•428. Stkuvite, (NHj, 2ilg) 'i’s-f 12112, 

Right prismatic. Pot (n) 63° 7', Pot (c) 95' 

oopOT (n), JPot (»i) 123°, OP (0) (fig. 

430). Cl. bi-achydiagonal, perfect. 

II. -=1-5 to 2; G. = 1-06 to 1-75. Trans- 
parent or opaque ; mtreous. Colourless, 
but yellow or brown. C.c,: 29-9 phos- 
phoric acid, 16 -3 magUBSUi, 10 -_6 am- 
monia, and 44 water. Under St Nicholas 
church at Hamburg, aud iii guauo from 
South America. 


4Pot (6) 30° 32', 


5/" 




i 

1 ^ 

"A 

a 

\ 

1 




Fig. 436. 


429. Ausexiosideiiite, sOaAsj-f Oi'VAsa-fGlL. 

Spherical and fibrous; friable. H. =1-2; G. =3-52 to 3-88. 
Opaque ; silky. Golden yellowish brown; streak yellowisli brorvn. 
C.c. : peroxide, of iron 39-4, limo 13-8, arseuic acid 37-9, water 8-9. 
Romauecho near Macon. ■ • 

430. ClI.VI.C03II)EUlTE. 

^Anortliic. Light green crystals. 

oxido of iron, 8-1 oxide of 
copper, 4-45 alumina, 

30-54 phosphoric acid, 

15 water. Cornwall. 

431. L^azuhte, alp., 

-KMg, Fe)3p2+2H2. 

Oblique prismatic, C 
88° 2'. (»P 91° 30', P («) 

99° 40', - P (p) 100° 20'. 

Crystals often tabular 
through distortion ; twins 
on OP, and ooP“(ot ; also 
massive ; fracture splint- 
ery. Cl. ooP. H. = 5 to 
6;G.=3to3-l. Trans- F:g. 437 (sp, 431). 
lucent ; vitreous. Indigo- and smalt-hlue to gi-eenish ; streak 
white. In closed tube yields water, and loses colour. Soluble in 
acids after ignition. C.c.: 31-7 alumina, 10 magnesia, 6 prot- 
oxide of iron, 44 phosphoric acid, .and 6 water. Salzburg, Styria, 
Brazil, Georgia, Lincoln in Horth Carolina. 



Fig. 438 (sp. 431). 
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432. CiirLDEEXiTE,2(i’e,li’rn)4S‘'+'Arp + 151f . P-P2.H=lI„.&c. 
Right prismatic. Polar edges 101° 43', 130° 10', middle 98° 44'; 

usual form P, 2Poo, caPco (c, a, P, fig. 439). 

— to 5; G. =3'18 to 3‘3. 'rranslucent ; 
vitreous. Yellowish white to wine- or ochre-yellow, 
brown, or almost black. C.e. : 307 iron protoxide, 

9 mauganese protoxide, 14 '5 alumina, 29 phos- 
phoric acid, and 17 water. - Tavistock, Crinnis 
and Callington (Cornwall). 

433. Eospuoeite (Pc, Mn)jAl, S-rlfi. 

Right prismatic. P (p) IsV 32' and 118° 56'; coP (i) 104° 19'; 

cop® (a), cop® (6), ®P2 (sr), iP4 {g), 2P2 (s) (polar edges 130° 26' 
and 98° 42') (fig. 440). Cl. macro- 
diagonal. H. =5; G. =3'13. Pale 
red. Vitreous. C.e.: 22 alumina, 

7 '4 protoxide of iron, 23 "5 o.xide of 
manganese, 31 '5 phosphoric acid, 

15’6 water. Fairfield (Connecticut). 

434. Lieoconite, Cua’is-fAli’s 
-f24if. 

Oblif|ue prismatic, 0 88° 33'. coP 
(d) 61° 31', P°® (o) 74° 21' (fig. 349). 

H. =2 to 2‘5; G. =2'8 to 3. 'i'rans- 
lucent ; vitreous or resinous. Azure- 
blue to verdigris-green; streak paler. 

C.C.: 36'6 proto-xido of copper, 11 ‘9 
alumina, 26 '6 arsenic acid, 24 '9 Avator. 
iu Hungary’. 

435. Cn.iLCOPnyLLiTE, Curtis -f-12H. 

Hexagonal rhombohedral ; R 69° 48' (fig. 441). 

scotile. H.=2 ; G.=2-4 to 2-6. 

Transparent ; vitreous to adamantine 
Pearly on OR (o). Emerald- to grass 
and verdigris-green; streak pale green. 

Soluble in acids and ammonia. C.e. : 



Redruth, Herrengrund 


Cl. basal, perfect ; 


ss- L^—\V \ / B. 

ill. -i— — 

c. : 

proto.'dde of cojjper 49 '6, arsenic acid 18, w: 
in Cornwall, Saida in Sa.xony, Sloldawa in the 


Fig. 441. 
water 32 ’4. 
Banat. 


Redruth 


436. Ue-AKITE, (C'a, ir..) 'P'-i-3lt. 

Right prismatic. coP'oO" 43'; P middle edge 127° 32'. 

116-14; OP : 2P® 109’ 6'; OP : 2P® 109° 19' (figs. 442, 443). 
tals fiat. Cl. basal, perfect; sectilo. H. = 1 
to 2; G. =3 to 3’2. Translucent; pearly on 
OP. Sulidiur-yellow to siskin-green; streak 
yeUow. C.e. : 15 ’5 phosphoric acid, 62 ‘6 
uranium peroidde, 6’1 lime, and 15'3 water. 




Fig. 442. Fig. 443. 

Cornwall, Autun and Limoges iu Franee, Johann- Georgenstadt 
and Eibenstock in Saxony, Chesterfield iu ilassachusetts. 

437. Ueanosi’IXITE, (Ca, Holis -f SPE . 

Right prismatic; quadrangular, scalc-likc cry.stals.^^ Cl. basal, 
perfect. H. ■=2’3; G. =3’45. Siskin-green. C.e. : lime 5’47, sesqui- 
oxide of uranium 59 T8, arsenic acid 19 ’37, Avater 16 "29. Ncu- 
stiidtel. 

438. Ueakociecite, (Ba, H„)P-i-8H. 

YclloAvish green crystals, isomorphous Avith 437. Cl. basal. 

G. =3'53. C.e. : sesquioxide of uranium 56'86, baryta 14’57, p'hos- 
phoric acid 15'1, AA’ater 14. Falkenstein in Voigtland. 

439. CuALCOLiTE, (Cu, #„) R-f 8H. 

Pyramidal. P middle edge 142° 8'; P® 128° 14'. Crystals 
OP, P, mP®, P®. Cl. basal, perfect; pearly lustre; brittle. 

H. =2 to 2-5; G. =3'5 to 3 ’6. Grass- to emerald- or verdigris- 
green; streak apple-green. C.e.: 15 ’2 phosphoric acid, 61 
uranium peroxide, 8'5 copper protoxide, and 15’3 Avater. Red- 
ruth and St Austell, Johann-Georgenstadt, Eibenstock, Sehneeberg 
Bodenmais, Baltimore. 

440. ZEUh'EUITE, (Cu, H„)':i^-P8H. 

Pyramidal. P middle edge 142° 6'. 0P;P109°57'. Crystals 

tabular. Cl. basal. H.=2-5; G.-3-53. Grass-green. Lustre 
pearly. C.e. : 77 oxide of copper, 55 ’95 sesquioxide of uranium, 14 
Avater. Ifuel Gorland in CornAA’all, Heustadtel, Joachimsthal, 
Zinnwald, Wittichen, 


441. Walpuegite, 5BiJs-93His-H0H. 

Anorthic; in scaly crystals. Wax-yellow to poraegranate-red. 
Adamantine to greasy. H. =3-5; G. =576. cj.-. ses°iuioxido of 
bismuth 00-4, sesquioxide of uranium 20-4, arsenic acid 13 water 
4’». Xeustadtel. ’ 


442. Plomegosime, PbjF-fGAlHj. 

Reniforni orstalactitic ; fracture conchoidal and splintery. H.= 
4 to 4-5; G. =6-3 to 6-4. Tr,anslucent; resinous. Yellowish’ or 
greenish Avliite to reddish broAvn. C.e.: 38 protoxide of lead 35 
alumina, 8 phosphoric acid, and 19 water; but with 2 chloride of 
lead. Poullauouen, Nuissiere (near Beaujeu), Georgia. 


Compounds of Phosphates, VANADr.A.TES, and Aeseni.a.te3 
AVITH Hai.oid Salts. 

443. Ap.ltite, SCa'F + 00(01, F). 

Hexagonal and pyramidal-hemihedric. P 80° 26'. The most 
common forms are coP (II); ®P2(7i); OP(ot); P(a;); the base OP 
seldom wanting (figs. 92, 95, 96, 97, 98). The crystals are short- 
prismatic or thick-tabular ; also granular, fibrous, or com- 
p.act; fracture conchoidal or splintery; brittle. H. =5; 
G. =3'1 to 3 "25. Transparent to opaque; Autreous to resinous. 
Colourless and Avhite, but generally light green, grey, blue, 
A’iolet, or red. C.e.: phosphate of lime (89 to 92’3), AA-ith 
chloride (to 11) or fluoride (to 77) of calcium, or both. Dissemi- 
nated in granite, gneiss, mica and hornblende slates, primary 
limestones, and trap rocks ; also in beds and veins. Sutherland, 
Ros.s, and Aberdeen, in granite and limestone; Cumberland, 
Devonshire, and CoriiAvall; in tin-mines in Saxony; Bohemia, 
St Gotthard, 'Pyrol; Kragero in Horway, Ncav York, Canada. 

444. Pa’eomorpuite, SPb^ + PbCl . 

Hexagonal ; P 80° 44'. Crystals coP, OP, Avith ® P2, or P (J/, P, x, 
fig. 444), occasionally thicker in the middle, or spindle-shaped; 
also reniforni or botryoidal ; fracture conchoidal or un- 
eA’eii. H. =3 ’5 to 4; G. =6 '9 to 7. Translucent; resin- 
ous or vitreous. Colourless, but generally grass-, pis- 
tachio-, olive-, or siskin-green, and cloA-e- orhair-broAvn, 
and scarlet (Leadhills). C.e.: 897 phosphate and 
10’3 chloride of lead, but Avith 0 to 9 arseniato of 
lead, 0 to 11 phosphate of lime, and 0 to 1 fluoride of 
calcium. Elgin, Wanlockhead, also CornAvall, Derby- 
shire, Yorkshire, Durham, Cumberland, WickloAv ; 

Przibram, Mies, and Bleistadt in Bohemia ; Berozoff, PhoenixA-ille 
in Pennsylvania, and Mexico. 

445. Van.idinite, Sl^bjV+PbCl. 

Hexagonal; P 78° 46'. Forms coP, OP (o), P (z), 2P, JP(6i), ®P2, 
coPf, 2P2 (lig. 445). Transparent to 
opaque; resinous. Honey-yelloAV to 
greyish broAvn; streak white. H. =3; 

G. = 6 ’8 to 7 ’2. C. c. : oxide of lead 7 0 '83, 
vanadic aciil 19 '35, lead 7 "2, chlorine 
2 '62. Wanlockhead, Windi.schkappel 
iu Carinthia, llaldenAA-irthshaus in 
the Black Forest, Bolet in West-Got- 
land, Berezovsk, Zimapan in Mexico, 

Cordoba in the Argentine Republic. 

446. Mimetesite, SPbjAs + PbCl. 

Hexagonal ; P 81° 48'. Crystals 

wP, OP, P (figs. 91, 444), or P, OP. 

Cl. P; fracture conchoidal or uneven. 

H. =3-5 to 4; G.=719 to 7-25. 

'Iranslucent. Colourless, but usually 
honey- or Avax-yelloAV, yelloAvish green 

or grcA’. C.C.: 907 arseniate and _ , , , 

9-3 chloride of lead; but part of the arsenic occasionally replaced by 
phosphoric acid. Leadhills, Huel jVlfred and Hue! b nity m Corn- 
wall, Roughten Gill and Dry Gill in Cumberlai^, Beeralston m 
Devonshire, Johann-Georgenstadt, ZiniiAvald, BadenAveiler, ot 
Pi-ii in France, Nertchinsk, and Zacatecas in Mexico. 




447. 


Wagkeeite, MgjP'+MgF. 


Oblique prismatic, 0 63° 25'. ®P 57° 35'. Cl. prismatic, and 
orthodiagonal imperfect ; fracture conchoidal or splintery. H. = j 


tt\A 1 frt J. liTnp. 


448. Teiplite, (i’e, MiOjP+RF. 

Oblique prismatic; only granular. Cl. in Javo directions at 
ri"ht angles ; fracture conchoidal. H. =5 to j’o; G. “p o to 3 B. 
Traoslucent or opaque; resinous. Chestnut' or hlackish-hrown ; 
streak yelloAvish grey. C.e. : iron and manganese protoxides, Avitli 
33 phosphoric acid, and 7 or 8 fluorine. Limoges, Schlaggenwalii. 
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419. ZwiESELiTE, {i'e, Mn) 3 ?‘T-FcF. 

Right prismatic ; but only massive. Cl. basal, perfect. H. =4‘5 
to 5; G. -=3'95 to 4. Brown; streak yellow. C.c.: like triplite. 
Zwiesel in Bavaria. 

450. AiiBLYGOXiTE, ^)5S}+AlF3-r(Li, Fra)F. 

Anorthic; cri'stals rare; coarse granular. Cl. OP, pearlj', meeting 

two others at 105° and 87° 40'. Fracture uneven and splintery. 
II. =6; G. =3 to 3'1. Translucent; vitreous. Greyish or greenish 
white to pale niomitaiu-green. C.c.: 47 "9 phosphoric acid, 34 ‘5 
alumina, 6 ’9 lithia, 6 soda, and 8 '3 fluorine. Penig, Arendal, 
Jlontebras (Creuse, France), also Hebron and Paris in Jlaiiie. 
ATontcbrasile has no soda. 

451. Dueaxgite, (il,) Ss-r2I7aF. 

Oblique prismatic; crystals like keilhauite (sp. 669). coP 110° 10'; 
P 112° 10'. Cl. prismatic. H. =5; G. =3-95 to 4. Bright orange-red; 
streak cream-yellow. Vitreous. C.c.: alumina 17 '2, iron protoxide 
9 "2, arsenic acid 53, soda 13 T, fluorine 77. Durango (ilexico). 

452. Heiidekite. 

Right prismatic. P polar edges 77° 20' and 141° 16'; coP Ho" 
53'. Fracture conchoidal. H. =5; G. =2'9 to 3. Translucent; 
vitreous, inclining to resiuous. Yellowish or greenish white. 
Ehrenfriedersdorf in Saxony. An anhydrous phosphate of alumina 
with lime and fluorine. 

Phosphates with Sulphates and Bop.ates. 

453. SVANBEKGITE. 

Rhombohedral ; R 90° 35'. H. =4'5; G. =2‘57. Vitreous to 
adamantine. Houcy- 3 ’ellow, reddish brown, and rose-red ; streak 
reddish. Subtransparent. C.c.: 37'8 alumina, 6 lime, 17’3 sul- 
phuric acid, 12’8 soda, 17‘8 phosphoric acid, 6'8 water, Horr- 
sjbberg in Werraland. 

454. Diadochite, FcaR + 2FeS2 + 32H . 

Reniform and stalactitic; fracture conchoidal. H. =3; G. =1‘9 
to 2. Resinous ; vitreous. Yellow or yellowish brown; streak 
white. C.c.: 367 iron proto.xide, 14'8 phosphoric acid, 15'2 
sulphuric acid, "and 30 ’3 water. Griifenthal and Saalfeld. 

455. PiTTiCiTE, Fe2S3-)-2Feiis-f 24fiE, ' 

Reniform and stalactitic ; brittle; fracture conchoidal. H. =2'3; 
G. =2'3 to 2 '5. Translucent throughout, or on the edges ; resinous 
to vitreous. Yellowish, reddish, or blackish brown, sometimes in 
spots or stripes; streak light yellow or white. C.c.; 35 iron per- 
oxide, 26 arsenic acid, 14 sulphuric acid, and 24 water. In many 
old mines, as Freiberg and Schueeberg. 

456. Beudantite. 

Rhombohedral ; R 91° 18'. H. “S'S; G. =4. Vitreous. Olive- 
green; streak greenish yellow. C.c.: o.xide of iron 40 "69, oxide of 
lead 24 '05, sulphuric acid 1376, phosphoric acid 8'97, water 977. 
Dernbach in ^Nassau, Cork in Ireland. 

457. LUnebukgite (2ilg,'il) 'P'+ jl^-p7li. 

Concretions of fibrous structure. C.c.: 25 '2 magnesia, 29 ’83 
phospjhoric acid, 1474 boracic acid, 30'23 water. Liineburg., 

ARSENITES. 

458. Ecdehite, Pb3’:&j + 2PbCl2. 

Pyramidal. Cl. OP. "h. =2-5 to 3; G. =7'14. Pale green. 
Vitreous on cleavage ; resinous on fracture. C.c.: oxide oflcad59'67, 
lead 22’2, arsenious acid 10'59,chlorine 7'58. Lilngban in Werraland. 

459. 'rr.irPKEiTE, CuXs. 

Pyramidal; P 111° 50'. Blue-green. Lmstrous. Copiapo in Chili. 

SILICATES, 

Andalusite Gboup. 

ICO. Andalllsite, AlSi. 

Right prismatic. coP (m) 90° 50', Pw (/) 109° 4', Pw (s) 109° 51'. 




Also columnar. Cl. m ; fracture splintery. H. = 7 to 7 '5; G, = 3'1 to 
3 "2. Pellucid; vitreous. Grey, green, red, or blue. B. 13. infusible. 


Hot affected by acids. C.c.; alumina 63 'I, silica 36 'O. Ckshuarcc 
(figs. 446 to 449) and Clovaiii Aberdeenshire, ilaruoch and Botriph. 




nie in Banffshire, Killiney Bay in Wicklow, Andalusia, Tyrol, 
Penig, ilassachusetts, Litchfield in Connecticut. 

Chiaslolite. H. =5 to 5 '5; 6. =3, Pale grey, yellow, green, and 
red. A compound structure, formed of four double 
wedge-shaped crystals, arranged in contact with the 
angles of a square conoidal crystal placed in their 
centre, and imbedded in a paste of clay slate. The 
section of the compound structure forms a tesselated 
cross, the apjiearance of which varies with the portion ^ 
of the crystal which is cut. Portsoy (fig. 450) and 
Boharm in Bauifahiie, Wicklow, Keswick and Skiddaw, Brittany, 
Pyrenees, Maine, Hew Hampshire, Nova Scotia, Canada. 



461. CVANITE {Disthcnc), AiSi. 



Right prismatic ; ooP 111°. Crystals fibrous, columnar, and radi- 
ating. Cl. macrodiagonal. H. =7; G. ==3‘2 to 3'26. 'rranslucent; 
resinous ; on cl. vitreous. Greyish, greenish, clove, or hair-brown. 
C.c. and chemical characters like cyanite. 'Tvedestrand, Horway; 
Chester and Horwich, Connecticut. Al 203 ,Si 03 is thus trimorphous. 
Monrolile, Xenolite, Bacholzitc, Fibrolitc, and Bamlite are varieties. 


463. Top.vz, 5AiSi-f AlFj-fSiFj. 

Right prismatic. coP (Jf) 124° 17', 2Pw (n) 92° 42', ool“2 (i) 93° 
14', P (o). Crystals always prismatic (lig. 122), often hemimorphic. 
Cl. basal, perfect; fracture conchoidal. H. = 8; G. =3'4 to 3'6. 
'Transparent ; vitreous. Colourless, honey-yellow, amber, pink, 
aspjaragus-green, blue. Becomes electric by^ heat or friction, and 
the yellow colours become pink. B.B. infusible. Hot afl'ected by 
li. acid ; by digestion in s. acid gives traces of fluorine. The 
formula requires 33 ‘2 silica, 567 alumina, 3 7 ’5 fluorine. Part of 
the oxygen must be replaced by fluorine, as the total of the above 
is 107 ’4. Ben-a-bourd and Arran, Scotland; Mourne Jloun tains, 
Ireland; St Michael’s Mount, Cornwall; Siberia, Saxony, Bohemia, 
Connecticut, Australia, Ceylon, Brazil, Peru. Tlie finest topazes 
are the blue from Scotland and Siberia, the jjink, the yellow 
from Brazil, and tlie colourless from Peru. The last-named when 
cut m.ay he distinguished at once from diamond by their elec- 
tricity. Pi/rophysalitc is a massive opaque cleavable variety from 
Falun. PyenUe is a columnar straw-yellow to reddish wliito 
variety from Zinnwald in Saxony 
and Durango in Mexico. 


464. Staujiolite, (Al,3?e)Si-t-(Fe, f\^ 
ij[g) Si . 

Right prismatic. ooP (m) 128° 42', 

Pco (r) 70° 46', coPco (o), 0P(p) (fig. 

452). 'Twins common, as figs. 140, 

144, 187, 453. Cl. hrachyjiagonal, 
perfect ; fracture conchoidal to splin- 
tery. H.=7; G.=3-5 to 3 '8. Trans- 452. (Sp. 404.) Fig. 403- 
parent to ojiaque ; vitreous to resiiiou.s. Reddish brown ; strrak 
white. B. B. infusible. Hot affected by h. acid, partially by s. acid. 
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C.c. : silica 30, alumina 48'5, with 5’5 iron jieroxide, 12’5 iron 
protoxide, 3‘5 magnesia ; often impure. Bixeter Voe andUnstin 
Shetland, Boharm and Mamoch in Banffshire, St Gotthard, Greiner 
in Tyrol, Finistbe, Urals, and North America. Xanlholite is a 
yellow variety from Urquhait (Inverness). 

465. SAVvmniTE, 4ilg, 5A1, 2Si. 

Oblique qirismatic; granular. H. — 7 to 8; G. — 3'4 to 3'.5. 
Vitreous; pale blue or green; translucent; dichroic. C.c.; alumina 
63 '2, magnesia 19 ’3, silica 14 '9. Fiskenaes in Greenland. 

Toujuialine Giionr. 

466. Toukiialine, l{;,Si+’BSi. 

Ehombohedral ; R 133 10'. Crystals of OR(i'), -^R; usually 
long prismatic, and striated (Gg. 45, and 249 to 252). . Generally 
hemirnorphic; also radiating and Gbrous ; fracture conchoidal to 
uneven. H. ”6'5to7'5; G. -=3 to 3‘3. Black varieties opaque, 
others transparent ; vitreous. Generally black ; but colourless, 
yellow, brown, blue, green, and rose-red; streak white. Different 
colours often disposed in layers parallel to the axis; and 
portions of one crystal differing also in colour along the 
axis. By friction acquires positive electricity ; and becomes elec- 
trically polar when heated. Powder insol. in h. acid ; imperfectly 
in s. acid. C.c. complex, but all with water and Guorine, some with 
boracic acid. Coarse black columnar varieties, called Schorl, very 
common in granite and gneiss. Black occur at Portsoy in Banff, 
Ciova, Cabrach, and Rubislaw in Aberdeenshire, Bovey in Devon- 
shire, St Just iu Cornwall, in Greenland, Arendal, 'I'yrol, and North 
America; blueor /7t(ifcofftc at Uto in Sweden ; green at Glen Skiag 
in Cromarty. Crystals ruby-red within , surrounded by green or red 
at one extremity and green at the other, also blue and pink, at 
Albany, Paris, and Hebron in Maine. Currant-red or Ilulellitc in 
India and Ceylon, also in Siberia and Brazil. 

467. Datjiolite, Cafi + CaSLJ-^^f . 

ObRque prismatic, C 89° 51'. ‘ coP (^) 115° 22', ccP‘’2(/) 76° 38', 
P(P) 120°, -P^w (ft) 45° 8', ccPOco 
la), 2P'm (o) (Gg. 454) ; or rhombic 
with i:/90^, 6:al35°, h-.c 141° 9', 
and /: fir 160° 39'. Fracture uneven, 
or conchoidal. H. =»5 to 5 ’5; G. = ^.,1^1 
2'9 to 3. Transparent or translucent ; 
vitreous. Colourless and tinted green- 
ish, yellowish, or pink. _ In closed 
tube yields water. B.B. intumesces 
and melts easily to a clear glass, colouring the Game green; the 
powder gelatinizes in h. acid. C.c.: 38T silica, 21-6 boracic acid, 
34 '7 lilne, and 5 '6 water. 

Bishopton in Renfrew, Glen 
Farg in Perthshire (Gg. 455), 

Salisbury Crags and Corstor- 
phine Hill near Edinburgh, 

Arendal, Utb, Andreasberg, 

■ Seisser Alp, Coniiecticut, 
and New Jersey. Figs. 238, 

239 are pseudomorphs of 
quartz after datholite termed 
Ilaytorite, 

468. Eucla.se, 26rsi+ 

'MS. 

Oblique prismatic, C 79° 

41'. coP'2 (s) 115°; 3P°3 (yO 
105° 49'. Crystals specially of coP'2, .coF'eo (T)) 3P°3. Cl. clino- 
diagonal, perfect; very brittle and fragile; fracture conchoidal. 

T 


A- 

j. 



1 



, 154. 



Fig. 455 (sp. 467). 





T 

Fig. 456. 437. 

H. ‘=7'5; G. =3 to 3T. Transparent; splendent; vitreous.' 


Mountain-green, passing into blue, yellow, or colourless. B B 
intumesces, becomes white, and melts iu thin spliuters to a wliito 
enamel. Not affected by acids. C.c.: 42 silica, 35 alumina 18 
glucina, 6 water. Peru and Brazil, and Southern Urals. Cannot 
be used as a gem on account of its brittleness ; whence its name. 

469. Hojiilite. 

Oblique prismatic, C 89° 21'. H.-5-5; G. -3-28. Black and 
brownish black. Vitreous. C.c.; 27-28 lime, 16-25 protoxide of 
iron, 31-87 silica, 18-1 boracic acid. Stokii and Brevig (Nonvay). 

470. Bothyolite. 



Ei'idote Gnoup. 

472. ZoisiTE, 4Ca, 3A1, 6Si + H. 

Right prismatic. coP 116° 26'; cop2 145° 24'; cofs 156° 40'; Pco 

122° 4'; 2? K> 111 6' (Gg. 459). Cl. brachydiag- 
on.il, perfect. H. ■= 6 ; G. = 3 -2 to 3 -4. White, 
brownish grey, and dark green. B.B. intu- 
mesces, aud forms a white or yellow porous 
mass ; and on the edges fuses to a clear glass. 

C.c.: 29-8 alumina, 24-35 lime, 2-8 oxide 
of iron, 40-3 silica, and 2-1 water. Glen 
Urquhart, Dalnain, and Allt Gonolan, In- 
verness; Sterzing in 'I'yrol, the Sau Alp in 
Carinthia, the Urals, and Connecticut. 

Thulile, peachblossom-red, from Souland in 
'Thelemark (Norway), is similar. 

473. Epidote, 46a, Sil, 6Si+H. 

Oblique prismatic, C 89° 27'. co'P°k> (.17), 

ooP 2 (o) 63° 1', P°oo(r) 64° 36', -P {n) 70° 



Fig. 459 (sp. 472). 
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96“ 40', OP (i/), poo (r), ooPoo (T). U T 115°, T-.n 111° 21', 
T'. d l30° 18'. Often massive or granular; fracture conchoidal. H. 
= 6 ; G. =3 '4 to 3 ‘8. Translucent on edges ; vitreous to resinous’. 
Black to brown or greenish ; streak brownish grey. B. B. froths 
and melts to a brown glass. Gelatinous with li. acid. C.c. : 12 to 
18 alumina with peroxide of iron, 13 to 26 oxide of cerium and 
lanthanum, 2 to 12 yttria, 4 to 20 protoxide of iron, 30 of silica. 
Small crystals common in the syenitic granites of Scotland ; as at 
Lairg, Boat of Garten (fig. 463), Aboyne, and Criffel. In lime- 
stone at TJrquhart (fig. 462), Greenland, Hittorb and Snarum, 
Thuringia, Pennsylvania, New Jersey. (massive) at Finbo, 

Kragero, and Falun. Cerinc (granular) at Eiddarhyttan. Pi/r- 
orthite has carbonaceous matter. Bodenite is a variety. 

475. Idocease, 3(Ca, Mg) 3 Si + 2AlSi. 

PjTamidal ; P (c) 74° 27' (figs. 464 to 466). Crystals ooP {d). 




X 




Pig. 466. 
from Thele- 


H. = 6to7; G.=3'2to 


ooPoo (J7), P (c), OP (p), poo (o) 56° 29', coP2 (/). Prismatic, 
striated; also granular; fracture uneven. H. =6'5; /* 

G. =>3‘35to4. Pellucid ; vitreous to resinous. Brown, 
green, yellow ; streak white. B.B. fuses easily, with (V—TTi 
intumescence, to a green or brown glass. Partially 
sol. in h. acid ; after ignition totally, gelatinizing. 

C.c. : alumina 16, peroxide of iron 7, lime 34, silica 
38. Glen Gairn .and Orathie, Aberdeenshire, in lime- 
stone ; Broadford, Skye ; Wicklow and Donegal, Ire- 
land ; Egg, Norway; Mussa, Piedmont; Vesuvius; 

Wilui river, near Lake Baikal (fig. 463). Gi/pnii. 
mark is azure-blue, from copper. 

Olivine Group. 

476. Foesterite, Mgo, Si, 

Eight prismatic. Like olivine (sp. 47S). 

3'3. Vitreous ; transparent. White, wax- 
yellow, greenish ; streak white. C.c. : 
magnesia 57 ‘1, silica 42'86. Vesuvius. 

Bollonite, red, is from Massachusetts. 

477. Fatalite, FeoSi. 

Right prisihatic ; n ; n' 49° 36' (fig. 467). 

Slassive. Cl. rectangular. Black, green- 
ish, or brownish. Metallic to resinous ; 
fracture conchoidal ; magnetic. H. = 6'5; 

G. = 4 to 4'1. C.c.: proto.xide of iron 

70'5, silica 29 '6. Mourne Mountains, 

Ireland ; Fayal, Azores. 

478. Chrysolite {^Olivine, Peridote), 

(Fe, Mg) 2 Si . 

Right prismatic. P (c) 85° 16' and 
139° 54' ; middle 108° 30'. <»p (») 130° 2', Poo {d) 76° 54', 2Poo 



massive. Cl. brachy- 


(i) 80° 53', ooFw (M) (fig. 468). Also 
diagonal, perfect ; fracture conchoidal. 

H. = 6-5 to 7; G.=3-3 to 3-5. 'Traiis- 
pareut ; vitreous. Olive-gi'een, yellow, 
brown, and colourless. B.B. infusible. 

Soluble, with gelatinizing, in acids. C.c. : 

47 magnesia, 12 protoxide of iron, 40 
silica. Talisker in Skye, Haalival in 
Rum, Elie in Fife, Uiikel on the Rhine, 

Vesuvius, Esneh in Egypt, Brazil. Hya- 
losideritc, brown and yellow, with metallic 
lustre and 30 per cent, protoxide of iron, 
is from the Kaiserstuhl in the Breisgau. 

, 479. Tephroite, jln„Si. 

Right prismatic ; granular, with rectangular cleavages. Ash- 
gi^cy, rose-red. Adam.antine ; translucent. H. = 5'5to6; G. = 4 
to4'l. C.c. : protoxide of manganese 70’2, silica 29'8. Franklin 
aud Sparta in New Jersey. 



480. Knerellite, i’e.Bi-tMiuSi. 

Massive. Grey, brown, green, black. Glistening ; brittle. 
H.=6^-5; G. =3-71. C.c.: protoxide of iron 35-5, protoxide of 
manganese 35, silica 29 ■5.’ llmenau, D.annemora in Sweden. 

481. Monticellite, CajSi-f-MgoSi. 

Eight jrismatic. P (/) 110° 43' and 97° 55', ooP (s) 98° 7', (»p 2 
(w)^133° 6', Pco (it) 81° 57', (h) 120° S', l"2 (e) 141° 47' and 82°, 

coPco (i) (fig. 469). Vitreous. Grey, 
yellowish and greenish, and white ; 
streak white. 'Translucent. H. =5- 
to 5‘5; G. =3 to 3'25. C.c. : lime 35, 
magnesia 21 "9, protoxide of iron 5 ‘6, 
silica 37 '5. Sol. in h. acid, gelatiniz- 
ing. Somma (Milan). 

482. Chondrodite {Eumile), 

MgsSL. 

Eight prismatic. P middle edge 
156° 38', polar edges 131° 34' and 
54° 28' (figs. 470 to 472). Crystals . 
monoclinic in habit, often granular- 
massive. H. = 6 ’5 ; G. = 3 '15 to 3 •25. 

Translucent ; vitreous to resinous. Yellow, red, brown, green, and 
black ; streak white. B.B. infusible. Decomposed by acids. C.c.: 



silicate of magnesia, with 2 to 3 of fluorine. From limestone on 
Loch Ness (?); Pargas, Finland; Gallsjo and Aker, Sweden ; New 
York ; Sparta, New- Jersey. Zfwnffc, from Somma. . 

483. Lieyrite, 3(Pe, Ca) 2 Si+’FeSi-pfi. . 

Right prismatic. P (o) polar edges 139° 30' and 117° 27' ; coP 

112’ 38', Poo [d) 112° 49', ooP2 (s) 106° 15'. Crystals (fig. 124) are 
long-prismatic and vertically striated ; also radiated, columnar,- or 
fibrous ; brittle. H. = 5 '5 to 6 ; G. = 3 ’9 to 4 '2. Opaque ; resinous 
or imperfect metallic. Brownish or greenish black ; streak black. 
B.B. fuses easily to a black magnetic globule. Sol. in h. acid, 
forming a yellow jelly. C.c.: 29 '3 silica, 19 ’6 iron peroxide, 35 "2 
iron protoxide, 13'7 lime, and 2-2 water. ^ Rio in Elba, Fossum,, 
Kiipferberg, Rhode Island, and Greenland. 

484. Cerite (Ce, R) 2 Si-f If . 

Hexagonal ; OP; ooP; in low six-sided prisms. Generally fine- 
granular ; fracture uneven, splintery; brittle. H. =5'5; G. =4'9 
to 5. Translucent on the edges ; dull, adamantine, or resinous. 
Clove-brown, cherry-red, or pearl-grey. Sol. in h. acid, leaving 
gelatinous silica. C.c.: 20'5 silica, 73 ’5 protoxide of cerium (with 
didymiRiu ^ind lanthanum), and 6 water. Bastnaes near Eiddar- 
hyttan. 

485. Galjiei, /^njSi-fBE. 

Right prismatic, and hemimorphic ; 2P2 (P) with polar edges 
101° 35' and 132° 26', ooP {d) 103° 50'. Pco (o) 117° 14', P« (f) 

128° 55' (fig. 46); common form ooPoo (s), ooP, Pco. Also 
columnar, fibrous, granular, and earthy. Cl. prismatic along ooP, 

very perfect; along Pa> perfect. H. =5; G. =3‘3to3’5. Trans- 
parenfi to translucent ; vitreous and pearly. Colourless or white, 
but often light grey, also yellow, green, brown, and blue ; become.s 
electric by heat. B. B. decrepitates slightly, but is infusible ; with 
cobalt solution blue and partly green ; readily soluble in acids, and 
gelatinizes. C.c. : 25 silica, 67 "5 zinc oxide, and 7 '5 water. _ Wan- 
lockhead, Mendip Hills, ilatloek, Eaibl and Bleiberg in Carinthia, 
Aix-la-Chapelle, Iserlohn, Nertchinsk, Pennsylvania, Virginia. 
Used as an ore of zinc. 

IViLLEjiiTE Group. 

486. IViLLEitiTE, ^n2Si. 

Ehombohedral ; R 116° 1'. Cl. basal, and prismatic, “R : 
brittle. H. = 5 '5 ; G. == 3 '9 to 4 "I. White, yellow, brown , and red. 
.Vitreous lustre. C.c. : oxide of zinc 73, silica 27. Altonberg, 
Liege, Greenland, New Jersey. 
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487. Teoostite, ZiiSi+S'lnSi. 

Ehorabolisdral ; K 116°. Cl. prismatic, c»P2 ; brittle. H. =5'5; 
G. =4‘1. Asparagus-green, grey, anil reddish brown. Vitreous. 
C.C.: oxide ofzinc 58, oxide of manganese 13, silica 28. New Jerse}’. 

488. Centromte (Pb jin) Si . 

Eight prismatic; coP 115“ 18'. Form coP, P, coPro. H. =5; 
G. =6'2. Eed-brown. Cl. prismatic ; splendent on P. Southern 
Chili. . . 


489^ Phenacite, GloSi. 

Hexagonal and tetartohedral ; E (p) 116° 36' (fig. 473). Cri’stals 
E, ooP2, |P2. Twins with - 

parallel axes, and intersecting. 

Cl. E, and coP2 ; fracture con- 
choidal. H. =7'5 to 8; G. = 

2 '97. Transparent or trans- 
lucent ; vitreous. Colourless, 
and wine-yellow or brown when 
fresh, but colour soon lost on 
exposure. B.B. infusible; not 
affected by acids. C.c. : glucina 
45'8, silica 54'2. Framont in 
Alsace, Takovaya in Urals, 

Miask, Durango in Slexico. 

490. Dioptase, CuSi-bii. 

Hexagonal and rhombohe- 
dral; E 125° 54', -2E(r) 95° 

28', ooP2, -2R5(s) (fig. 474). 

Cl. E, perfect ; brittle. H. = 5 



Fig, 473 (sp, 489), 

G. = 3'2 to 3 •3. Transparent or 


translucent; vitreous. Emerald-green, rarely verdigris-green or 
blackish green; streak green. C.c.: 38 "7 
silica, 50 copper protoxide, and 11 '3 water. 
Altyn-Tiibeh in the Kirghiz Steppe, ilurosh- 
naya, Copiapo. 

491. Chrysocolla, CuSi4-2fi. 

Botryoidal or investing ; brittle ; fracture 

conchoidal. H. = 2 to 3 _; G. = 2 to 2 '3. Trans- 
lucent ; resinous. Verdigris- to emerald-green 
or azure-blue ; streak greenish white. C.c. : 
34 '83 silica, 44 ‘94 copper protoxide, and 20 ‘23 
water. Leadhills, Lackentyre in Kirkcud- 
bright, Cornwall, Saxony, Hungary, Spain, 
Urals, Australia, Chili. 

492. Boooslovskite {Kupfcrblau). 
Massive; fracture conchoidal; brittle. H. = 

4 to 5 ; G. =2'50. Sky- to ultramarine-blue ; 
streak smalt-blue, and shining. A silicate of 
copper, with 45 '5 per cent, copper oxide. Schapbach Valley in 
Baden, Bogoslovsk in the Urals. Dcmidowilc may be the same. 



Fig. 474 (sp. 490).- 


(S) Manganese-Alumina Garnet-. EO = MnO- reddish 
Spessart (Bavaria), Sweden. ’ ’'®“‘i'sh-brown. 

(i) Uagncsia-Iron-Lime-Ahmina Garnet, Pi/ro»c.— Colour nort- 
wine to purplish red. Elie in Fife, Zoblitz in Saxony, Bohemia. 

U>) Iron- Alumina Garnet, Almandine, Nolle ffanicL— Colum- 
bine-red, inclining to violet, blood-red, and reddish brown 
Common in mica-slate, gneiss, and granite. Shetland, Eoss. 
Inverness, Aberdeen, Falun, Arendal, Tyrol, the Urals, North 
America, Pegu, and Ceylon. 


(6) Lime-Clu-ome- Alumina Garnet, CajSio-l-fer, Al)Si Uwaro- 
wite Emerald-green ; with 22 per cent, chrome oxide. Bissersk 
and Kyshtimsk in the Urals, India, and California. 


(7) Lime and Iron Garnet, C'ajSL+Fe, Si. This includes — 

(a) Gommon Iron-Garnet, Rothoffite, ./UZoc7iroffc.— Subtransluccnt 
or op.aque. Green, brown, yellow, or black; with white, grey, or 
yellow streak. Sweden and Arendal. 

ib) Melanitc . — Black ; opaque ; in thin splinters translucent ; 
streak grey ; slightly magnetic. Albano near Frascati, Vesuvius, 
France, Lappmark. 

(c) Colophonilc. — Yellowish-brown to pitch-black, also yellow or 
red; resinous ; streak white. G. =3-43. Arendal. 

The red varieties, when cut en cabochon, are termed Carbuncles. 


494. Axinite, (A1, iV) Si + 2(Ca, Fe)Si. 

Anorthic. Crystals unsymmetrical. u : P 135° 31' ; u:r 115° 
38', P‘.r 134° 45' (figs. 136, 137). Cl. distinct along planes trun- 
cating the sharp edges between P and u andP and r. H. = 6'5 
to 7; G. = 3‘2 to 3'3. Pellucid; vitreous. Clove-brown, inclining to 
smoke-grey or plum-blue; but often cinnamon-brown in one direc- 
tion, dark violet-blue in a second, and pale olive-green in a third 
{trichroism). B.B. colours flame green; intumesces, and fuses easily 
to a dark green glass, becoming black in the ox. flame ; not sol. in h. 
acid till after ignition, when it gelatinizes. C.c.: 45'9 silica, 5*9 
boracic acid, 17 ’5 alumina, 9 ‘3 iron (with manganese) protoxide, 
and 21 ‘4 lime. Botallack and other mines in Cornwall, Bourg 
d’Oisans in Dauphin^ Kongsberg, Arendal, Nordmark in Sweden, 
Pyrenees, St Gotthard, Tyrol, Thum in Saxony, Urals, and North 
America. 


495. Danburite (Oa, B) 2Si . 

Eight prismatic. coP (/) 122° 52', coP2 (e) 94° 52', Pco {d) 97* 
7', 4Poo (lo) 54° 58', OP (c), P (o), 2P2 (r), copco {a), a>p4 (?!). 



Fig. 476. Fig. 477. Fig. 478. Fig. 479. 


Garnet Group. 

493. Garnet, EaSh+Ssi. 

Cubic ; most common forms coO and 202 (figs. 33, 40, 60, 475). 
Also granular. Cl. dodecahedral ; fracture conchoidal, or splintery. 
H.=6-5to 7-5;G.=3-5 to 4-3. Pellucid;' 
vitreous or resinous. Earely colourless or 
white ; generally red, brown, black, green, or 
yellow. B. B. in general fuses to a glass, black 
or gvey in those containing much iron, green 
or brown in the otheis, and often magnetic; 
imperfectly soluble in h. acid. C.c. ex- 
ceedingly variable, but generally forming two 
series, according as E^Oj is chiefly alumina or 
chiefly iron peroxide; and these are again iig. 47o. 
divided according as EO, is more especially lime, iron pro- 
toxide, magnesia, or a similar base. 'Phe more important varieties 
are — • ' 

(1) Lime- Alumina Garnet, CaaSio-t-’AlSi, with 40 silica, 23 
alumina, and 37 lime. To this subdivision belong — 

(a) IFhtcrffajuict.— Colourless to white. Craig Slohr, Aberdeen; 
Thelemark in Norway. 

(by Grossular.—ORye- to gooseberry-greeni Craig Mohr ; Wilui 
river ; America. 

(c) Cinnamon Piouc.— Hyacinth-red to orange-yellow. Glen 
Gairn (Aberdeen), Allt Gonolan and Ord Ban (Inverness), Ceylon, 
Wermland. Romanzowite, from Kimito (Finland), is the same. 
This variety when polished is often sold as Eyacinth. 

(d) Gommon Lime Hero one half of the .alumina is 

replaced by iron peroxide. Colours red, brown, yellow. Piedmont, 
Vesuvius, the Urals. . 

(2) Magnesia- Alumina Garnet •, EO chiefly magnesia.- Arendal. 



Cl. basal ; fracture uneven to subconchoidal ; vitreous to greasy 
lustre. H. =7 to 7’5 ; G. = 2’9S6 to 3’021. Pale yellow to reddkh 
brown. Translucent ; brittle. C.c. : 22'76 lime, 28’46 boracic acid, 
48‘76 silica. Danbury in Connecticut, Eussell in New York. 


Helvine Group. 


496. Helvine, MuS-t-SE-Si. 

Cubic and tetrahedral. or (fig. 64 and with 66). Im- 


bedded or attached. Cl. octahedral. H. =6 to 6'5; G. =3T to 
3-3. Translucent on the edges ; resinous. Mkax-ycllow, siskm- 
green, or yellowish brown. B. B. in the red. flame fuses with in- 
tumescence to a j’ellow obscure pearl ; sol. in h. acid, evolving 
sulphuretted hydrogen, and gelatinizes. C.c. : 34 silica, 10 glucina, 
8 iron protoxide, 43 manganese protoxide, and 5 sulphur. Sohwarz- 
enberg in Saxony, and near ilodum in Norway. 

497. Danalite, 3E„Si + ZnS . 

Cubic. In octahedra, with striated dodecahedral planes. H. =■ 5'5 
to 6 • G =3’43. Vitreous to resinous. Flesh-red to grey ; streak 
li"hter Translucent ; brittle. C.c. : proto.xido of iron 29, of 
manganese 6-5, of zinc 19, silica 31-5, sulphur 5-5. Eockport 
in Massachusetts. 


498. Eulytine, fihSis . 

Cubic and tetnahedral. and - . The cryst.als (fig. 66) 

nail, and often with curved faces ; fracture conchoidal. If. “4 ‘5 
I O' G. =5'9 to OT. Transparent and translucent ; adamanUiie. 
love-brown, yellow, grey, or white; stre:^ white or grey- 
3-2 silica and 83 '8 bwmuth peroxide. Sclineeberg and Brauus- 
jrf near Freiberg. 
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■ScAPOLiTE Group. 

499. Sarcolite, 8Ca, 3A1, 5fa, 9Si . 

Pyramidal. P 102° 54'; ooPco ; OP; P, and otlier faces as in fig. 
480, many of the faces being alternately hemiliedral. H. =5‘5 
to _6 ; 6. = 2'93. Yitreous. Grey to rose-red. Translucent ; very 
brittle.. C.c. : alumina 21 ’5, lime 32 '4, soda 3 '3, silica 40 '5. 
B.B. fuses to a -n-hite enamel; gelatinizes mth acids. Somma. 


Kg. 480 (sp. 499). Fig. 481 (.sp. 500). 

500. Meionite, 6{Ca, Na), 4^, 9Si. 

Pyramidal. P (o) 63° 42'; Poo (t); ooP (a); coP (5) (fig. 481). 
Cl. macrodiagonal. H. =5 ’5 to 6; G. =2 '6 
to 2 '74. Yitreous. Colourless or white. 

Transparent. Much craclced. C.c.: 31 "9 
alumina, 26 '2 lime, 41 '9, silica. Gelatinizes 
in acids. Somma. 

501. Mizzonite, 6(Ca, ^fa), 4'Al, 15Si, 

Pyramidal ; P 64° 4' (fig. 482). Similar to 

meionite. C.c.: alumina 23 ‘8, lime 8 ‘8, 
soda9'8, silica 54‘7. Insoluble in h. acid. 

Somma. 

502. ScAPOLiTE, 3(Ca, ^fa)& -t- AhSig . F'g- -182 (sp. 501). 
PyramidaL P 63° 42' ; ooPoo ; P ; ooP ; also massive. Cl. 

coPoo, perfect; and ooP. H. =5 to 5'5; G. =2'6 to 2'8. Trans- 
parent or translucent ; vitreous, pearly, or resinous. Colourless, but 
also pale grey, green, yellow, or red. B. B. melts with elfervescence 
to a vesicular glass; in the closed tube may show traces of fluorine; 
with solution of cobalt becomes blue. Sol. in h. acid. C.c, : 49 
silica, 28 alumina (with iron peroxide), and 23 lime (with soda). 
Tiree (Scotland), Arendal, Tunaberg, Pargas, Massachusetts, and 
New York. Known bj' its rectangular cleavage, resinous lusti’e on 
fractured surfaces, and action B.B. Dipyre, P 64° 4', is a variety. 

503. Meli-ilite (5!j?nJoWti7ft«), 2(Ca, Mg)Si 2 + (Al, ’Fe)Si . 

Pyramidal. P 65° 30'; OP; <»Pco. Cl. basal, perfect. H. =5 
to 5'5; G. ■=2'91 to 2'95. Translucent on edges ; vitreous to resin- 
ous. Honey-yellow, orange-brown, and yellowish white. C.c.: 
32 lime, 7 magnesia, 9 alumina, 7 iron peroxide, 40 silica. Capo 
di Bove, and Vesuvius. 

504. Gehlerite, (Ca, Pe)3Si-P(:^, 'Fe)Si. 

Pyramidal. P. 59° ; OP; ooPoo ; c»P3; 2P. Cl. basal. H. =5'5 
to 6; G. =2'9 to 3T. Translucent on edges. Dull resinous. 
Mountain-, leek-, or olive-green, and liver-brown. C.c.: 22 
alumina, 5 iron peroxide, 35 lime, 4 magnesia, 31 '4 silica. iMon- 
zoni in the Passa Yallev. 

• P 

Nepheure Group. 

505. Leucite, Al, Sia-l-KSi. 

Pyramidal. Combination of the ditetragonal pyramid (i) with the 
tetragonal pyramid ''o), and 2Poo (m) with ooP(to). Hemitropes united 


Kg. 483. Kg. 484. 

by («). Fracture conchoidaL H. = 5 '5 to 6; G. = 2 '4 to 2 'S. Trans- 
parent to translucent on the edges; vitreous, inclining to resinous. 
Colourless, but greyish, yellowish, or reddiA white ; streak white. 
B.B. infusible; with cobalt solution becomes blue.- Sol. in h. 







acid, without gelatinizing. C.c.: 54-9 silica, 23-6 alumina and 
21 -5 potash. Abundant in the lavas of Vesuvius, the tufas’ near 
Rome, and the peperino of Albano ; also at the Kaiserstuhl, and 
near Lake Laach. Readily distinguished from aualcime by its in- 
fusibility, and by never showing faces of the cube. 

506. Nephelire (AteoZitc), AlSi-(-4(Na, S)Si. 

Hexagonal. P 88° 10'. ooP, OP, P common; also fig. 485. 
Crystals inibedded, or in druses ; also 
massive-granular; fracture conchoidal, 
or uneven. H. =5’5 to 6; G. =2'58 
to 2‘64. Transparent or translucent ; 
vitreous and resinous. Colourless or 
white (nepheline) ; or opaque, dull 
resinous, and green, red, or brown 
(elaeolite). B.B. melts difficultly 
(nepheline), or easily with slight effer- 
vescence (elsolite), into a vesicular 
glass. Sol. and gelatinizes in h. acid. 

C.e. : 41 '2 silica, 35‘3 alumina, 17 
soda, 6 "5 potash. Nepheline at Monte 
Somma, Capo di Bove, Katzenbuckel 
in the Odenwald, Aussig, and Lusatia. 

Elseolite in the zircon syenite at Laur- 
vig, Fredriksvarn, Brevig, and Miask. 

Davine, with 4P 51° 46', seems only a variety; as also Cancri- 
nitc, bright blue, and with some carbonate of lime. 



507. Micro-sommiie, RSi-p AlSi+NaCl. 


Hexagonal. ooP;0P; coP2; coP5. Cl. ooP. H.=6;G. = 2-42 
to 2‘53. Colourless to yellow; lustre silky. Somma and Vesuvius. 

508. SoDALiTE, 3('AlSi+Na§i)4-NaCl. 


, Cubic ; coO, and fig. 486 ; generally distorted ; also massive and 
granular. Cl. coO ; fracture 
conchoidal or uneven. H. “ 

5-5; G.=2T3 to 2'29. Trans- 
lucent; vitreous. "White, grey, 
and rarely green or blue. C.c. : 

37 silica, 31 ’8 alumina, 19 '2 
soda, 4 '7 sodium, and 7 '3 chlo- 
rine. Greenland, Vesuvius, 

Ilmen Hills, Fredriksvarn, and 
Litchfield in Maine. 


509. Nosean, 3(AlSi+waSi) 
-fNaS. 

Cubic ; and granular, H. ■= 
5'5; G. =2‘28 to 2’40. Trans- 
lucent ; vitreous to resinous. 



■ Fig. 486 (sp. 508). 


Ash or yellowish grey, sometimes blue, brown, or black. C.c.: 36 
silica, 31 alumina, 25 soda, and 8 sulphuric acid. Lake Laach, 
and Rieden near Andcrnach. on the Rhine. Occurs in phonoUtes, 
in minute crystals. 

510. Hauyne, 2(’AlSi-fNaSi)-K!;a’S. 


Cubic; ehielly ooO ; also fig. 487; but more common in grains. 
Cl. ooO. H. =5 to 5 '5; G. =2’4 to 2 ’5. Semitransparent or trans- 
lucent; vitreous or resinous. Azure- or 
sky-blue; streak bluish white. C.c.: 34 '2 
silica, 28'5 aluminaj 11'5 soda, 4‘3 potash, 

10 '4 lime, and 11 T sulphuric acid. Vesu- 
vius, Mount Vultur near Melfi, the Cam- 
p.agna of Rome, and Nicdermendig near 
Andernach. 

511.- Lapis-Lazuli. 

Cubic ; 0» ; generally massive, granu- 
lar. H. =5'5; G. =2’38 to 2‘42. Trans- 
lucent on edges; dull resinous or vitreous. _ Ultramarine, or 
azure-blue; streak light blue. B.B. fuses readily to a white 
porous glass. In h. acid the powder is dissolved and gelatinizes, 
evolving sulphuretted hydrogen. C.c.: 45 '50 silica, 5 '89 sul- 
phuric acid, 31 ‘76 alumina, 9 ’09 soda, 3 '52 lime, 0'86 iron, 0'42 
chlorine, 0‘95 sulphur, 0T2 water. Near Lake Baikal, China, 
'Tibet, Tartary, Jlonte Somma, and Chili. It is used for ornamen- 
tal purposes, and in the preparation of ultramarine. 'Hie colour 
both in it and hauyne seems due to some compound of sulphur 
with sodium and iron. 



Mica Group. 

512. Biotite (Magnesia-Mica), ALSij-flMg, K, Fel^Sis. 
Oblique prismatic, C 89° 59'. OP (c), 9,8° 41' P (m), - JP W' 
coP'to(i), Poo (r), - ^P'3 (i). Cl. basal, perfect; sectilc; thin platw 
elastic. H. = 2-5 to 3; G. =2 '85 to 2-9. Transparent) but often onJy 
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in very thin plntes. Generally upiaxal, sometimes with diver- 
gence-56’. Metallic, pearly. Usually dark green, brown, or black: 
streak "reenish grey or white. B. B. difficultly fusible to a grey or 
black glass. Completely sol. in concentrated s. acid, leaving white 



Fig. 488. . Fig. 489. 

pearly plates of silica. C.c. : 39 silica, 17 alumina, 10 iron proto-vide, 
20 magnesia, 9 potash. Hillswick, Shetland, in gneiss; Sutherland^ 
Ross, Inverness, in limestone; Skye and Fife in trap; Pargas, Bodcn- 
mais, Greenland, New York. Jitibellaii is a decomposed variety. 

513. PIaughto.vite, (Al,’Fe) Si + (Fe, K),,Si. 

Oblique prismatic. Cl. basal, perfect. II. =3; G. =3'1. Vitreous 
to adamantine. Chocolate-brown to black. Weathers pale green 
and ochry. Difficultly soluble in acids. B. B. fused with difficulty 
to a highly magnetic bead. C.c. : silica 36, alumina 18, ferric oxide 
4 '5, ferrous oxide 18, magnesia 9, potash 8, water 3. Common in 
the granites of Scotland. Black Forest, Harzburg, Tyrberger. 

514. Lepidomelaxe, (Al,Fe) Si-f (i'e, K)Si. - 


deen, Cornwall, St Gotthard, Norway, Sweden, Siberia. Crystals 

"’^'ere it is used for widows. 
Fuehtte, bright green, has 6 per cent, of chrome oxide. Maraaro- 
axle contains 4 to 6 water. Gilbertito, Cornwall, may be different 


520. _PAi!AGOKlTE(5'ocfa-ff/fcn),3Al,,Si3-P(Na, H)Si. 

Massive; foliated. Lustre pearly. H. = 2 -5 to 3 ; G - 2 ’78 to '9 

Yellowish, greyish, and greenish. C.c.: 40-1 alumina, 6-1 so“da! 
477a silica, 4-6 water. Monte Campione, St Gotthard. 

521. Sandbeiicep.ite {Baryta-Mica). 

White minute scaled aggregates. G. = 2-894. C.c. : 30-2 alumina, 
4-9 magnesia, 5-9 baryta, 7-6 potash, 42-6 silica, 4-43 water. 
Pfitsch Valley in Tyrol, and the Swiss Alps. 

522. Map.gaiute {Lime-Mica). 

Right prismatic. Cl. basal perfect. H. =3-5 to 4-5; G. =2-99 to 
3-1. _ Lustre of cl. Marly. Lateral planes, vitreous. Snow-white, 
reddish white, and pearl-grey. Laminai brittle. Optic axial 
angle 109’ to 129°. C.c.: 51-2 alumina, 11-6 lime, 2-6 soda, SO'l 

silica, and 4_-5 water. Greiner in Tyrol, Naxos, Asia Minor, Greece, 
Pennsylvania, North Carolina. Diphanite is similar. 


523. Euph YLLITE ( JRj + JRlaS’ij + ^ H . 

Like muscovite, but laminae not easily separable. H. = 3 '5 to 4 '5; 
G. —2-83 to 3. Lustre of cl. peai-ly to adamantine. White to 
colourless. Transparent to opaque. Laminae brittle. Optic axial 
.angle 71.^’. C.c.: alumina 42-3, lime 1-5, potash 3-2, soda 5-9, 

silica 41 '6, water 5-5. Union ville in Pennsylvania. 


524. Clixtoxite, (JR3-P^’^l)3Si+ JS. 


Oblique prismatic. Cl. basal, perfect ; brittle. H. =3; G. =2-97. 
Vitreous; transparent to opaque. Rich brown to raven-black. 
B. B. fuses easily to a black feebly-magnetic bead. Sol. in h. 
acid, leaving paearly scales of silica. C.c.: 37 silica, 17 alumina, 24 
iron peroxide, 3 protoxide of iron, 8 pota.sh, 10 magnesia, 4 water. 
Rarely in gneiss, Scotland; common in granite, Ireland; and Pers- 
berg, Sweden. 

515. Axojiite, 12% S ’ Jil , 2S, if, 12Si. 

Oblique prismatic, c.m 08° 42'. Form c, m, 0, 6 (see fig. 488); 
divergenceof optic axes l2°tol3°. Mouroe(New York), Lake Baikal. 

516. PiiLOOOPiTE, (Silj+IR) Si3. 

Oblique prismatic. OP (c), P (m), - JP (0), coPco (4). c : 711 98° 30' 
to 99°. Cl. basal, perfect. H. “2-5 to 3; G. =2-75 to 2-97." Pearly 
to subraetallic. Yellowish brown with copper-like reflexion'; also 
green, white, and colourless. Transparent. Divergence of optic 
axes 3° to 20°. C.c. : 14 alumina, 2 protoxide of iron, 28 mag- 
nesia, 8-6 potash, 2-57 fluorine, 41 silica. B. B. whitens, andfuscs 
on edges. Decomposed by 3. acid, leaving the silica in scales. 
Pargas (Finland), FAssa Valley, New York, Canada, Ceylon. Clwr- 
acteristic of serpentine and of dolomitic limestones. 

517. ZixxwALinxE. 

Oblique prismatic. Forms .os in figs. 490, 491 ; also 2pco (//) and 
SP’S (a:). 7/1 : c 98° to 99°. Divergence of optic axes 65°. G. = 

2-82 to 3-2. C.c. similar to muscovite (sp. 519), but with 4 to 



Fig. 490. Fig. 491. 

8 fluorine, 2 to 5 lithia, and traces of rubidium, ca;sium, and thal- 
lium. Altenberg and Zinnwald, St Just and Trewavas in Cornwall. 
C/'/jophyllile from Cape Ann in Massachusetts is similar. 

518. Lei'idolite. 

Oblique pirismatic. Forms like muscovite. Divergence of optic 
axes 50“ to 77°. Cl. basal, perfect. H. =2-5 to 4; G. =2-84 to 3. 
Often massive; scaly granular, coarse or line. Lustre pearly. Colour 
rose-red, violet, lilac, yellow, greyish white. Contains 5 to 6 per 
cent, lithia, with rubidium, caisiuin, and thallium, also fluorine. 
B.B. coloursflame rod. Jlourne Mountains, Rozena (Moravia), Uto 
(Sweden), Ekaterinburg, Maine. 

519. Muscovite (J/nscoiiy-Cr/ass), 3AlSi-^KSi. 


Oblique prismatic; in hexagonal tables, or massive foliated. CJ. 
basal, perfect. H. =5 to 5-5; G. =3-15. Translucent; pearly to 
metallic on the cle.avage. Angle of the optic axes 3° to 13°. 
Reddish brown to yellow. C.c.: 39-7 alumina, 21-1 magnesia, 13-1 
lime, 19-2 silica, 2 protoxide of iron, 4-9 water. Amity and War- 
wick in New York. Brandisilc is similar, 

525. KAX-rnoriiYLLn'E. 

Oblique prisnjatic, C about 90°. Crystalline aggregates. Radiate 
lamellar. H. =4-5to6; G. = 3-1. Lustre pearly. Colour yellowish 
to copper-red. Angle of optie axes 0° to 20°. C.c.: alumina 43-6, 
lime 13, magnesia 17-5, silica 16-9, water 5'1. Zlatoust, 

526. CuLORiTOiD, f'eSi + Alfi. 

Right prismatic ; in foliated crystals ; brittle. Cl. basal. 
Lustre greasy to pearly. H. =5-5 to 6 ; G. =3-52 to 3-56. Dark 
green ; streak greenish white. C.c. : 40 alumina, 27 protoxide of 
iron, 25 silica, 7 water. B.B. infusible, but becomes magnetic. 
Decomposed by s. acid. Hillswick in Shetland, Pregratten in 
'Pyrol, Ekaterinburg, Canada. 

527. Masonite. 

Broad plates. H. =6-5; G. = 3-53. Grey-green. Streak grey. 
Pearly to vitreous. C.c.: 26-4 alumina, 19 peroxide of iron, IG'T 
protoxide of iron, 32-68 silica, 4-5 water. Middletown in Rhode 
Lsland. 

528. OrntELri's, Al2Si3+3(Fe, Mn)Si-l-3fi. 

'riiin hexagon.al tables. Cl. parallel to the prismatic faces. H. — 
5'5;G. =4-4. Translucent; vitreous. Greenish or blackish grey. 
C.c.: 21-3 alumina, 16-8 proto.xide of iron, ll'l protoxide of 
manganese, 43-4 silica, 5-65 water. Ottrez in the Ardennes 
(Luxemburg), Aste in the Pyrenees, Ebnat in Bavaria, New-port 
(Rhode Island), Vardhos (Greece). 

529. Pykosjialite, 7RSi + RCL + 5H. 

Hexagonal. P 101° 34'; crystals coP, OP; tabular; also granular. 
Cl. basal, perfect ; brittle. H. =4 to 4-5 ; G. =3 to 3-2. Trans- 
lucent to opaque ; resinous, or metallic-iiearly. Liver-brown to 
olive-green. C.c.: 35-5 silica, 27-5 iron protoxide, 21 -5 manganese 
protoxide, 8 chloride of iron or manganese, and 7-5 water. Nord- 
mark in Sweden. 

530. Astrophyllite, (R,, Rl.Sia. 

Rirdit prismatic, with oblique liabit. In long tabular prisms, 
and in stellate groups. Cl. basal, perfect. H. =3-5; 0-=3-33. 
Submetallic to pearly. Tombac-brown to gold-yellow. Pellucid. 
Axial divergence 118“ to 124°. C.c. : peroxide of iron 9 -3, protoxide 
23-6, protoxide of manganese 10, soda 3-9, potash 5-9, titanic acid 
7-90, silica 39-2. Brevig, El Paso in Colorado. 


Right prismatic, with monoclinic habit. 0P(c); coP{M); ooP'co 
(4); P (m); 2P'co (y). coP nearly 120°. Twin-face c. Cl. basal, 

perfect; elastic. Angle of optic di- 

vergence from 44° to 77°. iletallic, 
pearly. Colourless, and tinged of 
various shades to black. B.B. fuses to 
an ojiaque enamel. Not affected by 
acids. C.c. : 36-6 alumina, 11-8 pot- 
ash, 45-1 silica, 4-5 water, with traces , ■ 

of fluorine. Shetland, Loch Glass in Sutherland, Glen Skiag 
(crystals 15 inches in length) and Struay Bridge in Ross, Aber- 



CiiLoiiiTE Group. 

531. CiiEORirE, 2RSi-f-R,’Al-f Sif. „„ „ 

He.xagonal. P 106° 50'; crystals tabular of OP, coP or OP, P 
i'r. 493); often in comb-like or other groups; ^ ^ 
mcrally foliated and scaly. H. = 1 to 1-5; G. = 2 73 
I 2-96. Leek-green to blaekish gieen ; streak ^ — 

-eeiiisli grey. C.c.: 21 alumina, 20 prot^ido jqv 493. 

■ iron, magnesia 18, silica -24, water 11. f nr 1 

de, Bute, and Jura in Scotland. Cornwall, Cumberland, Wales, 
assa Valley,- Urals, America. 
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532. PENNINE, 4irgSi + %3Al+5If. 

Hexagonal, Aomboliedral ; E 65° 28'. Crystals chiefly very acute 
rhonibohedrons, wth or without the base. Lustre resinous. H. = 
2 to 3; G. =2'6 to 2’77. Streak greenish white. B.B. exfoliates, 
becomes white, and fuses on the edges to a white enamel. Com- 
jdetely sol. in warm s. acid. C.c, : 33’6 silica, 14'4 alumina, 
39'4 magnesia, and 12'6 water; but with 5 to 6 iron protoxide re- 
jdacing magnesia. Scalpa in Harris, Glen Lochy in Pertlishire, 
Zermatt in Yalais, Tyrol, jila di Stura in Piedmont, ilauleou 
in the Pyrenees. IcucMenhcrgita is the same. Kammcrcrite, with 
5 to 8 chromium sesq^uioxide, is violet-blue or green ; Unst, Siberia, 
Pennsylvania. Ehodochroine and Taiergitc are also varieties. 


633. CLiNOCHLOnE (iJipfrfo'fite), 3ilgSi-)-lirg;,Al + 4fi. 

Oblique prismatic, G. 76° 4'. ooP 121° 28'. OP : P 113° 50'; 
OP ; coP 192° 8'. 'Crystals -2P, P, 4P°oo, OP («, «i, t, P, fig. 494). 
'Twins common ; lustre vitreous or resinous. H. =2 
to 3; G. =2'6 to 2 "8. B.B. becomes white, and 

fuses on thin edges to a greyish yeUow enamel. 

C.c.: 30 '3 silica, 17 "3 alumina, 40 '3 magnesia, and 
12'1 water. Edentiau and Blair Athole in Scotland, 

TraverseUa in Piedmont, Aldimatovsk in Urals, AVest 
Chester in Pennsylvania. Corundojghyllitc, jEjn- 
clilorite, and Kotschuhcijitc are varieties. 

534. PvEOSCLEKiTE, (jK, 56)3813-1 3H. 

. Eight prismatic.' Cl. basal, perfect ; fractuie uneven ; biittle ; 
sectile. H. =3; G. =27 to 2 '8. Pearly; translucent. Aiiplc-, 
emerald-, and grey-green. C.c.: alumina 13 '4, chrome oxide 1‘4, 
protoxide ofiron3'5, magnesia 31 '6, silica 37, water 11. Porto- 
Eemiio in Elba, China. 



535. CnosicniTE. 

llassive ; crystalliue-»rauular and globular- i-adia ted. H. = 2 ‘5 to 
3;G. =2'91. “Weak silky. AVhite, with yellowish spots ; greenish 
blue. C.c. : 17 ’1 alumina, 22 ‘6 magnesia, 12 '6 lime, 35 '7 silica, 9 
water. B.B. fuses easily, with intumescence, to a grey glass. De- 
composed by h. acid, with sepai-ation of silica, Colmouell (AyrsMi-c), 
Porto-Perraio. 


636. Pyoxotuoe. 

Large grained aggregates. Cl. along two rectangular faces ; frac- 
ture hackly, splintery. Greyish white to brown-red. Yitreous to 
greasy. H. =2 to 2 '3 ; G. =2 '6 to 27. C.c. : alumina 29 '3, mag- 
nesia 12 '6, potash 4 "4, silica 45, water 7'8. Y^aldheiiu in Saxony. 

537. Thuiiixgite, (AE, fia-biCAl, Ee))3Si3-l4S. 

Massive ; scaly. H. =2to2’5; G. = 3'2. Pearly. Olive-green to 
pistachio-green ; streak paler. Yery tough. Powder greasy. C.c.: 
alumina 16, peroxide of iron 14, protoxide of iron 33, silica 23, 
water 11. Sehmiedefeld in Thuringia, Harper’s Perry on the 
Potomac, Hot Springs in Arkansas. 

538. Delessite, (Pei, SlgJloSL-p^iMxV, Hex\)Si-l-3fi-b2Mgft. 



Talc aed Serpentine Group, 

540 . Talc, iigaSi^-i-fi. 

Eight prismatic (?) ; rarely found in six-sided or rhombic tables ; 
generally massive, granular, or scaly. Earely fibrous. Cl. basal, 
perfect; soft, sectile, and flexible in thin plates. H. =1; G.=2’6 
to 2 '8. Transparent in thin plates, and optically binaxal; pearly 
or resinous. Colourless, but generally greenish or yellow'ish white 
to apple- or olive-green. Peels very greasy. B.B. emits a bright 
light, exfoliates, and hardens (H. =6), but is infusible ; with cobalt 
solution becomes red. Hot sol, in h. or s. acid before or after igni- 
tion. C.c.: 63 '5 silica, 317 magnesia, and 4 '8 water. Unst in 
Shetland, green ; Caimie in Aberdeenshire, brorvn ; Greiner in 
Tyrol, Sala and Falun, the Pyrenees, Used as. crayons, also for 
forming crucibles and for porcelain. , - 

Sleaiitc, — ^Massive. Grey, red, yeudw, or green. Shetland, 


Sutherland, Portsoy, and near Kirkealdj-, Scotland; the Lizard 
Point, Cornwall ; Briangon, Wunsiedel. Savage nations cut the 
steatite into culinary utensils. 

PotstOM is a mLxture of talc, chlorite, and other minerals. 

. 541. PlCROPlITLL, 3ESl-r2jf. 

Eight prismatic. H. =2-5 ; G. =375. Dark green. Foliated 
shining. C.c.: magnesia 30 '1, protoxide of iron 6-9, silica 49 -s’ 
water 9 '8. Sala in Sweden. ’ 

542. PiCROSiiiNE, 2lilgSi-f H. 

' Eight prismatic, but massive. Cl. ooPoo perfect, less so in other 
directions ; sectile. H. =2'5 to 3 ; G. =2-5 to 27. Tranducent or 

opaque ; vitreous, but pearly on coPoo . Greenish white, grey, oi 
blackish green ; streak colourless. Yields a bitter odour when 
breathed on ; hence the name. C. c. : 55 '8 silica, 36-1 magnesia, and 
S'l water. Presnitz in Bohemia, and Greiner in Tyrol. 

543. MoNn.\DiTE, 4(pig, -JPc)SW£E. 

Massive, foliated, translucent, and yellowish-grey. H. = 6 ; G.= 
3'27. C.c.: silica 55"2, magnesia 31'9, protoxide of iron 8'8, water 
4‘1. B.B. infusible. Bergen in Horway. 

544. SlEERSClEiUM, 21Ig^i3-{-4lf . 

Fracture earthy; sectile. H. = 2 to 2'5 ; G. =0'8 to 1 (when 
moist nearly 2). Opaque, dull. Yellowish and greyish white; streak 
slightly shining. Peels rather greasy, and adheres strongly to the 
tongue. C.c.: 5 4 '2 silica, 247 magnesia, and from 9 to 217 water. 
Hegropont, Anatolia, near ^Madrid and Toledo, Moravia, 11761111- 
land. 

545. Aphrodite, 4ifgSi-ffi. 

Soft and earthy. G. =2'21. Milk-white; opaque. C.c.: 52 "9 
silica, 35‘3 magnesia, 11 '9 water. Ldngban (Sweden), Elba. 

546. Spadaite, MgjSic-f 4fi. 

Massive ; fracture splintery ; sectile. H. =2'5. Translucent; 
resinous, Eed, with white streak. C.c.: 57 silica, 31 ‘6 magnesia, 
11 "4 water. Capo di Bove near Ebme. 

547. GiaiNiTE. 

• Massive. H. = 2to 3; G. = 1'9 to 2'2.. Translucent; resinous. 
Dull orange-yellow. C.c.: 41 silica, 37 magnesia, 22 water. Tyrol, 
Passau, 're.xns, Bareliills near Baltimore. , J^ickcl Gymnite has 29 of 
nickel oxide, replacing the water. Unst, Texas, Pennsylvania. 

548. S.VPONiTE, (Pe0alilg)3Si5-(-(Al3pe)’Si-r 133. ’ 

Massive ; sectile, and very soft. H. = 1 '5 ; G. = 2 '2 to 2 'S. lYhite, 
orange-yellow, pale green, and reddish brown. Peels greasy, docs not 
adhere to the tongue; falls to. pieces in water. 'C.c.: silica 40'8, 
alumina 7 ‘5, ferric oxide 3 ’9, magnesia 20 "6, rvater 227. Occurs 
in aU the above colours.in the later igneous rocks of Scotland, com- 
monly. Lizard Point and St Clear in Cornwall, and Dalecarlia in 
Sweden. Pimclite has 2 ’8 oxide of uickeL 

549. Serpentine, 2MgSi-i-Mg33. 

Cryshillizatiou uncertain ; pseudomorphic after, oliidne, ke. ; 
generally massive, and granular or fibrous ; -fracture flat-con- 
choidal, uneven, or splintery ; sectile, and slightly brittle. 
H. =3 to 3 '5; G. =2'5to27. translucent to opaque ; dull resin- 
ous. Green, grey, yellow, red, or brown; often in spots, stripes, 
or veins ; streak white, shining. Feels greasj’-, and does not adhere 
to the tongue. In the closed tube yields water, and becomes black. 
C.c.: 43 ’5 silica, 43 '5 magnesia, and 13 water ; but with 1 to 8 iron 
protoxide, and also carbonic acid, bitumen, and chrome oxide. 

Yarieties are — (1) Nohlc Serpentine, brighter coloured, leH^O, 
and more translucent; {2) Picrolitc, or fibrous (H.=3‘5 to 4'5); 
{Z) Common, or compact; (4) Chrysotilc {Baltimorite, Metaxiie), in 
line asbestiform fibres, easily separated, with a metallic or silky 
lustre (G. =2-219). 

Common in Shetland, Urquhart, Portsoy, Ballantrae ; Lizard 
Point in Cornwall ; Horway, Sweden, North America. CMysotik 
at Colafirth and Petlar, Shetland, Portsoy, Towanreiff, in Scot- 
Land; Eeichensteiu in Silesia, the Yosges Mountains, and North, 
America. Serpentine is often a product of decomposition, or pseudo- 
morph of various minerals, as augite, hornblende, olivine, spinel, 
enstatite, garnet, &c. It forms whole rocks and mountains, and is 
manufactured into various ornamental articles. 

550. Mariiolite, SMg’Si-ffiMgSo. 

Oblique prismatic; often foliated. H. =2-5 to 3; G. =2-41 to 
2-47. Lustre pearly. Greenish white, bluish white, and asparagus- 
green. C.c.: silica 42-1, magnesia 38-5, water 17-5. In. veins 
in serpentine of Urquhart and Portsoy (Scotland) Cornwall, r in- 
land, Hoboken. , • 

551. Antigorite. 

Thin flat lamina;. H. =2-5 ; G. =2-6. Translucent._ Green with 
brown spots; streak white. C.c.: silica 40-8, magnesia 36‘3, prot- 
oxide of iron 5-8, water 12-4. Antigorio.in Piedmont. 



M I E K A L 0 a Y 


f<b2. IlYDIlOl'lUTK, (%, L'«)^iji3 + 41£. 

aii.l librous 11. - 3 to 1 ; G. 2-05. .Mouut.iiii-groeu to 
bluc-bliick j streak jialer. C.c. : silica 30 “2, magucnia 21 'I, proto.xido 
of iron _2'/, water 10. Tabcrg iu Sweden, New York. 

5.’'i3. Vii.i..tusiTi:, 2.^[gJii + l'f. 

_ I!i,^'bt prisiiiatie ; cry.stals P, 0I>, meeting at 130“ 32', often twins 
in triple eoinbination; also granular. H. -3 ; G. -2-9 to 3. 'Praiis- 
lucent. Greenish to greyish yellow. C.c.: silica 39-0, magnesia 
l'™to.\-ido of non 3-0. water 5-8. Totaig, ijoss-shirc ; Traver- 
sella, liedmont; lorez, France. 

951. 1’Vlt.VLLOI.lTi;. 

Obliipie prismatic, C 72“ 50' ; columnar and grauukir. Cl. 
basic and hemidonialie, meeting at 91“ 30'; fracture splintery; 
brittle. lI.-.3'5 to -1 ; G. ■«-2’0. Translucent on edges ; resinous, 
(iieeiiish to \|ellow.grey. C.c.: silicate of magnesia and water, 
btorgard in Finland. 

5.5.5. Di:ii.M.ui.\-i;, {%, Fe) .Si r2i’f . 

I’enifurin ; sUhietitie ; fraetnre eonchoidal ; brittle. H. “-2‘5; 
G. **"- 1. ; streak yellow. Does not 

.adhere to toiigiiee C.c.: .silica 33, magnesia 22, proto.xido of iron 
12, water 23. Yaldlieim in .Sa.xoay. 

550. CiiLOKomi.KiTi', IbSi-i-lijtj'ij+ n'f. 

•'•‘'''-'b' I'eniform. Coating or filling iiii geodes in ainyg- 
daloidal cavities. 11. - 1 ‘5 ; G. -2'02 to2-3. A-etile; fr.icturecoi!- 
choidal. On lir.st e.'cpo.suio transparent and olive-green to orange- 
yellow, but soon changes to black and opaejue, splitting in so 
/’itfe'ous to shining. 15.11. melts to-a black glass. C.c.: 
silica 30*2, alumina S‘9, peroxide of iron 13*3, protoxide of iron 
2*-l, lime 3*3, lii.ignesia 10, water 21*3. liuni and Caiiiia in the 
llebride.i, Giant's Cauacway. The original mineral from Hum has 
22*3 iron peroxide and no alumina. 
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Kight prismatic. «P92“to93“; crystals coFco (a), ( 5 , 

coj* (in), APeo (k), 3Pco ( 2 ), ^ 

Usually imbedded, or indis- 
tinct granular masses. Cl. 
macrodiagonal very perfect, 
prismatic ool’distinct, braeliy- 
diagoii.al imjicrfect. II. 5*5; 

G. » 3*1 to 3 *3. 'rraiisliicent 
throughout, or only on the 
edges ; vitreous or pearly on 
the more perfect cleavage- 
planes. Colourless, greyFsh 
or greenish white, yellowish, 
or brown. Not all'ected by 
.acids. 15.15. almost infusible. Fig. 497. 

C.C.: GO siliixa and -10 nnignesia, but ivith 0 to 8 iron protoxide 
1 to 2 alumina, and 1 or 2 water. In olivine and rerpentino 
locks in -lIoiaMa, the Harz (Baste), and the Pyrenees. 

5G.1 Buoszrrij (Schiller Sjiar, Maslitc), (% Fc)Si. 
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* - — - t — u y null ])croxidct _ 

l>'n"l"‘'*’ ^'"i "'“ter. BcuUtc is possibly .altered enstatite*. 

Styrh'^** ^ Aberdeenshire, Baste, Tyrol, Bairenth, 

505. Paulite (llypcrsthcnc), (Fe, Xlg)iii. 


557. Fonc'Hii.tMUEi'.rri;, Feisi -b Ol'f . 

Gr.inularmas.sivo. Subresinuu.s to dull. Dark green. If. >-•2; 
G.»-1*S. C.c.: silica 32*3, protoxide of iron 21*0, magnesia 3*1, 
water 12*2. F'aroes, 

553. KinwANiri:. 

Filhs dnises in amygdaloid.s with divergent slieaf-like erystaks. 
II. —2 ; G. -•2*9. Opaipie. Olive-green to dark green. C.c.: silica 
•10*5, .alumina 11*1, protoxide of iron 23*9, lime 19*8, water -1*1. 
Loch B.U in ilull ; Jlourne Jlountains in Ireland. 

559, Olal'co.nitj:. 

Hound gr.iins. Dull resinou.s. Light green, C.c.: silicate of 
jirotoxide of iron and iiobtsh. Ashgrove near Elgin ; greensand 
of England, F’raneo, Germany, and America. 

500. CuLAPo.MTU, 31iij'L-f i{iiii,j-f 51'{. 

ibissive, forniing crusts, :is of agates. Earthy, seetile. 11. — 1 
to 2; G. — 2*0 to 2*8. Op.wiue, sliiiiing. Bright green. Feebs 
preAsy. C.e.: silica 51, alumina 3*8, ferric oxide 11*0, ferrous oxide 
5*1, inagiiesia 0*8, potxsh 7*9, water 10. Orkney, Hum, and 
Fifeshire in Seoliaiid. Giant’s Causewaj*, Verona, F’aroes, Iceland, 
Cypru.s, Bohemia. 

501. Snn>.voj!Ei..v.s*i;, 2(Fe, J'lglSi-i- AI,ti'i + 2ii. 

JIassi*/o or radiatiiig-foliated. One el. perfect; brittle. 11. —Sto 
1; G. •“_3to3*-l. Opaipie; vitreous to pearly. Greenish black. C.c.: 
45*3 silica, 0*9 aliiinina, 38*3 iron protoxide (witli 2 to 3 magnesia), 
and 9*5 water. Zuckmaiitel in Silesia and Weilburg in Nassau. 

502. CiiAJiOLsm:. 

Oolitic and massive. H. “>3; C. —Sto 3*4. Gi*eeni.sh gre}* to 
black; streak paler. C.e.: silica 14*3, iilumiua 7*8, jirotoxide of 
iron 00*5, water 17*4. Cliamoisoii (or Cbamosoii) in Valais, the 
Vosges. Bcrlhierinc lias 75 proto.xido of iron and 5 of w*ater; 
Moselle. 

AUOITK and lIonNUI.ENDE GjlOUl’.^ 

Honiblende and augite rather represent groups of mineral bub- 
stances than single species. 'Tliey are best distinguished when 
imperfectly formed, by the cleavage and angles of the pirisiiis. 

503. E.xsr.vriTE (Chladnilc), AfgSi. 


1 Ilcmtilcnilc utul au^lte agree so closely in crystalllnu forin.s and chemical com' 
iiositlon that it has auinetiines been propo.sed to unite tlieni in one species. Theyi 
hou'cver, differ too widely to justify their union. Hornblende la more fusible, 
and range.s lower in specific gravity (hornblendo from 'J'Wl to 3*415, imgito 
.'i*105 to 3T/J5). Thougli both possess a cKavugo parallel to tlieir vertical 
prisms, yet these differ In angular dimensions:— hornblende 1*4“ 12', augite 87* 
(i\ Tliey also occur In distinct geognostic poaltlons hornblende In rocks con- 
taining qiuirtz. or free blllca, and mostly with minerals that are neutral compounds 
of silica, us oi'thoc!a<5U and ulbitc ; augite In rocks that do not contain free silica, 
and mostly wltli minerals that are not neutral silicates, as lubradorJte, olivine, and 
Icucite. Hence tlierc arc two distinct scries of massive or Igneous rocks the 
liornblende series, Including granite, syenite, diorltc, diorlteqioqihyry, and red 
porphyry ; and tho augite sei-les or hyperslheuc rgck, gabbro, dolcritc, uepUellno 
rock, augUc-porphyry, and Icucltc-poriihyry. 


ivignt prisjuauc. cox' aO', ES (c), 21^2 (i), (w), 

(»r'2 (u), (h), ccj>m (a), ccpco (b), ifeo (k), 2p«> (d). 

Ciraimlar or Jissemiiiated. Cl. Lracliydiagonal very perfect, 
|inainatie distinct, iiiacrodiagoiial very imperfect. H. “G; 
G. ~3*3 to 3*4. Ojiaijue or translucent on thin edges ; vitreous or 
rcsiiioiLs, but nietallio pearly on the cleavage jilaucs, of which one is 
copjicr-eoloured to violet or silvery. Pitch- 
black and greyish black ; streak greouish grey 
or jiiiiclibeek-brown, inclining to copper-red. 
Not ull’ected by acids. B.B. melts more or 




F'ig. 498, 


Fig. 499. 


less easily to a greenish black glass, often magnetic. C.c. : gene- 
rally 4G to 58 silica, 0 to 4 alumina, 11 to 26 magnesia, 1 to 5 
lime, 13 to 34 iron protoxide, 0 to 0 niaii"aiiese protoxide. Portsoy 
and Craig Buroeh in BauHshire, Barra Hill in Aberdeeusliii'e, Paul’s 
Island, Labrador, and Greenland. Crystals occur in sanadine 
bombs at Lake Laach (Amblystcejilc), and in meteorites of Breiten- 
baeh. Hypcrstlieiio roek in Norway, Elfdal in Sweden, Cornwall 
(?), the llui-z, and Canada. Chemically enstatite and jiaulite pass 
into oiio another ; tho essential din'erciico is that the axial dispersion 
is uniformly p<v ia the foriiier, and tho opposite in the latter. 

500. ■\VoLi..vsroNiTE(ra5i«for .Spar), Ca'Si. 

Oblique prismatic, C 84“ 30'. ooP 87“ 18', OP {u or A'), 

copoo (c oi-2>), »P-} (=) 1-10° ^ 'i — a 

ooP'2(a:ore') 51“, - Pw (v) 44“ ? T j 

27', iPco (a) 09“ 50' (tig. 500). I j | I 

Harely crystallized, mostly « s : » “i * 

broad prismatic or laminar. j i j i 

Frequently fibrous. Cl. along j i i i 

OP and perfect, but i j i. i 

planes uneven or rough ; meet l l^i' 1''’!^ 

at 95° 23'. If. ■=4*5 to 5; " 

G. “2*8 to 2*9. Translucent; Fig. 500. 

vitreous or pearly on cleavage. 

White, inclining to grey, yellow, red, or brown; streak white. 
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MIHERALOGY 


Phosplioresces with heat or friction; gelatinizes in h. acid. B.B. 
difficultly fusible to a semitransparent glass. C.c.: 51 '7 silica 
and 48 ’3 lime, but with 0 
to 2 magnesia and 0 to 2 
iron protoxide. Glen Gairn, 

Crathie, ic., in Aberdeen- 
shire, Urquhart in Inver- 
ness, Skye, Banat, Finland, 

Sweden, Vesuvius (fig. 501), 

FTorth America, Ceylon, Capo 
di Bove. 

567. Afgite {PyroTxne), 

KSi=(C’a, ilg, Fe)Si. 

Oblique prismatic, C 74“ 1 1'. 
a? are'] P(s:s) 120“ 48'; 

-P (it) 131° 30'; 2P(o)95° 

48'; OP; 3P ; ooPoas. In fig. 130 coP (J7), coPoco (r), ooP'oo 
(f),P(s); also various twins and hemitropes of same form (figs. 
191, 502, 503). Almost alwa3's prismatic, imbedded, or attached ; 
also gninular, columnar, and scaly. Cl. prismatic along ooP (with 



Fig. 501 (sp. 566). 




angles of 87° 6’ and 92° 54’), generally rather imperfect ; ortho- 
diagonal and clinodiagonal imperfect. H. =5 to 6 ; G. =3 to 3 '5. 
Pellucid in all degrees; vitreous; in some pearly on ooP“a3 . Colour- 
less, and white, but usually grey, green, or black. B.B. generally 
fusible; imperfectlj' soluble in acids. C.c. generally as foflows: — 



Silica. 

Lime. 

^lagnesia. 

Iron. 


50-22 

25*54 

18*24 



52*72 

23'81 

8-50 

14^7 

23-C.5 


49-OG 

22*29 


... 


Analysis gives 47 to 56 silica, 20 to 25 lime, 5 to 15 magnesia, 
1 to 20 iron protoxide, with 0 to 3 manganese protoxide and 0 to 8 
alumina. The alumina, chiefly foimd in very dark green or black 
augites, may in some replace either silica or part of the silicate. 

The more important varieties are — 

Diopaide . — Greyish or greenish white, to pearl-grej* or Icek-green; 
streak white. Crystalled or broad columnar, or concentric 
lamellar. Transparent to translucent on the edges. JJot affected 
by acids. 'B.B. fuses to a whitish semitransparent glass. C.c.: 
generally lime 26 and magnesia 18-5, with 55-5 silica. JIussa Alp 
(J/iissi<e) and Ala [Alalite) in Piedmont, Sehwarzenstein in TjtoI, 
Scandinavia, Finland, Urals, and North America. 

MalacoliU, Sahlik. — White, green, rarelyyellow, brown, or red; 
streak wiiite. Translucent, or only on 
the edges ; vitreou.s, inclining to pearly. 

Seldom crj’stallized, mostly columnar 


Fig. 505. 


Fig. 504. 

or lamellar. B.B. melts to a dark- 
colom-fd glass. Malacolite common in 
primarj- limestones in Scotland, as at 
ShinuL-ss, Lcdbeg (fig. 505), and Glen ^06. 

Tilt Fa3s.a Yalltj- {FassiiUc), Piedmont, Arcndal, Philipstadt in 





Sweden; Lake Baikal (Baikalite); near Lake Lherz in the Pyrenees 
(_Lherzoiite ) ; Sala (or Sahla) in Sweden {Sahlitc ) ; Shinness (ficfs. 
504, 506), Glenelg, Tiree, in Scotland ; Tyrol ; North America! 
Coccolite Ls a granular sahlite or augite. 

Augite. — Leek-green, greenish black, or velvet-black, rarely 
brown ; streak greenish grey-. Vitreous to resinous ; translucent 
or opaque. Only slightly affected by acids. B. B. fuses to a black 
often magnetic glass. An essential component of many rocks 
as basalt, dolerite, clinkstone,' and augite porphyry ; Germany, 
Auvergne, Vesuvius; St Kilda, Bum, Tiree, Dalnain, andUrquhart 
in Scotland. Augite crystals in basalt often contain very many mi- 
croscopic crystals and glasses ; also pores with fluid carbonic acid. 

Hud^onite . — Cleavable lamellar, and jet-black, with green streak 
and bronzy tarnish, from the Hudson river ; the most highly ferru- 
ginous variety'. 

Amianthus . — Some asbestiform minerals are augite, but the 
greater number hornblende. 

BreislacMtc, — Fine yellowish or brown w'oolly crystals. 'Vesuvius, 
and Capo di Bove near Rome. 

568. Diallage, (C'a, Sig, Fe)Si. 

Like augite, and only a variety ivith very' perfect cleavage in 
the clinodiagonal, which forms with a second cleavage an angle of 
87°. Lustre metallic pearly' ; colour grey or pinchbeck-brown. 
H. = 4 ; G. = 3 '23. B. B. melts easily to a greyish or greenish 
enamel. C.c.: 50 to 53 silica, 1 to 5 alumina, 15 to 23 magnesia, 
11 to 20 lime, and 5 to 20 manganese protoxide. Constituent of 
the augite rock of the Cuchullins in Skye and of the gabbro of Unst 
and Ayrshire. Baste in the Harz, Silesia, the Alps, Apennines, 
and Urals. Vanadine-BronAte, containing soda and vanadic acid, 
is similar. At Craig Buroch (Banffshire) diallage passes in pauKte. 

569. Jeffersoxite. 

Oblique prismatic. Cl. prismatic ooP 87° 30', and orthodiagonaL 
H. = 4'5; G. =3‘3to3‘5. Bark olive-green, brown to black. Lustre 
greasy. A manganese and zinc augite, with 10‘2 protoxide of 
manganese, and 10 '15 o.xide of zinc. Sparta in New Jersey. 

570. AciiiTE, 2’Fe'Si3-f3]iSi. 

Oblique prismatic. Crystals long often acute-pointed prisms. 

coP 87° 15', oopoo (r), P(s), 6P (o), - 6P'3(z) (figs. 507, 508). , CL 
like augite. H. =6 to 6 '5; 

G. =3'4 to 3 '6. Nearly 
opaque; vitreous. Brownish 
or greenish black ; streak 
greenish grey. Imperfectly 
soluble in acids. B.B. fuses 
easily to a black magnetic 
glass. C.c.; 52 silica, 30 iron 
peroxide, 5 iron protoxide, 
and 13 soda, but with 1 to 3 
manganese peroxide, and also 
3 to 4 titanic acid. Eger and 
Porsgrund in Norway. 

571. RjSij -f RSi 
-1 2NaSi. 

Oblique prismatic; striated 
or reed-like piisms of 86° 30’ to 87° 45'. 
feet, less distinct clinodiagonal, and prismatic. H. = 5'5 to 6; 
G. =3'4 to3‘5 or3'6. Vitreous; translucent on edges, or opaque. 
Greenish black. B.B. fuses easily, colouring the flame yellow. 
Scarcely affected by acids. C.c.: 49 silica, 31 '7 iron peroxide, 
6'6 iron (and manganese) protoxide, and 12'7 soda, with a little 
magnesia and potash. Has the same relation to augite as arfved- 
souite to hornblende. Near Brevig and Barkevig in Norway. 

572. SPODUiiEXE, 4AlSi3+3(±,i, fe, ft)Si. 

Oblique prismatic, C 69° 40'. ooP 87° (fig. 509). Cl. prismatic »P 
and orthodiagonal, perfect; chiefly massive 
or foliated. H. =6'5 to 7; G. =3'1 to 
3 '2. Translucent ; vitreous or pearly. 

Pale greenish grey or white to apple- 
green ; streak white. B.B. intumesces 
slightly, tinging the flame momentarily 
purplish red, and fuses easily to a colour- 
less glass. Not affected by acids. C.c.: 

65 silica, 287 alumina, and 6 '3 lithia. 

Killiney near Dublin, Utb in Sw'eden, 

Tyrol. Killinitc 651), from Killiney, 
seems to be decomposed spodumene. 

573. Petaute {Castor), lAlSij -f 3(ti, 

Na)SL. 

Oblique prismatic. Castor has C 67° 

34' and coP 86° 20', in irregular rect- . , 

angular prisms, petalite being massive J'*?- . 

and coarse granular. Cl. basal, distinct; in a second direction 
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(meeting at 141-5°) less so. H. =6-5 ; G. -2-4 to 2-5. Greenish, 
greyish, or reddish white to pale red. Translucent; vitreous or 
pearly. B.B. melts easily into a porous obscure glass, colourin'' 
theflamered, _ JTot affected by acids. C.c.: 78-3 silica, 17-4 alu- 
mina, 3 '2 lithia, and IT soda. Utci, Bolton in Massachusetts, 
York in Canada. Ca»lor in Elba. Zlilarile, valley of Milar, 
Switzerland. 

574. Ruodokite (-l/anyajicsfl-^par), SfnSi. 

^Anorthic. coFco(a); mF«> (6); 0P{c): coP'(m); P'co (i); P«)(s); 

'P'co (o) ; m'P'co (t): a : 6 111° 9' ; c : a 93° 28' ; n : a 106° 19'; but 
chiefly massive or granular. 

CL coPco and OP, meeting 
at 87° 38', perfect ; brittle. 

H. =5 to 5'5; G. =3‘5 to 
3 '7. Translucent; vitreous 
or partly pearly. Dark 
rose-red, bluish red, or red- 
dish brown. Ifot affected 
by acids. B.B. fusible. 

C.c.: 45'8 silica and 54 '2 
manganese protoxide, with 
3 to 5 lime and 0 to 6 iron protoxide. St Glared, Ldngban, 
Ekaterinburg, the Harz, and New Jersey. BuHlamiU, pale 
greenish or reddish grey, with 14 lime, Mexico ; Fovilcrile, New 
Jersey, with 7 to 11 iron protoxide; and Paisbergite, Sweden, are 
varieties. Rydropite, Pholicilc, Allagile, and Uorn-Mangmiese 
are mere mixtures. 

575. Babixgtonite, 9(Ca, Ee, I’tnjSi-r-FeSij. 

Anorthic. Crystals very low eight-sided prisms, small, attached. 
g : h 90° 24' c: a 87° 27' ; a : i 112’ 

12' ; h-.d 81° 8' ; e-.d 150° 10' (fig. 

511). CL basal (c), very perfect; also 
along b. H. = 5‘5 to 6; G.=3‘3 to 
3 ‘4. 'Thin laminaj translucent. Splen- 
dent vitreous ; black. Not affected by 
acids. B.B. fuses easily with efferves- 
cence to a black magnetic-bead. C.c. : 

507 silica, 11 iron pero.xide, 10'3 iron 
protoxide, 77 manganese protoxide, 
and 20 ‘3 lime, in the Arendal speci- 
mens ; one from Nassau gave about 
17 of peroxide, with protoxides only 11. 

Portsoy (Banffshire), Arendal, Nassau, 

York). 

576. SzABOiTE, llPeSia-f 2CaSi. 

Anorthic. coP'(l); co'P (?n) 88° 40' ; coPco (4); copw (a); P'(y); 

'P ( 0 ); 2'P,«) (y) ; 2P'co (x) (fig. 512). H. = 

6'5 ; G. =3'5. Browmish red to reddish 
yellow. Pleochroic. C.c. : silica 52 "4, per- 
oxide of iron 447, lime 3T. Slightly sol. 
in s. acid, more so in h. acid. Calvario on 
Etna, Mont Dore. 

577. Axtuopiiylliti:, SiTgSi-f iVSi. 

Eight prismatic. coP 124° 30'. Cl. 

macrodiagonal, perfect. Clove-brown to 
purplish brown and leek-green. Trans- 
lucent; radiating and foliated. Pearly on 
cl. plane. H. = 5'5 ; G. =3’2. C.c. : silica 
55‘9, protoxide of iron 167, magnesia 27’8. 
fusible. Hillswick, Shetland ; Eongsberj 
Greenland, and the United States. 

578. Housblexde. 

Oblique prism-atic (figs. 513 to 517; see also fig. 192). Distinct 
cleavage in several directions. H. = 4 to 6, but generally 5 (will 
scratch with knife); G. =2'5 to 4 '0, but mostly high. Mostly 
coloured. Lustre vitreous, in some silky or metallic pearly. Sol, 
but not very readily, in acids; more or less easily fusible. C.c.: 
anhydrous silicates and aluminates of lime, magnesia, iron pro- 
toxide; more sparingly of soda, yttria, and manganese protoxide. 
'The chief species form by their decomposition highly fertile 
soils. 

Amphibole. — Oblique prismatic, C 75° 10'. coP 124° 30', P 
148° 30'. The crystals short and thick, or long and thin prismatic ; 
formed especially by coP (m), coP'co (x), and bounded on the 
ends chiefly by OP {p) and P (r). 'fwins common, with the 
chief axis the twin axis. Very often radiated, fibrous, or columnar, 
or granular. Cl. prismatic along ooP 1244°, very perfect; 
orthodiagonal and clinodiagonal very imperfect. H. =5 to 6; 
G. ■=2'9 to 3*4. Pellucid in all degrees; vitreous, but .sometimes 
pearly or silky. Colourless or white, but usually some .shade of grey, 
yeEow, green, brown, or black. B. B. fuses, generally intumescing 
and boiling, to a grey, green, or black glass. Those containing 
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Fig. 511. 

'Longue (Sutherland), 
and Gouverneur (New 



Fig. 512 (sp. 576). 

B.B. very difficultly 
; and Modum, Norway ; 


most iron are most fusible, and are also jiartially sol. in It acid 
which scarcely affects the others. C.c. very variable; the sllicl 
13 partly replaced by alumina, specially in the green or black 
varieties; EG is chiefly ifgO, CaO, and FeO. Lime is the mo^ 



Fig. 513. 



constant element, in most from 10 to 12; magnesia and iron protoxide 
replace each other, the one increasing as the other diminishes. 

With 4Si and ]i=2Mg-t-lCa-(-lEe, the average composition is 53 'O 
silica, 17'8 magnesia, 12‘5 lime, and 16T iron protoxide; but 



analyses give 40 to 60 silica, 0 to 17 alumina, 0 to 30 magnesia, 
10 to 15 lime, 0 to 30 iron protoxide (or peroxide), and 0 to -t 
manganese protoxide, 0 to 8 soda, 0 to 3 potash, and 0 to 1’5 
fluonne with a little water. 

The more important varieties are — 

Amianthus, Asbestos, and Byssolite, 2Mg8i-f CaSi. Fine fibrous. 
White, grey, or green, ’riie fibres often easily separable, elastic, 
and flexible. Unst, Shinness, Portsoy, Savoy, Tyrol, Corsica. 

Tremolite, GrarnmeUite, SMgSi-rCaSi, with 58 ‘35 silica, 28 '39 
magnesia, and 13 '26 lime. White, grey, green ; in long prismatic 
crystals, often striated longitudinally. Pearly or silky ; semi- 
transparent or translucent. B.B. fuses readily to a white or nearly 
colourle.s3 glass. Loch Shin (Sutherland), Glen 'Lilt, Gleiielg, 
'riree, Cornwall, Cumberland, Sweden, the Alps, Pyrenees, Silesia, 
Siberia, North America. 

Nephrite, or Jade, isa tough, compact, fine-grained tremolite, with 
II. = 6 to 6’5; G. =2’9 to 3T. Fracture close .sidintery. Very 
tenaciou.s. Translucent ; dull to resinous. Leek-green to blackish 
green. Feels slightly greasy. Formerly made into ring-stones, 
amulets, idols, and war axes. New Zealand, China, Mexico, Peru, 
Balta (Shetland). 

Actinolite, Actinote, or Strahlstein (Ca, Mg, Fe) Si . Colour 
green, inclining to black, grey, or brown. Translucent through- 
out, or only on the edges. Long prismatic crystals, or radiated- 
columnar masses. B.B. melts to a greenish or blackish enamel. 
Fethaland and Colafirth and Hillswick (Shetland), Oronsay, Ord 
Ban (Inverness), Sweden, 'Tyrol, North America. 

Homhlende. — 6ESi -f ii-Sia. Green or black, seldomer brown or 
grey. G. “ST to 3‘3. ” B.B. fuses rather ea.sily to a yellow, 
greenish, or black enamel. Three varieties are distingm'shed. (a) 
The noble or Pargasile, pale celadon- or olive-green, and strong 
pearly or vitreous lustre ; at Pargas in Finland, Tyrie in Scotbnd. 
(6) Common hornblende, dark leek- or blackish-green, opaque ; 
streak greenish grey. A constituent of many rocks, as in Norway, 
the Alps, and Scottish Highlands (Eallater, Ben Arihaar, Glen- 
bucket, Colafirth). (c) Basaltic, foliated, with bright even cleavage, 
opaque, velvet-black; streak grey or brown. Generally contain.s 
atumina(9 to 15) and much (5 to 11) iron peroxide. In basalt and 
volcanic rocks. Etna, Vesuvius, lihineland, Bohemia. 

XVL — S3 
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579. ASrTZDdOSTTE, RSi-fFcSi. - . • , 

Obliqus Diismaric. o=P; ccP'cc ; P; 120’° 24': OP. CL 

1’24° 22', ;^r;ect; also OP. ilassi'i-e. Black; oiiao^ue. Titreous. 
H. = d; Gt=3'44. C.c.: silica 43, almnina 4*5, Xfcroxiiie of iron 
3'3, protoxids 34, liais 5'7, soda 3'5. Streak dark blue-grey. 
Pusible in fine splinters in tke flame of a candle. B.B. intu- 
mesc-es and melts easily to a black magnetic globule. !Not soL 
in acids. Knngerdinarsak in Greenland, Prederiksvam, Arendai, 
El Paso in Colorado. 


the United Smtes, :md Greened {Gicscd:ili, so. 650). Ootitiy fi-oa 
Geroldsau in Baden, snow-white, opaq^ae, fra^e, is anfllar. /.IV 


5S0. PrioUTZ, diigSL-rAlSL-rlSS . ^ _ 

Pelted or matted fibres more or less dense. Cr^m yellow to j 
tuSl DaU ; extremely toagh ; absorbs water like a sponge, j o-3_ 
H. =1 to 2-5 ; G. = ‘63 to 1-34. Structare raiies considerably, and 
giren rise to trivial names, as mountain paper, mountain 
leather, mountain flesh, rock cork, ic. J/ountafji 1‘apsr occnrs in 
thin sheets at Boyne Castle near Banif ; ZIoti:iiain LiatJur, Bam 
of the Cairn (Cabrach), Tod Head (Kincardineshire), Leadhills, 

; JJjci Cork, Portsoy and Botme Castle, Saxony, and 


to a greenish sla" Tammela in Finland, (i) P/usjo/iif, 
and green; Brevig in dsontay. 

536. Eiisealo {Beri/llj'ddSijT-SGlSi. 

Hexagonal; P 5S°53'. Crysmls of ccp, OP, and »P, :cP2, OP, F 
{a, », e, s, fig. 519) are prismatic, ’ 

I generally with yerrical stria. Cl. 

1 VtisaL rather perfect; ccP im- 
H.=7'5 to S; G. =2'6 
Transparent or trans- 
lacenr; ritreons. Colourless or 
white, bat generally green, some- 
times Teiy brilliant; also yellow 
and smalt-blue. B.B. melts with 
diflicniiv on the edges to an obscure 


reien. ”c.a: silica 51 '6, alumina 5'6, ferrons oxide 2‘£3, 
tnagnesia lOtl, water ■23'3. 

SSL KnosiDOLiTE, 3FeSi6-(tira,3ig}SL4-2S. 

Delicate, easily separable, bnt tongh fibres ; elastic. , H. = 4 ; 

G. =3'2to3'3. Translucent ; silky. Jndigo-Llue ; streak lavender. 
B.B. fuses easily to a black magnetic glass. C.c.: silica 50*3, iron 
protoxide 35, magnesia fit!, soda 6*7, water 5"3. Stavem in 
dforway, Greenland. A fibrous yellow mineral from Orange river. 
South Africa, b;>e been referred here ; its fibres are not separable, 
and its hardness is 7. Ahria/JiadUe, a verj.dniil 
colour, occurs near Inverness. 

5SA GLaccoPH.ws, SltSi-bfiSSij. 

-Oblique prismatic. CL piismatic, perfect; fracture conchoidaL 

H. =5'5; G. =3T. Transluceut; vitreous to pearly. Indigo- 
blue, grey, bluish black. B. B. becatnes brown, fusing easily to 
olive-green glass. C.c.: silica oo'o, ainmina Ifl'i, protoxide of 
iron lOdl, magnesia S, soda fit]. Island of Syra, 

533. HEsy.tyyiTn, SuSi. 

Granular and arborescent, Eosa-red- G. =3'A C.c.: protoxide 

of manganese 45 '7, silica 43 "9, lima 2, magnesia 2 *4. Cumzningron 
in ilasSmhosetts. 

534. Gncsnuixn, FeSi. 

Asbestiforni. G. = 3'7. Brown; silky lustre. C.c.: protoxide of 
iron 51 '55, silica 45 ‘45. lit. des llaufes (Var). 

535. loLiTS {Corditrite, Dichroitt), :^i3q-2{lIg,.Fe)Si. 

Eight prismatic. ceP (P) 119” 10', middle edge of P 95° 

Form ceP (D, »Pcc (1), OP (:;i) ; and this with ccp=o 


vesicular glass. 


1*3 to 3 iron peroxide, and O'S 
o 3'5 chrome oxide in the rich 



i\ot atfected by 
acids. C.c.: 67 "5 silica, IS'7 

alumina, and 13 ’S glucina. with 
O' 
to 

= green emerald. Ehicrald, bright 
i green ; G. =2'710 to 2*759; occurs 
in Huso YaEey near Bogota, also 
i in. Salzbmg and the Uralk Berjl, or Aquamari.u, colo'arless, or 
! less bnlhant ; G. =2*677 to 2*725 ; near Hursinsk and XertcMnsk 
I in Siberia, Saizburg, and Brazil ; in the United States, w^re at 
* » '* i Grafton, between tha Connecticut and llerrimack, crystals 4 to 6 

feet long, and wemhing 2000 to 3000 ib, occur ; Houme Hoac- 
tains in Ireland ; llount Battock and Cairngorm in Scotland (fig. 
93). Comi'Mii Bsryl at Falun in Sweden, Fc<ssum in Ifor.vay, 
Li!no.gc3 in France, Eabenstein in Bavaria, Ifigg Bay and Pitfodels 
and Eubislatv near Aberdeen ifiacidioniU), Stmay Bridge (Boss). 
Emerald and beryl are much valued as precious stones. Known 
from quartz by face p. Forms shown in figs. 92, 95, 96, 97, 93, 276. 

557. LztrcoPHAyi^ 6CaSi-r3Cjl3i-r2X3P. 

Eight prismatic. »P 91°. CL basal perfecL H.=3*5io4; 
G. =2*97. Pellucid. IVine-yellow to olive-green. Titreons.-, 
B.B. fuses to pale violet-blue'ted.’ C.c.; siiica 47, lime ■23*4, 
glucina 10*7, sedz 11*3, fluorine 6*6, Lam’d in ITonyay. 

553. ilELiyopEAyz, 7(E5Sy-7-6iraF. - . ■ ■ 

PyramidaL P 1*22° hy. Mostly lamellar. H.=a; G;=3, 
Honey-yeUow to citron-yeUow. Bre-vig and Frederiksvaxa. 


el's (J), P» (n), and 4P (s), (fig, 31S); short, prismatic. 


36'. 

CL 



’d 
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ocPx) distinct, traces along P» ; fracture conchoidal or uneven, 
H. =7 to 7*5; G. =2*5 to 2*7. Trans- 
Torent or translucent ; vitreous, inc l ining 
to resinous. Colo'oriess, b*ut chiefly dark 
bl*ue, or violet, green, brown, yellow, and 
gr=y. Often with distinct triohroism ; on 

OP blue, on cePao grey, and on cePoo yei- 
Icwlsh. B.B. fuses dimcultly to a clear 
glass; slightly affected by acids. C.c.: 4S 
to .51 silica, *29 to 33 alumina, S to 13 mag- 
nesia, 1 to 1*2 iron proto.xide. Cabo de Gala 
in Spain, Bedenmais {Pdioui), Orijerfvi in 
Finland {SteinheiliU), 21orway, S*.veJen, 

Greenland, Isorth America, and Siberia. 

SmaE roHed masses of an intense blue colour 
and transparent, found in Ceylon, are the 
Sappriirsd'EiiiL or L-udii^ipphir of the Jewellers. 

The foEo wing have been considered cordierite altered, or with 2 to 
6 atoms water :—{c) Bo-,\.vdo7jiU, Hydrous loiiU, greenish brown or 
dark olive-green ; near Abo. (5) Eijriarkiic, CrdoropTiyllitc, large 
prisms or foliated, green or brownish; near Cab.rach (Aberdeen), 
Brevig in Xor.ray, Unity in Mains, and Haddam in Connecticut. 
\ii Fjfd^sr.iU, F.-fckisifr, compact, greenish brown or black, foliated ; 
H.=2*5 to 3; G. =2*5 to *2*3; Falnn. (d) HuroniU, granular; 
piarlv', yellowiih-green ; H = 3*3; G. =2*33; infusible and insol- 
•abla: Lake Huron. {«) VdeisdU, kidEey-sLai,*d and ash-grey or 
iTO’.Tn ; Fainn and Lower Canala. (/; PyrarjilliU, indistinct 
^...aea—ed c-a SL- d -., ctac,: pa^j..jg m kO brown or red, drr tl Tejxnou. '> 
lastre; H.=3*5; G. =*2 5; Hfcising*rors. (y) PinUt, crystalHzed, 
cr ma£s:*.*e and laminar, 'vita imperfect cleavage; H. =*2 to 3 ; 
G. — *2*7 to 2*5 , semitranslucent or opaque, dnll'or resinous, and 

' ass clear, 
in 


dirty grey, green, cr bro wn ; B. B. fuses to a glass, sometimes clear, 
at other t:mes dark-colcured ; A'uvergue, 'Sohnseberg, Penig ii: 


atony, tns iia 


Felspae Gkoep. 

Crystallization oblique prismatic or anorthic ; very s-imilar both 
in aspect and in angles. CL very distinct, espec'Ially the basal P; 
less so the ciino- or brachydiagonal M. G. =2*4 to 3*2, bnt mostly 
2*5 to 2*3 ; H- = 6 or a little more. Slightly or not at all soluble in 
acids. B.B. fusible, bnt often with diiiiculty. Translucent; pure 
varieties transparent. Colourless, white, or shades of red ; less 
commonly of green or yellow. C.c. : anhydrous silicates of alumina, 
and of an alkali or alkaline earth. 

The felspars are very important constituents of the earth’s crust, 
occurring in nearly aU the igneous rocks, and in many of the 
stratified crystalline schists. In true strata they are found chiefly 
as fragments or decomposed, and in the latter stare form a large 
part of wet soils and clays. By the older mineralogists and in 
pormlar language many species are conjoined under the common 
name or felspar which are no-w considered as disrinet, each of them 
having not only is peculiar physical and chemical characters, bat 
also geognosdc position and associated gronfjs of minerals. Thus 
orthoclase, and the other more siliceous felspars with potash, aboand 
iu granite and the pl*atonic rocks ; the less siliceous, with soda and 
lime, characterize the volcanic rocks, — e.g., labradorite the basaltie 
group, glassy felspar the traehytic. Orrhoclase is associated with 
quartz, hornblende, and mica; glassy felspar either with hornliende 
and a black mica or with augita ; labradorite with aagite, very 
rarely with quartz or hornblende. 

The felspars are best known from similar minerals by their harl; 
ness (they scarce scratch with a good knife), diScnlt fusibility, 
unequal cleavages. Tlie foEowing marks may aid the student iu 
distinguisaing the more common species. In orthoclase the basal 
cleavage plane forms a right angle with the clinodiagonal cleavage 
planes M on both hands ; in the triclinic or plagicclajc tcEpars 
the angles are unequal. Orthoclase, albite, andesine, and oEgodass 
are insoluble in acids ; labradorite and anorthite are more or less 
soluble. In granite, when decomposing, orthoclase often bKcmes 
reddish or dark-red ; oEgoclase duE green, and at length vvhite. 

Waiterhaasen considers that the felspars are mixtures of three true 
species, forming a series with the oxvgen of the sEica, almnina, anu 


u, Com..aE, Cabrach and Torry (Aberdeenshire), ] EO in the proportions a: : 3 :1, — zjimiging from 24 to 4. Tch=t* 
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mak aud most mineralogists now, tako a similar view, regarJing- 
ortlioclase, albite, and anortliitc alone as true species, of which the 
others are mixtures. Those consisting essential ly of potash and soda 
only arc mechanical mixtures of orthocL'ise and albite, .the distinct 
lamella: being visible by the microscope ; tho.se again that contain 
essentially lime and soda together are, sometimes at least, chemical, 
being i-somoridious compounds of albite. and auorthite in various 
jiroportion-s, and with corresponding transitions in crystallograpliic 
and physical properties. Notwithstanding this, these intermediates 
must be regardcil as independent mineral species, inasmuch as they 
are severally typical of certain rocks, and have characteristic forms 
differing from each other in angular inclination. 

589. Oirriioci..\si;, -^yij+feSia. 

Oblique prismatic, C- 03“ 57'. coP ( T and 1) 118“ 17' ; P“«> (x) 
05“ 10'; 2P°«3,(7i) 90“ 71'; 2P“M3 ()/)35“15'. 'The commonest and 
simplest fonns are coP, OP, Pom, and coP'm (JI), coP, OP (P), 
2P°!o (figs. 520 to 527). When mP predominates the crystals 




Fig. 521. 


Fig. 525. 


Fig. 52.3. 

are short rhombic prisms ; 
when osP'm predominates 
they arc tabular; when 
ceP and coP^co predomi- 
nate they arc short hexii- 
gonal prismatic, when OP 
and ceP'oo they are rect- 
angular prismatic, often 
much lengthened. Twins 
are very frequent, and 
occur according primarily 
to four laws. Pirsl, ^’■3- 
through revolution of one half or of a whole crystal, then forming 
interpenetrating twins round a vertical axis (fig. 195). In the ca.se 
of this hernitropie revolution one of the external faces becomes a 
face of union. According as the right or the left half (or whole 
crystal) is conceived to be that which has been revolved the crystals 
are tenned right and left, as in figs. 188, 189. Second, by revolution 
of one half around an axis nonnal to JF ; in such twins tho com- 
position Is not evidenced externally except by sutures. Third, 




through revolution round an axis normal to P, forming orthorhombic 
prisms which show a herring-bone lineation, through the meeting of 
stria: commonly jnesent upon the faced/ parallel to the intersection 
of its edge with tho face T (fig. 528). Fourth, by revolution round 
an axis normal to 2P“» (n) ; this also forms a prism the section of 
which is nearly square (fig. 529). Compound twins on this last 
type are formed of 3 to ■! and 8 crystals (fig. 530). 

Occurs also massive, and coarse or fine granular. Cl. b.asal {P), 
very ijerfect ; clinodiagonal (.!/), perfect (P : .l/^-OO') ; fracture 
conehoidal or Bpiliutery. H. = G ; G. ■=.2-53 to 2-58. 'Transparent 
to translucent on the edges ; vitreous but pearly on cl. ; and also 
opalescent, with bluish or changing colours. Occasionally colour- 
less but generally red, yellow, grey, or green, B.B, fuses with 


opaque vesicular glass. Not affected by acids. ■ C.c. : 
Ui*o Silica, lo'o .alumina, and IC‘9 potash, but generally 10 to 14 
pjotash, 1 to 4 soda, 0 to 1’3 lime, 0 to 2 iron peroxide. Varieties 
are — 

{1) Adularia and Ice-spar, tran-sparent or translucent, splendent, 
and almost colourless. Some with bluish opalescence are named 
Mooiislone ; St Gotthard, Jlont Blanc, Dauphine, Arend^, Green- 
land, and Ceylon. 

(2) Common Felspar, generally white or red, especially flesh-red, 
is a common constituent of many rocks. Crystals at Baveno on 
Lago Maggiore, Lomnitz in Silesia, Mourne Jlountains and Wick- 
low in Ireland, Aberdcen.shire (at Eubislaw 6 or 8 inches long) in 
Scotland, and at Carlsbad and Elnbogcn in Bohemia. Amazon 
Stone, verdigris-green, from Sutherland, Lake Ilmen, and Colorado, 
and Murchisonite, golden or greyish yellow, from Arran and Dawlish, 
are varieties. 

(3) 'The Glassy Felspar or Sanidine (C 64“ 1', coP 119“ 10') con- 
tains 3 to 12 potash and 3 to 10 soda. Crystals imbedded ; 
vitreous, tran.slucent, and often much cracked ; Arran, Eigg, and 
other parts of Scotland, Drachenfels, Auvergne, and other countries. 

Orthoclasc occurs in granite, gneiss, and porphyry in many 
countries. It is commonly a.ssociated with quartz; sometimes, as 
in the Graphic Granite of Sutherland, Harris, and Portsoy, in 
letter-like combinations of the latter. It is very liable to decom- 
position, when it is converted especially into kaolin, used for 
manufacturing porcelain and stoneware. 'The adularia or moon- 
stone and the green amazon stone are cut as ornamental stones. 
LeelUe, from Biddcan nam Bian in Argyllshire and Grythyttan in 
Sweden, is a somewhat siliceous homy-lustred flesh-coloured com- 
pact variety. Pctunlze and llornstone are similar but more impure. 
Microcline is a variety with angle distorted by interstitial penetra- 
tion, by oligoclaso (Sutherland), aud by albite (Frederiksvaru, &c.). 

590. Albite, iMSia-pNa&j. 

Anorthic. OP (P) : col'co (M) 8G“ 24'; »P' (1) : oo'P (P) 122“ 15'; 
but angles variable. Crystals, generally like those of orthoclase, 
are tabular or prismatic (fig. 197), Hemitropes common, especially 

united by a face of cef co (figs. 531, 532) the re-entering angle be- 





tween tho faces of OP (P and P') 172“ 48' being very charaeteristic. 
Fig. 198 is another common hemitrope. Also massive, and in radiat- 
ing plates. Cl. ba-sal and brachydiagonal, almost equally perfect ; 
fracture conehoidal or uneven. H. =6 to 6’5 ; G.==2'6 to 2’C7. 
Rarely transjiarent ; vitreou-s, pearly on the cl. Colourless, but 
generally white, grey, green, red, or yellow; streak white. B.B. 
difficultly fusible, ““ 

tinging the flame 
yellow, to a white 
semiopafiue glass. 

Not allected by 
acids. C.c.: GS'G 
.silica,19‘6alumina 
with OT to 1 iron 

peroxide, and 11 ’8 

soda, with 0 ’3 to 4 Fig. o33. 

lime, 0 to 2‘5 potash. Hence albite and orthoclase both contain 
soda and potash, only in different proportions. Albite is most 
easily recognized by its freciuent re-entering angles, its readier 
fusibility, and the obliquity (93“ 36') of its cl. planes, often marked 
with striae. Fcricline is a variety of ivhich fig. 533 is a typical 

Albite is a constituent of many “ greenstones,” as at Corstorphine 
(Edinburgh), and of granite, syenite, gneiss, poiqihyry, and trachyte. 
Crystallized at ilurtfoch’s Cairn, Aberdeenshire, being the colourless 
felspar of the red granites of Scotland. Daupibrne, St Gottlianl, 
Tyrol, Salzburg, and Aren dal. 

Adinolc is a compact variety similar m appearance to Lceute. 

591. A^'OBTIIIte, AlSi + GaSi . 

Anorthic. OP (P) : ooP« (J/) 85“ 50' ; «F (1) : V20“ 

30'. ' Hemitropes common on both J/ and P. Angle bctv.een P 
and P' 180“ 24', Cl. basal and brachydiagonal, perfect, it. - o , 
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G. ■=27to278. Transparent ortrausluecnt; vitreous. Colourlcssor 
white. B. B. fuses to a eloar glass ; soluble without gelatinizing in 
con. h. acid. C.c. : 43 silica, 36 '9 alumina, 20 T lime, sometimes 




with magnesia and soda. Fetlar in Siietland ; Lendalfoot in Ayr- 
shire, in gabbro; Monte Somma, Iceland, Java. Lqmlite Am- 
plwdclite are varieties. In Latrohitc the greater part of the lime i.s 
replaced by potash. Glen Gairn and Labrador. At both rosc-red. 

592. OUGOCI..VSE, 2A:lSi3+(i;^a, Ca);Si3. 

Anorthic. OP : coPco 86° 10'; coF : co'P 120° 42'. llemitropes 
face ?«, witlr p :y 173° 4'; f:Z120°20'; y:?/179°9'; a: : a; 175° 59'. 
Cl. basal, perfect; brachydiagonal, less so. il. ■=■ 6; G. =2'G2 to 2'S4. 
Vitreous, resiuous on the cl. White, with a tinge of green, grey, 
or red. B.B. melts easier than ortlioclase or albite to a clear glass ; 
not affected by acids. C.c.: 63 silica, 23‘4 alumina, 8'4 soda, and 
4'2 lime; thus nearly=3 albite and 1 auorthite. Distinguished 
from ortlioclase by the marked stria; on the faces ; less readily from 
albite, but more fusible and G. higher. The common associate of 
ortlioclase in the Scotch grey granites, especially in vein granite, as 
at Kispond .and Ben Lojaal (tigs. 536, 537) in Sutherland, and at 




Bubislaw ; Scandinavia, Urals, H.arz, and Uorth America. The 
Sunstone, from Foinaven in Sutherland, Norway, Lake Baikal, and 
Ceylon, with a play of colour due to imbedded crystals of rubin- 
glimmer (gothite), belongs to this species. 

593. LABE.iDORiTE, A:lSi3 + (Ca, 5fa)Si. 

Anorthic. OP : oopoo 86° 40'; OP : oo'P 111°; OP : aP' 113° 

34'; mP': a'P 121° 37' ; : ooF 120° 53' ; aPoo : a'P 117° 

30'. Heniitropes of three types : — (1) according to the first law of 
ortlioclase as in fig. 538 ; that is, vertical revolution and face of 

nnioii oopoo ; {2)revolutionof one half with reunionon the face oopoo. 



trope formed according to the second method. Crystals imbedded 


in rocks consist generally of repeated twins affording an anoh nf 
173° 20'. Cl. basal, ])erfect; brachydiagonal, less so ; both usually 
striated on account of the above twinning. IL =6; G. =2 '68 to I'll 
'i'ransluccnt ; vitreous, on the cl. resinous. Grey, jiassiug into white" 

green, yellow, or red. The faces of cepco often exhibit very beauti- 
ful changing colours— blue, green, yellow, red, or brown— some- 
times bands intersecting at certain angles. B.B. fuses more readily 
than ortlioclase to a compact colourless glass. Sol. in h. acid. C.c. • 
52 ’9 silica, 30'3 alumina, 12‘3 lime, .and 4’5 soda. ItisthnsA 
albite and 3 anorthite. Common constituent of dolerite, gabbro 
and hypersthene rocks. In Scotland, Labrador, Finland, Harz’ 
'Tyrol ; also at Etna and Vesuvius. ' 

594. AxDJgjtXE, AlSi3+(J^aCa)Si. 

Anorthic. Crystals similar to albite and anorthite. Twin face 
J/. Crystals generally formed of repeated plates. G. =2-67 to 27. 
Physical properties like albite; more easily fusible to a porous white 
glass; h. acid sometimes dissolves out alternate lamina; of crystals. 
C. c. : 59 7 silica, 25 ‘6 alumina, 7 7 soda, and 7 lime, and thus nearly 
1 of albite and 1 anorthite. 'Typical of the primary limestones 
and a granitic belt therein in Scotland, as at Shinness, Urquhart, 
Dalnain, ke. In the Andes, tho Vosges, and Iceland. ' . 

595. IIv.VLOi’ii.VXE, AlSi;,, KS’ij + AlSi, fiaSi. 

Obliijue 2n'ismatic ; resembles ortlioclase ; crystals and aiigles 
nearly the same. Cl. OP, perfect. IT. ^6 to 6'5 ; G. =2‘8 to 2'9. 
'Transparent. Lustre vitreous. Colourless, white, and ilesli-rei 
C.c. : silica 527, alumina 21, baryta 15'1, potash 7'8, soda 2T. 
B.B. difllcultly fusible to a blebby glass, not acted upon by acids. 
Binnen in Valais, Jacobsberg in Sweden. 

596. B.vn.soviXE, AlSi + C'aSi. 

Right ])rLsmatic, or obliipue prismatic. H. =5‘5 to 6 ; G. =2'53. 
Snow-white ; translucent. Fracture granular. Pearly. C.c.: silica 
42'2, alumina 36’4, lime 19'8. Gelatinizes in h. acid, difficultly 
fusible. A dimorphic form of anorthite. Barsovskoi in the Urals. 

597. S.vussuniTE. 

A mas.sive, granular, translucent, white or pale green folspathio 
mineral of the nature of anorthite mixed with labradoritc. H. 6 to 
7; G. ■= 3 "26 to 3 ’I. Probably a mixture. Occurs in loose blocks near 
Geneva, and in Corsica. In China and in India is carved under the 
name of Oriental jade (nephrite). Seems to be confounded also 
with zoizite, and perhaps with yu (iirehuito). Jadcite is similar. 


Zeolite Giioup. 


These crystallize in all the systems except tho anorthic, and them- 
selves present great variety of development. Mostly hyaline and 
white ; rarely red, grey, or yellow. Cl. generally distinct. .jUI 
yield water in closed tube ; all fusible B. B. most easily, and often 
intumescing ; all sol. in acids, and mostly gelatinize or deposit 
silica. 'Tliey are hydrated silicates of alkalies, or alkaline earths, 
mostly with silicates of alumina, but rarely contain magnesia. 
Some mineralogists regard the water as basic, in union with silica, 
and Kenngott gives tho formula in that form, thus : — 

• Analcime, (S^aAl) 2Si-t-2(if, Si), 

Natrolito, (NaAl) 23i + 2(lF, Si), 

Stilbite, C'a, :Al + 6{ll, Si), 

and the othera similar. 'They are generally found in amygdaloidal 
c,avities or fissures of trap or plutonic rocks, apparently as deposits 
from water percolating into them, and are thus probably products 
of decomposing neiiheline or felspars, or hydrated felspars them- 
selves. 'They never form constituents of rocks. Natrolite, 
scolezitc, thomsouite, and tho connected varieties are marked by 
their needle-like radiating forms ; stilbite and heulandite by their 
broad, foliated, pearly cleavage. 

598. Pectolite, iCaSi-t-NaSio-i-II. 


Oblique prismatic, C 84° 37'. ooPoo (c) ; OP («) 95° 23'. Cl. c 
and «. Twin-face c ; chiefly spher- “ 

oidal and radiating fibrous. H._=5; 

G. =274 to 2'88.’ Translucent; 
crystals pearly ; fibres silky. Pale 
green to yellowish white. Sol. in 
h. acid, leaving silica. C.c.: 5 4 "2 
silica, 337 lime, 9 ’4 soda, and 



Fig. 541 


27 water. Ratho, Corstorjrhiue, Castle Bockf and Arthurs beat, 
Edinburgh; Kilsyth, Stirling ; Knockdolian and Lendalfoot, Ayr- 
shire; Skye; Montebaldo; Monzoni Valley in Tyrol. 


599. IValkerite, 4CaSi + Slg'Si-i- jiaSL-f2fi. 

Like pectolite, but columnar. H. =4‘5 ; G. =27. Flesli-coloure . 
Lustre pearly to greasy. C.c.: silica 537, lime 28'6, niaguesi 
5T, soda 7-9, water 4-6. Corstorphine Hill, Burntisland. 


600. XoxoTLiTE, 4CaSi-i-S. ' ' 

Massive. H. = 6 ; G. = 2 -6 to 2 7. Pink, white, and grey. Tough; 
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fracture couclioiJal ami splintery. C.c. : silica 40-8, lime 43-5, 
protoxulo of manganese 2'3, proto.xide of iron 2-9, water 3-7. 
Jiilliniohen and Torosay (Mull), Xonotla (Mexico). 

eOl. Tobekmoiute, 3(Caj, }f)Si5 + 2Jfi. 

Massive, fine granular; translucent ;• fracture hackly. H. =5; 

G. -2-4. Pale pink. C.c.: silica 49-8, lime 37-2, water 12-9. 

lobennory (Mull), Dunvegan (Skye). 

G02. Okexite, CaHSL + ii. 

Right prism.atic. coP 122° 19'. Usually fine fibrous; radiating. 

H. >=>5; G. =2'28 to 2'3(3. Pellucid; slightly pearly. Yellowish 
to bluish white. In powder easily sol. in h. acid, leaving 
gelatinous Hakes after ignition. C.c. : 5G'0 silica, 28'4 lime, and 
17 water; an apophyllitc without the fluorine. Disco Island, 
Faroes, and Iceland. ^ 

COS. Apowiyllite, 8(CaSi + 21f) + KF. 

Pyramidal. P 120° 56'. P, oaPco (m), OP (o), o>P2 (r). 
Rarely lamellar. Cl. o, xierfcct. Brittle. H. =4-5 to 5; 
G. «=2-3to 3-4. Transparent ; vitreous. On o \ica.x\y {Ichthyoph- 
thalmUc). Colourless, i-arcly pink, green, red, brown, and yellow. 
B.B. exfoliates, intunicsces, and melts to white enamel. Sol. in 
h. acid, leaving silica. C.c.: silica 50-3, lime 247, water 15-9; 
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Fig. 542. 


Fig. 543. 


Fig. 544. 


potassium 4'3, lluorinc 2'1. Dunvegan and Storr, Skye (fig. 544); 
CJbapol, Fife ; Corstorphinc (fig. 542) and Ratho, near Edinburgh ; 
Kilsyth, Bowling, Kilpatrick ; Port Rush, Ireland. In the form 
P (lig. 79), grass-green at Oxliaveer, Iceland {Oxhavccrilc ) ; Uto, 
Sweden; Andreasberg and Faroes (pink) ; Faroes, and Poonah in 
India (green). Internal structure tcsselated, being built up of wedge 
and lenticular fonns with varying refractive indices, hence exhibit- 
ing a beautiful structure with polarized light. 

604. Gykolite, (JCa-rjfil'si-i-if . 

. Lamellar, radiate, sphcriail, and investing. II. =3 to 4. Pearly. 
Bluish wliite to cream-coloured, 'rransparcut, rapidly becoming 
opaque. C.c.: silica 53’3, lime 32'9, water 13'8. Quiraing, 
Lyndale, and Storr, Skye; Loch Screden audCarsaig, Mull; Canna; 
Karartut, Kiakornak, and Disco ; Faroes ; Nova Scotia. 


5-5; G.=2-l to 2-28. 


605. An'alcime, lUSij-tNaSi-i-OH . 

Cubic. ccOm ; 202. Fracture uneven, 

Colourle.s.s, white, flesh-red, scar- 
let. Vitreous; transparent. B.B. 
melts without frothing to a elcar 
vesicular glass. Decomposable 
with gelatinization in h. acid. 

C.c. : 54 "5 silica, 23'3 .alumin.a, 

14 ’1 soda, 8 '2 water. “Walls, 

Orkney; 'Palisker, Skye; Sanda, 
and Hebrides generally. _ 'Trans- 
parent at Eigg, and Elie, Fife ; 
scarlet at Bowdens, Kincardine ; 
opaque white at Glen Farg, 

Salisbury Crags, and Dumbarton; ^ 

Giant's Causeway, Seisser All) in 

Tyrol, Cyclopean Islands (fig. 545), Faroes, Iceland, and Nova 
Scotia. EudiiopliiU is a variety. Pecto- 
lite (sp. 598) occurs pseudomor])hous after 
analcime, in large crystals of a, n, at 
Ratho, Edinburghshire. 



606. Pollux, 3(’A:lSi3 + (Gs5, Nai)Si)-f 
2if . 

Cubic. coOw ; 202 (fig. 546). Also 
massive. Gum-like externally. Brittle, 
with traces of cleavage. Fracture con- 
choidal. H.=5-5 to 6-5; G. = 2-86to 
2-9. Colourless. Vitreous._ Sol. in n. j,j , ggg, 
acid. C.c. : silica 44, alumina 16, oxide ° . , 

of caisiurn 34, soda 2-5, water 2-4. Elba. 'The only mmeral wbicli 
contains caisium in quantity. 



607. Faujasite, 2^Si3-t-(0aSa),Si3-i-18fi. 

Cubic ; in octahedrons with the icositetrahedron fOi. Fracture 
uneven ; brittle. H. =7 ; G.« 1-92. Transparent; vitreous to 
adamantine. White to brown. Sol. in h. acid. C.c. : 46-8 silica 
16 alumina, 4-4 lime, 4-8 soda, 28 water. Kaiserstuhl in Baden! 
Annerod near Giessen, Eisenach, Marburg. 

608. Cuadasite {Lime-Chahasite), AlSij -t- CaSi -f- 6fi . 
Rhombohcdral ; R 94° 46.' fJKI ; - JR (,-) ; - 2R (e ) ; coP2 (a). 

Iwins very common (generally intersesting), on faces ooP and 




Fig. 547. 


Fig. 548. 


Pot . Primary rhombohedron is sometimes twinned with a crystal 
with faces r, e, s. Cl. r perfect. H. =4 to 4-5; G. =2 to 2-2. 
Transparent or translucent; vitreous. Colourless, and brownish. 




Fig. 549. 


Fig. 550. 

ycUowish, brick-, and flesh-red. Sol. in h. acid, leaving silica. 
C.c.: silica 47-8, alumina 20-8, lime 107, water 21 '3. Lyndale 
(figs. 547, 548, 549), 'Palisker (figs. 176, 550, sometimes flesh 




Fig. 551. Fig. 552. 

colour), and Storr, Skye (figs. 547, 548); Port Glasgow and Kil- 
malcolm (pink and brown) ; Giant’s Causeway and Magee Island 
(red), Faroes, Iceland, 

Aussig, Andreasberg 
(fig. 551). Uaydenitc in 
twinned rhombohedra, 
with p : p 95° to 97° and 
p : d 170° reentering (fig. 

552), from Fassa and 
Maryland, is similar. 

PluicoUte is chabasite in 
twins of fP2, cdP2, R, 

- JR at the Giant’s 
Causeway (fig. 164). At 
Richmond in Victoria p. 

553^ -°2R (i^r- |r (S’aP2 (0, OP (c) ; polar edge. 1P2 146°. In 
this, half of the lime is replaced by soda. 

609. Gmelinite (Foda-C'Aa5asi<e), AlSi3+NaSi + 6li. 

He.xagonal. R 112° 26' ; P 79° 54'. Combination P, OP,. coP 
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(figs. 554j 556). Faces of P striated parallel to tlie polar, e^ge, those 
of the prism horizontally (fig. 655). ,CI; ooP distinct. fj 5 elatinizes 



Fig. 556. 

with h. acid. C.c. : 47 ‘6 silica, 
^ alumina, 12 soda, 20‘7 water. 

■ Certain crystals seem to indicate 

twinning. Talisker in Skye (twins of fig. 555), Glenarm in 
Antrim (fig. 555), Vicenza, Pyrgo 
in Cyprus, Cape Blomidon in Nova 
Scotia. 

610. Levyxe, li’lSi.. + OaSi + 
fi5. 

Khombohedral ; R (a) 79° 29' ; 

-JR (r) 106° 3'; OR (o). Forms - 
intersecting twins as in fig. 557. 

H. =4; G. =2‘1 to 2'2. Colourless 
and -white. C.c.; silica 43 '8, alumina 23 '8, lime 9 ‘7, water 21. 
Storr in Skye (o, s), Ireland (at 
Glenarm, Island Magee, London- 
derry, &c.), Iceland, Dalsnypen, 
and Naalso in the Faroes. 



557. 


611. 


^Sij 4" 



Fig. 558 (sp. 611). 


Heuschelite, 

<Cajfa)Si + 5If. 

Hexagonal prisms («) surmounted 
by two trihedral pyramids of and 
-one of oV(%' 558). Oy : c 122° 8' ; 

• osy- : e 107° 26'; e striated hori- 
zontally. Cl. c ; fracture con- 
choidal ; transparent ; vitreous. 

White or colourless. H. <= 5 ‘5 ; 

G. =2’06. C.c.: silica- 47, alu- 

mina 21 '2, lime 5‘2, soda 4’8, potash 2, water 17 ‘86. - Aci- 

• CosteUo and Palagonia in Sicily, Yarra in Australia. 

612. liAV'iiO'STiTZ {LeonhardUe), AlSi^ -f- daSi -f- 4IT . 

Oblique prismatic, G 80° 42'. ooP (m) 86° 16'. coP ; - coP (e) 

■113°30';P«) {x.):- cop 111° 14' ; c : al25° 41'; 

■a : 6 90° ; e : s 149° 15'. Twin face a. Cl. m, 
perfect; very brittle. H. = 3 to 3 ’5; G. =2'2 
■to 2’3. Pellucid when fresh ; vitreous ; pearly 
•on cl. White, cream-coloured, brick-red. De- 
'composes rapidly through loss of water. B.B. 
inturaesces, and melts first to a white enamel, 
ultimately to a clear glass. Gelatinizes in h. 
acid. C.c: silica 60 '9, alumina 21 '8, lime 
11 ’9, water 16 '3. Rapidly loses 1 equivalent 
■or 3 '86 per cent, of -water, and becomes fri- 
able [Hyposlilbite). Kilfinichen, Mull (fig. 

659) ; Storr and Quiraing, Skye (hypostil- 
bite) ; Tod Head, Snizort,. Glen Farg (red) ; 

Bowling, Dumbarton (twins ol-vi] e); Huel- 
goat in Brittan)’- ; Prague, Falun, Iceland, ^'6- 9o9. 
Faroes, Nova Scotia. ' . - - — 

water. 



Caporcianite from Tuscany has only 3 
{Eeissite), 



613. EriSTILBITB 
AlSi3 + daSi3-l-5H. 

Oblique prismatic, C 54° 53'. 
ooP (m) 135° 10'; Poo (t) 109° 

46'; JP(s)147°40'(fig.560). Hemi- 
tropes united by m, with twins of 
the same united by the braehy': 
diagonal (a). Cl. hrachydiagonal, 
perfect. H. = 3 '5 to 4; G. = 2 '3 to 
2 '4. Pellucid ; vitreous ; pearly 
on cl. Colourless. ’ Sol. without 
gelatinizing. C. c. : silica 59, alum- 
ina 17 ‘5, lime 9, soda 1‘5, water 
14 ‘o. Talisker in Skj'c (in, t, a); 

Hartlepool, (in twins), Iceland, Faroes, Silesia, Viesch in Valais, 
Nova Scotia, and New Jersey. ' - 


Fig; 660.- 



2P°oo (r); 3Po« (s) ; ccFco ; c»P°;0P. s : z 136°4'; n -.u 146° 52'. 
Crystals elongated along 
each of the. axes pre- 
sent very varying forms', 
but generally tabular 
Cl. clinodiagonal, per- 
fect ; • pearly on . this, 
vitreous ' on others ; 
brittle. H.=3:5to-4; 

G.=2-lto2-2. Trans- 
parent to translucent ; 

colourless white, brick- j,. _ Fig. -562;- Fig. 583. 

Worra. 

exfoliation andVlili^nh 
mescenco to a white j’nte. 
enamel. Sol. in h. 
acid, ■ leaving' silica. 

Storr and ' Talisker, 

Skye (fig. 562) ; Sanda ; 

Kilmalcolm; Cattcrline, 

Kincardine (fig. 563); 

Kilpatrick Hills (p, m, 
n, z, u, r, s) and Kintyre „. ,, , 

(red); Iceland, Faroes, Fig. 564. 

Fassa Valley, Nova Scotia, Baltimore (Bcauinontu 
(p, m, 11 , z, t ) ; Vindhya Mountains in India (fig. 564)^ '• j:^Ca). 

615. Bre-ivstekite, ’AIS ij+RSia-f-fiH. R=(^Sr-f flij.Q . jp (o); 
Oblique prismatic, C 86° 56', ooP^co (a); coP'oo (J)'^diffic?j;7^ „ 

jtP'oo (e); ooP (m)- ooP'2 (c); a>P'|^ (t). c:e •.i.«t, ■ i.?\ . 

173° 10' (fig. 566). Cl. clinodiagonal, perfect ; 
pearlj' on do., vitreous on others; pellucid.- 
H. =5 to 5'5; G. = 2‘5 to 2’45. Colourless, 
j'cllow, or brown. Sol. with gelatinization in h. 
acid. C.c.: 54 ’3 silica, 15 alumina, 9 strontia, 

6-6. baryta, 1'3 lime, 13 ’5 water. Strontian, 

Freiburg in the Breisgau, Pyrenees. 

616. PniELrr.siTE, i^lSij -f (Ca, fi)Si -b 5ft . 

Oblique prismatic, C 55° 1'. ooP (m) ; 

ooP'oo (b) ; OP (c). Polar edges 120° 42' .pid 
119° 18'. Faces 6 and m striated parallel to 
the intersections. Apparently always tu’inned; 
generally these duplicated by intersection on 
face b or face c (figs. 567, 568), and frequently 
an-anged so that three of the above double twins 
right , angles to one another, forming tiro crucifonn 



Nsli 7 Pig. 565. 
VP'f.e) (fig. 565) 



to 
! j iSar 

ji IjfCne 

i-ku also 
milar. 


and them- 
yalino and 
tinct. All 
, and often 
or deposit 
Jine eartlis, 
magnesia, 
ith silica, 

•i 



' Fig. 569, ■ ■ • :-Fig. 570,': , 

When the prismatic faces of these are short, the fa'Ces m of the 
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nitcrsectui;' imliviiluals fall nearly into one iilane,' presenting'tlic 
form fig, 570 ; when long, fig. 190. Brittle ; fracture uneven. 
II. “ I'u; G. "2 '15 to 2 •2, Oelatinizc.e in li. acid. C.c.: silica 18 •(), 
.•duniina 20'2, lime 7-3, potash 0'2, wafer IT'?. Giant’s C.ausewny, 
Giessen, Marburg, C'assol, Capo di Bove, Vesuvius, Iceland. 

017. ILvumotomu, ’A'lSia+BaSia-i-Dl'E. , 

Oblhiue prisniatic, C 55° 10'. m? (,v) ; coP co (i) ; OP (ft). 
Forms liko phillipsito, but more frequently in simple twins. 
Phy3ic.1l properties liko phillipsite, but G.-2-.3 to 2'5, and fuses 
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Fig. 572. 


Fig. .571. 




Fig. 573. Fig. 571. 

with difliculty. . Difficultly sol. in h. acid. C.c. : 10'5 silic.i, 15'9 
alumina, 237 baryta, and 13'9 water. Strontian, transparent 
(Jfonvnilc, fig. 572) and opaque (figs. 571, 573); Glen Arbuclc (fig. 
571) and Bowling in Dumliarton ; Corstorphine near Edinburgh; 
Andreasberg, Kongsberg, Oberstein. 

018. Stiliiith, Aliiij + CaSi.TfOIf . 

Oblique prismatic, but witli right prisinatio habit; C 50° 19'. 

ool’co (rt) ; Copco (4); P (r) ; coP2 (m) ; OP (j>). Cl. n, perfect, 
n. “O'Otol; G. “2'lto2'2. 'rransparent ; vitre- 
ous. Pearly on «. Colourles.s, while, yellow, pale 
brown, brick-red. Decomjiosed by h. acid, leaving 
silica. C.c. : silica 07‘5, alumina lO’l, lime 8‘9 
(v.iter 17 ’2. >Storr and 'Pahsker, in Skye («, 4, p/ 

(fig. 575), and in Hebrides (eolourle.ss) ; Arran and 
Kilmalcolm (pale brown); Long Cr.aig (Dumb.arton) 
and Kinnelf (Kincardine) (brick-red); Iceland, 

Faroes, Andrc.asberg, Vindliya llountains, Wellington 
Mountains (Australia), Nova Scotia. 

019. Pui-Fl.KlilTK, AlSij + Ca.Sia-l-Sfl. 

V Fibrous globular concretions, with vitreous surface, 
wit II. —I; G. ~2'21. Greyish white. 'rransparent. 

C.c C.c.: silica 52’8, alumina 10'3, lime 11'2, water 
11' 17'2. Pulilat-sch in the Suisser Alp. 

Ork. 
and 



020. Edi.nctonite, lAlSi3 + 3BaSi.H2H . 


Fig. 575, 
(sp. 018), 


Pyramidal ; homihcdral with 
8' ; coP (a) ; polar edge: 
oSuef Cl.a per- 

ol.i;Ylct ; fracture uneven. II. - 1 
G^‘'“co 1-5; G. -.2'7. to 271, 'I'rans- 
lucent ; vitreous. ColourIc.s.s. 
C.c.: silica 37 '3, alumina 2375, 
) baryta 20'52, water 12'10. Kil- 
patrick Hills in Dumbarton- 
shire. 

021. Foi’.ii.srrn, 2Al,Sij 
'-P(i^n, {!;u3)§L-t-CH. 


ith inclined face.s. 

'US • 


P 87° 19' ; AP (h) 



Fig. 570 (.sp. 020). 

OP. Cl. brachydiagonal. 


Right prismatic. coPco ; coPot . _ . 

perfect; lustre thereon pearly. G. ~2-l. AVhito. C.c.: silica- 
50, alumina 27 '1, lime ,5 '5, soda I'l, water 15 '1. San Piero, 
in Ellia. '■ 

' 022. NATUOi-rh-:, ArSi2+AiSi-l-2l’E. 

Riglit prismatic, coP (m) 91° ; . P (0), ; polar edges 113‘:.20' arid; 
111° 10', middle edge 53° 20' ; wpeo (4); oopw (a). Radiating- 


acicular cry.stnls, often fibroins; Cl. coP,' perfect. H. =5to 5-5 • 
^■,“.2;77 to 2-20. Pellucid; vitreous. Colourless, oohro-yellow,’ 
reddish. Is not pyro-eloctrio. B. B. melts quietly to a clear glass 
colouring flame yellow. Sol. in oxalic acid. C.c. : 17 '2 mlica’ 




Fig. 577, Fig. 578. 

27 alumina, 10 '3 soda, O'i water. Glen Farg (fig. 577), (colourless 
and reddish), 'I'antnllon Castle (fig. 578), Dumbarton, Bowling 
(green), Campsic, Bisbopton, Glenarm and Port Rush (Ireland), 
Auvergno, Hesse, Hohentwiel in Swabia, Norway. CrocalUa is red, 
fibrou-s, and investing ; Kintyro, Forfnrsliiro, Wemyss Bay. and the 
Urals. 

623. ScoLKciTK, AlSij + CaSi + SlE . 

Oblique prism.atic, C 89° O'. ooP (m) 91° 35' ; P (0) 111° 
20 ; - P. Prismatic and acicular crystals. 'I'wins common, on faco 
CO P'co, one face with feathered striiD. Cl. coP, perfect. H. -Oto 
5 '5; G.>=2‘2 to 2 '3. Pellucid; vitreous; nyro-clectric. White 
to reddish white. B. B. twists in a vermicular manner; molting 
readily to a porous glass. Only nar- 
tially sol. in oxalic acid. C.c. : silica 
15 '8, alumina 26 '2, lime 11 '3, water 
13'7. Statfa ; Loch Screden, Mull ; 

'I’alisker, Skye ; Beruliord, Iceland 
(fig. 579): Faroes ; Vindhyas, India. 

Natrolito and scolecitc pass into one 
another, 'riiore aro two definite in- 
termediates— /dii-yiVc, consisting of 
two cmiivalents of natrolito and one 
of scolccito, and McsolUc, consisting 
of one of tile former and two of the 
l.attor. 'I'lie first of these occurs 
at Glen Farg and at Bi.shopton 
(fialaclUc) ; the second is the ordi- 
nary radiated zeolite of the aniygda- Fig. 579. 

loids of the 'I'ertiary igneous roelcs of the Hebrides and the Faroes. 
It there occurs in matted crystals of extreme tenuity {Colton- 
alone), also in delicate feathery tufts ; in Renfrewshire in spheres 
with an internally radiatcil stnietnrc, and also in needle form and 
in downy tufts. 

621. GiSJiONniNi-:, AlSi + Cabi -p 11^ . 

Pyramidal. P (4) 92° 30' ; pqlar angle 118° 31'; coPco (fig. 
580). Cl. P. H. “5, on edges 
and angles 5 to 0 ; G. 2 ■20. 

'rransluccnt ;' vitreous. Bluish 
white to pale red. - C.c.: silica 
35’9, alumina 27'3, lime 13'], 
potash 2’8, water 21 '1. Island 
Magee and Larne, Ireland; Vesu- 
vius, Aci-Castollo, and Capo di 
Bove; SchilTcnborg near Gic.sscn; 

Schlauroth near Gorlitz, 

625. EEAuoNm-:, A'lSi-t-ttiaF) 

Si HE . 

Right prismatic. P polar angle 120° 37' and 121° 1-1' ; middle 
angl^ 89° 13', Crystals like fig. 119. II. “5, on edges and angles 
7 ; G. “ 2 ‘2. 'rransparent ; vitreous, 
white, or bluish. ” 


1/1 

■ 

T)l 


■ 




580. 




H.-O; , 

Colourless, 

C.c.: silica 11, alumina 23‘3, 
lime 5-3, potash ll'l, water 15-3. CapodiBove. 

026. Tiiomsoniti!, 2AlSi + 2(Oaiifa)Si-P01f. 

Right prismatic, cop (nt).90° 20' ; coPco (a); 

coP<» (4) ; iPw (y); Pco (r) ; .^'gPto (a-), a; : x 
177° 3-1' 20". - Cl. macrodiagoiial and braehy- 
diagonal, both jiorfeet. If. >-5 to 5'5 ; G. — 2'35 
to 2‘38. 'rranslucent;- vitreous ; .pearly on mac- 
rodiu"onal. Colourless.' B. 13. dilficultly fusible 
witluntumescenco to a white enamel. Sol. with pig_ 531 (sp. 026). 
gelatinization in h. .acid. C.c. : silica 38 ’7, 

*’■ 30-8, 


Lochwinuoeh, 


alumina 30'8, lime 13‘1, soda I'l, water 13'1. 

Renfrew.; Kilpatrick (fig. 582) ; Quiraing and -'I'alisker (sometimes 
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massive-granular) ; nathliu and ifagee Island, Ireland ; Faroes, 
Vesuvius (fig. 5S1), Sicily, Bohemia, Tyrol, 

Nova Scotia. 

Farodilc is a variety with 42 '5 of silica. 

It rejdaccs thomsonite generally in Tertiary 
igneous rocks, occurring at Storr and cl.se- 
whera in the Hehridcs, Faroes, Iceland, 
and Nova Sooti:u The angle of the vortical 
prism is within S' of tiiat of thomsonite. It 
contains an ciinivalent more silica. 

G27. Pkeh.vite, AISi-r20aSi+iE. 

Bight pri.siuatic. ooP (m) 99° 5S' ; OP 
(c);3Poo (c)33°26'; Jpco (r)90’32'; copoo 

(a); copco (6); P (s). Crystals either tabular of c, or pri.siuatic along 
both the vertical and the brachydiagonal axes, hence varying much 
in form. Also in fan-shaped and botryoidal nggn'gatioiis. Cl. c, 
perfect; pearly thereon, vitreous else- 
where. II. to 7; G. =2'S to 3. 

Transparent to translucent. Colour- 



Fig. 5S2 (sp. G20). 




Fig. 5S3. 


Fig. 5S4. 


less, but generally green of bright but pale tints, alsoleinon-ycltow. 
Becomes electrically polar by heat. B. B. intumesces greatly, 
melting to a porous enamel. Decomposed by h. acid. C.c.: 
silica 43‘6, alumina 24 ’9, lime 27T, water 4'4. Glen Cairn, Aber- 
deen (fig. 5S3) ; Skye and Mull ; Corstorphine Hill (green and 
pink), Castle Bock (white), and Salisburj' Crags (yellow), Edin- 
Dorgh; Frisky Hall, Dumbartonsbirc (fi". 5S4); Harttiehl Moss, 
Benfrew (botryoidal); Cornwall; Dauphiue; Tyrol: Cape of Good 
Hope; China ( i'u). 

62S. FniEDELiTf, Mn4Sij-f2if. 

EInmbohedral ; R 123° 42'. OB; coR. Tabular habit, and in 
granular aggregates. Cl. bisal, perfect. H. “4 to 5; G. =3'i. Bose- 
red, with p.aler streak. C.a : silica 36, protoxide of manganese 53, 
lime 2'96, water 7'9. Adervielle on the Neste de Louron (Pyrenees). 


Hyduous Silic.\te.s of ALUillX.t. 

These are probably for the most part products of decomposition 
of felspars under atmospheric e.\-posurc. 

629. Kaolin {Poredain Earth), AIS\.-r2H. 

Massive; in beds and veins. Fracture uneven ; fine earthy, very 
soft, sectile, and friable. H. >=1 ; G.=2’2. Opaque, dulL White or 
grey, inclining to blue, green, yellow, or red. Feels meagre, not 
greasy when drj", and plastic when wet B.B. infusible. Not 
affected by h. acid, but decomposed b^" warm s. acid, leaving silica. 
C.c. very variable, but approximates to 46 silica, 40 alumina, and 
14 water. Chiefly a product of the decomposition of orthoclase, or 
of granite, porphyrj', and other rocks coutainiug that mineral. 
Cornwall and Devonshire in England are the chief European locali- 
ties for the kaolin used in manufacturing imrcelain. 

Clays arc merely varieties of kaolin, mixed with quartz-sand, car- 
bonate of lime, uiagnesia, and the osyhydrates of iron. Often 40 
to 50 silica, 30 alumina, 13 to 20 water, and 4 iron peroxide, 
with lime and potash. In the fire they are infusible, burning 
hard. Generally they are compact and friable, of white, yellow, 
red, blue, grey, or brown colours. Their specific grainty varies 
from I'S to 2 '7. The following arc varieties. Pipe-day, greyish 
or yellowish white, with a greasy feel, adheres strongly to the 
tongue, when wet is very plastic and tenacious, and in the fire 
hums white. Abundant in DevonsMre, and in the Trough of 
Poole in Dorsetshire; in France, Belgium, and Germany. Used 
for manufacturing tobacco-pipes and similar articles. Potter’s 
Clay, red, yellow, green, or blue, becoming yellow or red when 
burnt ; more easily fused than the former, and often effervesces 
ivith acids. That used in the potteries in England comes chiefly 
from Devonshire. Loam, coarser and more impure, with more 
sand, and consequently less plastic. Shale or Slate Clay, greyish 
black, and much mixed with bituminous or carbonaceous 
matter. Situmiiious Sluilc, known by its shining resinous streak. 
Slack Clmlk, uith more carbon, leaves a black mark on paper. Iron 


contains much pero.xidc of iron, is reddish-brown, andfonm 
the basis of many amygdaloids and porphyries. 


630. Naceite, Al.SL-r2ff. 

Bight prismatic; minute six-sided tables in fan-like moui) • iml 
— 0’5 to 1; G. “»2‘35 to 2 "6. Glimmering to pearly, snow- 
white or yellowish white. C.c.: silic.-v 46-3, alumina 39-8, water 
13-9. AcrystalHnc form of kaolin. Fins in Allier, Jlons, Freiberg 
Pennsylvania, and coal formation commonly. 


631. Ditiiojiaiuie. 

Kaolinic .substances, comiiact, earthy, and pseudomonihous. 
II. =2*5 to3; G. --2'4to2-6. White, yellow, orred. Greasy, adheres 
to tongue. Klamsthal, Harz, &c. Similar are C'antnt, Mydin 
Jfdojisitc. ’ 

632. IlALLoy.srrE, AlSi-r4if. 

3Ia.s.stve and reniform. H. ■=<l-5to 2'5; G. “1 ‘9 to 2-1. 'frans- 
lueentwlieii moist Bluish white, green, or yellow. C.c.: 41-5 silica, 
34'4 alumina, 24‘1 water. Hosjntal Quarry near Elgin, on the 
'I'weed, Liege, 'faniowitz, Eifel {Unzinite). Puller’s Earth may be 
an impure ferniginons variety. Maxton in Scotland, Bcigate and 
ilaiilstono in Eiigl.irid, Sa.xou}', Boliemia, Ac. 

633. Gi.ageuitk, Al^ij-f off. 

H. —1; G. -»2'35. Bergnersrenth. J/allhazite, from Steiudvrfel 
near Bautzen, has less alumina. 


634. KoLi.YniTE, Al.'Si-f 9H. 

H. ""-I to 2; G. —2. Also similar. Sehemnitz, Pyrenees, and 
Saxony. Scarbroite from Scarborough has lOH.O. 

635. dIn.o.->ciuK. 


Conchoidal or earthy. II. —2; G. “■2T. Indigo-blne to celadon- 
green ; has 2 to 4 chrome oxide. Budnik in Servia. 

636. Montmoeillo.vite, 'Aliii--r 2fi. 

Massive. Bose-red. Montmorillon and elsewhere in France, 
Podnruoj in Transylvania. 

637. Razouiioff-skin, AlSij-i-SIf . 

From Carintbia. Chrome Ochre, mtb 2 to 10 per cent of ehrome 
oxide, from Waldeiiburgin Silesia and Creusot in France, is similar. 

035. CuioLiTE, Ai^ia-f 6ft. 

Pscudomorphous after aiigito. Bilin, Limburg, Kaiserstulil, 
Argeiitiera and ililo. 

039. Alloi’iian'e, AlSi-fuft. 

Botryoidal and reniform. Fracture conchoidal; brittle. H. =3; 
G. “ 1 '8 to 2. Pellucid ; vitreons. Pale blue, white, green, or 
brown. Colour due to copper. Charlton, Woolwich, Iladen, and 
Bonn. 


640. PyKoruYLLiTE, A’lSi^T-ft. 

Right jirismatic, but nuliateJ, foliated. Cl. perfect; flexible, 
sectilc. H. “1; G. “2'8 to2‘9. 'rransluccnt, pearly. Light verdi- 
gris-green to yellowish white. B.B. swells up with many twistings 
to .a white infusible mass. C.c.: 67 silica, 23 alumina, and 5 
water. Urals, Spa, Morbibau, Westana in Sweden, Carolina, .and 
Brazil. Talaxsile, from Heathcote in Victoria, has silica and 
alumina about equal. 

641. Anauxite, AlSi^-rSft. 

Granular. H. -=2 to 3; G. =2"2 to 2'4. Translucent, pearly. 
Greenish white. C.c.: 60’5 silica, 26 alumina, and 13‘5 water, 
Bilin in Bohemia. 


HyDKOUS SILICATE.S OF ZUiCOXIA, ThOEIA, &C. 

642. ilAL-XCONE, 3ZrSi-i-ft . 

PjTainidal. P 83° 30'. T\’pical form ooPco, P, ooP. II. =-6; 
G. =3’9to4'l. Conchoidal fracture. Lustre vitreous. C.c. same 
as zircon, but with 3 of water in the Hittero variety and over 9 in 
that from Finland. Has a siu-face opalescence, and may be altered 
zircon. Hittero, Clianteloube (near Limoges), near Drc^eii, Eosen- 
dal, Finland, Miask. 

643. Eccn.4SiTE. 

Right prismatic (?). II. = 4’5to5; G. =4’39. Lustre greasy. 
Blacfish brown ; streak brown. Translucent on edges, iracture 
uneven; brittle. C.c. very comtdex ; silica 16,_ thoria 36, cenim 
jirotoxide 5 "5, peroxide 0, lanthania 2 "4, yttria 4 ‘3, erhia 1 6, 
titanic acid 1’3, ferric oxide 4 '25, alumina 1‘8, water 9. Barkeiig 
near Brevig. 

644. Tuoeite, 'fhSi-f2fi. ^ 

Pyramidal. ooP .- P 133° 30'. Generally massive. H.=4v 

to 5. G. =5 to 5-4. Lustre brilliant vitreous; when weatnerea 
resinous. Fracture conchoidal when fresh, splintery 
weathered. Brownish black to clove-brown. C.c. complex, u 
essentially 18 silica, 73 tlioria,.9 water. In syenite at Lochan 
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Ilacon, and in a boulder on Ben Bhreck in Sutherland, in crystals 
(fig. 585) ; Lowb near Brevig, Nor- 
way. Uranothorite, from Arendal, 
has 50 per cent thoria and 10 uranous 
oxide ; found also at Hittero and at 
Champlain (U. S.) 

645. Orangite, 3ThSi + 2S. 

Massive. Orange-yellow to cinna- 
mon-red. Other diaracters like tho- 
rite. C.c. : 17 silica, 75 thoria, 7 
water. Ben Bhreok, Langcsund near 
Brevig. The mineral from Ben Bhreck 
passes gradually into thorite, which 
thus would appear to be altered 
orangite. 

646. Tritojiite, S2Si3-)-4H. 

Cubic. In tetrahedra. H. =5'5; 

G. =3'9 to 4'66. Lustre vitreous. 

Dull brown ; streak yellowish grey. 

Subti-anslucent. C.c. complex: silica 585 (sp. 644). 

21, alumina 2-5, ceria 40, lanthania 15, yttria 4-6, lime 4, water 8. 
Lamb near Brevig. 

Magnesian Silicates. 

647. Agalmatolite {Figure Stone), 4AlSi3-4l^i3-f 3H. 

Massive or slaty. Fracture splintery, rather seetile. H. =2to 

3; G.=2‘8to2‘9. Translucent; glimmering. Green, grey, red, and 
yellow. Feels somewhat greasy, but does not adhere to the tongue. 
Sol. in s. acid. C.c. : 55 silica, 33 alumina, 7 "6 potash, and 5 water; 
but in many localities magnesian. Calligaig in Sutherland ; China, 
where it is cut into various works of art; also Nagyag in Hungary, 
and Saxony. 

648. Onoosin, 2ji'lSi2-l-(E,Mg)Si2-f 23. 

Fracture uneven or splintery; sectile. H. =2;G. =2‘8. Trans- 
lucent; slightly resinous. Apple-green or brown. Sol. ins. notin 
h. acid. Salzburg. 



sol. and gelatinizes in warm acids. C.c. : 43 silica, 36 iron peroxide. 
.TOd 21 water, with 3 '5 alumina and 2 magnesia. Nontron in 
France, Harz, and Bavaria. Chloropal is similar. B.B brown 
Unghvar in Hungary, and Passau. 

658. Pinguite. 


Massive; fracture splintery; sectile. H.=l; G. = 2'3. Lmhtto 
dark green. Lustre vitreous. Feels greasy. C.c. : silica 36 ’9° per- 
oxide of iron 29-5, protoxide of iron 6T, water 25 T. Wolkenstein 
Suhl. ’ 


659. Hisingerite, FeoSij -f 2FeSi H- 9H . 

Eeniform, and in crusts. H. = .3-5 to 4 ; G. =--2 ’6 to 3. Opaque, 
resinous. Brownish or bluish black; streak liver-brown or yellow’ish 
brown. C.c.: various, but 32-5 silica, 33‘5 iron peroxide, 15T 
iron protoxide, and 19 water, in the Thraulite from Bodenmais. 
Also Gilling and Riddarhyttan in Sweden, and Breitenbrunn 
(Polyhydrite). 

660. Bergholz. 

Fine fibrous; glimmering lustre. Wood-brown to green. G. =2-4. 
C.c.: silica 55 '5, peroxide of iron 19'5, magnesia 15, water 10'3. 
Sterzing in Tyrol. Xylite, probably from the Urals, is similar. 

661. Umber. 

Massive; fracture conchoidal. H. =1'5; G. =-=2‘2. Liver-brown; 
streak shining. Mixtures of peroxide of iron, oxide of manganese, 
and alumina with water. Cyprus, llypoxanthite and Siderosili- 
cite are similar. 

662. Klipsteinite, (R3, 'R3)oSi3-)-RjH3. 

Compact. H. =5 to 5'5; G. =3 ‘5. Liver-brown to black ; streak 
yellow-brown. C.c.: silica 25, peroxide of iron 4, sesquioxido of 
manganese 57, water 9. Klapperud in Dalecarlia, Herborn near 
Dillenburg. 

663. WOLKONSKOITE. 

Amoi'phous. Horny; bluish gi'een to grass-green. Fracture con- 
choidal ; brittle. C.c. : silica 38, alumina 3, sesquioxide of chromium 
19, ferric oxide 10, water 21. Okhansk in Siberia. 

664. Rottisite, 3Ni’Si-f4H. 


649. Liebenerite. 

Hexagonal. osP ; OP. Cl: prismatic, perfect ; fracture hackly. 
H. =3‘5; G. =2'8. Oil-green, bluish green, and greenish grey. 
Greasy lustre. C.c.: silica 447, alumina 36 '5, potash 9-9, water 
5 '5. Monte Viesena near Foruo, Predazzo in Tyrol. 

650. Gibseckitb. 

Hexagonal. ooP; OP. Fracture splintery. H. =3 to 3'5; G. =27 
to 2 '9. Kangerdluarsuk in Greenland, Diana in New York. 

651. Killinite, 2’AlSi2-fESL-b3fi. 

Crystalline, foliated. Cl. along a prism of 135“ 44'. G. =2'65. 
Greenish grey, yellow, or brownish green. G. c. : 48 silica, 31 alumina, 
2 '3 protoxide of iron, 6 '5 potash, 10 water. Killiney near Dublin. 

652. Hygrophilite. 

Scaly. H. =2 to 2 '5; G. =27. Greenish grey. Lustre and feel 
greasy. C.c.: silica 48'4, alumina 32'1, protoxide of iron 3’3, 
potash 5 7, water 9. Sol in h. acid. Halle on the Saale. 

653. Bravaisite, 113813 -1- 2A;lSi3 -1 4H . 

Aggregates of thin plates. H. = 1 to 2 ; G. = 2 '6. C.c.: silica 51 ’4, 
alumina 18‘9, peroxide of iron 4, magnesia 3 '3, potash 6 '5, water 
13'3. Noyant in AHier. 


Amorphous and reniform. Apple-green to emerald-green. H. =2 
to 2’5; G.=2‘35 to 2’37. C.c.: silica 437, nickel o.xide 35’9. water 
11 ’2. Rottis near Reichenbach in Saxony. AToHiant is similar. 

665. URANOPH. 4 .NE, 3CaSi-l-if5Si3-H8fi. 

Right prismatic. c»P 146°; ool’oo ; f 00 ; with polar angle 90°. 
Crystals honey-yellow ; when massive leek-green. H. =2‘5; G. = 
2 '6 to 2’8. C.c.: silica 17, alumina 6’1, oxide of uranium 63'3, 
lime 5’1, water 15’1. Kupferberg in Silesia, 

666. Uranotile, Ca’Si -f ifs’SL -i- 9 Ji . 

Right prismatic. coP 164. In stellate groups. Lemon-yellow. 

G. =3’96. C.c.: silica 13'8, o.xide of uranium 6675, lime 5'27, 
water 12'67. Wblsendorf in Bavaria, Joachimsthal, Jlitchel county 
in North Carolina. 

667. Bismuioferrite, Bi, SL, -t-2Fe,Si. 

Crypto-crystalline ; oblique prismatic. Siskin- to olive-green. 

H. = 3 ’5 ; G. = 4 ’48. C. c. : silica 24, oxide of bismuth 42 '8, peroxide 
of iron 33 '1. Schneeberg in Saxony. Hypochlorite is a variety 
containing 13 of bismuth. In a third variety, from Briiunsdorf, 
antimony replaces bismuth. 

Silicates with Titanates, Niobates, kc. 


654. PiNITOID. 

Massive. Leek- and oil-green. H. =2'5; G. =2'8. C.c.: silica 

48 ’5, alumina 28, protoxide of iron 8, potash 5 "8, water 4 '5. Frei- 
berg and Chemnitz in Saxony. 

655. Bole. 

Earthy, in nests and veins. Conchoidal. H. = 1 to 2 ; G. = 2 ‘2 to 
2/5. Opaque ; dull resinous; streak shining. Brown, yellow, or 
red. Feels greasy; some adhere strongly to the tongue, others not 
at all. In water crackles and falls to pieces. C. c. hydrous silicates 
of alumina and iron peroxide, in various proportions. Scotland, 
Ireland, Dransfeld, Clermont in Auvergne. Stolpenite, Foch Soap, 
Plinthite, Yellow Earth or Pclinite, Fetbol, and Oehran are varieties. 

656. Carpholite, -AlSi -b SinSi -1 2fi . 

Right prismatic. P 111° 27'. Radiating stellated. H. = 6 to 5 ’5; 
G. =2‘9. 'Translucent; silky;'straw- to wax-yellow. B.B. intumesces 
and fuses to an opaque brown glass. C.c. : silica 38, alumina 29 '4, 
protoxide of iron 2'9, peroxide of iron 4, protoxide of manganese 
n-8, water 10-8. Schlaggenwald, IVippra in the Harz, Meuville 
in the Ardennes. 

657. Nontronite, FeSi3-l-5S. 

Massive ; fracture uneven. H. =2 to 3; G. =2 to 2'3. 0p.aqu6; 
dull or glimmering; streak resinous. Straw-yellow or siskin-green. 
B. B. decrepitates, becomes black and magnetic, but without fusing; 


668. Sphene, CaSio-t-CaTL. 

Oblique prismatic, C 85° 22'. »P {1) 133°2' ; IP^m {x) 55° 
;l' ; P»oo (y) 34° 21' ; c»P=«) (y) : OP (Pore) 90°; ooP'3 (.1/) 76° 7' ; 
>'00 (r) 113° 30' ; tP'2 (n) 136° 12' ; 4P'4 (s) 67° 57'. Crystals 
ary extremely in form, being generally appar- 
ntly oblique-tabular, from predominance of 
:, which are hemidomes in alternate position 
n opposite ends; also, 
lut more rarely, pris- 
natic, with dominance 
f I and M. Twins fre- 
[uent. Twin face _ c, 
nd formed by revolution 
ither {a) on an axis nor- 
nal to c or (i) on a vertical 
xis; the former very 
omraouand usually pro- 
lucing thin tables with 
: re-entering angle along 
me side, and sometimes 
longatcd. Occasionally 
n. double twins. Some- 
imes granular or foliated. 



Fig. 5S7. 


Fig. 586. 

lies KLiiiu.... Cl. in some {1), in othere (r). IT. =5 

5-5 ; G. = 3 '4 to 3 '6. Semitransparent ; ad.im.antine or resinous. 

XVI. — 54 
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Yullow, brown, niul grcL'ii, li, 15. with micro-H-ilt in the rcsl. 
Ihinio, givc.H reaction for titanic aoiil. C.c. : silica !50'0, titanic acid 
•10'3, liniu In ticotlainl, tyiiic.il oi.sycnitcainnl pritn.iry lime- 

stones. In ininiito ii.air-brown crystals in the llr.sl ; as at Lairg 
(Sutherland), Achavarasdalc (Caithin.'Si), and Crillcl (Ivirkcnd- 




Fig. 5i3. 

bright) (tigs. TiSd to GAS). In the latter ofton in highly comjdcs 
twins, yellow to brown, at .Sliiunc.i (ligs. 1U3, 53'J/, Ilniuhart, 
Ualiuin, Turbane, »kc., aljo with ilnienita and allauita in estiltri- 
tion veins of grey graiiite. D.aiiidiine, .Mont lilanc, .St (Jotthard, 
Tyrol, Arendal, .Vmeric.i. tluaun-iU, thsh-rid from Olen thitin 
in Aberdeeiishiro (like 19 i), and St il.ucel in I’icdinont; eoiit '.ins 
inaug;ineso at the latter locality. 

0(11). Knii.ii.vfirr. ( I'/freli/n.iiVei, .tiCaV) (.sVi'i) i (AU-u)(.^’i'i'i)j- 

Ohlitjne {irismatic, C riS‘. f/.lMlJ. Cl. -til’, Itlci’. 11.— Uto 
7; G.— o'btoy?. lil.iekiih blown ; r.itcak gfiyiah yelliiic. ll.li, 
with bonv-V fornu blood-red gha..* in llie tt>l. llano;; other iTatiitei 
like apheile. C.c.; tiyT .siiiea, t,’.-; S' titanic acid, tiCl linn!, lO S 
yltri.s, tl'9 aluinin.i, and tl-r> iron jn;)u.\id;, N'e.ir .tteudal. 

070. Scnoui.oiiin; (/vi-rvL'.'-tn:'/!;), Oii-Si t C'a'l'i.. 

Cubic; ceO and UOg ; generally ni.n .ive : fractun- <:.»n.-hoida!. 


590 t-aji. 079). 



0* M'; 127’ j'; 



070. Woiit.r.KUK, Oil.^i 

Ohliijiio i<ri;tniatic, C 70‘ 15’. a.!’ '>•'1 

~V<j> i;i' Id'. OF: f/sF^-o lO'C 
l.’i ; - !>',« : coF'’os la0‘ S2’ ; 

OF ; u>V lOli’ .Tl'. Cryatabi tabu- 
lar and iiriamatic. Cl. clino.lia. 
gonal; fMclun-, e.onehoidal. 1!,— 5 
toO; 0. —0' S. Ligiit yellow, lioin y- 
yellow to hrownish grey ; .‘itri ak 
yellowidi white. C.c. : idiic.r gH, 
circonta 19, niobic arid lo t>, lime 
■27'S, .•>c«l,» SUi, jirotoxiile, of itou 
tl. 15. II, fn u-a to yellow bh 
Sol. in h. aciil. Liugeanudfionl, 
llrevig. 

077. Autittut.'ivn, 

Fight prismatic. o;l'l;!I*2'; Pa; 112*2!'; f'} ; wl";,; 'xf'a; 

.'op-o ; v.f'.o. Cri*t.sl» like Hvanit,.-, Cl, w,tchyd;.ig')n3l, ani 
ro F. II,— Oto, ; (!-— 2’02. \ t’lhnv to yadlow-bi.).'.;;. Dichreic; 
byittlc, ('.c,: r.ihya 27'l!, aluniina 21, proto.xide of niaiiga.’;e.a: 2G'7, 
lime ‘Jut. i{)a;;u-. i: i ! ‘J, vanaili: acid a“2, arjeah: acid 0 ;;, w. iter 5. 
Ottrei in thi' Arilciuiea (LamuLarg.'. 

07a. Itn.i-.nii-iri', 

Foliat-rd iii.vwc!, jolneliinci 3t«'lla;',.k It. —1; G. — 2'3 to 2'9. 
Dark gre.-n to gtceiti di blue. IV.atly lustre. C.c.; silica 47'7, 
ausnadic .icid 22, aUunina ll’l, ia.;g;u-.ii.i 2, p-jt.t.h 7'o’, water ,C 
KM j-ado in Cilifotnri. 


Fig. iri 


Ire ik grey. black ; vitfi ou.i. C.c.; 



H.-7ti)7-:. rO.-duS. nil 

•silica 20, tit.inicacid 2i2!. p- roai.b: of ifun 2'), linn'UO l. .tck.iir.u, 
Kai.serstuiil, Iv.iar.i in Kinl.iml. Ferhaj 1 a tiUnif.uon.i garnet. 

071. T.'Ciir.WKi.viro. 

Ma-'-oivo ; Ir.u'lnse Hat eoiu'lnnilil, II. -.-S to S’f*; (!. — I".'. 
Opaipie, vitreous, splendent. \’elv.. t*b! lek ; ntjeab 
ll.li. inlumeseea gieatly, lieeome.i potoiH. and 
often inc.inde.ice-i ; in white Inat fn .vi to bl.u k 
ghtvv ; gclalini.'.ea with h. acM. C.c.; 21 sitic.i, 

20 titanic acid, 11 iron piotoxi'lc, 15 [n to/.idei 
of Cerium mei.iK avith i'erinipi tlroria, lime 1, 
iMiX'ik, Coromandel. 

072. Mua.\stiuiii2 

Obliipni prismatic, C 71’ 211'. ccF (!) 3s’ 

•tJC'; ttF''2 (n); oA-’w (,t) ; -F (r) 12 C 1'; 

-F’eo (2): ooF^oa. /: a I:ii‘ la'; 11 : (I 17,2* 

52' ; 2 '■ “ 100' 2*. Twin f.ice the orlhopinaeuid. 

Gcucr.ally massiva. Fr.iclnre uneven. H. — 1; 

•G. — 2"JUtoO. Yelluwiih or redilish brown; 

.streak palo green. A'itreoiu to roinona Insti!', 

C.c.; silica 29'9, titanic add 9 '9, oxide of cerium 
metals 20'r>, lime 19, water S'9. lirevig and 
Langesundliord. 

073. Eirni.aLiTi; (AVFofi'fe), oi!Si.j i- itKr. 

llhonibohedral ; It 73'' 10'. U (p), OU (<r,), ccF2 (<f,), lit (n..) ; 
also wU, -iU, -2it, - ill, U3, 3F2 
(tig. 591). Generally massive, gr.nmlar. 

Cl. ■ ■ " 


and ; fracture uneven. II. —5 
to 5 ’5 ; G. •" 2'8 1 to 2’05. Feachblossom- 
red to brownisli red ; streak white. Tr.iiis- 
lueent; vitreous. U.I5. fiuies easily to a 
light-green opa([uo gl.a.ss ; gelatinii'es in 
h. add. C.e.: silieii 50, ziicouia 10'9, 
protoxide of iron 7, lime II, .soda 12. 
kangerdluaniuk in Greenland, Sedlova- 
tol Island, in 'White Sea, lirovig {Eiiko- 
liU), llagiiet Cove in Arkansas. 

07-1. C.n\vi>i.!JiTi:,2{J?aA'!a)(Sii:r)„ + 9l'f. 

lloxagoual. P ll-F’ 43'. OP, ooF, F, 
also with 2P, and AP. In lamellar aggre- 
gates. Cl. pri.smatic and P ; fracture 
uneven. II. —0 
yellow, lustrous. 

9. Brovig. 

675. CEiistedite. 

Pyramidal. P 84° 25'. P, cop, coPco. Like zircon. II. -"O'S; 
G. =*3'C3. . Lustre adamantine. Be Jdish brown. C.c.: silica 19 '7, 
titauate of zircouia 03 ’96, water 5 '6. Arendal. 


Fig. 591 (sy). 073). 

G. — 2‘8. Y'ellowish brown to palcgrecu ; stre.ak 
C.c.: silica 40'7, zircouia 29'0, soda lO'S, water 


TITAXATlkS with XIOiiATES. 

079, Tir.t.'.'.j.Moui'itirg, C.i'li;. 

OMi.jui pilim.ith:. Like .'ijihene. u.\\ OP, IP’o:, l'“x, 
]1''2, C.c.: titaniu .w;.l 7 1’3, iime2.’i'0. Liaiie.r.dorf in Silc.-it, 
Wvi.i’.iita. 

010. Fcr.ov.-..';: 1 1 :, t'a'l'i . 

Bight p;i.,miti '. In ••.,mp!icatid twin;, often di.itorte;!, picitdo- 

I '.duV. If. — o’."; < i. — I to ! '1. Ln.'treinet.illi,:- 

ad.im.intine. F.de Vi’llow-, redJi.-h brown to /tfL i \ 

iton-M.wk : stfe-ik gii.'V. C.c.: 53’3 titanic J 41 i i 

ticiil, JCUlirne. B, Ik with mirtD '.aU in outer j'l'j /j'J j 

ll.imegive.abi'-id gr>;‘':i!.ih whil; hot, roluiir. !il Mi! 

!v ,..» on CiWjHng; in iintc: llaiue gii-y-gn en 
idli-li hot, violet .blue when CoM. l,b eompi.ed 
l>y b-aiUng a. .reiii. Zlaiuu.it, Sclielingcn, Z-r- 
initt. .tl-ilem;.) Va'i-'V iinr Sondri i, Ftitadj. 
in Tyrol, Miguel Cove iu .\.t';;U..wu 

011. Kofi'srr, B.lvl'.. 

Cnhic ; w.U o. G. — Idfi to 1 '.ilk Brown. Trattinareut. C.e. 

niobi.; a.M 02’ 10, oxide of ^••■rium 0'7, oxide of fautkanum 3 
Sdidiiig'Ui on the Kai-ei.'tuhl :n IkuUn. 

.V.'.'.-ijumi'xr!:, 2lhNb r5H ; 



0.'!2 


Bight pri.'tn.ific. II -0. G .> i. 
.Stti ik bl.iek, blown. 


gfuenidi 


.Metallic to greavy. Blad;. 
'iVanslueent in .snliiUeti; 


brittle. C.c.: !8 niobic .ie;d. with aireoni.i. t'uori.i, ceth, yttr.b, 
.i:id uranimn o.\iiie. Amu rod near jlej.i (N’orw.iv). 

083. Dv.s.xn.xi.vti:, OB'Pi t-BJvb. 

Cuidc; a.Oe. Cl. cuiuc. G. — I'lo. liiad;. C.c.; titanic acid 
41 ‘0, uiublc aci'l 23'2, eeritini o.\ide .5 '7, lime 19'3; j>toto.\ii!e of 
iron 5'3, soda 3'0. Yogtslmtg on the Kaucratuhl. 

08!. I’YitoCHi.oni;, Oic^b i- lii(TiTh)^ r lX.iF. 

Cubic (tig. 591). Cl, octahedral ; brittle; fracture coiicboid.x!. 
H. — .5; G. “4'2to4’l. Be.dnou.e, 
op.i‘juo. Bed-brown to black, ruby- 
red and tran.spaient raicly; .streak 
pale brown. C.c.: niobic acid 
53'2, titanicacid 10'5, tboii.i 7'0, 
cerium u.xide 7, lime 1 1 " 2 , soda ,1 ; 

5, ihioriiie 3'1. Mia-sk, Kaiser- Ij 
stuhl, lirevig, and Ficderik.sviini. if( 

Jficrolile, from Clie.sterlield in 
.Massaehu-setts, has tautalic add 
03'4, niobio add 7'75, 11'7 limo 
and 7'7 proto.vido of mangane.se. 

I'tjrrhitt'. from 5Iursin.sk iit the 
Ifrahs, San Piero in Elba, and tlio 
aVzore.s may bo tlie .vimo ; at tlio 
la.st loc.dity it is iu oninge-red 
octahedra, and is a niobate of zircouia. 

035. Bloiistii.vxdite, (Ca.i’o), 'I'iFUivbj+If, 

Massive. lli~5’5. G. -•4'17 to 4'25. Yitreous, black. Streak 



Fig. 594. 
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Translucent in splinters. C.c.: uiobic acid 49 'S. titanic 
acid 107, uranium oxide 237, protoxide of irou 3-3, lime 3-5 
water r9. Nolil (Sweden); 

68G. PoLYCitASE, 4ilTi+K5?b. 

' Eight prismatic (fig. 595). ooPco, coP 

{140°h P, 2pt» (50°). Fracture conclioidal. 

H. =5 to 6; Gr. =5‘1. Black; streak grey- 
brown. B.B. decrepitates violently, incan- 
descing, but does not fuse. Sol. in s. acid. 

C.c.: titanic acid 20-6, niobic acid 20-4, yttria 
23'3, erbia 7'5, oxide of uranium 77, water 
4. Hittero (Norway), Slettikra in Jonkiip- 
ing (Sweden). 

687. EnxExiTE, 2ETi+ES'b + &. 

Eight prismatic (fig. 596). ooP (m) 140°; 

ooPco (b) ; 2pa) (tf) 52° ; P (p) 102° 58'. 
p : b 103° 6'. Fracture conclioidal. Opaque ; 
metallic to vitreous. Black and brownish 
black; streak red-brown. B. B. infusible. Not 
acted on by acids. C.c.: niobio acid 32, 
titanic acid 19 '2, uranium oxide 19 '5, yttria 
18‘2, cerium oxide 2‘8, but variable. 

Jolstor, 'rromo, jUvo, &c., in Norway; also 
Hittero and Cape Lindesnaes. 

688. fEsciiYXiTE. pig^ 59 ( 5 ^ 

Eight prismatic. mP (Jf) 128° 34'; 2Pqo (y) 73° 16' ; P (o : o) 

137° 14'; ooP3 69° 23'; Pco ; OP. Crystals long pirisinatio (fig. 
597). Cl. traces; fracture imperfect conchoidal. 

H. = 5to5-5;G. - 4-9to5-l. Opaque ; submetallio 
or resinous. Iron-black or brown; streak yellow- 
ish brown. B.B. swells and becomes yellow or 
brown, but is infusible. Not sol. in h. acid, 
jjartially iii s. acid. C.c.: niobic and tantalic acids 
23'8, titanic acid 22‘6, thorium oxide 157, cerium 
proto.xide IS‘5, lanthanum oxide and didymium 
oxide 5 '6. iliask, Hittero. 

689. POLYillGXITE. 

Eight prismatic. P Qj) polar 136' 28' and 116° 

22' ; coP 109° 46' ; copoo ; 

copoo (fig. 598). Cl. macro- 
and brachydiagoual, imper- 
■ feet ; fracture conchoidal. H. >= 6 '5 ; G. = 
47 to 4 ‘8. Opaque; semimetallic. Iron- 
black ; streak dark Brown. B.B. infusible. 
Sol. in h. acid. C.c.: titanic acid 46 ’3, zir- 
conia 14 "I , yttria 1 1 '5, liuie 4 ’1, iron peroxide 
12'2, cerium ox- 
ide 5. Frederiks- 
varn. 

690. Mexgite, 

(Fe, 2r) Ti. 

Eight prisma- 
P (e) polar angle 151° 27' and 101° 

10'; coP136°20'; c»p3; ooPco (fig. 599). 

Fracture uneven. H. =5to5'5; G. = 

5 '48. Opaque ; semimetallic. Iron- 
black ; streak chestnut-brown. B. B. 
infusible, but becomes magnetic. Sol. 
in s. acid, lliask, Groix island in Morbihan. 

691. Tantalite, Fc (¥a, i^). 

Eight prismatic. P (jp) with polar edges 126° and 112° 30', 
middle 91° 42'. ooP-J (r) 122° 53 copoo (s); 
coPco (t) ; Poo (m) 113° 48 ; 3Pco (j) 54° 

10'; ^P® (n) 167° 36'; fPf (v) ; 2P2 (o). 

Fracture conchoid.al or uneven. H'. = 6 to 
6 '5; G. =6'1 to 8. Opaque; semimetallic, 
adamantine, or resinous. Iron-black ; streak 
cinnamon- or coffee-brown. B. B. infusible ; 
scarcely affected by acids. C.c.: 76 to 50 Inn- 
talic acid,'7'5 to 29 niobic acid, 9 to 16 iron 
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C.c.: tantalic acid 73-9, niobic acid 

11-2, protoxide of iron 15. 'I’ammela in Finland. ^ 





Fig. 599 (sp. 690). 



600. 


protoxide, and 1 to 6 manganese protoxide ; some with 1 to 10 tin 
oxide {Cassiterolantalite) ; also in union with iron (manganese) 
protoxide. Kiniito and Tammela in Finland, Broddbo and Finbo 
near Falun, and Chanteloube near Limoges ; always in granite. 

692. Tapiolite, 4Fe$’a-fFe-E^b. 

Pyramidal. P middle angle 84° 52', summit 123.1- H.'=6;G. = 


693. Colujibite, jnFeNb-f nFe'T’a. 

Eight prismatic. P (u) polar angles 104° 10' and 151°, middle 
angle 83° 8' ; OP (c) ; ooPco (b) ; oopco (a) ; coP (y) 1350 49' ; 
ooPoo (m) 101° 26'; 2P (s) ; 3P3 (0); 3Pf (tt) ; iPco (1) 161°’; 

P® (/:) 143°; 2P® (A) 112° 26'; Poo (i) 101° 12' ; 2Poo (e) 62° 40'. 
Hemitropes, face e ; vertical axes forming an angle of 62° 40' • also 
on faces 2P2 (n), and rarely b. Also granular and foliated. Cl 
brachydiagonal, perfect, also macrodiagonal. H. = 6; 6. =5 '4 to 
6-4. Metallic, adamantine. Iron-black to brownish ; streak black 



Fig. 601. 


Fig. 602. 


Fig. 603. 


Fig. 604. 


or reddish brown. B.B. infusible; not affected by acids. C.c.: 
isomorphic mixtures of niobic and tantalic acids vvith protoxide of 
iron (or manganese). Pure columbite would give 78 "8 niobic acid, 
pure tantalito 86 tantalic acid. The niobic acid generally prevails, 
and the erj’stals are better formed the more this is the case. 
lUbenstein, Bodenmais, Chanteloube, Finland, Ilmen HUls, 
Evigtok in Greenland, Haddam and Middletown in Connecticut, 
Acworth in New Hampshire, Pike’s Peak in Colorado. 

694. Yttbotantalite, (Y, Ca, Pe, tlljlSa, W, Nb). 

In two varieties, (a) Black. Eight prismatic ; in short pris- 
matic or tabular crystals. ®P® ; coP (ni) 121° 48'. OP : 2P® 

103° 26' ; P® : OP 131° 26'; i : i 149° 

42' (fig. 604) ; also in grains and lamelloe. 

Cl. biachydiagonal, indistinct; fracture 
conchoidal or uneven. Opaque, or in thin 
splinters translucent. Velvet-black, semi- 
metallic lustre, and greenish grey streak. 

H.=5-5; G. = 5-4 to 57. (J) Yellow. 

Amorphous, yellowish brown, or yellow, 
often striped or spotted ; resinous or vitre- 
ous; streak white. G. ='5'46 to 5 '88. 

Both varieties B.B. infusible, but become 
brown or yellow. Not affected by acids. 

C.c.: 57 to 60 tantalic acid, 1 to 8 tungstic acid, 0 to 20 niobio 
acid, 20 to 38 yttria, 0-5 to 6 lime, 0-5 to 6 uranium peroxide, 
and 0'5 to 3’5 iron peroxide. Ytterby, and near Falun. 

695. Feugusonite, (Y, Er, (ie)3(Nb, Ta). 

Pyramidal and hemihedric ; P (s) 128° 28'. Usual, form (A) 3PJ 
(z), P, 4®Pf (y), OP (c) (fig. 605). s:s 100° 

54', s:c 115° 16', z: r 169° 17. _ Cl. traces 
along P ; fracture imperfect conchoidal ; brittle. 

H. = 5-5 to 6; G.=5-6 to 5-9. Translucpt 
in thin splinters ; semimetallic. Brownish 
black ; streak pale brown. B. B. infusible. 

C.c.: chiefly niobic acid and yttria, with erbia, 
also a little cerium protoxide, tin oxide, ura- 
nium oxide, and iron protoxide. Cape Fare- 
well in Greenland, Ytterby, Eiesengebirge, 

Eockport in Massachusetts. Tyrite, from Helle 
near Arendal, is similar. 

696. Hjeljute. 

Massive, with granular fracture and traces 
of crystals. H.=5; G.=5-82. A’'elvet-black ; streak greyish 
black. Lustre metallic. C. c. : tantalic acid 62 -4, tin 6 ’6, uranium 

4- 9, protoxide of iron 8-1, yttria 5-2. B.B. infusible. In closed 
tube decrepitates and yields water. Kararfvet near Falun. 

697. Sasiabskite {Uranotantalite), (E3,B,KJ)5(Nb5a),, . 

Eight prismatic. ®P 122° 46'; aP2 95°; P« 93°; P; ®P=o ; 

ooPco ; 3PiS- ; also in grains. Fracture conchoidal ; hUUle. H. = ^ 

5- 56 • G.=5'6 to 576. Opaque; strong semimetaUie. Velvet- 
black ; streak dark reddish brown. B.B. fuses on the edges to a 
black glass. In the closed tube decrepitates, yields water, incan- 
desces, and becomes brown. Sol. in h. acid to a greenish fluid. 



Fig. 605. 
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C.c. : 37_’2 niobic acid, 18 '6 tantalic acid, 12 iron protoxidCj 14 to 
20 uranium oxide, 6 thorium oxide, 4 zircouia, and 16 yttria with 
lime and magnesia. Miask, Mitchell county in North Carolina. 
The Yltroilmcnitc of Hermann. 

698. Noulitje, llaN'b. 

Massive. H=4’5to5; G. =>5‘04. Black-brown. Splintery. 
Brittle. Opaque ; vitreous. Niobic acid 50'4, uranium oxide 14‘4, 
zircouia 3, ferrous oxide 8, yttria 14*4, lime 4 ‘7, water 4' 6. Nohl 
near Kongelf (Sweden). 

699. Hatcuettolite. 

Cubic; 0, ooQco. Yellowish brown. Ilesiuous lustre. Frac- 
ture conchoidal. H. =5; G. ■=4'8to 4 '9. C.c.: niobic acid 34 *3, 

tantalic acid 29'8, uranium oxide 15’5, lime 8'9, water 4‘5. North 
Carolina. 


ANTIMONIATES. 

700. Bom BITE, Ca^S bSb. 

Pyramidal; P 110° 50'. Scratches glass. G. =4'7. Honey-yellow 
or hyacinth-red. B.B. fuses to a blackish slag. Sol. in acids. 
C.c.: 41 '3 antimonic acid, 37 ‘3 antimony oxide, and 21 '4 lime, but 
with 2 to 3 manganese and iron protoxide. St Marcel in Piedmont. 

Schweberijite, from Tyrol, may be an impure variety. 

701. Bleinieue, Bh(Sb, 'S'b)-hH. 

Keniform and massive. H. ■= 4 ; G. == 3 ’9 to 4 'S. 'rransluceiit ; 
resinous to earthy. Colourless, yellow, brown, and grey. B.B. 
reduced on charcoal. C.c.; oxide of lead 41 to 62, antimouious 
acid 32 to 47, water 6 to 12. Lostwithiel, Horhauseu, Nertchinsk. 

702. Nadokite, PbSb-l-PbClj. 

Eight prismatic ; coP 132° 51'. Crystals tabular. Cl. macro- 
diagonal. H. =3;G. =7. Yellowish or greyish browiu Ecsinous 
to adamantine; translucent. C.c.: lead 52'2, antimony 30‘8, 
oxygon 8, chlorine 9. Constantino (.iHgeria). 


703. Eivotite. 


ilassive. Yellowish to greyish green. Opaque ; fracture un- 
even ; brittle. H.-3-5 to 4; G.=3-6. C.c.: *oxido of ppper 
39'5, oxide of stiver 1'2, antimonic acid 42, carbonic acid 21. 
Sierra del Cadi in the province of Lerida. Thrombolita from Ecz- 
banya, Hungary, may be a hydrated variety. 

704. Mellite, -^(CioOa) -f ISBE . 


Pyramidal; P 93° o'. OP; Pco ; and cdPod. 
conchoidal ; brittle. H. “2 to 2 "5 ; G. “1'5 to 
1-6. 'Transparent; doubly refractive; vitre- 
ous. Honey-yellow or reddish ; streak white. 

In closed tube yields water. B. B. chars with- 
out odour. Burns white and acts like alumina. 

Sol. in n. acid or potash. C.c. ; alumiua 14’4, 
mellic acid 40 ‘3, water 45-3. In lignite at 
Artern in Thuringia and Luschitz in Bohemia ; 
Moravia (cretaceous); in coal at ilalovka in Tula. 
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705. Ox:.\.LiTE, 2FeG3-t3fi. 

CapiUary crystals, also botryoidal or compact ; fracture uneven ; 
sectile. H. = 2;G.=2'2. Opaque; resinous to dull. Straw-yellow. 
IS.B. turns black, then red. Sol. to yellow solution in acids. C.c. : 
42T iron protoxide, 42 T oxalic acid, 15 "8 water. In lignite at 
Kolosoruk near Bilin, Duisburg, and Gross Almerode in Hesse. 

706. Whewellite, CaG-tS. 

Oblique prismatic, C 72° 41'. coP 100° 36'. Cl. basal, perfect; 
brittle. H. =2'5 to 2 '8; G. = 1'838. Transparent to opaque; 
vitreous. Colourless. C.c. :49’31 oxalic acid, 38 ’36 lime, 12'33 
water. Hungary. 


THE lillNEEAL EESINS. 

Many of these are only vegetable resins slightly altered. Naphtha 
is fluid ; the others solid, with H. =1 to 2 or 2 '5. Jlost are amor- 
phous, a few crystalline and monoclinic. G. =0'6 to 1'6. Mostly 
resinous ; colourless, or coloured brown, yellow, or red, with paler 
streak. Sol. in acids, alcohol, ether, and oUs. ^lelt readily, and 
burn with flame and smoke. 

707. Naphtha, Petkoleusi, CHo. 

Liquid. Colourless, yellorv, or brown. Transparent or translu- 
cent. G. =0‘7 to 0’9. Volatilizes in the atmosphere with an 
aromatic bituminous odour. C.c.: 84 to 88 carbon, and 12 to 16 
hydrogen. Varieties are — 

Naphtha . — Very fluid, transparent, and light yellow. Tegem 
Lake in Bavaria, Amiano near Parma, Salies in the Pyrenees, 
Eangoon, Baku on the Caspian Sea, China, Persia, and North 
America. Used for burning, and in preparing varnishes. 

Petroleum . — Darker yellow or blackish brown ; less fluid or 
volatile. Ormskirk in Lancashire ; Coalbrookdale, Pitchford, and 


JIadeley in Shropshire ; St Catherine’s "Well, south of Edinburgh • 
Mainland of Orkney ; and many other parts of Europe. ° ’ 

708. Elateeite {Elastic Bitumai, ZRneral Caoutchouc), CH 

Compact ; reniforra or fungoid ; elastic and flexible like caout- 
chouc, very soft. G. =0 ‘8 to 1-23. Eesinous. Blackish, reddish" 
or yellowish brown. Strong bituminous odour. C.c.: 84 to 86 
carbon, 12 to 14 hydrogen, and a little oxygen. Derbyshire 
Montrelais near Nantes, and Woodbury in Connecticut. ’ 

709. Asphaltu.w, Bitu.mex. 

Compact and disseminated ; fracture conchoidal, sometimes 
vesicular; sectilc, H.~2; G. =1T to 1-2. Opaque, resinous, 
and j)itch-black; strong bituminous odour, especially when rubbed! 
'Takes fire easily, and burns with a bright flame and thick smoko! 
Sol. in ether, except a small remainder, which is dissolved in oil 
of turpentine. C.c.: 76 to 88 carbon, 2 to 10 o.xygcn, ,6 to 10 
hydrogen, and 1 to 3 nitrogen. Limmer near Hanover, Seyssel on 
the Ehone, Val 'Travers in Neufchatel, Lobsann in Alsace, in the 
Harz, Dead Sea, Persia, and Trinidad ; Cornwall, Haughmond llill 
(Shropshire), East and West Lothians, Elio and Burntisland (Fife). 

710. Albektite. 

M.-issive. Velvet-black. Adamantine lustre; brittle. C.c.: 
carbon 86, hydrogen 9, nitrogen 2'9, oxygen 2. Hoy, Orkney; 
Strathjieffer, Eoss ; Hillsborough, New Brunswick. 

711. PlAUZlTE. 

Massive; imperfect conchoidal, sectile. H. “1'5; G. ■=1'22. 
Dimly translucent on very thin edges ; resinous. Blackish brown ; 
streak yellowish brown. Fuses at 600° Fahr., and burns with an 
aromatic odour, lively flame, and dense smoke. Sol. in ether and 
caustic potash. Piauze near Eudolfswcrth in Carniola. 

712. IXOLVTE. 

Massive ; conchoidal fracture. H. = 7; G. — 1‘008. Eesinous. 
Hyacinth-red ; streak ocluc-yellow. Eubbed between the lingers 
it emits an aromatic odour ; becomes soft at 119°, but is still 
viscid at 212°. Oberhart near Glogguitz in Austria. 

713. Amber (Succinite), Cj^HgO. 

Bound irregular lumps, grains, or drops. Fracture perfect con- 
choidal ; slightly brittle. H. 2 to 2 '5 ; G. =■ 1 to 1 •!. 'Transpiarent 
to translucent or almost opaque ; resinous. Honey-yellow, hyacinth- 
red, brown, yellowish white ; also streaked or spotted. When 
rubbed emits an agreeable odour, and becomes negatively electric. 
It melts at 550°, emitting water, an cmpyreumatic oil, and succinic 
acid ; it burns with a bright flame and pleasant odour, leaving a 
carbonaceous remainder ; only a small part is soluble in alcohol. 
C.c.: 79 carbon, 10’5 hydrogen, and 10'5 oxygen. Derived cluefly 
from an extinct coniferous tree (Pinites succinifer), and found 
in the 'Tertiary and diluvial formations of many countries, especially 
northern Germany and shores of the Baltic, Sicily, Spam, and 
northern Italy, rarely in Britain (on the shores of Fife, Norfolk, 
Suffolk, and Essex, and at Kensington, near London). Used for 
ornamental purposes, and for prep.aring succinic acid and var- 
nishes. Krantzitc, from Nicuburg, is essentially the same. 

714. Eetixite (Ectinasphall). 

Eoundish or irregular lumps ; fracture uneven or conchoidal ; 
very easily frangible. H. “I'S to 2; G. = 1'05 to IT 5. Trans- 
lucent or opaque,; resinous or glistening. YeUow or brown. 3Ielts 
at a low heat, and burns with an aromatic or bituminous odour. 
C.c.: in general carbon, hydrogen, and oxygen, in very un- 
certain amount. Bovey,, HaUe, Cape Sable, and OsnabrUck. 
Pyroretinitc from Aussig in Bohemia is similar. 

715. Walchowite, CijHsO . 

Bounded pieces, with a conchoidal fracture. H. =_1’5 to 2; 
G. =>1’035 to 1‘069. Translucent, resinous. Yellow with brown 
stripes, and a yellowish white streak. It fuses at 482°, and burns 
readily. Soluble partially (7 '5 per cent.) in ether ; in s. acid forms 
a dark-brown solution. C.c.: SO‘4 carbon, 10‘7 hydrogen, and 
8'9 o.xygen. Walchow in'3Ioravia. 

716. Cop.\LiNE (Fossil Copal, Ilighcjalc Eesin), C.joH|yO. 

Irregularfragments. H. = 1 '5; G. -= 1 '046. Translucent, resiuous; 

burns with li^it yellow flame and much smoko; alcohol dissolves 
little of it ; becomes black in sulphuric acid. C.c.: 85 ’54 larbon, 
11 '63 hydrogen, 2 ’76 oxygen. Highgate near London. A sunuar 
resin from Settling-Stones mine in Northumberland, found in flat 
drops or crusts on calc-spar, is infusible at 500° Fahr. ; G. =1'16 to 
1'54; it contains 85 '13 carbon, 10 '85 hydrogen, and 3 '26 ashes. 

717. Berehgelite, CjoHgoOg. 

Amorphous; conchoidal fracture. Dark brown, inclining^® 
green; yellow streak. .Eesinous; unpleasant odour, and mtt'-’^ 
taste. Fuses below 212°, and continues soft afterwards at ordinaO 
temperatures; easily soluble in alcohol. C.c. : 72'40carbou, 9 - 
hydrogen, 18 '31 oxygen. San Juan de Berengela in Peru. 

718. Guattaquillite, CooH^jOj. 

Amorphous ; yielding easily to the knife, and very friable. 
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— 1'092. Pale yellow. Slightly resinous. Fluid at 212^ viscid 
when cold; slightly soluble in water, and Largely in alcohol, formin'' 
a yellow fluid with a bitter taste. C.c. : 77-01 carbon, 8-18 hydro- 
gen, and 14-80 oxygen. Guayaquil in South America. 

Bogbulter, from the Irish peat mosses, is similar ; it melts at 
124°, is easily soluble in alcohol, and contains 73-70 carbon, 12-50 
hydrogen, and 13-72 oxygen. 

719. Haetise, 

Eound masses or thin layers. Brittle, but easily cut with a 
knife. G. = 1 -6. Kesinous. Reddish brown by reflected and deep 
red by transmitted light ; streak light brown. Becomes black on 
exposure. C.c.: 86-43 carbon, 8-01 hydrogen, 5-56 oxygen. In 
the main coal seam at Middleton near Leeds, and at Newcastle. 

720. OzocEBi-TB (A'aiive Paraffin), CH . 

Amorphous, sometimes fibrous. Very soft, pliable, and easily 
fashioned with the fingers, G. =0-94 to 0-97. Glimmering or 
glistening; semitranslucent. Yellowish brown or hyacinth-red by 
transmitted, dark leek-green by reflected light. Strong paratfin 
or aromatic odour ; fuses easily to a clear oily fluid ; at higlier 
temperature burns with a clear flame, seldom leaving any ashes ; 
readily soluble in oil of turpentine, with great difficulty in alcohol 
or ether. C.c. : 85-7 carbon, and 14-3 hydrogen. Binny (Linlith- 
gow), and Edinburgh ; Slanik and Zictriska in iloldavia, near 
Gaming in Austria, and Baku ; also at Urpeth coal-mine near 
Newcastle-on-Tyne. Pgropissite may be a variety. 

721. HA-rcHErriiTE {Mineral Tallow). 

Flaky, like spermaceti; or subgranular, like beeswax; soft and 
flexible. G. =0-6. Translucent; weak pearly. Yellowish white, 
wax-yellow, or greenish yellow-. Greasy inodorous ; readily soluble 
in ether. C. c. : 85 -91 carbon, 14-62 hydrogen, or similar to ozocerite. 
Loch Fyne (fusible at 115°), ilerthyr-Tydvil, Schaumburg. 

722. Fich-telite, CJIj. 

Crystalline (oblique prismatic) lamellae, w-hich swim in w-ater, 
but sink in alcohoL White and pearly. Fuse at 114°, but again 
become crj-stalline on cooling. Very easily soluble in ether, and pre- 
cipitated by alcohol. C.c;: 88-9 carbonand 11-1 hydrogen. In pine 
wood in a peat-moss near Redwitz in Bavaria. 

723. Haf.tite, CoHj. 

Anorthic; but mostly like spermaceti or white wax, and lamellar. 
Sectile, bat not flexible, H. =1; G. =1-046. Translucent; dull 
resinous. Wliite. 3Ielts at 165°, and burns with much smoke. 
Very soluble in ether, much less so in alcohol. C.c.: 87-8 carbon, 
and 12-2 hydrogen. Oberhart in Austria. 

724. Koklite, CjH. 

Crystalline folia and grains. Soft. G. =0-88. Translucent; 
resinous. White, without smell. Fuses at 120° to 137°. Sol, in 
n. acid; precipitated by water in a w-hite crj-stalline mass. C.c.: 
92-3 carbon, 7-7 hydrogen. Uzuach near St Gall, Redwitz. 

725. SCUEEBEBITE, CIL;. 

Oblique prismatic ; tabular or acicular. Soft and rather brittle. 
G. =1 to 1-2. Translucent; resinous or adamantine. White, in- 
clining to yellow or green. Feels greasy, has no taste, and when 
cold no smell, but when heated a weak aromatic odour. Insoluble 
in water; readily sol. in alcohol, ether, and n. and s. acids. C.c.: 
75 carbon, 25 hydrogen. Uznach. Branchite, white, ti-anslucent, 
fusing at 167°, is siraUar ; ilontevaso in Tuscany. 

726. Idbialitb, CjHj. 

Massive; fracture uneven or slaty; sectile. H. =1 to 1-5; 
G,=l-4 to 1-6 (1-7 to 3-2). Opaque; resinous. Greyish or 
brownish black ,- streak blackish bron-n, inclining to red. Feels 
grea-sy. Bums with a thick smoky flame, giving out sulphurous 
acid, and leaving some reddish brown aslies. C.c.: 77 idrialine 
( = 94-7 carbon and 5-3 hydrogen) and 18 cinnabar, with a little 
silica, alumina, pyrite, and lime. The idrialine may be extracted 
by warn olive oil or oil of turpentine as a pearly shining mass, 
difficultly fusible. Idria. 


727. Toebakite. 

Massive ; fracture subconchoidaL Yellow, brown-grey, and li"ht 
brown. H. =1-5 to 2; G. = 1-28. C.c. : 60 to 65 carbof^ 9 hjdrog"n 
4 to 5 o.xygen, 10 to 20 silicate of alumina. MHien distilled below 
redness yields a burning fluid holding paraffin in solution • above 
r^ness a large quantity of highly illuminating gas. Shown by 
the niicroscoj)e to consist of granules of n yellow bituniinoid wax 
with interstitial shaly matter. Torbanehill in Scotland, Pilseil 
in Bohemia, Kurakina and Murayevna in Russia. 

728. Dopplebite. 


Jelly-like elastic masses. Brownish black ; streak brown. Greasy 
lustre. H. =0-5; G. =1-1. After drying H. =2-5; G. = 1-5. Insol- 
uble in alcohol and ether. An acid substance related to humic 
acid. From peat beds, Aussee (Styria) and Switzerland. 


THE COALS. 

729, Axtheacite {Glance Coal). 

Massive anddisseminated; rarely columnar. Fracture conchoidal ; 
brittle. H.=2to2-5; G. = l-4tol-7, Opaque; brilliant metallic. 
Iron-black; streak unaltered. Perfect conductor of electricity. 
Bums difficultly writh a very weak or no flame, and does not cake ; 
in the closed tube yields a little moisture, but no cmpjTeumatic 
oil; detonates with nitre. C.c.: carbon above 90 per cent., with 
1 to 3 oxygen, 1 to 4 hydrogen, and 0 to 3 nitrogen ; and ashes 
chiefly of silica, alumina, lime, and peroxide of iron. Common in 
some parts of all coal-fields; and especially in the United States, as 
in Rhode Island, ilassachusetts, and above all in Pennsylvania. 
Used chiefly for manufacturing metals. 

730. COMMOK Coal {Blade Coal, Slone or Mineral Coal, Bitu- 
minous Coal). 

Compact, slaty, or confusedly fibrous; often dividing into rhom- 
boidal, columnar, or cubical fragments. Fracture conchoidal, un- 
even, or fibrous; rather brittle or sectile. H. = 2 to 2-5; G. =1-2 to 
1-5, Vitreous, resinous, or silky in the fibrous variety. Blackish 
brown, pitch-black, or velvet-black. Burns easily, emitting flame 
and smoke, with a bituminous odour ; heated in the closed tubo 
yields much oil. C.c. : 74 to 90 carbon, with 0-6. to 8 or 15 oxygen, 
3 to 6 hydrogen, 0 to 1 to 2 nitrogen, O'l to 3 sulphur, and 1 to 11 
earthy matters or ash, in 100 parts. 

Slate Coal or Splint has a thiek slaty structure, and an uneven 
fracture. Cherry Coal is the name_ applied to the brittle highly lus- 
trous variety common in the English coal-fields. Caking Coal is a 
more bituminous variety which undergoes semifusion when ignited, 
caking oragglutinating during combustion. Cannel Coal has a resin- 
ous, glimmering lustre, and a flat-conehoidal fracture, breaks into 
irregular cubical fragments, but is more solid and takes a higher 
polish than other varieties. This bums with a bright flame, and 
yields much gas. Abundant in many lands, as in England, Scot- 
land, and Ireland, in Belgium and France, in Germany and 
southern Russia. British America and the United States possess 
immense fields, especially in the valley of the Mississippi. Also 
found in China, Japan, Hindustan, Australb, Borneo, and several of 
the Indian blonds. 


731. Ligsite {Jet, Brown Coal). 

Dbtinctly vegetable in origin , — the external form, and very often 
the internal woody stracture, being preserved. The texture is com- 
pact, woody, or earthy. Fracture conchoidal, woody, or uneven ; 
soft and often frbble. G. = 0-5 to 1-5. Lustre sometimes resin- 
ous, mostly glimmering or dulL Brown, black, or rarely grey. 
Bums easily with an unpleasant odour; colours solution of potash 
deep brown. C.c.: 47 to 73 carbon, 2-5 to 7 -5 hydrogen, 8 to 33 
oxygen (with nitrogen), and 1 to 15 ashes. Jet is pitch-black, with 
conchoidal fracture and resinous lustre. Brown coal occurs at 
Bovey-Tracy in Devonshire; also in Germany, Hungary, France, 
Italy, and Greece. The Surturbrand of Iceland seems a variety. 
Used as fuel, but much inferior to common coal. The Oolitic 
coab of Yorkshire, Antrim, Brora, Mull, and Skye are intermedi- 
ate varieties. 


Ikdex of Minekal Species. 


Abnachanitc, g 3L 
Acanthite, 170, 
Acmite, 570. 
ActinoUte, 578, 
Adamite, 410. 
Adiaole. 590, 
Adolaria, 5S9. 
iE^jerine, 57L 
,£3chynite, C38. 
Aj?alraatolite, G47. 
Aikinite. 231. 
Alabandine, 180. 
Alabaster, 319. 
Alalite, 5S7. 
Albertlte, 710. 


Alblte, 590. 
Alexandrite, 94. 
AlgodoiHte, 192. 
AUanite, 474, 
AUemontite, 7. 
j Allochroite, 493. 

: AUomorphite, 313. 
Allopallidium, 30. 
AUophane, 639. 
Almandine, 493. 
Aistonitc. 283. 
Altaite, 163. 

Alum, 341. 
Aluminite, 329. 
i Alunlte, 343. 


Alunogenc, 328. 
Amalgam, 24. 
Amazon stone, 589. 
Amber, 713. 
Amblygonite, 450. 
Amblystegite, 565. 
Amethyst, 81, 135. 
Amianthus, 567, 
57a 

.Amphibole, 578. 
Amphodelite, 59L 
Analdme, 605. 
Anatase, 96. 
Anauxite, 641. 
.Vndalusite, 460. 


Andcsine^ 594. 
Anglesite, 316. 
Anhydrite, 312. 
Ankerite, 274. 
Annabergite, 333, 
Anneroditc, 632. 
Annivite, 233. 
.\nomite, 515. 
Anorthite, 59L 
Anthophyllitc, 577. 
Anthracite, 729. 
Anthraconite, 272. 
Antigorite, 5-5L 
.\ntimonial nickel, 
134. 


Antimony, 6. 
Apatelitc, 331. 
Apatite, 443. 
Aphrilc, 272. 
Aphrodite, 545, 
ApophylUtc, 60X 
Aquamarine, 536. 
Aragonite, 231. 
Arcanite, 303. 
Ardcnnite, 677. 
Arfvcdsonite, 579. 
Argentite, 169. 
Arkanrite, 97. 
Arksotite, 41. 
Arquerit^ 23. 


Arsenic, 6. 
ArsenioaIderite,439. 
Arsenolite, 223- 
Asbestos, 573. 

I Asphaltum, 709. 

' .\strakanite, 337. 
Astrophyliite, 530. 
Atacamite, 69. 
Atopitc, 376. 
Aagitc, 567. 
Aurichaldte, 297. 
Araite, 28. 
Avanturine, 135, 
Axinitc, 494. 
Azurite, 294. 


Babingtonite, 575. 
Balkallte, 5C7. 
Barsovite, 596. 
Bar)'ta-ralca, 52 L 
Barj’tc, 313. 
Barj'tO'Calcite, 237. 
Baryto-ceJestJne, 
314. 

Bastltc, 561. 
Basinaesltc, 37. 
Beaamontite, 61-4. 
Beauxite, 112. 
Beegerite, ICO. 
Beraunitc, 400. 
Berengelite, 717. 


Bcrgholz, 660. 
Berthlerine, 5C2, 
Benhieritc, 213. 
Beryl, 586. 
'Berzeiinltix 166. 
Berzclitc, 370. 
Beudanlite, 456. 
Bieberitc, 327. 
Binnite, 221. 

I Blotitc, 512. 
BIsmitc. 126, 
Bismuth, 3. 
Bliinutliine, 209. 
BIsmuthite, 302. 
BUmutoferrite, 667. 
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Bismnto-sphsrite, 

288. 

Bitter-spar, 273. 
Bitumen, 7QS, 708, 
Bleinierc, 701. 

Blende, 177. 

Bloditc, 337. 
Blomstrandite, GS5. 
Bloodstone. 135.- 
Bodenite, 474. 
Bogbutter, 71S. 
Bogoslovsiite, 492. 
Bole, 655. 

Bollvite, 250. 
Bolognese stone, 

313. 

Boltonite, 476. 
Bonsdorflte, 535. 
Boracite, 202. 

Borai, 206. 

Bomitc, 190. 
Borocalcite, 207. 
Botryogenc, 347. 
Botryolite, 470. 
Boulangerite, 227. 
Boumonite, 230. 
Branchite, 726. 
Brandisite, 524. 
Braunite, 100. 
Bravaisite, 653. 
Breislackite, 507. 
Breitliauptite, 184. 
Breunnerite, 276. 
Brewsterite, 015. 
Brochantite, 334. 
Bromite, 56. 
Brongniartinc, 311. 
Bronzite, 504. 
Brooklte, 97. 

Brown coal, 731. 
Brucite, 114. 
Brusliite, 377. 
Bunsenlte, 70. 
Bustamite, 574. 
Byiichrite, 155. 
Bytsollte, 578. 
Cacholong, 137. 
Cacoxene, 402. 
Cairngorm, 135. 
Calaitc, 404. 
Calamine, 280. 
Calcite, calc-spar, 
272. 

C.aledonitc, 350. 
Calomel, 49. 
Canerinite, 500. 
Caporcianite, 612. 
Carbuncle, 493. 
Camallite, 62, 
Camat, 631. 
Camclian, 135. 
Carphollte, 050. 
Carphosiderlte,332. 
Cassiterite, 98. 
Cassitcrotantalitc, 
091. 

Castor, 573. 
Catapleltc, 074. 
Cat's-eye, 135. 
Cawk, 313. 
Celiidonite, 500. 
Celcstinc, 315. 
Ccntrolite, 488. 
Cerargj'ritc, 54. 
Corine, 474, 

Cerite, 484. 
Cenissitc, 280. 
Ccrvantltc, 130. 
Chabasitc, 008. 
Clnalcaiithitc, 333. 
Ch.alccdony, 135. 
Chalcolite, 439. 
Chalcomcnite, 257. 
Chalcoplianite, 122. 
ChalcophylUtc, 435. 
Chalcopyrite, 189. 
Ch.ilcosldcritc, 430. 
ChalcotricbUe, 73. 
Chalk, 272. 
Chalybitc, 277. 
Chamoisllc, 502, 
Chert, 13.5. 
Chiastolite, 400. 
Childrcnitc, 432, 
CtiUcnite, 197. 
Chiolitc, 42. 


Chiviatite, 248. 
Chladnitc, 563. 
Chloantite, 140. 
Chlorite, 531. 
Chloritoid, 526. 
Chlorocalcito, 53. 
Chloropal, 657. 
Chlorophsite, 550. 
ChlorophyUite, 585. 
Chlorosplncl, 93. 
Chodnefflte, 43. 
Chondrarsenite, 

395. 

Chondroditc, 482. 
Chonicrite, 535. 
Chrome ochre, 037. 
Chromite, 89. 
Chrysoberyl, 94. 
Chrysocolla, 491. 
Chrysolite, 478. 
Chrysoprase, 135. 
Chry.sotile, 549. 
Cimolite, 033. 
Cinn.abar, 198. 
Cinnamon stone, 
493. 

CipoHino, 272. 
Clarite, 246. 
Clausthalite, 101. 
Clay ironstone, 277. 
Clays, 029. 
Clinochlore, 533. 
Clinoclase, 424. 
Clintonitc, 524. 
Coals, 729-731. 
Cobaltitc, 143. 
Cobaltspath, 279. 
Cobalt vitriol, 327. 
Coccinite, 53. 
Coccolite, 507. 
Cmruleolactin, 405. 
Colophonite, 493. 
Coloradoite, 202. 
Columblte, 693. 
Condurrite, 192. 
Connellite, 72. 
Cop.alino, 710. 
Copiapite, 331. 
Copper, 18. 
Copperas, 324. 
Copper-blende, 238. 
Coquimblte, 330. 
Cordlerite, 685, 
Comwallite, 418. 
CorundophylUte, 
533. 

Corundum, 81. 
Cotton-stone, 623. 
Cotunnite, 00. 
Covelllne, 188. 
Crednerlte, 102. 
Crichtonite, S3. 
Crocalite, 022. 
Crocoisite, 355. 
Cronstedtite, 639. 
Crookesite, 107. 
Cryolite, 40. 
Cryophyllite, 517. 
Cryptolite, 367 
Cuban, 191. 

Cube ore, 403. 
Cupiite, 73. 
Cuproplumbite, 
159. 

Cyanite, 401, 
Cymophane, 94. 
Cyprine, 475. 
Banalite, 497. 
Danburitc, 495. 
Danvlnite, 192. 
Datholltc, 407. 
Davidsonitc, 580. 
Davine, 500. 
Dechenlte, 373. 
Delafossite, 73. 
Dclcssite, 538. 
Demidowite, 492. 
Derraatinc, 555. 
Desclolzltc, 414. 
Diadochltc, 454. 
Diallage, 508. 
Dialogite, 278. 
Diamond, 13. 
Diasporc, 107. 
Dichroltc, 585. 
Dicklnsoalte, 392. 


Dietrichite, 3il. 
Dihyrite, 419. 
Dimorphite, 207. 
Diopside, 507. 
Dloptase, 490. 
Dlphanitc, 522. 
DipjTe, 502. 
Discrasite, 170. 
Disthene, 461. 
Dolomite, 273. 
Domeykite, 192. 
Dopplerite, 728. 
Dufrenite, 399. 
Dufrenoysite, 223. 
Durangite, 451. 
Dysanalyte, 683. 
Dysluite, 91. 
Ecdemite, 458. 
Edingtonite, 620. 
Ehlite, 421. 
Eisennickelkies, 

182. 

Eloeolite, 500. 
Elaterite, 708. 
Electmm, 25. 
Eleonorite, 401. 
Eliasite, 113. 
Embolite, 55. 
Embrethite, 227. 
Emerald, 81, 580. 
Emerald-nickel 
293. 

Emery, 31. 
Emmonite, 284. 
Emplectite, 210. 
Enargite, 245. 
Enstatite, 503. 
Eosite, 359. 
Eosphorite, 433. 
Epiboulangerlte, 

250. 

Epiehlorite, 533. 
Epidote, 473. 
Epigenite, 249. 
Eplstilbltc, 613. 
Epsomite, 321, 
Erinlte, 418. 
Erlthrosiderite, 05. 
Erythrite, 380. 
Esmarklte, 585. 
Euchroite, 417. 
Euclase, 408. 
Eucrasite, 043. 
Eudialitc, 673. 
Eudnophite, 605. 
Eukairite, 103. 
Eukolitc, 673. 
Euiytine, 498. 
Euphyllite, 623. 
Euxenite, 087. 
Evansite, 406. 
Evigtokite, 47. 
Fahlerz, 237. 
Fahlunite, 585. 
Fairfieldite, 394. 
Famatinite, 247. 
Fargite, 623. 
Faroclite, 620. 
Fassaltc, 507. 
Faujasite, 007 
Fayalite, 477. 
Fclinite, 655. 
Felsohanyite, 329. 
Felspars, 589-597. 
Ferbcritc, 304. 
Fergusonite, 695. 
Ferrotitanito, 670. 
Fctbol, 055. 
Fibrotci-rite, 331. 
Fichtelite, 722. 
Fillowite, 390. 
Fiorite, 137. 
Fire-blende, 252. 
Fischeritc, 407. 
Flint, 135. 

Fluellite, 39. 
Fluocerine, 30. 
Fluoccrite, 35. 
Fluorite, fluor-spar, 
33. 

Forchhammerito, 
557. 

Foresite, 021. 
Forsterite, 470. 
Fowlcritc, 574. 
Franklinitc, 83. 


Frenzelite, 210. 
Friedelite, 028.- 
Friescite, ISO. 
Frieslebeuite, 224. 
Fnchite, 519. 

Fuller's earth, 632. 
Gadolinite, 471. 
Gahnite, 91. 
Galactlte, 623. 
Galena, 1,53. 

Galmei, 485. 

Garnet, 493. 
Gaylussitc, 292. 
Gcarksutite, 46. 
Gehlenite, 504. 
Gelbeisenerz, 345. 
Geocionite, 241. 
Gersdorfiite, 147. 
Glbbsite, 116. ' 
Gieseckite, 685, 

650. 

Gigantolite, 685. 
Gilbevtite, 519. 
Giobertite,,276. 
Girasol, 137. 
Gismondine, 624. 
Glagertte, 633. 
Glaserite, 308. 
Glauherite, 311. 
Glaucodote, 144. 
Glauconite, 559. 
Glaucophane, 582 
Gmclinite, 609. 

Gold, 25. 

Goslarite, 322. 
Gothite, 103. 
Grammatite, 578. 
Graphic granite, 

589. 

Graphite, 14. 
Greenockite, 179. 
Greenovite, 068. 
Grunaulte, 154. 
Gruneritc, 584. 
Guanajuatite, 201. 
Guayaquilllte, 718. 
Guejarite, 211. 
Gummite, 120. 
Gymnito, 547. 
Gypsum, 319. 
Gyrolite, 604. 
Hasmatite, 82. 
Haidingerlte, 379. 
Hair-salt, 328. 
Halite, 51. 
Halloysite, 632. 
Hamartite, 38. 
Harmotome, 617. 
Hartlne, 719. 

Hai tite, 723. 
Hatchettlne, 721. 
Hatchettolite, 099. 
Hauerite, 150. 
Haughtonite, 513. 
Hausmannite, 99.' 
Hauync, 510. 
llaydenite, 608. 
Haytoritc, 467. 
Heliotrope, 135. 
Helrlne, 490. 
Hepatite, 313 
Hcrcynite, 92. 
Ilerderlte, 452. 
Hermannlte, 583. 
Ilcrrengrundite, 
34a 

Ilerschelite, 011. 
Hessite, 174. 
Hetcrozlto, 391. 
Heulandite, 614. 
llisingcrite, 659. 
Hislopite, 272. • 

Hjclmite, 690. 
Ilomilite, 469. 
Hopeite, 409. 
Horbachlte, 156. 
Honiblcnde, 573. 
Hdmcslte, 383. 
Homstonc, 135, 
589. 

HUbnerite, 305. 
Iludsonite, 567. 
Ilumboldtilitc, 503, 
Ilumlte, 482. 
Hureaullte, 391, 
Huronltc, 585. 


Hyaeinfh, 138. 
Hyalite, 137. 
Hyalophane, 595. 
Hyalosiderite, 478. 
Hydrargillite, 116. 
Hydroboracite, 270. 
Hy dromagnesit e, 
293. 

Hydrophane, 137. 
Hydrophite, 552. 
Hydrotalcite, 118. 
Hydrozineite, 296. 
Hygrophilite, 652. 
Hypersthenc, 565. 
Hypochlorite, 667. 
Hypostilbite, 612. 
Hypoxanthite, 061. 
Ice, 74. 

Iceland spar, 272. 
Ice-spar, 589. 
Ichthyophthalmite, 
003. 

Idocrase, 475. 
Idrialitc, 726. , 
Ilmenitc, 83, 
Indicolite, 466. 
Inverarite, 182. 
loditc, 57. 
lolite, 585. 

Iridium, 23. 
Iridosmium, 32. 
Irite, 89. 

Iron, 10. 

Iserine,84. • 
Ixolyte, 712. 
Jacobslte, 87. 

Jade, 578. 

Jadeite, 597. 
Jalpaite, 171. 
Jamesonitel 222. 
Jarosite, 344. 
Jasper, 135. 
Jeffersonite, 509. 
Jet, 731. 

Johannite, 336. 
Jordanite, 236. 
Joseite, 12. i 

Julianite, 234. 
Kainite, 352. 
Kammererite, 532. 
Kaolin, 629. 
Karelinite, 255. 
Karstenite, 312. 
ICcilhauite, 609. 
Kermesito, 253. 
Kieserite, 320. 
KilbricUenite, 242. 
KiUlnite,_572, 651. 
ICirwanite, 558. 
Klaprothite, 220. 
Klipsteinite, 662. 
Knebelllte, 480. 
Kobaltbeschlag, 
386. 

Kobellitc, 228. 
KoUyritc, 634. 
Komarit, 664. 
Kongsbergite, 23. 
Konigine, 335. 
KUnlite, 724. 
Koppite, 681. 
KotscUubeyltc, 533, 
Kottlgltc, 387. 
Krantzitc, 713. 
Krauritc, 399. 
Kreittonite, 91. 
Kremersite, 04. 
Krisuvlgitc, 334. 
KrokidoUtc, 581. 
Kuhnlte, 37a 
Kupferbian, 492. 
Kyrositc, 140. 
Labradorite, 593. 
Lanarkite, 317. 
Langitc, 335. 
Lanthanltc, 303. 
Lapis-lazuli, 511, 
Lasionite, 405. 
Latrobite, 591. 
Laumontitc, 612. 
Laurite; 204. 
Lautlte, 172. 
Lavcndulan, 330. 
Lazulitc, 431. 

Lead, 19. 
LcadhllUte, 300. 


Leadspar, 280. 
Leberkies, 140. 
Leelite, 589. 
Lenzinitc, 032. 
Leonharditc, 012. 
Lepldolite, 518. 
Lepidomelane, 514. 
Lepolite, 591. 
Lerbachite, 200. 
Lettsomite, 351. 
Lcuchtenbergitc, 
532. 

Lcucitc, 505. 
Leucophane, 587. 
Leucopyrite, 142. 
Levyne, 610. ' 
Lherzolite, 507. 
Libethenite, 411. 
Llebenerite, 049. 
Licbigite, 301. 
Lievrite,'483. ■ 
Lignite, 731. 
Lime-mica, 522. 
Limestone, 272. 
Limnite, 117. 
Limonitc, 110. 
Linarite, 349. 
Lindakeritc, 299. - 
Linnmite, 152. 
Liroconite, 434. 
Lithiophilite, 309. 
Lithomarge, 031. 
Llthoxylon, 137. 
Loam, 629, 

Loweite, 338. 
Luchssapphir, 585. 
Lucullite, 272. 
Ludlamite, 389. 
Lndwigite, 265. 
Luinachello, 272. 
Liinebnrgite, 457. 
Lunnitc, 423. 
Luzonito, 240. , 
Lydian stone, 135. 
Magnesia-mica, 

512. 

Magnesio-ferrite, 

SO. 

Magnesite, 275. 
Magnetite, 85. 
Magnolite, 354. 
Malachite, 295. 
MalacoUte, 567. 
Malacone, 042. 
Maldonitc, 196. 
MalJardite, 320. ' 
Malthazite, 633. 
Manganese, red, 
278. 

Manganese-spar, 

574; 

Manganite, 109. 
Manganocaleite, 
285. 

Marble, 272. . 

Marcasite, 140. 
Marceline, 100. 
Margaritc, 522. 
Margarodlte, 519. 
Marl, 272. 
Marmolite, 550. 
Martlte, 82. 
Mascagnlne. 309. 
Masonite, 527. 
Massicot, 78. 
Matlocldte, 66. 
Moxlte, 300. 
Meerschaum, 544. 
Megabaslte, 300. 
Melonite, 500. 
Melaconite, 79. 
Melanitc, 493. 
Melanteritc, 324. 
Melinophane, 588.- 
Mellilite, 503. 
MeUite, 704. 
Melonite, 193. 
Mclopsitc, 631. 
Mendipite, 67. 
Mencghinlte, 235. 
Mcngite, 690. 
MenUite, 137. 
Mercury, 20. 
Mesolite, 623. 
Meteoric iron, 16. 
Miargyrite, 212. 


Mica, 512. 
Mlcrocline, 589. 
Microlite, 084. 
Microsommlte, 507. 
Micmite, 273. 
Mllarite, 573. 
Millerlte, 181. 
Miloschin, 635. 
Mimetesite, 446. 
Minium, 104. 
Mirabllite, SIS. 
Mispickel, 141. 
Misy, 331. 

Mixitc, 425. ' 
Mizzonite, 501.' 
Molybdenite, 203. 
Molybdite, 127. 
Molysite, 61. 
Monazite, 368. 
Monradite, 543. 
Montanite, 353. 
Montebrasite, 450. 
MontlcclUte, 481. 
Montmorillonlte, 
636. 

Moonstone, 589. ' ' 
Morenosite, 323. 
Morion, 135. 
Morocochite, 213. 
Morvenite, 017. 
Mosandrite, 672. 
Moss-agate, 135. 
Mottramite, 420. 
Murchlsonltc, 589. 
Muriacitc, 312. 
Muscovite, 519. 
Mussite, 607. 
Myelin, 031. 
Nacrlte, 030. 
Kadorite, 702. 
Nagyagite, 195. 
Naphtha, 707. 
Natrolite, 022. 
Natron, 200. 
Naumannite, 173. 
Needle-ore, 231. 
Nemallte, 114. 
Nephellnc, 500i 
Nephrite, 578. 
Newberyite, 378. 
Nevrjanskltc, 31. 
Nickel, arsenlatcof, 
371. 

Nickelerz, 372. 
Nickelite, 183. 
Nitratine, 253. 
Nitre, 259. 
Nitrocalcite, 200.. 
Nitroroagnesite, 
261. 

Nohlitc, 60S. 
Nontronite, 657. 
Noscan, 509. 
Ochran, 655. 
CErstedite, 675. 1 
Okenite, 602. 
Oligoclase, 592. 
Olivenitc, 412. 
OUvlne, 478. 
Oncosin, 648. 
Oolite, 272. 

Oosite, 585. 

Opal, 130, 137. ' 
Or!mgite,'G45. 
Orpiment, 206. 
Orthite, 474. 
Orthoclasc, 589. 
Osmiridium, 31. 
Ottrellte, 528. 
OxalitC, 706. 
Oihavcerite, 003. 
Ozocerite, 720. 
Pachnolitc, 44. 
Paisbergite, 574. 
Palladium, 29. 
Paraflln, 720. 
Paragonite, 520. 
Pargasitc, 578. 
Parisite, 305. ; 

Paulite, 565. 
Pectolitc, 598. 
Peganite, 408. 
Peliom, 585. 
Pennine, 532. 
Pentlandite, 182. 
Percylltc, 71. 


Pcriclasc, 75. 
Pericllne, 5M.- 
Peridotc, 478. 
Perovskltc, 080. 
Petalite, 573. 
Petroleum, 707. ■ 
Petuntze, 589. 
Petzite, 175. 
Phacolite, 603. 
Pharraacolite, 351. 
Pharmacosiderile, 

403. 

Phenacite, 489. 
Phillipsite, 616. 
Phlogoplte, 516. 
Phomico-eUroite, 
356. 

Phosgenite, 304. 
Phosphorochalcite, ' 
423. 

Piauzlte, 711. 
Pickeringite, 34L 
Picotitc, 93. 
Picrolite, 549. 
Picrophyll, 541. 
Plcrosralne, 542. 
Pledraontite, 473. 
Pilolitc, 580. 
Pimelite, 548.- 
Pinguitc, 653. 
Finite, 585. 
Pinitold, 654. 
Pisolite, 27'2. 
Pissophane, 332, 
Pitch blende, 90. 
Pitticitc, 455. 
Plagionitc, 219. 
Plasma, 135. 
Platinlridium, 27. 
Platinum, 26. 
Piattnerite, 103. 
Plconaste, 93. 
Piinthitc, 655. 
Plombgommc, 442. 
Piumbocalcitc, 272. 
Plumbostib, 227. 
Pollux, 006. 
Polyargj'rite, 244. 
Polybasltc, 243, 
Polycrase, 086. 
Polydyroltc, 154. 
Polyhalite, 340. 
Polyhydrite, GS9. 
Polymlgnite, 689. 
Polytelitc, 239. 
Porcelain earth, 
629. 

Porpezitc, 25, 
Potstone, 540. 
Prase, 135. 
Prascolite, 585. 
Prehnitc, 027. 
Prosopitc, 48. 
Pronstlte, 226. 
Psilomelane, 121. 
Psittacinite, 374. 
Pucherite, 375. 
Puflierite, 619. 
Pycnlte, 463. 
Pycnotrop, 535. 
Pyrallolite, 554, 
Pyrargilllte, 585. 
Pyrargyrite, 225. ■ 
Pyrite, 139, 140, 
^51, 185, 189. 
Pyroanrite, 119. 
Pyrochlore, 084. 
Pyrochroite, 115. 
Pyrohisltc, 101. 
Pyromorphltc, 411. 
Pyropc, 403. 
Pyrophyillte, 640. 
Pyrophysalltc, 4C'd 
Pyropissltc, 720. - 
Pyroretinite, 714.. 
Pyrortliltc, 474. 
Pyrosclerltc, 534. 
Pyrosmallte, 529. , 
Pyroslllpnltc, 25-2. 
Pyroxene, 667. 
Pyrrhite, 681. 
Pyrrhotltc, 15L 
Quartz, 135. 
Bammelsbcrgltev 
149. 

Karoumo.'rsh'ti.C37. ■ 


M I N — M I N 


Realgar, 205. 
Rcddln^tc, 39G. 
Reddle, 82. 
Rcdnithlte, 1C4. 
Rcinltc, 3G3. 
Reissitc, G13. 
Resins, 707-723. 
Rctinitc, 71-1. 
Reusaine, 337. 
Rhaglle, 420, 
Rhodlzltc, 264. 
Rbodochromc, 532. 
Rhodonite, 574. 
RIpidoHtc, 533. 
Rlttingeritc, 187. 
Rivotitc, 703. 
Rock-crystal, 135. 
Rock-salt, 51. 

Rock soap, 655. 
Romanzowitc, 493. 
Romcite, 700. 
RoscoelJtc, 678. 
Rosclltc, 8S0. 
RothoflUc, 493, 
Ruttisitc, 601. 
Rubcllan, 512. 
Rubellltc, 400. 
Rublcclhi, 93. 

Ruby, 81, 93. 

RutUc, 05. 

Sahlitc, 567. 
Salmlac, 52. 

Salt, 51. 

Saltpetre, 250- 
Samarskitc, C97. 
Sandbergerite, 521. 


SanUllne, 5SD. 
Saponite, 548. 
Sapphire, 81. 
Sapphire d’eau, 
585. 

Sapphlrine, 93. 
Sapphlritc, 405. 
Sarcollte, 499. 
Savtorlte, 214. 
Sassoline, 105. 

I Satin-spar, 231. 

I Saussurite, 597. 
Savon do verricr, 

j 101 . 

|Saynitc, 151. 

' ScapoIItc, 502J 
: Scarbroitc, 634. 
jScheellte, 361. 

' Schcercrite, 725. 
Schiller spar, 501. 
Schlmicrlte, 220. 
Sclincebcrgire, 700. 
Schncldcrite, 22. 
Schorl, 460, 
Schorlomito, 070. 
Schwartzember- 
gltc, 03. 
Scolecitc, 023. 
Scoroditc, 307, 
Selenite, 310, 
Selenium, 3. 
Sclcnsulpiiur, 2. 
Scniirmontltc, 124. 
Serpentine, 549. 
Shale, 029. 

Sldcrlte, 135, 277. 


Sldcroschlsolite, 

539. 

SIdcrosilicIte, 061. 
Siegcnltc, 153. 
Sillimanitc, 402. 
Silver, 21. 

Sinter, 137. 
Slsscrskitc, 32. 
Skuttcrudltc, 157. 
Slate clay, 029. 
Slate spar, 272. 
SmuUlnc, 145. 
Smlkite, 325. 
Smlthsonitc, 280. 
Soda-clmbaslte, 
009. 

Sodalltc, 508. 
Soda-mica, 520. 
Spadaltc, 546. 

Spar, heavy, 313. 
Simthlopyrite, 142. 
Splienc, 663. 
Spinel, 93. 
SpoduracnCj 572. 
Stannitc, 185. 
Stassfuvtltc, 203. 
Staurolite, 404. 
Steatite, 540. 
.Stcinheilite, 585. 
Stophanitc, 240. 
Stcnibergltc, 180. 
Stlblconltc, 130. 

! Stibnlte, 203. 
IStllblte, 013. 
Sillpiiomclano, 501. 
Stolpenite, 055. 


Stolzltc, 302. 
Strahlstein, 578. 
Strengite, 398. 
Stromeyeiitc, 105. 
Strontianitc, 284. 
Struvite, 42^ 
Studerite, 233. 
Stylotyp, 232. 
Succinite, 713. 
Sulphur, 1. 
Sunstone, 592. 
Suvturbiand, 731. 
Susannitc, 307. 
Sussexite, 271. 
Svanbergitc, 453- 
Sylvanitc, 194. 
Sylvlte, 50. 
Symplesite, 385. 
Syngenite, 339. 
Szaholte, 57C. 
Szalbclyitc, 209. 
Tabergitc, 532, 

I Tabular spar, 560. 
j Tachhydritc, 03. 
iTagilire, 416. 

Talc, 540. 

Tulcosite, 040, 
Talllngltc, 70. 
Tantallc ochre, 134. 
Tantalite, 091. 
Taplolltc, 692. 
Telluric bismuth, 9. 
Telluric iron, 10. 
Telluiitc, 133. 
Tellurium. 4; black, 
195 ; graphlc,194. 


Tcnnantitc, 238. 
Tenoritc, 80, 
Tephroite, 479. 
Tctradymitc, 10. 
Tetrahedrite, 237. 
TJiaranditc, 273. 
Thcnardite, 310. 
Thermonatrite, 289. 
Thomscnolltc, 45. 
Thomsonitc, 020. 
Thorite, 044. 
Thraulitc, 659. 
Thrombolitc, 703. 
Thiilitc, 472. 
Thuringite, 537. 
Ticmannitc, 199. 
Tilkcrodltc, 101. 
Tin, 15; ores of, 
98. 

Tindcr-orc, 129. 
TInkal, 260. 
Titanomorphitc, 

079. 

Tobcrmorltc, 001. 
Tocomacllte, 59. 
Topaz, 81, 403. 
Torbanlte, 727. 
Tourmaline, 460. 
Travertine, 272. 
Tremolite, 578, 
Trlclasltc, 585. 
Tridymltc, 130. 
Trlphylitc, 369. 
Triplitc, 448. 
Triploidlte, 393. 
Trlppkcitc, 459. 


Tritomite, 640. 
Trogerite, 427. 
Trona, 291. 
Troostite, 487. 
Tsehewkinite, 071. 
Tufa, 272. 
Tungstite, 128. ' 
Turgitc, 106. 
Turnerlte, 303. 
Turquoise, 404. 
Tyritc, 095. 
Tyrolltc, 422. 
Ulcxitc, 203. 
Ullmannite, 148. 
Umber, 001. 
Uraninite, 90. 
UKinlte, 430. 
Uranocircite, 438, 
Uranophanc, 005. 
Uranospinite, 437, 
Uranotantalite, 697. 
Uranothoritc, 044. 
Uranotilc, 066. 
Uran-vitriol, 330. 
Urao, 291, 

Urusite, 340, 
Uwarowite, 493, 
Valcntlneite, 125. 
Vanadine-bronzitc, 
508. 

Vanadinltc, 445. 
Variscitc, 400. 
Varviclte, lOl. 
Vauquellnitc, 357. 
Venus* hair, 95. 
Veszclyite, 413. 


Villarsite, 553. 
Vitriol, green, 324 ; 
red, 347; white, 
322. 

Vitriol ochre, 331, 
Vivianite, 384. 
Voglite, 300. 
Volborthlte, 415. 
VoJgcrite, 131. 
Voltaite, 342. 
VoUzine, 2.54, 
Vulplnite, 312. 
Wad, 121. 

: Wagnerite, 447, 
Walchowitc, 715. 
Walkerite, 599. 
Walpurgite, 441. 
Wapplerite, 382. 
Warringtonite, 335. 
Washingtonitc, 83. 
Water, 74. 
WarcIIitc, 405. 
Websterite, 329. 
Wehrlite, 11. 
Wcissgiltigerz, 239. 
Weissite, 585. 
Whcwellite, 706. 
Whitneyite, 192. 
Willemite, 480. 
Wlserinc, 300. 
Withamltc, 473. 
Withcrite, 282. 
Wittichcnltc, 229. 
Wohlerlte, 670. 
Wblchltc, 230. 
Wolframite, 304, 
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Wolfsbcrgitc, 217. 
Wolkonskoite, 063. 
Wollastonltc, 5C6. 
Woodwardltc, 351. 
Wulfenite, 358, 
Wurtzite, 178. 
Xanthocon, 251. 
Xantholitc, 4C4. 
Xanthophyllitc, 
525. 

Xanthosiderite, 

111 . 

Xenotime, 366. 
Xonotlite, 600. 
Xylite, 600. 

Yellow earth, 655. 
Yttrocerite, 34. 
Yttroilmenite, 097. 
Yttrotantalite, 094. 
Yttrotitanitc, GG9. 
Yu, 027. 

Zarutite, 298. 
Zeagonitc, 625. 
Zeolites, 598-628. 
Zepliarovlchlfe, 406. 
Zeuncrite, -440. 
Zinc, 17. 

Zincite, 77. 
Zinckenite, 215, 
ZInnwalditc, 517. 
Zircon, 138. 

Zolsltc, 472. 

Zorgite, 102. 
Zundcrerz, 132. 
Zwiesellte, 449. 

(M. F. H.) 


MINERiVL WATERS. Eo absolute line of demarca- 
tion can be drawn bet\Feen ordinary and mineral waters. 
There is usually in the latter an e.xcess of mineral con- 
stituents or of temperature, but some drinking waters 
contain more mineral constituents than others that 
are called mineral waters, and many very pure waters, 
both cold and warm, have been regarded for ages as 
mineral springs. 

As to the origin of mineral waters, there is much in 
what the elder Pliny said, that waters are such as the soil 
through which they flow. Thus in limestone and chalk 
districts an excess of lime is usually present; and the 
waters of a isarticrdar district have much resemblance to 
each other — as in the Eifel, in Auvergne, and in the 
Pyrenees. But this is only a partial explanation, for 
waters are by no means necessarily uniform throughout a 
particular geological formation. We do not know with 
any certainty the depth from which various mineral waters 
proceed, nor the various distances from the surface at 
which they take up their different mineral constituents. 

The source of the temperature of thermal waters remains 
a subject of much uncertainty. Among the assigned causes 
are the internal heat of the globe, or the development of 
heat by chemical or electrical agencies in the strata through 
which they arise. 

Their occasional intermittence is doubtless often depend- 
ent on the periodical generation of steam, as in the case 
of the Geysers. A few geological facts are certain, which 
bear on the origin of mineral waters. Such springs are 
most abundant in volcanic districts, where many salts of 
soda and much carbonic acid are present. They occur most 
frequently at meetings of stratified with unstratified rocks, 
in saddles, and at points where there has been dislocation 
of strata. 

The diffusion of mineral waters is very extended. Pliny 
was quite correct in observing that they are to be found 
on alpine heights . and arising from the bottom of the 
ocean. They are found at the snow in the Himalayas and 
they rise from tlje sea at Bairn and Ischia. They are to be 
found in all quarters of the globe, but more particularly 
in volcanic regions, as in the Eifel and Auvergnej in the 
Bay of Naples, and parts of Greece, in Iceland, New 


Zealand, and Japan. But there are few countries in which 
they are not to be found, except in very flat ones and in 
deltas of rivers, — for instance, in the north of France, where 
they are very few, and in Holland, from which they are ab- 
sent. France, Germany, Italy, and ^pain, as well as Greece, 
Asia Minor, and the Caucasus, are all rich in mineral waters. 
The British Isles have a fair though not very large pro- 
portion of them. There are a few in Sweden and Norway. 
They are abundant in the United States, less so in Canada. 
They are found in the Azores and in the West India 
Islands. Of their occurrence in the interior of Africa or 
of Australia we know little ; and the same is true of South 
America. But they are met with in Algiers, in Egypt, and 
in the Holy Land. The vast Indian peninsula has for its 
size a comparatively small supply. 

As the effects of mineral waters on the bodily system 
have been found to be different from those of drinking 
waters, an explanation of this has been naturally sought 
for. It has been imagined that there is something special 
in the nature of mineral waters, that their heat is not 
ordinary heat, that their condition is a peculiar electric 
one. Some French modern \vriters even say that they have 
a certain life in them, that their constitution is analogous 
to that of the serum of the blood. But we must pass by 
these speculations, and be guided as far as possible by ascer- 
tained facts, respecting the action on the system of water, 
of heat and cold, and of the mineral constituents present. 

Mineral waters, when analysed, are found to contain a 
great many substances, although some of them occur only 
in very minute quantities: — soda, magnesia, calcium, 
potash, alumina, iron, boron, iodine, bromine, arsenic, 
lithium, ctesium, rubidium, fluorine, barium, copper, zinc, 
manganese, strontium, silica, phosphorus, besides extractive 
matters, and various organic deposits kno^vn under the 
name of glairin or baregin. Of gases, there have been, 
found carbonic acid, hydrosulphuric acid, nitrogen, hydro- 
gen, oxygen, and ammonia. Of all these by far the most 
fmportant in a therapeutic point of view are sodium, 
magnesia, and iron, carbonic acid, sulphur, and perhaps 
hydrosulphuric acid. These substances, detected separately 
by chemists, are in their analyses combined by them into 
various salts, if not with absolute certainty, undoubtedly 
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a close approximation to it. Tlioso combination.s are 
very numerous, and some waters contain ten to twenty of 
them; but there are always some predominating one.s, 
which mark their character, while many of them, such as 
Cio-sium, rubidium, or iluorine, occur in mere traces, and 
can not bo assumed to be of any real importance. Mineral 
waters therefore resolve themselves into weaker or stronger 
solutions of salts and gases in water of higlier or lower 
temperature. For medical purposes they are n.sed either 
externally or internally, for bathing or for drinking. As 
the quantity of salts present commonly bears but a very 
small proportion to that of the Iluid containing them, 
water becomes a very influential agent in mineral-water 
treatment, about which it is therefore nece.-vsary to .sjiy 
something. 

For the action of hot and cold batljs the reader i.s referred 
to the article ]b\Tii.s. But it iiuiy bo observed hero that, 
according to the most generally received opinion, the cuta- 
neous surface doe.s not alworb any portion of tlm .salts in a 
mineral-water bath, although it may ab.sorb a little gas 
(an alkaline water, for instance, at most acting as a slight 
detergent on the skin), and that neither salts nor gases 
have any action on the system, exeeiit as -stimulant-s of the 
skin, with parti;d action on the respiratory organ-s. 

It seeni-s to be iiscertained that drinking considerable 
amounts of cold water reduces the temperature of the bo<Iy, 
diminishes the frequency of the pulse, and increases the 
blood pres.suro temporarily. Water wlien introduced 
into the stomach, especially if it be empty, is tpuckly 
absorbed ; but, although much of tho water jia-sscs into the 
veins, there is no proof that it ever produces in them, as is 
sometimes supposed, a state of fluidity or waterincs.s. 
Therapeutically, tho imbibition of large qiiantitie.s of water 
leads to a sort of general ^^•asiling out of tho orgaas. This 
produces a temporary increase of certain excretioms, 
augmented diuresis, and a quantitative increase of urea, 
of chloride of sodium, and of phcwplioric and sulphuric 
acid.s in the urine. Both tho sensible and the insensible 
perspirations are augmented. A draught of cold water 
undoubtedly .stimulate.s the [leri.staltic action of tho 
intestines. On the whole water slightly Wiirm is best 
borne by the stomach, and is more eii-sily ab.sorbcd bj’ it 
than cold water ; and warm waters arc more useful than , 
cold ones when there is much gastric irritability. 

In addition to tho thenipeutic action of minenil watcr-s, 
there are certain very important subsidiary considerations 
wliich must not be overlooked. An individual who goe.s 
from home to drink them finds himself in a different 
climate, with possibly a considerable change in altitude. 
His diet is necessarily altered, and his usual home drinlw are 
given up. There is change in the hours of going to bed and 
of rising. He is relieved from the routine of usual duties, 
and thrown into new and probably cheerful society. Ho 
takes more exercise than Avhen at home, and is more in the 
open air, and this probably at the best season of tho year. 
So important has this matter of season and climate been 
found that it is an established axiom that waters can be 
used to the greatest advantage during the summer months 
and in fine w'eather, and during tho periods most convenient 
for relaxation from business. Summer is therefore tho bath 
season, but of late years provision has been made in many 
places, -with the aid of specially constructed rooms and 
passages, for carrying out ernes satisfactorily during tho 
■ivinter season, e.g., at Aix-la-Chapelle, Wiesbaden, Baden 
Baden, Baden in Switzerland, Dax, Vichy, and Bath. The 
ordinary bath season extends from the 15th of May to the 
20th or 30th September, The season for batlis situated 
at considerable elevations commences a month later and 
terminates some ten days earlier. Mineral waters may be 
employed at home, but patients seldom so use them; and 
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this iiece.s.sarily limits tho time of their use. It is common 
to declare that tho treatment .should last for such or such 
a period. But the length of time for which any remedy is 
to be used must depend on it.s effect, and on the nature of 
.tho particular case. It is found, however, that the con- 
tinued msu of mineral waters lead-s to certain distiirbanca 
of the sy.stem, which have been called crise.s, such as sleep- 
les.4ne.ss, coHc.s, and diarrham, and to skin eruptions known 
as l(t pouxsec. This cause, and also certain peculiarities of 
the female coimtitution, have led to tho period of three 
wcck.s to a month being considered the usual period for 
treatment. A certain after-treatment is often prescribed 
— such a.s persistence in a particular diet, visiting .springs 
or climatc.s of a dilfcrcat and usimlly of a tonic character, 
or contiiming for a certain time to drink the waters at 
home. It may be addeil that the advantage of having 
recourse to mineral waters is often felt more after than 
during treatment. 

Since improved methods of bottling liavo been discovered, 
.and tho advantage of an additional .supply of carbonic acid 
h.as been appreciated, the export of waters from their sources 
has increased euornion.sly, and most of the ])rincipal waters 
can now bo advant.agcously n.scd at home. It may be 
.added that niany of the artificial imitations of them are 
excellent. 

The history of the nso of mineral waters can only just 
be alluded to. They have been employed from the earliest 
period.s, ami traces of Boiuan work have been found at 
most of tlie European baths which are now in favour, — at 
almost all tiic thermal cnc.s. Occasionally new .springs 
are discovered in old countrie.s, but tbe great majority of 
them have been long known. They have varied in 
popularity, anti tho modes of applying them have also 
varied, but less so than ha.s been the case with most of tho 
ortlinary medicines, IVarm waters, and those containing 
small (pmntities of mineral constituents, appear to have 
remained more steadily in favour than any other ela.ss 
within the appropriate sphere of mineral waters, which is 
limited to the treatment of chronic disease. 

The attem])t has been made to range mineral waters 
according to their therapeutic action, according to their 
intcnml or external itse, but most generally according to 
their chemic.al constituents so far iis they have been from 
time to time understood ; and a judicious classification 
imdoubtcdly is a help towards their rational employment. 
But their con.stituents are so varied, and tho gradations 
between dilTcrent waters are so finely shaded off, that it 
has been foimd impossible to propose any one definite 
•scientific classification that is not open to munberless 
objections. Thus a great many of tho sulphur waters are 
practically earthy or silino ones. Yet because they con- 
tain very minute amounts of such a gas as hydrosulphuric 
acid, an ingredient so palpable as always to attract 
attention, it is considered necessary to class them under 
tho head of sulphur. Tho general rule is to attempt to 
class a water under tho head of its predominant element ; 
but if tho amount of that be extremely small, this leads to 
such waters as those of Mont Dore being classified as 
alkaline or arseniated, because they contain a very little 
soda and arsenic. The classification in the following table, 
which is that usually adopted in Germany, has tho merit 
of comparative simplicity, and of freedom from theoretical 
considerations which in this matter influence tho French 
much more than tho German writers. The more important 
constituents only are given. Tho amount of solid cojistitu- 
ents is the number of parts to one thousand parts of the 
water ; the temperature of thermal springs is added. The 
waters are classified as indifferent, earthy, salt, sulphuretted, 
iron, alkaline, alkaline saline — with subvarieties of table 
waters and purging waters. 
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Table I. — Typical Mineral IVaiers. 



liulijJ'creiit, 

Gastcin, 

ur-118*. 

Earthy. 

Leuk, 




Bicarbonate of soda 

,, potash 



,, magnesia. 

ill 

■013 

,1 calcium... 


■012 

Sulphate of soda 


■050 

,, potash 


■038 

,, magnesia 


■308 

,, calcium 


r520 

Sulphide of sodium 


Chloride of sodium 



,, potash 

tf magnesia 



Carbonate of iron 


■023 

Silicic acid 


■036 

Gases. 



Carbonic acid 



Hydrosulphuric acid 




Salt. 

Eiaslngcn. 


■017 

1-OG 


•588 

•389 

G^52 

■280 

■303 

0^277 


3 ■19 


Salt. 

Sca-Walcr, 


•15 
2 ■38 


2^96 

•25 

25-21 

3-39 


In addition to their solid constituents, gas is present in 
many -svaters in considerable quantity. There is a little 
oxj’gen and a good deal of nitrogen in some of them ; the 
quantity of hydrosulphuric acid, even in strong sulphuric 
watens, is wonderfully small ‘ but the volume of carbonic 
acid present is often very large, — for instance, in the case of 
Kissingen, Schwalbach, and Sclters. Carbonic acid is so 
generally diffused that it is practically a very important 
agent in the therapeutics of mineral waters. Springs that 
contain it arc far the most agreeable to the taste, and 
consequently most popular with patients. The immediate 
effect of the carbonic acid which they contain is that of 
pleasant stimulation to the stomach and system, although 
it can scarcely be said to approach, as some have thought, 
the slighter forms of stimulation from alcoholic drinks. 
Extremely little appears to bo known of its actual operation 
on the system : a part of what is swallowed is returned by 
eructation, and a part passes on to the intestines ; whether 
any appreciable quantity reaches the blood is doubtful. 
There is no question that carbonic acid increases diuresis. 
Practically it is found to aid digestion, helping the functions 
of the stomach, and in a slight degree the peristaltic action 
of the intestines. The increased flow of urine may be 
caused by its favouring the absorption of water by the 
stomach. In some baths carbonic acid is so abundant that 
precautions have to be taken to prevent its tendency to 
accumulate on account of its heavy specifle gravity. Car- 
bonic acid gas, used as a bath, proves stimulating to the 
skin and to the general system ; but its employment has 
not answered the expectations formed of it. 

Indifferent Iffalers .icarcely vary in cliomical qualities from ordi- 
nary drinking water ; but tliey are usually of higher tcnipcrature. 
Their therapeutic action, which is mainly exercised through baths, 
has been explained on the theory of peculiarities of their electric or 
thermal condition, about which we know nothing definite, and on 
the presence in some of them of a largo quantity of nitrogen. It 
has also been ascribed to the various organic substances in some of 
them, such as glairin, which when collected is sometimes useful as 
a cataplasm. These waters are not often much drunk, but any 
efficiency they may have in dyspepsia and perhaps in neuralgic 
diarrhoeas must bo attributed to the favourable action of hot water 
on tlie digestion. The waters of this class, especially the hotter 
ones in the form of baths, are extremely useful in resolving the 
effects of inflammation, in thickenings of the joints, and in chronic 
rheumatism and gout. They also are often ell'ectivc, especially the 
cooler ones, in neuralgia and in some hysterical affections. They 
are sometimes prescribed in urinary affections, in which case they 
probably assist by dilution. The effects of many of these waters are 
aided by the batlis often being situated at considerable elevations 
and in out-of-the-way spots, whence the Germans called 'them 
Wildbiidcr. They are very widely difl'used, being found in all 
quarters of the globe, espocialljr in volcanic districts. There are 
many in Now Zealand ; in America the hottest are in the West and 
in California. 


Sulphur. 

Alx-la-Chapclle, 

113‘-U0‘. 

Iron. 

Schwalbac!). 

Alkaline. 

Vichy, 

105**8. 

Alkaline- 

Saline. 

Carlsbad, 

119’-133*. 

Table 

Water. 

ScItcrs. 

Purging 

Water. 

Hunyadl 

Janos. 

•Gl-19 

■0206 

4-883 

1-92 

1-2 




■352 




■0506 

■2122 

■303 

■18 



•157 

•2213 

•434 

■428 



•2831 

■0079 

•292 

2-37 


15-9 

•1527 

■0037 


■16 







■46 

16-0 

•0136 






2-616 


•534 

1-03 

2-2 

1-3 


■0837 


■003 

■01 



•0320 






5-35 

2-6 

■76 

2-24 

■45 

trace 







Table II.^ — Indifferent Waters. 


Locality, 



Evian, Lake of Geneva 

1,100 

... 

Badcnwcilcr, Baden ... 

1,425 

... 

Buxton, England 

980 

82 

Schlangenbad, Nassau. 

800 

80-87 

Saccdon, Spain 

1,500 

85 

Wildbad, WUrtemberg. 

1,320 

90-101 

Pfeifers, Switzerland... 

2,115 

00 

Kagtitz, do. 

1,570 

95 

Panticosa, S. Pyrenees. 

5,110 

85-95 

Teplltz, Bohemia........ 

CIS 

101-120 

Gosfcln, Austria 

3,315 

05-118 


For what prescribed. 


Nen-ous cases, dyspepsia, urinary 
afTcctions. 

For mild rheuraatio treatment; a 
hcaltli resort. 

j Gout and rlieumatlsm (nitrogen 
( present). 

Nervous eases, female disorders, skin. 
( Hheumatlsm, gout, cutaneous affcc- 
j tions. 

j Gout and rheumatism, neuralgia, 
I tliickenings. 

Do. do. do. 

Do, do. do. 

( Do. (nitrogen present); special action 
\ in phtliisis. 

( Gout.rlienmutism, old injuries, joints 
( or bones. 

Do. do. ; soothes nervous system. 


Earthy Waters. — These differ chiefly from the indifferent waters 
in containing an ajipreciable quantity of salts, among which sulphate 
or carbonate of lime or of magnesia predominates. The great 
majority of them are of high temperature. They produce the same 
effects as the indifferent waters, but are perhaps less efficacious 
in neuralgic affections, while they are more employed in some of 
the chronic scaly eruptions. There was formerly a tendency to 
consider these waters useful in urinary afl'ections ; but at the 
present day it is only the colder ones that have come into repute 
for the expulsion of gravel and biliary calculi and in the treat- 
ment of affections of the bladder generally. Some of them have 
also of late years been considered to exercise a favourable influence 
on scrofula, and to.,be useful in the early stages of pulmonary 
phtliLsis. This has been attributed to the salts of lime present in 
them, although it is known that most of its salts pass tlirough the 
system unaltered. JIany of these baths, such as Leuk and Bormio, 
enjoy the advantages of great elevation, but Bath, otherwise one of 
the best of them, lies low. 

Table III. — Earthy Waters. 



Locality, 




Coatrcxcvillc, Vosges 

1,050 



Lippe Springe, N. Germany 

... 

... 


Wildungen, do. 

... 


o 

AVeissenberg, Su'itzcrland... 

2,000 



Pougues, France 

COO 

... 


Baden, Switzerland 

1,180 

117-122 


Leuk, do 

4,400 

93-123 

e 


4,400 

80-104 

a 

Lucca, Italy 

108-122 


Bath, England.., 

1,400 

103-122 


Dax, south of France 

139 


B. do Bigorres, Pyrenees 

1,800 

61-123 


Therapeutic Action. 


( Special action in calculoua 
■( affections. 

j Supposed to be useful in 
( phtliisis. 

J Special use in urinary com- 
i plaints; contains Iron. 

J Ilesorted to for pulmonary 
( affections. 

( Dyspepsia, diabetes, hepatic 
j and urinary concretions, 
i Rheumatism, gout, paraly- 
■( sis, scaly eruptions. 

Do., some female complaints. 
Do. do. ; old sprains. 
Do. do. do. 

Do. do. do. 

Do, do. 

Do. ; chlorosis, neuralgia. 


• In this and tho following tables a selection is given of some of the best-known 
mineral waters In various European countries that possess establishments. Their 
chief ncculiurities of elevation, of temperature, and constituents are briefly noted. 
•Tho curative effects, necessarily alluded to very generally, are those usually 
attributed to them. 4r-rTT 
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Sail Waters are so called from containing; a prciloininant amount 
of chloride of sodinm. They also L'enerally contain cliloridcs of 
magnesia and of lime, and occasionally small amounts of lithium, 
bromine, and iodine. They further often contain a littlo iron, which 
is an important addition. Thu great majority of the drinkiiigwulls 
have a largo .supjdy of carbonic aciil. there arc cold and hot salt 
springs. .Sometimes thej’ are u.scd for ilriiihing, sometimes for 
bathing ; and the double use of them is often resorted to. 

The normal (piantity of comnioii salt consumed daily by man is 
usually sot down at about 300 grains. Thu ma.'cimnm fpianlity 
likely to bo taken at any well maybe ‘i25gi~iins, but communly not 
more than half of that amount is taken, the increase to the ii.snal 
daily amount is therefore probably not iniieh more than one-third. 
Still it may bo presumed that the action of a.soliilion of Kill on an 
empty stomach is diHerent from that of the same amount of leilt 
taken with food. Salt introduced into the stomach excite r the 
secretion of gastric juice, and favours the jieristaltio actions, and 
when taken in coiisidurahlu (piantity is distinctly aperient. \Vu 
thus SCO how it is tisefnl in dyspepda* in atonv of the stomach and 
intestines, and sometimes in chronic intestinal cat.irrh. Salt wln n 
absorbed by the stoniach appears again in thu urine, of which itiu- 
erwLses the .anionnt both of llnid and of solid eonslitiients, especially 
of the urea. It .seoms therc.foru to be {uetty certain that eotisider.ible’ 
<Hiaiititios of .salt taken into the cirenhtion inere-ue the excretion 
of nitrogenous products through thu urine, and on the whole 
accelerato the tiansformatioii of ti-sne. .Salt is thus u-efnl in 
scrofula by .stimulating thu system, and ul.-o in aii;cmi.i, c.-.j-cci-illy 
wiion iron is also present. In soinu (Icrman .stations, as at .Sodeii, 
carbonated s-alt waters are considered to b..i useful in chronic 
laryngitis or granular pliaryngitis. 

llatiis of salt water, :is n.aially given, rarely contain niors! tlian .1 
jicr cent, of cbloridu of .sodium, .some of the ,stroiigc--t j...-rbapj from 
d to 10 per cent. Their primary action is ;i.s a stimulant to tite 
skin, in whiidi action it is iirobablo tliat the other chloridei, 
especially that of calcium, and .still more the carUink acid often 
present, co-oiiunUe. In this way, and when aided iiy various pro- 
CC.5.SC3 of what may bu termed water poidtiees and (aeking, they 
.are often useful in removing exmlations, in chronic metritis and 
iu .some tumours of the uterus, and generally in scrofula and nschitis, 
and occ.'wioiially in some ciironic .skin alfections. 

The I’leiich accord high pr.ii:.c to soniu of their thermal salt 
w.aters in jm-alysis, and .son.u (ivrman ones arc u.-.d in a similar 
way in sjiinal airection.s. The salt waters aro .•iometiine.s .so strong 
that they mu.st l.e diluted for b.ithitig. In other ea-.e.i concen- 
trated .solutions of fcalt are added to lu.iku them sulliciently strong. 
The.so waters are widely dilfn.vjil, but on the whole Cerniany is 
richest in them, e.specially in .such as are highly charged with 
salt. The Ku,siiigen .springs tn.iy lu cou-iderefl a.s typical of th.o 
drinking weli.s, and .sea-water of bathing waters. Tiie air of .-cilt- 
works and piilveri/atioii of thu water are emidoyed in (ieniuti 
baths as remedial agents. 

Salt springs are found in nuny'rjUat ter.s of the World, but the 
chief carijonated groups for drinking purpo.-cs occur in (.Icnjiany, 
and at Saratoga in Americ.a, wliere very remarkable wells indeed 
arc to bo found. Franco ami Kiiglaml have no .springs of this 
cla.s3. Thu .stronger We-lls, n.sed chieUy for’ Uathiiig, occur wlu.te 
T.mu.k IV , — Sail Sprinij!. 
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itaiiiing a prciloininant amount there are salt-bearing .strata, as in Clerniany, Galicia, Ital}', .Swibc;] 
gonei-ally contain cbloriik.s of Land, France, and Knglaml. Very powerful waters of this ch.ss ai 
.lly small amounts of lithium, tho.so of St Catlierines in C'anail.a. 


Tile prc.senco of miiinto portions of iodine or bromine iu salt 
avater.i is by no mcan.s infrc(jni;nt, and they appear in con.siilcraijlc 
guamitj' in somo few. It i.s, Iiowever, extremely dcuihtful whether 
any known .spring contains a .siillicient quantity of iodine, htill more 
of bromine, to act .sjiccially on tlio .sy.stem, oven if that action were 
not ii<-ec.s.».arily sunerseded by the [iresciicu of thu large niuintity of 
other a.ilt.s witli wliich they are a-isociated. Somo of the bcstkiiowii 
liprings of the kind aro : — Challcs, Wildcgg, Cadrocaro, Hall, Adel- 
heid's Quelle, Kmiikciiheil, Krcnznach, Woodhall Spa. 

Irvii or Chnl’jknic IFaUrs. — Iron usually exists in waters in tlie 
statu of jirotoxide or its carbonate, le.-j frequently as siilpliate or 
cremate, and very rarely if at all as chloride. Thu quantity prciuut 
is ii.snally extremely .-mall. It may bu .^aid to vary from -ig to '03 
iu tlio 1000 part.s oV water. Some Wells considered distinct ehaly- 
bcate.s contain Il-.s than '03. -Many wells, csfurclally in Genitany, 
jiavo a rich .supply of c.irtonic acid, which is unfortunately wanting 
in French ami Kiigllsh oms. 

It lets longbc' ii thu prevalent idtu that w.int of iron iu the blood, 
is tliu main c.iu.-; of cliloro.sis and of other ana niic conditioii.s, and 
lh.iC ill i'.su conditions aro bc-t relieved by a supply of th.at lactaL 
.Since thu detei tioii of it in Itemoglobuliilu this view Ii.a;i I/ocii still 
moru i«qiiil.ir. It ti pretty ccttain tliat thu blood contaiits .37 to 
S7 griitij and the wholu .system 70 to 71 grains of iron; ami it 
h.a.i been c.iknl.iti d th.at in normal conditions of tlio .svstum sonic- 
what moru than onu grain of iron Is t.aken d.aily in artfclos of foo>l, 
and tleat thu .-ame amount is p.a^.-eil in thu fleets; for although the 
atom.acb tike-i th-a iron up it u excreted by thu a!iment.ary canal 
mainly, it l.»-ing doubtful whether any is excreted in thu urine. It 
i'i J.O.. able by drinking several glaa.cs to take in more than a grain 
of carininatu of iron in the iLay, equivalent to half that amouiitof 
meuilic iron. It ha.i further been iiigenioiwly reckoned from practice 
that 10 to 15 grains of metallic iron auliice to sniiply the deficiency 
iu thu system inacaiicof chloro.ds. It u tJioiight probable that 
a portion of the iron taken up iu water u in certain pathological 
stall 4 not e.xen ted, but ret.iined in the .system, and goes toward.S 
making np the want of that metal. IJnr, whether this or any other 
e.xidanation be satiiiacturj-, there is no question as to the eict-lletic 
etfie-ti often produced by drinking clialybeato waters (e.s-pc-cmlly 
w hen they are- carbonated), and by bathing in tlio.jC which aro rich in 
carbonic 'acid after they have ls.cn artilicially heated. M regards 
thu drinking cure we imi.st not, however, forget that catbomato and 
cliloridcof r.oiiiuni, andalso thuijnlplnte*, are often presentand mii.st 
Uj ascribed .a share in the cure. Thus chloride of sodium is a f>ower- 

T.im.n V. — Strinirjer Salt Witti‘r.t. 


Tcnjjf. 1 

* J alir. I 


T]»trnjHUt»c 


j Homburj^, do. 

^ Klaaingen, Bavaria,.... 

j Pyrmont, North Gerrn.iny. 


Soilcn, near Frankfort ' r.r.a-ml.i. »cr..te! i, | 

’ ' f 3i/ccIalIorthroat.ait4j»hthljK‘ 

ifomburL- do >h;;htiT hciatic 

} ( al/ccBons cblofCiH, Kotit, 

Klssingen, Bavaria...., ; In nU CMcntUIi fhc«amc* 

Pyrmont, North Gcirn.iny -J i 

^ ^ ' ( a good s.i!t drinking 5;>rii)g. 

I (lAMll^TiiliwBhi'UtcarhonicacU 

Kreuznneh, ucar Bingen i • u.^(-d in Acrofnla and anxinta; 

It bathing more Imi^iftant. 

Wiesbaden, Noisan.. i Ui -! Uftcd in tiy.jpci<si;ia»d;:o:it; the 

{ tatniiig I» mc^t 

Baden-Baden ir ,0 J ^tillmildcrwatcr; luvsalmnar; 

( gout, 

Bourbonne, Uauic-Mame ‘ lU-UD ^ BhcainaU'in, ncural^^a, clfccts 

' : ( of malaria, 

Balaruc, South Fnincc ! IIG'G ^pocial for treatment of 

1 } ( paralysi.i. 

‘ Sallns, iloutlcrs. Savoy (USO ft V OG i Scrofn)a,un;cm!a, lo^sof jjowtr, 

I ( .’le.tual dIsordci-3. 

Brides, Savoy (1700 ft.) ' u.-; J .IcionIJvcr.anUdigeaUvecaaal; 

' ' I J u^cd for obi Alty. 

Aerial, North Italy. j ico i si>JdaI Ircalrneut 

j I ’vllh the bath dei»<>rit. 

Abano. do I i Chludy a-*» baths; mud of bath 

, ,, , * ■ i used for iKjuIthu. 

CaWas dc Mombay, near) j Bhenmatlsm. u-iatlca, old in- 

Barcelona / ■ ^ 

Cegtona, Gulpuzcoa, Spain ! 6S-34 - Bijcumatism, Indigestion, bron- 

' ; t chilis. 


.Umost all the above stations havo several springs of various strengths ; the cold 
may he said to vary from U to 5*8 per cent, of chloride of sodium; the warm are 
generally weaker, perhaps varj'ing from C*8 to 1*0. 


LrC..:i‘y. 


jChioiidf of ' 
in ' 

' cf Water. ' 


Tlierjjt^nilc .\ppl*cativn. 


Kreuznach, near Bingen j 

; i 

Wiesbaden, Nassau.. i 

Baden-Baden 

Bourbonne, Uaulc-Mame ‘ 

Bularuc, South France | 

Sallns, iloutlcrs, Savoy (IISO ft.)' 

Brides, Savoy (1700 ft.) j 

Acriui, North Italy, ,..,j 

I 

Abano, do j 

Caldas dc ilombny, near ) ! 

Barcelona f i 

Cestona, Gulpuzcoa, Spain ! 


lUuIr.Md, Aar,,ri:, S-'ititrijnd 1 oil 

( 


! Salzun;:< n, North CcT^r.ar.y............ 

jivchl. AujtrtrfUiOfr.) 

Hal). TyrU (IToO ft.). 

Bcichtahall, near Salsbur;; U ) 
Bex, ilhonc Vaiicy t*. 

Castrocaio, Tu'cnny 

I)roU»k'h, ucjr Worevaur 

Sea Water 

Bchrno, Weniplialla F.) 

Nauheim, WcHeraa (d>*-10b* F.).... 


j itIi’jMddsau, B).aek Forest .... 
Hombur;;, near Frankfort... 

Kistcr, S.ixony 

UuLcnsteln. Nonli Germany 

Schwalbach, Na»^a^..... 

B4)cklct, near KUsingeli ...... 

Gricsbach, Blach Fores: 

Franzciisbad, Bohemia. 

Pynnont, Gennany..,. 

Spa, Belgium 

Petersthah Black Forest 

St iloritz, Engadlnc, 

Switzerland { 

Forgcs-levEaux, Fmoce 

JLa . lilalou, Hcraulr, I 

^ Franco (temp, feS®) f 

Ifccoaro, North Italy... 

Tunbridge Wel].<, Engl.iini... 
Mu>prait Spring, Hano-) 
gate (chloride)- i 




; ,* ScT0ful4.i4le.tsufin.da;uma- 
{ j tlun, chrr.nic cxuiUtlca-v 
; I seme chrrnic cx.'UUhe* 
i nus, rheuinatUm, uterine 
i injlltratio.nf. 

no. do. 

Do. *.‘ 0 . 

Do. do. 

Do, do. 

Do. do. 

Do. do 

Do. do. ! 

(Do.; use In kccino- 

( ti.r ataxia. 

Do, do. ! 


Fur nnamde cor dlpcns; la lailvi'- 
Da do. do. 

Do. do. do. 

Do.; much of a ladles* balls- 
Du. , 

Du.; laxative; a laflies’ batln 
Do. do. do. 

Do. 

Do, 

Do.; laxalira 

Do.; sought fcir Its air. 

Do. 


I)o!;dcflcientincnrbonic3c:dj 







MINERAL 

ful adjuvant in tlje strong Stahl Quelle of Honiburg and in the 
Putnam 'Well at Saratoga. A whole category of female complaints is 
treated successfully with these waters. Indeed anajinia from any 
source, as after fever or through loss of blood, and enlargements of 
the spleen, are benefited by them. The stimulating action of the 
copious supply of carbonic acid in steel baths is a very important 
adjuvant; no one now believes in direct absorption of iron from the 
bath. Iron waters are scarcely ever thermal. They are extremely 
common in all countries, — frefiuently along with sulphuretted 
hydrogen in bogs, and near coal-measures. But such springs and 
non-carbouated wells generally are weak, and not now held in much 
esteem. 

It may be added that some of the strongest known iron wells are 
sulplmiM or aluminated. They are styptic and astringent, andean 
only be used diluted. They are sometimes useful as an application 
to ulcers aud sores. Such springs have often been brought into notice, 
but never retain their popularity. They are known in the Isle of 
Wight, in Wales, in Scotland, as well as in Elba, &c. ; and of late 
years the Bedford Alum and Oak Orchard Springs, O.S., have been 
brought into notice, the latter containing 10 grains of free sulphuric 
acid in the pint. All such springs have been considered useful in 
scrofula, anajinia, and chronic diarrhmas. 

Sulphur Spriwjs. — Waters having the odour of hydrosulphuric 
acid, however slightly, are usually called sulphur ones. They owe 
their smell sometimes to the presence of the free acid, sometimes 
to sulphides of sodium, calcium, or magnesia, and sometimes to 
both. Hydrosulphuric acid is absorbed more freely by cold than by 
hot water, and is therefore most abundant in cold springs. The 
sulphides decompose and give off the gas. ilost of these springs 
occur near coal or shale measures, or strata containing fossils, or in 
moors aud in places generally where organic matter is present in 
the soil or strata, llauy of them contain so little mineral impreg- 
nation that they might a.s wtdl bo classed among the indilferent 
or earthy waters. One group contains a considerable amount of 
chloride of sodium, another of sulphate of lime, while a third has 
little mineral impregnation, but contains sulphides. 

Hydrosulphuric acid is a strong poison, and its action on the 
system has been pretty well ascertained. It has been assumed that 
the gas in mineral waters acts similarly, though in a modified 
degree; but there is next to nothing absolutely known of the 
action of tlio small quantities of the gas that are present in mineral 
waters, and which certainly have no toxic elfcct. It has been 
assumed that this gas lias some special action on the portal system 
and so on the liver. On the connexion of metallic poisoning 
with the liver has been founded tho idea that sulphur waters are 
useful in metallic intoxication. Dririking large quantities of these 
waters, especially of such as contain sulphates or chlorides of 
sodium or magnesia, combined with hot baths and exercise, may 
help to break up albiuninatcs, but there is no proof of the action 
of the sulphur. 

For similar reasons, and primarily to counteract mercurial poison, 
sulidiur waters have been considered useful in syphilis. But it 
may be well to remember that at most baths mercury is used along 
with them. No doubt they are frequently, like other warm waters, 
useful in bringing out old eruptions, acting in this way as a test 
for syphilitic poison, and in indicating the treatment that may be 

Table VII. — Cold Sulphur Sprinys. 


locality. 

llydrosul- 
phuric Acid 
absorbed in 
Water. 

1 Sulpiride 
! of 

Sodium. 


42-3 



23*1 

•0u8 


15*1 

44*5 


TmiV iln fUnhlWt.S 



*478 



•lOG 




...“ 

•207 



•020 

Lisdunvarna, Clare, Ireland 




Table VIII. — Wann, Sulphur Sp/rinya. 


Locality, 

Height 
In Feet. 

Temp. 

• i'ahr. 

Sulphide 
of Sodium. 

Jlydrosul- 
phuric Acid 
abw)vbed in 
'W’^ater. 


53 f 

131-140 

'01 

•«/ 


35-115 

•052 

2*5 


■Ml 

IwMfl 


. 

37*8 


92-113 

. 1 1 

3-5 


500 

110 

... 

42*0 

Aii-ies-Bains, Savoy 




27-2 

Luchon, I'yrenecs 


x6o o 

113 

•0-1 

... 


87-147 




71-1 :14 

^ -02 




90-5 

120 

•02 

... 

Archena, Murcia, Spain...., 

... 
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required. Suljfiiur waters, both hot and cold, are used in gout and 
rheumatism, m dyspepsia, in hepatic and cutaneous alfectioiis ; and 
of late yearn inhalation of them has been popular in phthisis and 
in laryngeal alfcptions. dhey have long been popular remedies in 
cutaneous afieetions. While so much doubt has been cast on the 
action of the sulphur of these waters, it may be admitted that the 
sulphides are probably decomposed in the stomach and hydrosul- 
phurio acid generated. That gas is probably a slight stimulant 
to the intestine. What hydrosulphuric acid reaches the blood is 
eliminated by the lungs. There seems to bo no doubt that the gas 
is absorbed in small quantities by the skin. 

It is in sulphur waters chiclly that glairin and baregin occur. 
This peculiar organic substance has been found both in American and 
in European springs. Cold sulphur springs are very ividely difl'used 
throughout tho world. Thermal ones are not so common. Per- 
haps the largest though not the strongest group of the latter is to 
bo found in the Pyrenees. We may remark again how very little 
bydrosulphui-ic acid there is in many of the most favourite sulphur 
springs, including the very popular White Sulphur ones of Virginia. 
'Ihcre seems to be something peculiarly unsatisfactory in the 
analysis of sulphur waters, and there has been difficulty in construct- 
ing the following imperfect tables. 

Some of the most powerful cold wells are those of Cliallcs (with its 
very peculiar water), Lcuk, and Harrogate. Uriage has a very large 
amount of chloride of sodium in its springs. Cold sulphur waters 
are ou the whole more used in liver and indigestion than warm 
ones. The general efl'ects of warm sulphur waters differ so little 
at the various baths as to make it difficult to mention anything 
special to jiarticular localities. Schinznach has a reputation in 
skin complaints, Cautercts, Eaux Bonnes, and Challes in laryngeal 
affections, the two Aixes, Luchon, and Arcliona in syphilis. 

Alkaliuc Walers are such as contain carbonate (chicily bicarbon- 
ate) of soda, along with an excess of carbonic acid. Of the action of 
those carbonates it is known that when taken into the stomach 
they are neutralized by tho gastric juice, and converted into chloride 
of sodium. On their introduction into the stomach they produce 
an increased flow of gastric juice. If given during or immediately 
after meals in any quantity, they impede digestion. They slightly 
increase peristaltic action, but only ioobly, unless assisted by other 
salts. They act slightly as diuretics. Of tho connexion between 
tlio biliary system and alkalies, which undoubtedly exists, not much 
is known with certainty. The alkalization of tho blood by them is 
assumed by many, but not proved. It is very doubtful whether 
they reduce the quantity of fibrino in tho blood, and thus induce a 
Table IX.—Alkalvte Waters. 


Class Alkaline. 


Locality. 


Carb. 

Sodu. 


Therapeutic Ubcs. 


Vais, South France. 7*1 

imm, Bohemia 4*2 

Vichy, France (lO.VF.) 5T 

Xeuenahr, iihincland (92®-97*F.). 1*0 

La ilalou, I'rance (97* F.) 

Vfdago, Portugal 


^CataiTh of stoinucli, gout, renal and 
-J biliary calculi, liver complaints, 
( diabetes. 

Do. do. do. 

Do. do. do. 

SIucous catarrh; diabetes specially. 
^Do.; sedative effect on neiToos 
system. 

J Do., gout, urinary affections— “ITic 
I Portuguese Vichy."' 


Class ll.—With Chloride o/ SodiU7n varyimj/rom 4*3 to 1 <« amount. 


Locality. 

Height 
in Peer. 

Temp. 1 
• Fahr. ! 

Curb - 1 
Soda. 

Therapeutic Uses. 

Luhatschowitz, Moravia 

Tonnistein, llhine Valley... 

1,000 

85-115 

8-4 

2*5 

2-0 

j Spiings rich both incarb. 

( sodu and chi. sodium. 

( Light antacid tonic to 

\ stomach 

{ Special la female com- 
-J plaints and mucous 


i 

up to 170 

2'0 

( membrane. 

J Specially rlicumatism 


1,400 

3,300 

80-95 


J Do. and some shin 


100-114 


} Asthma, chronic larj n* 


2,800 

107-125 


t giliSi 

J Scrofula, raclritbj, cuta* 
( ncous affccrions. 






Class III.— tVUh Sulphate of Soda varying from 5*2 to 2 in amount^ and 
Carbonate of Soda varying from 3*55 to *51 in amount. 


Locality. ^ 

Hcightl 
in Feet. 

Tiierapcutic Uses, 

Lister, Saxony 

Marienbad, Bohemia 

I 

1 J Action on abdominal organs, 

1 ( female complaints. 

1 Do.; special use In obesity. 

1 Do.: BiKiclally a Udles* bath. 


( Powerful actlou on abdomirail 

Carlsbad, Bohemia (12r-lC4"I'.). 

1 viscAia. , 

] Gout, liver affections, biliary and 
( renal calculi, diabetes. 
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lowered state of tho system, or whether they have any direct tend- 
ency to combine wth fat and carry off a portion of superfluous 
adipose tissue. Their excess of carbonic acid, througli its action on 
the stomach, favours the operation of alkaline waters. They have 
been classed as follows: — (I.) simple alkalincs, where carbonate of 
soda is tho main agent; (II.) waters containing in addition some 
chloride of sodium ; (III.) waters containing suljrhates of soda or of 
magnesia. All these classes may bo said to be used in gout, lithi- 
asis, affections of the liver, catarrh, and obstructions of the gall 
ducts, in dyspepsia, chronic catarrh of the stomach, and diarrhoea, 
in obesity, and in diabetes. Some of the waters of tlio second cl.-iss 
are supposed to influence bronchial catarrhs and incipient phthisis, 
while the more powerful sulphated waters of the tfiifd class are 
especially useful in catarrh of the stomach, and in affections of tho 
biliary organs ; of these only one of importance (Carlsbad) is ther- 
mal. The rival cold waters of Tarasp contain twice as much car- 
bonate of soda. The cold ones are chiefly used internally, the 
thermal ones both internally and externally. Tfio latter, besides 
acting as warm water, slightly stimulate the skin when the car- 
bonic acid is abundant, and the carbonate of soda has some slight 
detergent effect on the cutaneous surface like soai). These waters 
are unknown in England. They are most abundant in countries of 
extinct volcanoes. 

Classes I. and II. of alkaline waters may be said to have a sub- 
variety in acidulated springs or carbonated waters, in which the 
quantity of salts is very small, that of carhonic acid large. These 
table watem are readily drunk at meals. They have of late years 
been so widely exported as to bo within the reach almost of every 
one. Their practical importance in aiding digestion is in reality 
much greater than one could expect from their scanty mineraliza- 
tion. They are drunk by the country people, and also largely ex- 
ported and imitated. They are very abundant on the Continent, 
and, although some of tho best-known ones enumerated below are 
German and French, they are common in Italy and elsewhere : — 
Heppingen, Roisdorf, Landskro, Apollinaris, Selters, Rriickenau, 
Gieshiibel, all German ; St Galmier, Pougues, Chatcldon, French. 

Associated with Class III. is that of the strongly waters 

known in Germany as bitter or purging waters, wliich have of late 
deservedly come into use as purgative agents. They are abnost 
wanting in France and in America, and there arc no very good ones 
in England. The chief supply is from Boheiida and Hungary. Tho 
numerous waters of Ofon are tho best-known, and some of them are 
stronger than the Hunyadi, of which an analysis has been given in 
Table I. They are easily imitated. Some of tho best-known are 
Ofen, Piillna, Saidschiitz, Friedrichshall, Bumierstorff, Kissiugen. 

Two other classes of waters demand a few words of notice. The_ 
French have much faith in tho presence of minute quantities of 
arsenic in some of their springs, and trace arsenical effects in those 
who drink them, and some French authors have established a class 
of arsenical waters. Bourboule in Auvergne is the strongest of 
them, and is said to contain y^th of a grain of areeniate of soda 
in 7 ounces of water. Baden-Baden, according to Bunsen’s latest 
analysis, has a right to be considered an arsenical water. It is, 
however, extremely doubtful -whether the small amounts of ar- 
seniate of soda which have been detected, accompanied as they are 
by preponderating amounts of other salts, have any actual opera- 
tion on the system. The following are among tho most noted 
springs : — Bourboule, Mont Dore, Royat, Salies (Bigorres), Plora- 
bieres, Baden-Baden. 

Of late years lithium has been discovered in the waters of Baden- 
Baden ; and various other places boast of the amount of that sub- 
stance in their springs. Indeed a new bath has been established at 
Assmannshausen on the Rhine in consequence of tho discovery of 
a weak alkaline spring containing some lithium. Not very much 
is known of the action of lithium in ordinary medicine, and it un- 
doubtedly does not exist in medicinal doses even in the strongest 
springs. Among these springs are those of Baden-Baden, Assmanns- 
hausen, Elster, Royat, Ballston Spa, and Saratoga (U.S.). 

Amekicau Mineral Waters. — 'The number of springs in the 
United States and Canada to which public attention has been 
called on account of their supposed therapeutic virtues is very 
large, amounting in all to more than three hundred. Of this number 
comparatively few are in Canada, and of these not more than six (St 
Catharines, Caledonia, Plantagenet, Caxton, Charlottesville, and 
Sandwich) have attained general celebrity. The first three belong 
to the saline class, the Caxton is alkaline-saluie, and the last two are 
sulphur waters. The St Catherines is remarkable for the very large 
amounts of sodium,' calcium, and magnesium chlorides which it 
contains, its total salts (450 grains in the pint) being more than. 
three times the quantity contained in the brine-baths of Ereuz- 
nach in Prussia. The Charlottesville and Sandwich springs likewise 
surpass the noted sulphur-waters of Europe in their excessive per- 
centages of sulphuretted hydrogen, the former containing more than 
3 and tho latter 4 ’72 cubic inches of this gas in the pint. 

The mineral springs in the United States are very unequally dis- 
tributed, by far the larger number of those which are in high 
medical repute occurring along the Api)alachian chain of mountains, 


and more especially on or near this chain where it passes throu'di the 
States of Virginia, West Virginia, and New York. The Devonian 
and Silurian formations which overlie the Eozoic rocks along tho 
course of the Appalachian chain, have been greatly fissured— -the 
faulting of tho strata being in some places of enormous magnitude 
— ^by the series of upheavals which gave rise to tho many parallel 
mountain ridges of the Appalachians. In many places the spriiinvj 
occur directly along the lines of fault. The various classes of 
mineral waters are likewise very unequally represented, the alkaline 
springs, and those containing Glauber and Ejisom salts, being much 
inferior to their European representatives. On the other hand, the 
very numerous and abundant springs of Saratoga compare very 
favourably with the Selters and similar saline waters, and amon^ 
tho many American chalybeate springs the subclass represented 
by the Rockbridge Alum is unequalled in regard to the very large 
percentages of alumina and sulphuric acid which it contains. 
Besides its greater amount of mineral constituents (135 grains per 
pint), tho Ballston spring surpasses tho similar saline waters of 
llomburg, Kissingen, Wiesbaden, and Selters in its percentage' of 
carbonic acid (53 cubic inches). It is also remarkable for the very 
large proportion of carbonate of lithia, amounting to 0701 grains. 
Thermal springs are specially numerous in the territories west o; 
tho Mississippi and in California. Those in tho east mostly occur 
in Virginia along the southern portion of tho Appalachian chain; 
in the middle and New England States Lebanon is the only im- 
portant thermal spring. Subjoined is a list of thirty American 
springs, the design being to represent as many of the more noted 
sjias as possible, while at the same time enumei-ating the best repre- 
sentatives of the classes and subclasses into which mineral waters 
aro divided according to the German method of classification. 


Designation and Locality. 


Tlierapeutlc Application 


^Lebanon, Columbia Co., X.Y. (73' F.). 
Healing, Bath Co., Va. (SS" F.) 


Warm, Bath Co., Va. (08° F.) 

Hot, Bath Co., Va. (IIO’ F.) 

Paso Robles. San Luis, Obispo Co., 1 

dui. (i22*F.) ; 

Hot, Garland Co., Avlt. (03°-150° F.)... 




W 

O 


Gettysburg, Adums Co., Penn 

Sweet, ^lonroe Co., W. Va. (74" K.) 

Berkeley, 3Iorgan Co., \t. Va. (74* F.). 
-iUIcgJjany, Montgomery Co., Va 

Bethesda, ^yaukcslJa Co., Wis 

^Lower Blue Lick, Xicliolas Co., Ky.... 
^ Sharon, Schoharie Co., N. Y. 

I Wliite Sulphur, Greenbrier Co., Va. ... 

^ \SvM Sulphur, Monroe Co., W. Va 

Bedford, Bedford Co., Penn 


c [St Catherines, Ontario, Canada 

Sii J Caledonia, Ontuiio, Canada 

o'" ] Hathonie, Saratoga, N.Y 

l^Ballston, Saratoga Co., N.Y 

Oak-Orchard Acid, Genesee Co., N.Y...' 


Bawley, Rockingham Co., Va 

Sweet Chalybeate, Alleghany Co., Va. 
Rockbridge Alum, Rockbridge Co., Va. 


Cooper's Well, Hinds Co., Miss. 

a )" 

•2^: (Crab Orchard, Lincoln Co., Ky, 

3 (31idland, Midland Co., Mich 

O ) 

/Blailon, Choctaw Co., Ala. (carbon- ) 
I ated alkaline) ( 

I 


( Scrofulous ulcers and ophthaL 
J inia,oza!nn,chronicdiarrhoea 
I and dysentery, secondary 
( and tertiary syphilis. 
(Chronic and subacute rheuma- 
J tism, gout, neuralgia, neph- 
( ritic and calculous diseases. 
( Chronic rlieumatism, gout, 
.{ diseases of liver, neuralgia, 
( contractions of Joints. 


(Dartrous diseases of skin, 
J functionaldUcascsof uterus, 
■) chronic mercurial and lead 
( poisoning. 

] Calculus, gravel, catarrh of 
( stomach or bladder.dyspepsla. 
J Gravel, dyspepsia (diuretic, 
( diaphoretic). 

Neuralgia (restorative). 
Purgative, diuretic. 

( Diahetes mellitus, 'gravel, in- 
-( flammationofbladder,dropsy, 
( albuniimu’ia (diuretic). 
Aperient and alterative. 

Do. do. 

I Dartrous skin diseases, dis- 
< eases of the bladder, jauU' 
( dice, dyspepsia. • 

Do.; scrofula and syphilis. 

( Anaimla, gravel, calculus 
( (strongly diuretic). 

J Rlieumatisiri, gout, scrofula, 
\ neuralgia. 

Rheumatism, gout, 
f Dyspepsia, jaundice, nbdomt 
\ nal plethora. 

Do. do. do. 

(Ulcers, diseases of tlie skin, 
) passive haimorrhages, atonic 
"I diarrlioea(lias 10 gvainsof free 
( sulphuric acid in the pint), 
j Cldorosis and anamua gene- 
l rally; tonic. 

Do. .do. 4o. 

Scrofula, chronic diarrheea. 
f Anaimla, chlorosis, ' chronic 
( diarriicea, dropsy. 


a J Congress, Santa Clara Co., Cal. 
3 ! (saline alkaline). 


13 I^St Louis, Gratiot Co., llich. (simple ( 


alkaline).. 


( Dyspepsia, neuralgia, chronic 
'( and subacute rheumatism. 


Bibliofjraphij.—'X, German: E. Osann, Darstellung der JIdiqueUen EuropaSf 
3 voIs„ Berlin, 1830-43 : J. Seegen, Uandbuch der Jfeilguelleidehret Vienna, 1362; 
B. 31. Lcrscli, Jlydrochemie, 1870, and many other works ; Helfft, Handbttch d. 
Bahieotherapie, 8th ed., Berlin, 1874 ; 'Valentiner, Handbuch d, Balneotherapief 
Berlin, 1876; L. Lehmann, Bader «. Brunnen Lehre^ Bonn, 1877; J. Braun, 
System, Lehrbuch d, Balneotberapie^ 4th ed., by Fromm, Berlin, ISSO ; 0. Leich- 
lenstern, Balneotherapie, Leipsic, 1880. 2, French : Dictionnaire des Eaux 
minerales, Jic., by 3131. Durand-Fardel, Jto., 2 vols., Paris, 1860; J. Lefort, Trade de 
Chemie Hydrolologique, 2d ed.. Pails, 1873 ; C, Janies, Guide Pratique aux Euux 
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mjneralest Paris (many editions) ; JIacd, Ouide aux VWes (TEaux, &c.. Paris, 
1881; Joanne and Le Pileur,Zei Paris. 3. Swiss; Meyer Ahrens, 

JJeilquellen der Schiceitz, Zurich, 1867 ; Gscll Pels, Die Bader und Kurorte der 
Bchiceitz, ZUricIi, 1880. 4. Italian: G. Jervis, Guida alle Acque Minerali 
a Jtaha, Turin, 1876, E. F. Harless, Die Ileilqudltn und Kurbdder Jtaliens^ 
Periin, 1843. 5. Spanish: Ruhlo, Tratadode las Futntes Minerales dt Espana, 
JIadrid, 1853; Don J. de Antelo y Sancliez has recently puhlislied a work on Sp.tnisli 
waters, U, English ; T, Slioit, History of the Mineral iVdters, London, 1734; J, 
"Butty ^ Methodical Synopsis of Mineral Waters, London, 1737; Granville, o/ 
England, 1841; E. Lee, Mineral Springs of England, London, 1841; J. Maepher- 
son. Our Baths and Wells, 1871 ; Id., Baths and Wells of Europe, 1873; and H. 
Weberis English edition of Braun, London, 1873. A great portion of the literature 
b to be found in monographs on particular places. 7. American : J. Bell, The 
Mineral and Thermal Springs of the United States and Canada, 1855; Moorman, 
The Mineral Waters of the United States and Canada. 1867; Chandler, Lecture 
on Water, 1871; Walton, The Mineral Springs of the United States and Canada, 
1875. (J. il.— A. K. L.) 

IMINERVA (i.e., menes^va, endowed with mind) was the 
Roman goddess who i^resided over all handicrafts, inven- 
tions, arts, and sciences. She was probably an Etruscan 
deity, but her character was modified on Roman soil througli 
her identification with the Greek Pallas Athena (see 
Athena). No legend of her birth is recorded ; the Roman 
deities were abstractions, not distinct persons with an 
individual history. Her chief worship in Rome was in the 
temple built by Tarquin on the Capitol, where she was 
worshipped side by side with Jupiter and Juno. This 
foundation may be assigned to Etruscan influence. She 
had also an old temple on the Aventine, which was a regular 
meeting-place for dramatic poets and actors. The dedi- 
cation day of the temple and birthday of the goddess 
was March 19, and this day was the great festival of 
Minerva, called qidnquatriis because it fell on the fifth 
day after the Ides. The number five was sacred to the 
goddess. All the schools had holidays at this time, and 
the pupils on reassembling brought a fee (Tiiinerval) to the 
teachers. In every house also the quiiuiuatnis was a 
holiday, for Minerva was patron of the women’s weaving 
and spinning and the workmen’s 'craft. At a later time 
the festival was e.\tended over five days, and games were 
celebrated. This feature is evidently due to the Grijecizing 
conception of Minerva as the goddess of war. To this same 
Grmcizing tendency we must attribute the lectistemiwn 
to Minerva and Neptune conjointly after the battle of the 
Trasimene Lake. The 23d had always been the day of 
the tuhilustrium, or purification of the trumpets, so that the 
ceremony came to be on the last day of Minerva’s festival. 
Trumpets were used in many religious ceremonies; and 
it is very doubtful whether the tuhilustriuin was really con- 
nected with Minerva. There was another temple of Minerva 
on the Cmlian Hill, and a festival called the lesser quin- 
qualms was celebrated there on June 13-15, chiefly by the 
flute-players. 

Slinerva of the Caslian temple was called Capta; June 19 was 
the foundation day of this temple and the birthday of the goddess. 
The palladium, an archaic image of Pallas, was brought from Troy 
to Lavinium, and thence to Koine by the family of the Kautii ; it 
was preserved in the temple of Vesta as a pledge of the safety of 
the city. TJiere are some traces of an identification of llinerva with 
the Italian goddess Nerio, wife of Mars; it is probable that March 
19 was originally a feast of Mars. 

Besides Preller, Riim. Myth., and HarlunK, Relig. d. Romer, tie., see Jordan, 
Epfiem. Epigraph., 1. 23S; 3Iommson, C. 1. L., 1. 3SS; Usener, Rhein. Mas., %xx. 
222 . 

MINGRELLA., 'a former principality of Transcaucasia, 
•\vhich became subject to Russia in 1804, and since 1867 
has constituted three circles of the government of Kutais — 
Letchgum, Senakh, and Zugdidi. The country corresponds 
to the ancient Colchis; and Izgaur or Iskuriah on the Black 
Sea coast, which was the capital during the period of 
Mingrelian independence under the Dadian dynasty, is to 
be identified mtb tbe^ ancient Dioscurias, a colony of 
Miletus. The Mingrelians (still almost exclusively confined 
to the Mingrelian territory, , and numbering 197,000) are 
closely akin to the Georgians. See Caucasus, vol. v. p, 
257, and Georgia. 

MINIATURE is a term which by common usage has 
come to be applied to two different branches of painting. 
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Derived from the Latin word minium, the red pigment 
used in the primitive decoration of MSS., in the first place 
It IS the technical word employed to describe a painting in 
a MS. ; and, from the fact of such pictures being exec5;ed 
on a reduced scale, it has its secondary and modern signifi- 
cation of a small, or miniature, portrait. In the latter sense 
it belongs to the general subject of painting. Here' it is 
proposed to trace the development of the miniature in MSS. 
of the different schools of Europe. 

The rise of the art of Illumination, in which the 
miniature plays so important a part, has been described 
under that heading ; and something has been said in that 
place about the earliest extant specimens of miniature 
painting. Unfortunately we cannot -^vith any certainty 
reach farther back than the 4th century for the most 
ancient of them ; and all remaining examples between that 
period and the 7th century in Greek and Latin MSS. 
can be counted on the fingers. The two famous codices of 
Virgil in the Vatican Library stand pre-eminent as the 
most ancient Latin MSS. decorated ■ivith paintings. The 
miniatures in the first of them, the Codex Eomanus, 
are large and roughly yet boldly executed paintings, which 
have no pretension to beauty, and are simply illustra- 
tions; but they are as old as the 4th century, and are 
of the highest value in enabling us to appreciate the 
debased style to which classical art had descended, and 
which no doubt was more largely employed than we might 
think. The second MS., the Schedx Vatkanee, which may 
also be assigned to the 4th century, is far more artistic 
and retains a good deal of the grace of classic art. Of 
the same kind, but of rather later date, are the fragments 
of the Iliad in the Ambrosian Library at Milan, the 
miniatures of which are generally of excellent design. 
Next comes the Dioscorides of the Imperial Library at 
Vienna, with its semiclassical portrait-miniatures executed 
at the beginning of the 6th century. Of a rather later 
period are the paintings which illustrate the Greek MS. 
of Genesis in the same library. A far finer and older MS. 
of the same book of the Pentateuch once existed in the 
Cottonian Library, hut '\vas almost totally destroyed by 
fire. The few fragments of the miniatures wdiich once 
filled this volume, and which ivere of the 5th century, are 
sufficient to show -ft'hat excellent work could be done in the 
capital of the eastern empire, from whence the MSS. most 
probably came. The late interesting discovery of an illus- 
trated MS. of the Gospels in Greek, of the latter part of 
the 6th century, at Rossano in southern Italy, adds another 
number to our scanty list of early volumes of this class, 
which is closed by the Latin Pentateuch in the library of 
the earl of Ashbumham. This last MS., however, is not 
older than the 7th centmy. It was executed in Italy, 
and is adorned with many large miniatures, not of high 
artistic merit, but of great interest for the history of 
painting and of costume. 

Coeval with the MSS. which have just been enumerated 
are the beautiful mosaics and waU-paintings which are 
seen at Rome, Ravenna, and in other parts of Italy, serving 
as standards of comparison and carrying on the history of 
art where MSS. fail us. The strong and ever-increasing 
Byzantine element which appears in these works prepares 
us to find the predominance of the same influence •when we 
again pick up the broken thread of the history of miniature 
painting. We may then, at this point, turn for a moment 
to the east of Europe and state briefly what remains of 
Greek art in MSS. Of Greek miniatures there are still 
many fine examples extant, but, excepting those which 
have been noticed above, there are few which are ^rher 
than the 11th centmy. At this period the miniature 
appears in the set form which it retained for the next two 
or three hundred years ; and the connexion between its 
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style and that of the mosaics is too evident for ns to be at 
a loss to. explain the course of development. The figure 
dravung is delicate, but rather exaggerated in length; the 
colours are brilliant; and the whole effect is heightened by 
glittering backgrounds of gold. In some few instances, 
however, the Greek artist breaks aAvayfrom conventionalism, 
and, especially when pourtraying the divine features of the 
Saviour or some subject which deeply stirs his feelings, he 
surprises us with the noble dignity with which he invests 
his figures. Minuteness also caught the fancy of these 
Byzantine miniaturists ; and there still remain MSS., such 
as Psalters and saints’ lives, adorned throughout with 
delicate little drawings of great symmetry and beauty. 
The ornamentation which was employed in Greek MSS. 
in the period of which we are speaking, either as frames 
for miniatures or as borders or head-pieces, is designed 
evidently after Eastern types, and has more than an 
accidental likeness to the patterns Avhich are seen in the 
tapestries and prayer-carpets of Persia. After the 13th 
century decadence sets in, and we need not follow the 
course of Byzantine art in MSS. farther than to notice that 
immediately from it sprang such national styles as those 
of Russia, Bulgaria, and modern Greece. 

Meanwhile, in the West, under the fostering care of 
Charlemagne, arose a great school of decoration in MSS., 
which at the close of the 8th and beginning of the 9th 
century were multiplied and enriched rvith all the splendour 
that colours and gilding could give to them. But the 
books thus ornamented were almost always copies of the 
Gospels, or Bibles, or church service books, which afforded 
little scope for invention. Hence among the miniatures of 
this period we have an endless repetition of portraits of 
the evangelists, dra™, for the most part, in a lifeless way 
after Byzantine traditions, and degenerating, as time passes, 
into positive ugliness. The few miniatures of other descrip- 
tions, such as Biblical illustrations, show no great merit, 
and a half-barbaric splendour was generally preferred to 
artistic effect. But an exception must be made in regard 
to the style of drawing found in the MS. known, on 
account of its present resting-place, as the Utrecht Psalter. 
This volume is filled from beginning to end ufith delicately 
drawn pen illustrations, designed and executed nfith a 
facility which, compared with the mechanical and clumsy 
drawing of other Continental MSS. of the period, is astonish- 
ing. And these drawings are of particular interest for us, 
as they are of the style which was adopted in England and 
which gives to Anglo-Saxon art its distinctive aspect. 
Executed about the year 800 or early in the 9th century, 
and probably in the north of France, the volume was soon 
brought to England, w'here, however, MSS. of the same 
kind, it may be assumed, had long before been intro- 
duced. The light “ fluttering ” outlines of the drapery and 
other details of the drawings seem to suggest that the 
original models were derived directly from Roman life, and 
perhaps partly copied from sculpture; but those models 
must have gone through many modifications before passing 
into the style of the drawings of the Psalter. That the 
MS. was copied from an older one there can be scarcely a 
doubt ; and it is not impossible that the original archetype 
may ■ date back some centuries earlier, ilay not MSS. 
which St Augustine and his successors brought from Rome 
have contained drarvings of the same kind ? This style of 
drawing was, at all events, adopted and became nationalized 
in England ; but it had there a rival in the Irish school of 
ornamentation, introduced from the north of the island. 
The early civilization of Ireland placed her in the van of art 
development in these islands. The wonderfully intricate 
interlaced designs which render Irish hISS. of the 7th 
and 8th centuries such marvels of exact workmanship 
derive their origin, in all probability, from the metal-work 


of earlier ages. _ But, apart from ornamentation, the Risk 
miniatures of saints and evangelists are extraordinary and 
grotesque instances of purely mechanical drawing, which 
cause us to wonder how the same' eyes and hands which 
assisted in the creation of such beautiful specimens of pine 
ornament could- tolerate such caricatures of the. human 
shape. The explanation is perhaps to be found in super- 
stitious regard for tradition. This style of art was carried 
by the monks to Iona and thence to Lindisfarne, where was 
founded the school which produced, in the 8th and 9th 
centuries, the richly ornamented codices of Durham. Wliile 
then, Byzantine models were copied on the Continent, the 
free drarving introduced from the south and the intricate 
ornamentation brought in from the north were practised in 
England; but the free drawing, with its accompanying 
decoration copied from foliage, ahd gradually developing 
into beautiful borders harmoniously coloured, gained the 
day, and lasted do-wn to the time of the Norman Conquest. 
The one great fault of this latter style of dra'wing strikes 
the eye at the first glance. This is the inordinate length 
of limb with which the human figures are endowed. But 
this blemish is forgotten w'hen one comes to appreciate the 
many points of merit in the designs. 

In Italy, after a long period of inactivity, two very 
different styles of decoration of hISS. sprang into existence. 
The first of these was that "of the Lombardic school, which 
is distinguished by intricate patterns and bright coloming. 
The large initial letters w'hich are found in the MSS. of 
the 11th and 12th centuries, the best period of this 
style, are often a perfect maze of interlaced bands and animal 
forms, and are extremely handsome and effective. Figure 
drawing, however, seems to have been but little practised 
by the Lombardic artists, but such as there is appears on 
a broad scale and "umU executed. In the collections of 
Monte Cassino are some of the best examples of this 
school. In the second style which developed in Italy the 
Byzantine influence is at first most marked. Indeed, 
among its early specimens of the ■ 13th century are 
some which might pass for the work of Greek artists. But 
the genius of the Italians soon assimilated the foreign 
element, and produced a national school which spread 
throughout the peninsula and afterwards extended its 
influence to southern France and Spain. It is, however, 
remarkable that in a country which produced such fine 
pictures and waU-paintings at an early date there is com- 
paratively little miniature painting in contemporary MSS. 
A curious and early instance of this kind, of art occurs 
in a MS. in the British Museum, written and orna- 
mented -with a series of miniatiues at Winchester, in the 
12th century, in which are two paintings which are 
purely Italian and of more than ordinary excellence. 

In the majority of the extant Italian miniatures of the 
14th century the influence of the great artists of the 
Florentine school is manifest. The peculiar treatment of 
, flesh tints, painted in body colour over a foundation of 
olive-green, and the peculiar vermilion and other colours 
which need be but once seen to be ever afterwards recog- 
nized as belonging to this school, are constantly present. 
The figures are generally rather shortened and the drapery 
carried in straight folds, very different characteristics from 
tlie swaying figures and flowing drapery of the English and 
French artists of the same period. The ornamentation 
which accompanied this style of miniature generally 
consists of heavy scrolls and foliated or feather-like 
pendants from the initial letters, 'with spots of goH set 
here and there in the border. There are also extant some 
examples of a most beautiful kind of ornamentation which 
appears to have originated in central Italy, and which 
seems to partake of the qualities of - both .the styles of 
Italian art of which we have been speaking, combining 
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tho drawing of the Florentine school with a lighter colour- 
ing which may have been suggested by the Lombardic. 

Of native _ Si)anish miniature art little can bo said. In 
the Visigothic MSS. of tho early iliddlo Ages there is no 
ornament beyond roughly colom-ed initial letters and some 
barbaric figure drawing. A little later, however, we get 
some indication of national peculiarities iu tho MSS. of 
tho 10th, 11th, and 12th centuries. Hero there appear 
miniatures, stiff and rude in their drawing, but e.xliibiting 
the unmistakable Spanish predilection for sombre colours, 
—dusky reds and yellows and even black entering largely 
into the compositions. 

The materials at our- disposal of the 10th, 11th, and 
12th centuries show the gradual development in France 
and western Germany of a lino free-hand drawing which 
was encouraged by tho proportionately increasing size 
of books. Both in outline and colour the fully de- 
veloped miniatures of tho 12th century are on a grand 
scale ; and initial letters formed of scrolls and interlacings 
assume the same proportions. Tho figure drawing of this 
time is frequently of great excellence, the limbs being well- 
proportioned j care is also bestowed upon the arrangement 
of tho drapery, which is made to follow the shape and, as 
it were, to cling to the body. 

But the great revulsion from tho broad effects and bold 
grandeur of the 12th century to tho exact details and careful 
finish of the 13th centui-y is nowhere more striking than 
iu miniature painting in ilSS. With the opening of tho 
new period we enter on a now world of ideas. Large 
books generally disappear to give place to smaller ones ; 
minute writing supersedes tho largo hand ; and miniatures 
appear in circumscribed spaces in tho interior of initial 
letters. The combination of the miniature with the initial 
brings it mto close connexion with tho ornamental border, 
wliich develops pari with the growth of tho minia- 
ture. and by degrees assumes the same national and 
distinctive characteristics. Burnished gold was now also 
freely ased, tending to give tho jniniature a more decorative 
cliaracter than formerly. Iu England, northern France, 
and tho Netherlands the stylo of miniatmo painting of 
this period was much the same in character; and it is 
often difficult to decide from which of these countries a 
MS. is derived. English work, however, may bo often 
distingui-shed by its lighter colouring, wliile deeper and 
more brilliant hues and a peculiar reddish or copper tinge 
in the gold marks French origin. The drawing of the 
Flemish artists was scarcely so good, tho outlines being 
frequently heavy and the colours rather dull. Of the 
llhenish or Cologne school exampfies are more scarce ; but 
they generally show greater contrasts in the colours, 
which, though brilliant, are not so pleasing. As the 
centurj' advanced, and particularly at its close, national 
distinctions became more defined. English artists paid 
more attention to graceful drawing and depended less 
' upon colour. In some of their best productions they arc 
satisfied with slightly tinting the figures, finding room in 
the backgrounds for display of brilliant coloiu-s and gilding. 
In France the drawing, though exact, is hardly so graceful, 
and colour plays a more important part. From the 13th 
to the middle of tho 15th century great decorative effect 
is obtained by the introduction of diapered or other highly 
ornamented backgrounds. Of landscape, properly so called, 
there is but little, a conventional hill or tree being often 
taken as sufficient indication. Borders begin iu the lSth 
century in the form of simple pendants from the initial 
letters, terminating in simple buds or cusps. But once 
arrived fairly in tho 14tli century, a rapid development in 
all parts of the decoration of LISS. takes place. There is 
greater freedom in the drawing; the borders begin to throw 
out branches and the bud expands into leaf. This is the best 
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period of English miniature painting, many of the fine MSS 
of this century which are preserved in the public libraries 
bearing ivitness to the skill and delicate touch of native 
artists. In h ranee the decoration of MSS. received a "reat 
impetus from the patronage of King John and Charles V., 
of whose famous libraries many handsome volumes are still 
to be seen ; and later in the century the duke of Berri 
carried on the same good work. 

With regard to miniature art in Germany there are so 
few examples to guide us that little can be said. Most of 
them are rough iu both drawing and colouring; and in 
the few remaining specimens of really good work foreign 
influence Ls distinctly seen. ■ In the west the art of France 
and Flanders, and in the south that of Italy, are pre- 
dominant. Perhaps the finest MS. of this southern style 
to be seen in England is a Psalter belonging to 
Lord Ashburnham, which was probably executed in the 
1-ltli century at Prague, and is full of miniatures which 
in drawing and colouring follow the Italian school. 

When wo enter the 15tli' century we find great changes 
in both the great English and French schools. In 
England the graceful drawing of the previous century has 
disappeared. At first, however, some beautiful examples of 
purely native work were produced, and still remain to excite 
our admiration. Probably the most perfect of these MSS. 
are the Sherborne Missal belonging to the duke of North- 
umberland, and a very beautiful volume, a Book of Hours, 
in the library of Lord Ashburnham. The care bestowed 
upon the modelling of the features is particularly noticeable 
in English work of this period. In decoration the border 
of the 1-lth century had by this time grown to a solid frame 
surrounding the iiage ; but now another form of most effec- 
tive ornament was also used, consisting of twisted feather- 
like scrolls brightly coloured and gilt. As the century 
advanced native English work died out, and French and 
then Flemish influence stei)ped in. 

In France immense activit}' was shown all through the 
loth century in the illumination and illustration of books 
of all Idnds, sacred and profane ; and it is in the MSS. 
of that country, and, a little later, in those of the Low 
Countries, that we can most exactly watch the transition 
from mediteval to modern painting. Early in the century 
there were executed in France some of the most famous 
MSS. which have descended to us. In these the colouring 
is most brilliant, the figure drawing fairly exact ; and the 
landscape begins to develop. The border has grown from 
the branching pendant to a framework of golden sprays or 
of conventional and realistic leafage and flowers. Towards 
the middle of the century the diaper disappears for ever, 
and the landscape is a recognized part of the miniature ; 
but perspective is still at fault, and the mystery of the 
horizon is not solved until the century is well advanced. 
And now Flemish art, which had long lain dormant, sprang 
into rivalry with its French sister, under the stimulus given 
to it by the Yan Eycks, and the struggle was carried on, 
but unequally, through the rest of the century. French 
art gradually deteriorates ; the miniatures become flat and 
hard; nor are these defects compensated for by the 
meretricious practice of heightening the colours by pro- 
fusely touching them with gold. The Flemish artists, on 
the other hand, went on improving in depth and softness 
of colouring, and brought miniature painting to rare perfec- 
tion. The borders also which they introduced gave scope 
for the study of natural objects. Flowers, insects, birds, 
and jewels were painted in detached groups on a solid 
framework of colour surrounding the page. 

But if, as tho 15th century drew, to its close, the Flemings 
had outstripped their French rivals, they had now more 
powerful antagonists to contend with. The Italians had 
been advancing \vith rapid strides towards the glories of 
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the Eenaissance. Early, in the century there arose a taste 
for older models. ' As, for their Avriting and afterwards 
for their printing, they went back to the 11th and 12th 
centuries for their standards, so they adopted again the 
interlacing designs of the Lombardic school for their orna- 
ment, and produced beautiful borders of twining patterns 
relieved by colour ; or they took natural objects for their 
models, and painted borders of delicate floAvers made stiU 
more brilliant Avith clustering stars of gold. Later, they 
dreAv from the ancient classical designs inspiration for the 
Avonderful borders of arabesques, medallions, griffins, human 
forms, antique objects, &c., Avhich they brought to such 
pei'fection early in the next century. Their miniatures 
rose to the rank of exquisitely finished pictures, and AA'ere 
executed by some of the best artists Avorking under the 
patronage of such great houses as those of Sforza and 
Medici. 

Here then, having advanced to the threshold of the 
domain of modern painting, we leave these two great 
schools of miniaturists in possession of the Avest of Europe. 
The Flemings had the Avider field ; they Avere Avanderers 

MIN 

T he art of mining consists of those processes by which 
useful minerals are obtained from the earth’s crust. 
This definition is Avider than Avhat is popularly knoAvn as 
mining, for it includes not only underground excavations 
but also open workings ; at the same time it excludes under- 
ground AYorkings Avhich are simply used for passages, such 
as raihvay tunnels and sewers, and galleries for military 
purposes. We must remark also that the Avord “mine,” or 
its equivalent in other languages, varies in signification in 
different countries on account of legal enactments or 
decisions which define it. Thus, in France and Belgium, 
the Avorkings for mineral are classified by the laAV of 1810, 
according to the nature of the substance Avrought, into 
mines, minieres, et carrih'es. In the United Kingdom, on 
the contrary, it is the nature of the excavation which 
decides the question for certain legislative purposes, and 
the term mine is restricted to workings which are carried 
on underground by artificial light. The consequence is 
that Avhat is merely an underground stone quarry in 
France becomes a true mine in England, Avhilst the open 
Avorkings for iron ore, such as exist iu Northampton- 
shire, Avould be true mines under the French laAv. It is 
necessary, therefore, in an article on mining, to go beyond 
the English legal definition of a mine, and include the 
methods of Avorking minerals in excavations open to day- 
light as well as in those Avhich are purely subterranean. 
Furthermore, as it is customary for the miner to cleanse 
his ore to a greater or less extent before selling it to the 
smelter, we shall treat, under the head of mining, those 
processes which are commonly knoAvn as the dressing or 
mechanical preparation of ores ; and, finally, a feAv remarks 
AviU be made concerning legislation affecting mines in the 
United Kingdom, accidents in mines, and the production 
of the useful minerals in various parts of the globe. 

The subject therefore Avill be dealt Avith as foUoAvs : — 

1. Manner in which the useful minerals occur in the 
earth’s crust, viz., tabular deposits and masses ; faults or 
dislocations. 

2. Prospecting, or search for mineral. 

3. Boring with rods and ropes ] diamond drill. 

4. Breaking ground ; tools employed ; blasting by vari- 
ous methods ; machine drills ; driving levels and sinking 
shafts. 

5. Principles of employment of mining labour. 

6. Means of securing excavations by timber or masonry. 
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from home •, and their works are scattered through many 
lands, from England in the north to Spain in the soutk 
But Italian art had greater inherent strength, and wUl 
always hold the first rank. To' instance a feAv of the more 
famous MSS. of this closing period of miniature painting : 
the Breviary of Isabella the Catholic, in the British 
Museum, is a masterpiece of Flemish art produced in 
Spain; the Grimani Breviary, at Venice is another fine 
example of the same school. Some beautiful Italian 
miniatures (executed for Leo X. and others) Avere in the 
collection lately sold by the duke of Hamilton. The earl 
of Ashburnham possesses a most delicately illuminated 
Book of Hours Avritten for Lorenzo dei Medici by the 
famous scribe Sinibaldo in 1485, us aaMI as a MS. to Avhich 
Perugino and his contemporaries contributed paintings. 
And in one MS., a Book of Hours belonging to hir Malcolm 
of Poltalloch, are gathered some of the best miniatures 
of both schools, viz., a series of exquisite paintings by 
Milanese artists supplemented by later ones of the finest 
Flemish type. (e. ai. t.) 

hllNIMS. See Feaatcis (St) of Paola, vol. ix. p. 695. 
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7. Exploitation, or the Avorking aAvay of strata or veins. 

8. Carriage or transport of minerals through under- 
ground roads. 

9. Winding, or raising in the shafts, Avith the machinery 
and apparatus required. 

10. Drainage of mines, adit-levels, pumps, pumping 
engines. 

11. Ventilation and lighting of mines. 

12. Means of descending into and ascending from 
mines. 

13. Dressing or mechanical preparation of minerals. 

14. Recent legislation affecting mines in the United 
Kingdom. 

■ 15. Accidents in mines, 

16. Useful minerals produced in various parts of the 
globe. 

1. Planner in which the Useful Minerals Occur. — ^The 
repositories of the useful minerals may be classified accord- 
ing to their shape as (A) tabular deposits, and (B) masses. 

A. Tubular Deposits. — ^These are deposits which have a 
more or less flattened or sheet-like form. They may be 
divided, according to their origin, into (1) beds or strata, 
and (2) mineral veins or lodes. 

(1) Beds. — Geology teaches us that a large proportions! 
of the rocks met Avith at the surface of the earth consist 
of substances arranged in distinct layers, OAving to the fact 
that these rocks have been formed at the bottom of seas, 
lakes, or rivers by the gradual deposition of sediment, by 
precipitation from solutions, and by the growth or accumu- 
lation of animal and vegetable organisms. If any one of 
these layers consists of a useful mineral, or contains enough 
to make it valuable, we say that Ave have a deposit in the 
form of a bed, stratum, or seam. Of course the most 
important of all bedded or stratified deposits is coal, but, 
in addition, we have beds of anthracite, lignite, iron ore, 
especially in the Oolitic rocks, cupriferous shale, lead- 
bearing sandstone, silver-bearing sandstone, diamond-, 
gold-, and tin-bearing gravels, to say nothing of sulphur, 
rock-salt, clays, various kinds of stone, such as limestone 
and gypsum, oil-shale, alum-shale, and slate. 

The characteristic feature of a bed is that it is a member 
of a series of stratified rocks ; the layer above it is called 
the roo/ of the deposit, and the one beloAV it is the foor. 
Its thickness is the distance from the roof to the floor at 
right angles to the planes of stratification ; its dip is tne 
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inclination do^TOwa^ds measured from the horizontal • its 
sirike IS the direction of a horizontal line drawn in' the 
middle plane. 

Ihe thickness of beds that are worked varies within 
vei^ wide limits. Whilst the thickness of certain workable 
beds of coal is only 1 foot, and that of the Mansfcld 
cupriferous shale only 10 to 20 inches, ive find on the 
other hand one of the beds of lead-bearing sandstone at 
Mechernich no less than 85 feet thick, and beds of slate 
far exceeding that thickness. It must not be supposed 
however, that the thickness of a bed necessarily remains 
uniform. Occasionally this is the case over a very large 
area ; but frequently the thickness varies, and the bed may 
dwindle away gradually, or in- 
crease in size, or become divided 
into two owing to the appearance 
of a parting of valueless rock. 

Fig. 1 shows beds of shale, lime- 
stone, iron ore, and sandstone. 

Any one of these beds may be 
valuable enough to be worked. Fig. 1. 

( 2 ) 2 finerul Veins or Lodes . — Veins or lodes are tabular 
or sheet-like deposits of mineral which have been formed 
since the rocks by which they are surrounded they differ, 
therefore, bj' their subsequent origin from beds, which, as 
just stated, are of contemporaneous origin with the enclos- 
ing rocks (although of course cases occur in which the 
deposit m lying unconformably upon very much older 
strata, or is covered unconformably by very much younger 
strata). It is necessaiy to e.vpkin that the term “ vein ” 
in this definition is used in a more restricted sense than is 
sometimes customary among miners, who speak of veins 
of coal, clay-ironstone, and slate, which geologically are 
true beds. They see a band of valuable mineral or rock, 
and, careless of its origin, call it metaphorically a vein or 
seam. On the other hand, the definition is broader than 
that which prevails among some geologists, who would 
confine the term vein to deposits occupying spaces formed 
by fissures. 

The term “lode” was defined in 187/ by Jfr Justice Field in tlic 
celebrated Eureka v. Eichriiond case as follow.s: — “We are of opinion, 
therefore, that the term, as itscd in the Acts of Congress, is applic- 
able to any zone or belt of mineralized rock lying within bound- 
aries clearly separating it from the ncighbounng rocks." This 
interpretation seems suitable for the peculiar mining tenure of tlie 
United States, where the discoverer of a vein or lode can obtain 
a mining claim of 500 yards in length along the lode. It protects 
the pro.spector, whose object is to obtain a secure title, the mode of 
origin of the deposit being a matterof small importance to him so long 
as it is worth working. In many cases also it would be impossible 
to decide upon the mode of origin until workings had progressed 
considerably, and even then there would be room for disputes. 

N'o doubt a very large number of mineral veins are 
simply the contents of fissures ; others are bands of rock 
impregnated with ore adjacent to fissures or planes of 
separation ; other.?, again, have been formed by the more 
or less complete replacement of the constituents of the 
original rock by particles of ore. 

Veins may occur in igneous or in sedimentary rocks, 
and in the latter they frequently cut across the planes of 
stratification. - 
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togetlier by minerals that have 
been introduced subsequently. The 
honzonfal section of part of the 
Coinitock lode* (Plate IV,) shows 
much “country” rock enclosed 
within the walls. 

Where a lode consists of rock 
impregnated with ore, the mineral- 
ized part may fade away gradually 
into the surrounding rochfcounlry) 
without there being any distinct --t,--. 

Fl.t?"''? s" o' illustration taken from tho 

Great Flat Lode^ near lledruth in Cornw.ill, 

is i 
mitic 
width 
450 1 
width 
tains : 
bodies, 

of highly fcmiginoiis car- 
bonate of lead, neb in silver 
and gold. This mineralized 
limestone band, long called Fig. 3, 

a lode by miners, has been determined by the decision iust men- 
tioned to be a lode in the eyes of the law. 

Veins often continue for a gi eat distance along their strike. Tho 
\ an lode in jrontgomeryshire is known for a length of 9 miles, 
whilst the Great Quartz Vein in California has been traced for a 
atstaace of no less than 80 miles. V'eins are of less unifonn pro- 
ductivcnc^ than beds, and are rarely worth working throughout. 
Jtich portions alternate with poor or worthless portions. The rich 
parts have received various names according to the forms they 
assume ; fig. 4 rejiresents a 



I 


longitudinal section along the 
strike (course) of a lode, and 


Sua^ASK Ukc 

Adtr Lcvrk 


19 


c#ri ■Q'7 




7g. “ ~y ' t ' " ’ 


/ I 

to P*taeiiC lAvtk 



Fig. 4. 


Like a bed, a vein has its dip and strike; but, as the dip of veins 
is generally great, the inclination is usually measured from the 
vertical, and is then spoken of as the underlie or hade. The 
bounding planes of a vein are called the veulls or cheeks, and they 
are frequently smooth and striated, showing that one side must hav’c 
slid against the other. The upper wall is known as the hanrjiwj 
•wall, the lower one as the fool wall. The width of a vein is 
measured at right angles to the walls. 

A typical example of a fissnrc-vciii is shown in fig, 2, repre- 
senting a lead lode in slate at Wheal ilary Ann mine' in CornwalL 

' C, Le Neve Foster, “ Remarks on the Lode at Wheal Mary jVnn, 
Jlenheniot,” Trans. Roy. Geol. Roc. Cornwall, vol. i.T. p. lf>3. 


the stippled parts are ore- 
bodies; B,13, B are hunches', A 
is a large bunch or course of , 
ore-, when an ore-body forms 
a sort of continuous column 
we have a shoot, and ore- 
bodies which on being ex- 
cavated leave chimney-like 
openings are called jnyes (fig. 4, C). In the United States tho 
Spanish word bonanza, literally meaning “ fair weather" or “pro- 
sperity," is frequently used for a rich body of ore. 

The ricliness of veins is dependent in many cases upon the nature 
of the adjacent rock (country), upon the underlie, and upon the 
strike, variations in any one of these three elements being often 
sufiicient to cause a decided change of productiveness. 

Various theories have been formed concerning the origin of 
mineral veins. Some geologists suppose that the minerals now 
constituting the veins have been dissolved out of the adjacent rocks 
and re-deposited in the vein cavity; others, on the contrary, believe 
that the ores have been brought up from gi’eat depths by mineral 
springs. In all probability both theories arc correct, some lodes 
having been formed by the former process and some by tho latter; 
and, furthermore, other lodes appear to owe their origin to a gradual 
substitution of valuable minerals in the place of some of the con- 
stituents of a worthless rock. One of the most important con- 
tributioirs to the science of ore-deposits of late years has been 
the discovery by Professor F. Sandberger of sm.all quantities of 
silver, lead, copper, nickel, cobalt, bismuth, arsenic, antinrony, 
and tin in silicates, such as olivine, augite, hornblende, and nriea, 
which arc constituents of igneous rocks. He therefore regards 
these rocks as the sources front which lodes have derived their 
riches. 

B. Masses. — ^These are deposits of mineral, often of Masses, 
irregular shapes, which cannot be distinctly recognized as 
beds or veins. . Such, for instance, are the red haematite 


D. Hague, in United States Geoloyiad Exjiloralion of ike 
Parallel, vol. rii., “Jlintttg Industry,” Washington, 1870, 


- James 

Fortieth Parallel, 

Atlas, plate 11. 

^ C. Le Neve Foster, “On the Great Flat Lode south of Red- 
ruth and Camborne, and on sonre other Tin Deposits formed by 
the Alteration of Granite,” Quart. Jour. Geol. Soc., vol. xxxiv. p. 
644. 
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deposits of the Ulverston district (fig. 5^) and the brown 
htematite deposits (cAwnis) of the Forest of Dean, which 
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Fig. 5. — T ertical Section, Eoanhead Mine. A, Sfountain Limestone ; 
B, red IsKmatite ; C, sand and day; D, gravel. Scale 

occupy irregular cavities in the Mountain Limestone. These 
may hare been formed by the percolation of water bring- 
ing down iron in solution from overlying Triassic rocks. 
Other examples of masses 


are the calamine deposits of ^ 

Altenberg- (fig. 6), Sardinia, 
and Lombardy, the iron ore 
deposits in ilissouri, such 
as Iron ^fountain and Pilot 

pob the huge upright c.lverli'cdlTctionrAUem 
necks or “ pipes of dia- berg. B, slate ; d, dolomite ; 
mantiferous rock in South C, calamine ; L, clay. 

Africa, and the granite decomposed hi situ worked for 
china clay in Cornwall. 

Under this head also arc included by most authors the 
so-called “stockworks” or “reticulated masses,” names 
applied to masses of sedimentary or igneous rock which 
are penetrated by so many little mineral veins as to make 
the whole worth excavating. 


It must be understood that wo cannot expect nature to make 
distinct lines of demarcation betiveen the different kinds of 


dejKisits. Though we may be able to see clearly that a scam of 
coal is contemporaneous ivith tlie enclosing rocks, and that a vein 
intersecting beds of shale and sandstone was formed subsequently, 
cases frequently occur where the origin of the mineral is uncert.ain. 
For example, we have the lead-bearing sandstone of ifechemichand 
the silver- bearing sandstone of Utah. The grains of sand are of 
sedimentary origin ; but opinions differ as to whether the lead and 
silver respectively were deposited with the sand or were introduced 
subsequently by solutions percolating through the beds. In the 
case of the well-known bed of Cleveland ironstone. Dr Sorby 
considers that the iron was “derived partly from mechanical 
deposition and partly from subsequent chemical replacement of 
the originally deposited carbonate of lime.” ^ Furthermore, a bed 
ma}’ be so folded and contracted as to lose its on'ginal shcet-like 
form in places and assume the shape of an irregular mass. This 
may happen even tvith a coal seam.-* 

All kinds of deposits are subject not only to irregularities of 
origin dependent upon their mode of formation but also to dislo- 
cations or shiftings known as faults, heaves, or throws. 

We will take the case of a bed (fig. 7). AB is a seam which ends- 
off suddenly at B, whilst the continuation is found at a lower level 
at CD. The bed was evidently once continuous ; but a fracture took 
place along the line XY followed by a displacement As a rule 
X 



Fig. 7. 

the portion of rock on the Han^ng-wall side of a fault appe^ to 
have slid downwards, but occasionally this is not so, and we have a 
reversed fault (fig. 8). It is very evident in some cases, that the 
motion took place, not along the line of greatest dip, but in a dia- 
1 p'j._ yioritz \'7olff, “ Beschreibung der Eotheisenerzbigerstatten 
von West Cumberland xmd North Lancashire,” Eisen, 2 

Tahrgang, No. 12, plate vL . , , 

..(.Yll. Braun, Zeitschr. d. d. geol. GeseUsch., 18o/, vol, ix.; and A. 

, ,.“^--oddecki Die Lehre -con den ' LagersUitlen der Erze, Leipsic, 
Limits. 9^2 

5. Princi/our. Geol. Soc., vol. xxsv. (1879), p. 85, Anniversary 

6. Means of resident • ■ ■ ; • - 

Z,ectures on Minhig, vol. i. p. 63, and Atlas, plate 


gonal direction, causing a dispbeement sidowaj-s as well as down- 
wards, Nevertheless, where beds or veins are not horizontal a mm 
•sliift along the line of dip is sufficient to cause an apparent heasu 
sideways. This will be understood from fig. 9. Let AB and CD 
represent two portions of a lode dislo- • ^ 

cated by the fault EF. , The point B' 
corresponded originally with B, and 
the dislocation was caused by a simple 
sliding of B' along the line of dip BB'.- 
An instance of the complication caused 
by a succession of faults is shown in 


fig. 10.5 



2. Prospecting, or Search for 
Mineral . — ^Tlie object of the pro- 
spector is to discover valuable deposits of mineral. This 
search is beset with many difficulties : the outcrops of 
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Fic. 10. — ^Vertical Section, Penhalls Mine, Cornwall, G, G, G, small 
veins called gossans in the St Agnes district. 


mineral deposits are frequently hidden by soil; the nature 
of the deposit itself is generally entirely changed near the 
surface; and, in addition to this, the explorer may have 
to pursue his work in trackless forests far away from any 
settlements. 

The prospector seeks for natural sections of the rocks, 
such as occur in cliffs or in river valleys and their tributary 
gullies and gorges ; he examines the materials constituting 
the river-beds, often digging up and. washing portions in a 
pan, in order to ascertain whether they contain traces of 
the heavy ores or metals. If, while prospecting in a valley, 
he discovers stones that have the appearance of having once 
belonged to veins, he endeavours to trace them to their 
source, and is perhaps rewarded by. finding similar frag- 
ments, but less water-worn, as he goes up the stream ; 
further on he may come upon large blocks of veinstuff 
lying about, and finally find the vein itself laid bare in a 
gorge, or at the bottom of a brook, or possibly projecting 
above the soil in the form of huge crags of quartz. ' Thus 
at the Great IVestern quicksilver mine in California the 
outcrop of the vein appears as a dike over 100 feet wide, 
and having precipitous sides in places 75 feet high.” -. Loose 
pieces of , veinstuff found Ijdng about are known in 
Cornwall as shoad-stones, and shoading 'm the term given 
to the process of tracking them to the parent lode. 

The upper portion of a deposit is frequent!}' much altered by 
atmospherio agencies, and bears little resemblance to the undecom- 
posed bed or vein which will eventually he met with at a greater 
or lesser depth. The principal difference consists in the change of 
sulphides into oxides or oxidized compounds. Thus iron pyrites, 
which is such a common constituent of mineral veins, is converted 
into hydrated oxide of iron, and a vein oziginall}' consisting largely 
of iron pyrites and quartz now becomes a cindery mixture of quartz, 
and ochre, knoum in Com-wall as gossan. This gossan, or iron 
Jiat, may often furnish important indications concerning the nature 
of the lode itself, because such minerals as pyromorphite or ceras- 
site point to the existence , of galena, whilst melaconite, cuprite, 
malachite, and azimte are the forerunners of cLalcopjiite or copper 
glance. The gossin itself may contain a' sufficient quantity of valu- 
able ores to be worthworking. 

The seams containing native sulphur in Sicily often show no trace 
of that element immediately at the surface, as the sulphur-bear- 
ing limestone weathers into a soft White granular or pulverulent 


■* Pike,- On some remarkable heaves or throics'm Penliahs 

Mine,' Quart. Jour. Geol. Soc., vol. xxii. p. 537. . - ; 

•* Luther Wagoner, “ Tlie Geology of the Quicksilver Mines of Cali- 
fornia,” Engineering and Mining Journal, %-ol. xxxiv. p.>33L • - 
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miners, and considered 
iteelf?! airoiding important mclic.ations concerning the bed 

Other signs of mineral deposits arc given by sprinos and bv 

“issoLted mincrall 
noun-shment. Tiio appearance of the so-called 
lode-lights may bo exjilained by the production of phosphoretted 
^ action of organic matter and water upon phos- 
phates, which are so common in the upper parts of mineral wins- 
and one hears also of differences in the appearance of the vegetation 

white/ deposit, of places where snow will not lie in 

winter, and of vapours hanging over the ground. Tlioiudi some 
1 nters refuse to put any value upon these indications, they should 
not be entirely overlooked, because the outcrop of a lode, of different 
surrounding rocks, and wliich is generally 
«adijy cause the phenomena j^t meii- 
tioned. Where the surface is cultivated and the natural springs 

ranMt^be Vn/vM ^7® mine-workings, these appearanefs 

any great extent With one special 
mineral magnetic iron, the position of the deposit may he traced 

S hfswdeV of accuracy with a dipping needle; this- is 
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diminish the weight of the rods, which becomes consider 
able in deep- holes, wood has sometimes been emploS 
Tile rods are connected by male and female screws atta^ed 
to the rods by sockets of .sheet iron, or byTforkSc 


arrangement. At the surface a head is scTewed toS 
uppermost rod by which the rods can be lifted, and they 
are turned by means of cross-bars called tillers. ^ 


After having acquired an idea of the position of a vein 
or seam by some of the surface indications just mentioned 
it is necessary, before attacking it by shafts or levels, to 
obtain more certain data concerning it. In the case of 
mineral veins, trenches are dug at right angles to the 
supposed strike; and, when the upper part of the deposit 
has been cut in several places, its general course and dip 
can be determined sufficiently for the purpose of arranging 
the future workings. These trenches are called “ costean 
lilts"; in some case.s, instead of a trench, a pit is sunk a 
short distance and a little tunnel driven out. 

IVhere the mineral to be wrought occurs as a bed or 
mass, the process of boring is resorted to, and indeed this 
method is also applied in the case of veins, especially in 
the United States. Boring is a work of such importance 
that it deserves to be treated under a separate headin". 

p. Boring mth Rods and Ropes— -Biamond Drills.—'ih.e 
object of boring is to reach a deposit by a small hole and 
a.scertain its nature, its depth from the surface, thickness, 
dip, and strike. Bore-holes are also used for obtaining 
water, brine, and petroleum, which either rise to the 
surface or have to be pumped up from a certain depth, and 
finally for tapping water in old workings or for effectino- 
ventilation. The methods of boring may be classified as 
follows; — (1) boring with the rod; (2) boring with the 
rope ; (3) boring with the diamond drill. 

In the first method tools for cutting and removin'-!- the 
rock are fixed to rods, which are lengthened as the hole , 
increases in depth,- and which are worked by hand or by 
machinery at the surface. Where the ground is soft, such 
as sand or clay, tools like augers can be employed ; but in 
harder . ground it becomes necessary to have recourse to 
percussion ; various forms of chisel are used, the simplest 
being made of the shape shown in fig. 11. 2 The rods 
generally consist of bars of sjuare 01 
iron, from 1 inch to 2 inches on the 
side. The length of each rod de- 
pends upon the height of the tower, 
derrick, or shears erected above the 
bore-hole, which, should be an exact 
multiple of the individual parts. 

These are made in lengths of 15 to 
30 or rarely 40 feet, and mth a ^ 
suitable tower it is possible to de- 11-— Chisels. Fig. 12 . 
tach or attach two or three lengths at a time, instead of 
having to make or unmake every joint. The mode of con- 
nexion usually preferred is by a screw joint as shown in 
fig. 12; care is taken to have all the joints e.xactly alike, 
so that any two bars can be screwed together. In order to 


'1*'“ lifted by band and tb;>n 

enu. Whilst the ^Jier end can be pressed down bv men nsinrf thoir 

thceLfi/ii'^^' F ^ P”'® arrangement^ in wlucb 

Stroke ‘ 77 of for lifting the rod at cai 

th?W« the stroke can be maintained the same while 

With deep holes, and especially those of large diameter steam 
maclnneiylms to bo employed for working the rod ” the eS 
li'IiTn p tlitect-acting ami stand immediately above the hore-lwlo 
arrangement is to employ a single-actin^-- cylinder 
rking a beam. Occasionally also the beam is actuated bv a 
coimccting-rod worked by a crank. ai-iuateu oy a 

boring machinery has now been described, and the 
.mere boring appears to bo a very simpde matter, consisting only in 
i"f5 ® ® allowing it to drop, the rod beiifg tumctl 

Um ' stroke. Nevertheless the process of putting 

fo" there arc immer° 

ous indispenrable accessory operations which take up much time. 

P 1 ^^® debris have to bo removed, and in order to 
effect this the rods must be drawn up, the swivel-head is discom 
nceted and a cap screwed on. A length of rods is now drawn up hv 
a hand or steam inmllass and disconnected. It is well to have .4 
many caps as there are lengths to be drawn up, and then each length 
can bes^pended in the house. Sometimes a yryi which catches the 
rod at the bulgmgjoint is used instead of acap. The iie.vt operation 
consists in lowenng by means of a rope the shcU-immp or 
sludejer, which is a holloiv cylinder with a clack or a ball- 
valvD(fig, 13), It is worked up and down a little till it is 
tilled, and it is then drawn up and emptied at the surface, 
riie operation is vopeated, if necessary, and the boring is 
resumed with the rod. 

Occasionally a boro-hole has to he widened slightly with 
a tool called a reamer. Soft beds may have to bo bored 
through with a wimble-, and, unless the rocks are hard and 
firm, the hole has to bo lined with a tube, generally of sheet- 
iron. Accidents may occur, causing an immense amount ^'8- 
of trouble, such as the breaking of rods or cliisol, and many in- 
genious implements have been devised for seising the broken rod 
or the fragments of tools which prevent further progress ~ 
with the work. 

Ill boring at considerable depths, the weight of the 
rod becomes so great that much vibration ensues when 
the mass is suddenly arrested by the chisel striking 
against the bottom of the hole. Various devices have 
been contrived for overcoming this diificulty and pro- 
ducing a tool which will act independently of the rod. | 

One of the best-known arrangements is the free-falling ; 
tool invented by Kind (fig. ll),^ The head of the actual 1| 
boring-rod is held by a click or grapple ; when the main 
rod descends, the resistance of the water in the hole i 
slightly stops the sliding disk D, the jaivs J, J open, the I 
head is disengaged, and the boring part falls and strikes | 
the bottom without any injurious vibrations being com- i 
mvnicated to the main rod. When this descends farther j 
the head is caught again by the click. Special tools also 
are used for cutting an annular groove at the bottom of [ 
a bore-hole and breaking off the core, which is then { 
brought up, with certain precaution.s, so as to show the f 
nature and dip of the strata traversed. * 

In order to obviate the great loss of time w'hich - 
ensues from connecting and disconnecting long \ 

Icngtiis of rods, recourse may be had to boring j 
with tho rope. In this method, known as the t. 

Chinese method, the chisel is worked by a rope in 


h Boring 
(j with 
1 1 rope. 

U 


^ I.orenzQ, Parodi, Suit' lisirazione dello Salfo in Sicilia, 1873, 
pp. 7 and 24. " 

^ Serlo, Leit/aden zur Ber/jiaulmnde, Berlin, 1S73, p. as. 


the same manner as the sludger already described. ^Messrs 
Mather and Platt of Manchester have long used with suc- 
cess, in many parts of England and various other countries, 
a system of boring by means of a flat hempen rope. 

The niost important modification of late years in the 

* J. C.-iUon, Lectures on Mining, vol. i., AtW, plate ix. fis. 52. 
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Diamond process of making 'bore-holes is the introduction of the 
drilL diamond drill. Tho working part of the drill consists of 
the so-called crown, which is a short piece of tube made of 
cast steel, at one end of which a number of black diamonds 
are fastened into small cavities (fig. 15). 

The crown is screwed on to wrought- 
iron pipes, which constitute the boring 
rod. Machinery 'at the surface causes 
the rod to rotate, and the result is the 
cutting of an annular groove at the 
bottom of the hole, leaving a core, 
which, breaking off from time to time, 
is caught by a little shoulder, and 
brought up to the surface mth the rod. 

In places where it is not necessary to 
make any verification of the rocks tra- „ „ 

versed, the crown is arranged with ^ 
diamonds in the centre also. The 
debris, in either case, are washed away by a stream of 
water, which is forced down the tube and flows up the sides 
of the hole. 'With this system a bore-hole can be deepened 
continuously at a speed altogether unattainable by the 
other methods, which require stoppages for cleaning out. 
It has the further advantage of making it possible to drill 
holes in any direction ; and prospecting diamond drills are 
constantly used with much success inside many metal mines, 
especially in the United States. 

Fig. 16^ sliows the Little Champion Rock-Drill, which is largely em- 
ployed in. the Lake Superior district for prospecting. It can he used 
above or below ground. Two inclined cyliiidei's drive a horizontal 
crank shaft, which works bevel gear, causing the drill to revolve. At 
the same time a countershaft is likewise set in motion, and this effects 
the advance of the drill by gearing driving the feed-screw; as there 
are three kinds of gearing, the speed can bo varied at pleasure, 'i’lie 
feed-screw and its connexions are carried by a swivel-nead, and this 
can be turned so as to drill holes at an angle. Tlie drum shown 
above the cylinders is used for hoisting out the drill-rods by a rope. 
The rods are lap-welded iron tubes inches in diameter, fitted with 
a bayonet joint. 

Another light portable prospecting drill for underground work is 


Fig. 16. — Little Champion Rock-Drill. Fig. 17. 

represented in fig. 17.- It is intended for drilling holes 1_I inches 
in diameter to a depth of 150 feet. The cores which it yields are 
^ inch in diameter. It has double oscillating cylinders 3 J inches in 
diameter with 3.^ inches stroke, which are run up to a speed of 800 
revolutions. The drill can be set to bore in any direction by 
turning the swivel-head on which it is carried. 

The larger rock-drill used by the American Diamond Rock 
Boring Company for putting down holes to a depth of 2000 feet 
consists of a 20 horse-power boiler ivith two oscillating 6-inch 
cylinders and the necessary gearing for working the drill, all 

^ Engineering and ^fining Jour., vol. xxxiii. p. 119. 

' 2 Ihid., vol. xxxiii. p. 273. 





mounted upon a carriage, so tliat tho whole machine is readilv 
red from place to place. The feed is effected by gcarinn- or C 


move 


hydraulic pressure; a 25 -inch crown is employed, kavfnJ"f o*.Lcf 
core. Each separate drill-rod is 10 feet long. Tho total wei'dit of 
tho machine is about 4 tons. ° ‘ 

A. BreakilUf Ground — Tools Employed — Blasting hy 
Various Methods — irachhie Diills — Eriving Levels and 
Sinking Shafts. — The kind of ground in which mining ex- 
.jcavations have to be carried on varies within the widest 
limits, from loose quicksands to rocks which are so hard 
that the best steel tools will scarcely touch them. 

Loose ground can be removed with the shovel; but in Took 
the special case of peat sharp spades are employed, which 
cut through the fibres and furnish lumps or sods of con- 
venient form for drying and subsequent use as fuel. What 
is called fair, soft, or easy ground, such as clay, shale. 


decomposed clay-slate, 
and chalk, requires 
the use of the pick 
and the shovel. The 
pick is a tool of very 
variable form, accord- 
ing to the material 
operated on. Thus 
there are the navvy’s 
pick, the single- 2 )oint- 
ed pick with a striking 
head at the other end 
pick (fig. 18), and 
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Fig. 18. — Poll-pick. 



called the poll- 
numerous varieties 
of the double-pointed pick (fig. 19), the 
special tool of the collier, but also 
largely used in metal mining. IVhen 
the ground, though harder, is neverthe- 
less “jointy,” or traversed by many 
natural fissures, the wedge comes into Pic. 19.— Double- 
play. The Cornish tool knoivn as a gad pointed Pick, 
is a pointed wedge (fig. 20). The so-called “pick and 
gad ” work consists in breaking away the easy ground with 
the point of the pick, ivedging off pieces with the gad driven 


Q 


in by a sledge or the poU of the pick, or prizing them 
off with the pick after they have been loosened by 
the gad. The Saxon gad is held on a little handle, 
and is struck with a hammer. It is used for wedg- 
ing off pieces of jointy ground, and in former days 
even hard rocks were excavated by its aid. The 
process consisted in chipping out a series of parallel 
grooves and then chipping away the ridges left 
betiveen the grooves. As a method of working this process 
is obsolete; but it is useful on a small scale for cutting 
recesses {hitches) for timber, for dressing the sides of levels 
or shafts before putting in dams, and for doing work 
in places w'here blasting might injure pumps or 
other machinery. 

We now come to hard ground; and in this class 
we have a large projiortion of the rocks met with 
by the miner, such as slate of various kinds, hard 
grits and sandstone, limestone, the metamorphic 
schists, granite, and the contents of many mineral 
veins. Rocks of this kind are attacked by boring 
and blasting. The tools employed are the jumper, 
the borer or drill, the hammer, the sledge {mallet, m 
C ornwall), the scraper and charger, the tamping bar || 
or stemmer, in some places the pricker or needle, w 
the claying bar, the crowbar, and finally the shovel 
for clearing away the broken rock. 

The jumper (fig. 21) is merely a long bar of iron 
terminating in two chisel-like edges made of steel; Fig. 21. 
generally there is a swelling in the middle, and 
sometimes the jumper tapers all the way from the middle 
to the edge or bit. The jumper is most commonly used 
when it is necessary to bore holes downwards, and is 
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largely employed in quarries; occasionally it is used in 
boring boles horizontally, as for instance in the salt mines of 
Cheshire. The jumper is held in the desired direc- 
tion, lifted uj), and thrust down; it is turned a 
little after each stroke. 

However, the miner's tool is generally the borer 
proper, or drill (fig. 22), which is a bar of round or 
octagonal steel, usually from ^ inch to 1^ inches in 
diameter, with one end forged into a chisel-shaped 
edge, the exact shape and degree of sharpness 
varying according to the hardness of the rock. 

The hole is bored by striking the drill with a || 
hammer or sledge and turning it after each blow. ^ 
Boring is said to be single-handed if the miner 
holds the drill in one hand and strikes with the hammer 
in the other, whilst it is called double-handed when one 
turns and 


man turns ana an- 
other strikes. The ffl] 
hammers for single- \J 
handed boring usu- 
ally vary in weight 
from 2 to 6 or 7 lb. 

The double-handed boring 
weiglis from 6 to 10 lb or more. 



Fig. 23. — Sledge-Hammer, 
hammer, or sled"C (fig 


. . 23), 

If a hole is directed 
downward.s, the miner pours in a little water and bores the 
hole wet. From time to time he draws out the sludge with 
the scraper, a little disk at the end of a metal rod, and he 
takes a fresh borer when the tool he is using has become 
blunt. The depth bored varies with the rock and the nature 
of the excavation ; but in driving levels in the ordinary 
way the depth is commonly from 18 inches to 3 feet. 

Holes for blasting are sometimes bored by tools like 
carpenters’ augers. One of the simplest, which is used in 
some French slate-mines, is very like a brace and bit, and 
the tool is kept pressed against the rock by means of a 
screw fixed in a frame resting on the ground. 

The pricker, or needle, is a slender tapering rod of copper 
or bronze, with a ring at the large end. It is used for 
maintaining a hole in the tamvpiwj through w'hich the 
charge can be fired. The use of needles made of iron is 
prohibited in many countries, on account of the danger of 
their striking sparks which might fire the charge. The 
tamping bar, or stemmer, is a rod of iron, copper, or bronze, 
or iron shod with copper, and it is used for ramming in 
dried clay, slate pounded u^j, or other fine material, upon 
the powder, and so creating a resistance sufficient to make 
the gases generated by the explosion of the charge rend 
the rock in the manner require! The claying bar is used 
for lining wet holes with clay, and so rendering them 
temporarily watertight. 

Shovels vary much in different districts. In the south- 
west of England the long-handled shovel is preferred to the 
common one with a short handle; in Germany the ore or 
rubbish is frequently scraped into a tray with a .sort of hoe. 

In addition to these tools the miner requires an ex- 
plosive, and a means of firing the charge at the bottom 
of the hole which will give him time to escape. Twenty 
years ago gunpowder was the only explosive in common use 
in mines, but at the present day its place has been taken to 
a very large extent by mixtures containing nitro-glycerin or 
gun-cotton. The powder used for blasting in mines usually 
contains less saltpetre than that which is employed for 
sporting or military purposes. The following is an analysis 
of mining powder by Captain Noble and Sir F. Abelri — 

Saltpetre 61'60 ' 

• Potassium sulphate 0‘12 

,, chloride 0 14 

Sulphur 15 '06 

Carbon 17 ’93 

Hydrogen 0 '66 


0.\ygen 2-23 

Ash 0'59 

Water 1'61 


100-00 


“On Fired Gunpowder,” Phil. Trans., 1880, p. 225. 


Gunpowder compressed into cylinders of diameters 
suitable for bore-holes, and provided with a central holo 
for the insertion of the fuse, has lately been brought 
forward with some- success. ° 

_ Nitro-glycerin or glyceryl nitrate is a light-yellow oily 
liquid which is very sensitive to shocks ; under the action 
of a fulminating cap it explodes with great violence. 

Its chemical composition is expressed by the formula 
^3®6(^02)3®3 (^ 3 Hj) 3 N 03 ; its specific gravity is 

1'6. It has been found so dangerous that its use by 
itself has been given up ; but on the other hand the mix- 
ture of nitro-glycerin and infusorial earth {KieseUjuhr) called 
dynamite or giant powder is now one of the commonest 
explosives met with. It has the advantage over powder 
that it is far more powerful, that it may be used in wet 
holes or under water, that it is very effective even in 
ground full of “ vughs” or cavities, and that it requires no 
hard tamping, which is always a source of danger. Its 
plasticity too enables it to fill the space at the bottom of a 
bore-hole, which is rarely a true cyhnder, more conqfietely 
than any solid cartridge can do. One disadvantage is 
that it has to be thawed in cold weather, and there is also 
the fact that occasionally the whole of a charge of dyna- 
mite fails to go off, and unnoticed remnants have exploded 
and caused serious and even fatal accidents when struck 
with the pick or borer. The danger is enhanced when the 
remnants have been left in contact with water, which causes 
a separation of the sensitive nitro-glycerin, so that even a 
blow upon the adjacent rock may lead to an accident if 
any of the explosive oil has leaked into cracks. The 
strongest dynamite contains about 75 per cent, of nitro- 
glycerin, the rest being kieselguhr. A newer explosive is 
blasting gelatin ; it is made by mixing nitro-cotton with 
nitro-glycerin, until enough nitro-cotton has been dissolved 
to convert the nitro-glycerin into a jelly-like mass. The 
blasting gelatin in ordinary use contains no less than 93 
per cent, of nitro-glycerin, with 7 per cent, of nitro-cotton, 
and its strength is very great. 

Gun-cotton per se is not much in favour in ordinary 
mining; but mixed with some nitrate or mixture of 
nitrates, such as the nitrates of barium and potassium, and 
known as cotton powder, tonite, and potentite, it is 
employed extensively. Though not quite so powerful as 
dynamite, nitrated gun-cotton possesses the important 
advantage of not requiring to be thawed in cold weather. 

As in the case of dynamite, accidents have been caused by 
remnants of charges ; and -with both explosives it is neces- 
sary to examine carefully the bottoms of all holes after 
blasting, and to destroy any possible remnants by firing off 
a detonator in any bottom or “socket” which cannot with 
certainty be pronounced free from danger. 

The commonest method of firing a charge is by means .Safcty- 
of the safety-fuse, a cord containing a core of gunpowder 
introduced during the process of manufacture ; it may be 
rendered waterproof by tar or gutta-percha. 

In blasting in the ordinary way the charge of gunpowder is put 
in either loose or enclosed in a paper bag, and it is pressed down to 
the bottom of the hole with a wooden stick, whilst a piece of fuso 
also is inserted extending from the charge well beyond the hole. 

If the powder is loose the miner carefully wipes down the sides of 
the hole with a wet sicah stick (a wooden rod with the fibres frayed 
at one end), or with a wisp of hay twisted round the scraper, in 
order to remove any loose grains adhering to the fuse or the sides 
of the hole, and then piresses in a wad of hay or paper. A little 
fine tamping, often the dust from boring a diy hole, is now thrown 
in and rammed down with the wooden charging stick, and the same 
process is repeated, and when harder tamping is required tlie metal 
bar is brought into operation, until the hole is completely filled. 

As the safety-fuse burns slowly, at the rate of about 2 or 3 feet 
a minute, the miner can secure ample time for retreat by taking a 
sufficient length. It is usual to ignite the fuse by a candle-end 
fixed under it by a piece of clay, and it takes a little tune for tho 
candle to burn through the fuse. . . 

The old plan of firing a charge, which is still in use in many 
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places, consists in inserting the needle into the charge and then 
tamping up the hole. Caro is taken to draw out the needle a little 
as the tamping proceeds, so as to jn'cvent too much force being re- 
quired for its iiuah withdrawal. The small hole left iii this way 
serves for the insertion of a straw,- rush, or series of small quills, filled 
with fine powder, which like the fuse reaches from the charge to 
tho outside. A short squib which shoots a stream of sparks down 
the needle' hole is also used occasionally. The straw or squib is 
lighted by some kind 'of slow match, made either by dipping a 
cotton strand in melted sulphur or soaking a piece of paper or a 
lucifer in the tallow of a candle ; touch-paper also is used. 

Dynamite, blasting gelatin, gun-cotton, and cotton-powder are 
fired by the detonation of a fulminating cap. ' A long copper cap 
containing fulminate of mercury is fastened into the safety-fuse by 
squeezing with a pair of nippers, and is then inserted into a small 
cartridge of the explosive (primer), and placed above the rest of the 
charge. Fig. 21 shows a hole charged 
with two dynamite cartridges, a primer 
with cap, and filled up with wat 
tamping. Sometimes gun-cotton is 
by a small charge of powder above it. 

Several substitutes for explosives 
have been tried with tlie object of 
getting rid of the flame, which is 
dangerous in collieries giving oif fire- 
damp. Among these may be men- 
tioned plugs of dry wood which swell 
when wetted, wedges worked 
hydraulic pressure, c.artridges con- I’ig. 24 

taining compressed air at extremely 

high pressures, and lastly cartridges of compressed lime which ex- 
pands when water is brought into it. 

For the purpose of firing several holes simultaneously, 
Messrs 'Bickford, Smith, & Co., the original inventors and 
makers of the safety-fuse, have brought out a new fuse 
(fig. 25), the action of which 
will be easily understood 
from the figure. An ordi- 
nary fuse is fixed into a 
metal case called the igniter, 
from which a number of 
instantaneous fuses convey fire to as many separate holes. 
It is found in practice that this fuse answers very well. 
Blasting Charges may be readily fired singly or simultaneously 
by elec- ^yith the aid of electricity, either of high tension obtained 
tricity. a frictional, magneto-electric, or dynamo-electric 

machine, or of low tension from a galvanic battery. The 
former is preferred. 

Fig. 26 shows a section of one of Brain’s high-tension fuses, 
A is a cylindrical wooden case containing a paper cartridge 13, 



with an electric igniting composition 0 at tho bottom. Two 
copper wires D, D enclosed in gutta-percha E, E reach down to 
tho composition, where they are about -eV inch apart. - A copper 
cap or detonator G is fixed on to the small end of the wooden case. 
The insulated wires D, D are long enough to reach beyond the bore- 
hole. The ends of the wires are scraped bare, and one wire of the 
first hole is twisted together with a wire of the ne.xt hole, and so 
on, and finally the two odd wires of the first and last hole are 
connected to the two wires of a single cable,- or to two separate 
cables, extending to some pilaco of safety to. which the men can 
retreat. Here tlie two cable wires are connected by binding, screws 
to a frictional electrical machine or dynamo e.xpdoder. A few turns 
of the handle charge a condenser, and by pressing a knob or by 
some other device the circuit is completed and the discharge 
elfected. The electricity passes through the fuse wires making a 
spark at each break, and so firing the electric igniting composition. 
The fiame flashes through the hole H, and ignites the fulminating 
mercury I, the detonation of which causes the explosion of the 
dynamite, blasting gelatin, or tonito surrounding the cap, , 

One great advantage of electric firing is that the miner 
can retire to a perfectly safe place before attempting to 
explode the charge. This is important in sinking shafts, 
where the means of escape are less easy than in levels. 
-A second advantage is that there is no danger of a “hang 




fire,” an occasional source of accidents with the ordinary 
safety-fuse, ,. . ’ 

One of the. greatest-improvements in. the art of mining jf v- 
; during the last few years has been the introduction, of drUis.*''' 
machinery for boring holes for blasting; most of the' 
machines imitate percussive boring by hand, but, a few 
rotary machines are also in use. A percussive drill or 
perforator consists of a cylinder with a piston to which 
tho drill is fastened. Compre.ssed a,ir is made to act 
alternately on each side of the piston, and in this manner 
the drill receives its reciprocating motion. Various 
arrangements have been adopted for securing the automatic 
rotation of the drill. In some cases also the advance 
forward of the machine, as the hole is deepened, is also 
effected automatically ; but in many of the best drills this 
work is left to the man in charge. It is impossible within 
the limits of this article to describe the various drills now. 
in use, or even to make a complete enumeration of them. 

The following, in alpiliabctical order, are the names of some of 
the best-known drills: — Barrow, Beaumont, Burleigli, Champion, 
Cornish, Cranston, Darlington, Desidemtum,. Dcering, Dubois 
and Fransois, Dynamic, Eclipse, Excelsior, Fcrroiix, Frblilich, Ingc-r- 
■soll, Laxey, ilackean, Osterkampf, Band, Roanhead, Sandyeroft, 
Schram. An account of two of tho simplest, tho Barrow and the 
Darlington drills, will be sufficient to give a general idea of the 
construction of these machines. ^ 

‘.‘The Barrow drill (fig. 27) consists essentially of a gun-mctal Barrow 

D drilL. 



cylinder C about 2 feet in length and 4 inches in diameter, in 
which' works a cast-steel piston-rod D, fitted with two pistons G, 
about 12 inches apart, mid-way between which is the tappet, or 
boss, G'. In a valve-box on the top of the cylinder is placed tho 
oscUlatiug slide-valve H (shown separately), hinged at M, . which 
is worked by the reciprocation of the tappet G' coming in con- 
tact with its lower edges, which for this purpose are formed with 
two slopes at each cud, as shown. It has ports corresponding 
with openings in tho slide-valve face for admitting the fresh 
steam or compressed air from the inlet pipe I (fig. 28) to the 



ports y at each end of the cylinder, and for letting the' spent or 
e.xhaust air or steam escape by the e.xhaust pipe J. This simiilo 
arrangement constitutes the whole valve gear of the machine. 

“The. borer is inserted into a hole formed in the fore end of the 
piston rod, and is fixed therein by means of a screw. Its rotation 
is effected by hand, by means of tho handle D", turning a spindle 
D', which is so fitted by means of the cotter d, made fast in the 
jiiston DG, and fitting in a slot in tho spindle D', that the latter 
can slide in the piston DG, but when turned by the handle causes 
the piston to turn with it. The spindle D' has a iiinioii E gearing 
into the pinion F, on the adjusting and feeding screw O', , 

when tho piston D is turned by means of the handle D 
cylinder C is simultaneously pushed along the bed-plate A. 
pinions can be easily disconnected by loosening the nut/, and tlius 
the piston and the adjusting screw can be turned independently o 
one another when required. _ i -i • h 

“ The borers used are respectively 11 inches, 1-J inches, and 1 me 
in diameter, tho length of the stroke 4 inches, and tho . 

number of blows about three hundred per minute. The am 
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brought down about 400 f:\thoms from, surface, . at a pressure.of 50 to 
if' square inch, in wrought-iron pipes 2 inches in diameter in 

the shaft, and 14 inches in the level, and admitted through a flexible 
tube into the inlet I on the left-hand side of the cylinder. The cost 
of the-pipes is rather under 7d. a foot, or about 3s. 3d. per fathom. 
The air is compressed at the surface by a 14-inch compressor, worked 
by a 12-inch horizontal engine, capable, however, of working two 


' Tbe, gross weight of the machine, including the 

bed-plate and gudgeon, is about 115 lb.” ^ 

The mefliod of fixing the machine for work is as follows The 
bea-plate A of the machine is formed with a gudgeon A' which fits 
into, and can be adjusted to any position in, a socket formed in or 
on a clamp B which can b6.fi.xed on any part of the WTOught-irou 
bar or column B, thus forming a universal joint. This bar or column 



Pia. 29. — Side Elevation of Darlington’s Kock-Drill. — Scale tuV 

wn be placed in posi^tion either. horizontally or vertically, as may adjusting screw kl, and claws If and N'. If necessary wooden 
be most convenient, but is generally placed across the level, against wedges 0, O' are driven in between the claws and the waU to make 
the sides of which it is secured by means of the clamp L, and it still firmer. The weight ofthe bar is about 120 Ib.”'^ 



Fig. 30. — Horizontal Section of Darlington’s Bock-Drill. — Scale 


Air-compressing plant of greater size has now been erected at 
Dolcoath mine, to v/hich the above description refers. At Snail- 
beach mine in Shropshire they have two air-compressors of 18 inches 



" Pig. 31. 


diameter and 5 feet stroke ; the air-main is at first 9 inches in dia- 
meter, then 6 inches, w’hilst 2-inch gas-pipe is used in the levels. 

. A rock-drill which has done, and is doing, excellent work is that 


of Mr John Darlington. Its construction will bo understood by Darling- 
referring to figs. 29, 30, and 31 ; a is the cylinder, b the piston rod, ton drill. 
c the borer ; d, d are two openings for bringing in compressed air, 
either of which may be used according to the position of the drill ; 
c is the ‘inlet hose with a stopcock, /drill-holder, jr stretcher bar, 
h piston, j rifled bar for turning piston and drill, k ratchet wheel 
attached to rifled bar, I rifled nut fixed in the piston head, 'm wood 
for lessening weight of piston rod and blocking sjiace, n port^vay for 
allowing the compressed air to pass to the top of the piston and give 
the blow, o exhaust portway. The action of the di’Ul is as follows. 

The compressed air is alwaj's acting on the underside of the piston, 
and. when the upper side of thepiston communicates with the outer 
atmosphere the piston moves rapidly backwards and uncovers the 
portway n. The compressed air rushes through and presses against 
the upper side of the piston, wliich has a greater area than the lower 
side, the difl'erence being equal to the area of the piston rod. The 
piston is driven rapidly downwards and the drill stiikes its blow. 

At the same time it uncovem the e.xhaust port o and then the con- 
staiit pressure on the annular area on the undei-sidc of the piston 
produces the return stroke. The number of blows jier minute is 
from si.x hundred to eight hundred. The rotation of the driJl is 
effected by the rifled bar. On the down-stroke of the piston the 
bar with its ratchet wheel is free to turn under a couple of pawls, 
and consequently the piston moves straight whilst the bar and 
ratchet w'heel turn. AFhen the up-stroko is being made the ratchet 
wheel is held by the pawls and the piston is forced to make part of 
a revolution. As the hole is deepened the cylinder is advanced 
forwards by turning the handle p ; tliis works an endless screw j 

^ Proc. ^dining Inslitula of Cornwall, vol. i., 1377, p. 12. 
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passing through a nut attached to the cyliuilcr; r is tlic ciaillo 
carrying tlio feed-screw and supporting tlie cylinder. It is centred 
on the clamp s. As this clamp can bo Jixed in any position on the 
bar, and as the cradlo can bo turned on the clamp, it is evident 
that holes can bo bored in any direction. 

In driving a level with tho Darlington drill it is usual to fix the 
stretcher bar horizontally across tho level so as to command the 
upper part of tho face ; holes can then bo bored with tlio cradlo 
above tire bar or below it. Tho bar is then shifted low enough to 
boro tho bottom holes. It is found that all tho necessary holes can 
bo bored from two positions of the bar. Tho bar therefore has 
simply to bo fixed twice ; tho alterations in position for boring holes 
in various directions are managed by shifting tho claini> on the bar 
and turning the cradle on tho clamp. Fig. 31 shows tho stretcher 
bar fixed in a vertical position, which is sometimes convenient. 

In order to clear out tho sludge from holes that are “ looking 
downwards,” a jet of water, supphed from a hose :ittaehed to a half- 
inch gas-pipo leading from a eistcrn at a higher level, is made to 
play into the holes during tho process of boring. 

For sinking shafts Sir Darlington h;is the drill fixed in a cylin- 
drical case with a largo external thread which works in a nut on the 
clamp. Tho drill is fed forwards by turning a hand-wheel attached 
to the case. 

Rotating Rotating inacliine drills are also itscd in mines as well 

drills, as those with percussive action. StaplI pointed out some 
years ago that, if a rock may be chipped olf by power com- 
municated by a blow, it may also be chipped olf by a similar 
amount of power communicated by pressure. Brandt’s 
rotatory boring-machine consists of a hollow borer which 
has a steel crown with cutting edges screwed on. Tho 
tool is kept tight against the rock by the pressure of a 
column of water, and is at tho same time made to rotate 
by two little water-pressure engines, M'hilst a stream of 
water passing down through the borer washes away the 
ddbris and keeps the cutting edges cool. In principle, 
therefore, this drill resembles the original diamond boring 
machine of De la Roche-Tolay and Ferret, save that the 
crown is made of steel and not of diamonds. During tho 
last few years it has been tried with success in railway 
tunnels and iu mines. Jarolimok’s drill ^ acts also by 
rotation, but the borer is fed forwards and pressed against 
the rock by a differential screw arrangement. Tho machine 
can be worked by hand, or by a little water-pressure or 
compressed-air engine or an electro-motor. In working 
certain minerals occurring in seams the undercutting may 
be performed by machines similar to those used in coal 
mines (see vol. vi. p. GS). 

We now come to the application of the tools and machine 
drills to the purpose of breaking ground for driving levels 
and sinking shafts. 

Driving A level or drift is a more or less horizontal passage or 

levels, tunnel, whilst a shaft is a pit either vertical or inclined. 
In driving a level by hand labour in hard ground, the first 
thing the miner has to do is to take out a cut, i,e., blast 
out a preliminary opening in the “ end” or “ forebreast.” 
The position of this cut is determined by the joints, which 
the miner studies carefully so as to obtain tho greatest 
advantage from these natural planes of division. Thus 
fig. 32 shows a case in which, owing to joints, it was 



advisable to begin with a hole No. 1, and then bore and 
blast 2, 3, and 4 one after the other. The miner as a rule 
does not plan the position of any hole until the previous 


1 OeslerreiehUche Zeitschri/l fur Lerg- und Jliitlemveseii, 1881. 


one has done its work; in fact he regulates the position 
and depth of each hole by tho particular circumstances of 
the case. Though a vein and its walls may be hard, there 
is occasionally a soft layer of clay (DD, DD, fig. 33) alonr^ 
one wall (dir/, Cornwall ; r/onr/e, United States). The 
miner then works this away with the pick, and, havin<r 
excavated a groove as dcei*.as possible, ho can now blast 
down tho lode by side holes and so pu.sh the level forward. 

In sinking a shaft a similar method of proceedin'^ isSiiAm* 
observed. A little pit (siii/c) is blasted out iu the most starts.'’ 
convenient part, and the excavation is widened to the full 
size by a succession of blasts, each hole being planned 
according to circumstances. This scries of operations is 
repeated, and the shaft is thus gradually deepened. 

Where boring machinery is employed, less attention, 
and sometimes no attention, is paid to natural joints, 
because when once the drill is in its place it is very little 
trouble to boro a few more holes, and the work- can then 
bo carried on according to a system which is certain of 
effecting the desired result. 

A common method of procedure for hard ground is Driving 
.shown in figs. 34 and 3.0. Four centre holes are bored 
about a foot apart ^ 


at first, but con- 
verging till at a 
depth of 3 feet 
they are within 
G inches, or less, 
of each other. 
Other holes are 
then bored around 
them until tho 



with 

machina 

drills. 


Fig. 31. 

end is pierced by twenty or thirty holes in all. The four 
centre holes are then charged and fired simultaneously, 
either by electricity or by Bickford’s instantaneous fuse, 
and tho result is the removal of a large core of rock. 

The holes round tho opening are then charged and fired, 
generally in volleys of several holes at a time, and the level 
is thus carried forward for a distance of 3 feet. If the 
ground is more favourable fewer holes are required, and 
they may be bored deeper, — in fact as much as 6 feet in 
some instances. Occasionally tho four centre holes are 
directed so that they meet at the apex of an acute pyramid, 
and then, after all have been charged with blasting gelatin, 
only one of them receives a primer and cap ; the shock of 
the explosion of one charge fires the other three adjacent 
charges simultaneously. The preliminary opening is not 
ncce.ssarily made in tho centre of a level, and sometimes it 
is blasted out in tho bottom or one side. 

Ill sinking shafts by boring in.achinery operations are conducted Sinking 
much iu tho same way as iu levels, save of coiu'se tliat the holes shafts 
are directed downwards. Figs. 36 and 37 are a section and plan of with 


a shaft which is ^ 
now being sunk at 
the Foxdale mines 
in tho Isle of llan. 

forty-five ^ 


About 



inachin-i 

drills 


A, B, and occasion- 
ally four, are bored 

only 4 feet deep, . , 

and are blasted with ordinary fuse. They serve simply to sinasn 
up and weaken the core ; then the six holes nearest the centre, 
which are 8 feet deep, are blasted all together with Bickford s 
instantaneous fuse, and tho result is tho removal of a large core 
leaving a deep sink. The remaining holes are fired in volleys o 
four at a time in tho ordinary way. In this manner tl?“ 
which is in hard granite, is being deepened at tho rate of 3i or 
fathoms a month. Tonito is the explosive used. • • i Is 

Sundry maohines have been invented and used for driving 1®'’® 
without blasting. Some cut up the face into small chips which ca 
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easily bo removed, but they have not made their way at present 
into ordinary mining. The Bosseyeuse of 3IM. Dubois and Ilansoia 
acts on a different principle. It is a strong machine worked by 
comprc^cd air. It first of all drills holes 4 inches in diameter by 
percussion ; a striking head is then substituted for the drill, and 
wedges, ou the principle of the plug and feathers, are inserted into 
the noles ; and powerful blows with the striking head wedge off the 
rock in lumps. This machine is bf ing used with success in Belgium 
for driving levels and crosscuts in fiery mines. 

Some comparative experiments between hand-labour, a percussive 
drill, and a rotatory drill have lately been made in one of the 
Freiberg mines,* and the results are of much interest and import- 
ance. The actual figures are as follows, the cost including, in the 
case of the machines, interest, depreciation, and cost of repairs, and 
cost of steam-power, supposing water-power not available: — 



ITand- 

borlng. 

Schram’s 

Drill. 

Drandt’s 

Drill. 


0-95 
120 to 
123*5 
1*85 to 
2*05 

4*5 

77*4 to 
85*25 
3*48 to 
3*CC 

5-0 

74*34 

3*7C 


WaKcs realized by the miners, In marks, per 8 | 
hours shift j 


The advantages of machine work are very marked indeed both 
as regards rate and cost of driving, and wages earned by the men. 
Brandt’s rotatory drill did its work cheaper and faster than Schram’s 
machine; but nothing is said in the original notice of the advantage 
of a machine driven % compressed air for ventilating workings such 
as advanced headings in which these drills are employed. 

Bi-andt’s machine was worked with water at a pressure of 83J 
atmospheres, of which 56 "6 atmospheres were obtained by pressure 
jiumps provided with an accumulator, and 26 ’9 atmospheres by 
natural fall, owing to the working level being 277 metres below 
the pumps. The water was conveyed to the machine in iron pipes 
of li inches diameter inside. The diameter of the holes bored was 
2§ inches, and they could be bored in gneiss at the rate of 1 J inches 
per minute. The stretcher bar on which the machine is carried 
w hollow, and has a piston which can bo forced out by hydraulic 
pressure so as to fix the bar firmly. A similar bar is sometimes 
used with percussive drills.- 

As a method of breaking ground the ancient process of fire-setting 
rcjiuires to be mentioned. Before blasting was known it was largely 
emploj'ed, but its use is now confined to a few places on the Con- 
tinent where the rocks are e.xceedingly hard and where wood is 
abundant and cheap. Piles of wood are heaped up against the face 
of the workings and set on fire. On returning to the working place 
, two or three days afterwards, when the rocks have cooled a little, it 
is found that the ground has split aud flaked off, and that much has 
been loosened which can be removed by the pick and wedge. 

Wo finally come to water as an agent for removing rocks. 
Streams of water were formerly used in South Wales for working 
beds of clay ironstone at the outcrop. The water washed away the 
clay and shale and left the clean nodules of ironstone. Tlie china 
clay of Cornwall is also worked by water: a stream of water is 
turned on to the soft mass, and the workman loosens the ground 
with .a pick; the water carries off the particles of decomposed 
rock in suspension to regular settling pits. Water under pressure 
has rendered vast services to the miner in working auriferous 
alluvia. The system is .described and figured at p. 746 of yoL x., 
so it is unnecessary here to enter into details. In the special case 
of salt-mines recourse may be had to the solvent action of water, 
directed by suitable jets, for making excavations. 

Jfwie-s of 5. P 7 inciple$ of Employment of liEning Labour. — hs a 
paying large proportion of the expenditure in mining is for actual 
miners, jjjg^jjaal labour, it is very important that means should be 
taken to prevent any waste in this department. Three 
principles are in vogue — ^payment by time, by work done 
either measured or weighed, and by the value of the ore 
extracted. 

The overseers, called captains in many metal mines, are 
naturally paid by the month, and where strict supervision 
can be e.xercised, such as is possible at the surface, on the 
dressing-floors for instance, the same principle may be 
adopted; but when men are working underground, and 
often in small gangs of only two or three persons at some 
distance apart, piecework of some kind is more economical 
and satisfactory in every way. 

In driving levels and sinking shafts it is usual for the 


* Jahrbuch far das Berg- und IBiUenwesen im Konigreiche Sachsen 
anf das Jahr 1882, p. 18, and abstract in Proc. Inst. Civ. Eng., 
vol. Ixix., 1881-82, part iiu p. 51. 

^ Ar^nalcs aes Jlintu, ser. S, ii., fio* 


men to work at a certain price per running yard or fathom. 

The agents have to see that the excavation, whether shaft 
or level, is maintained of the full dimensions agreed upon, 
and preserved in the proper direction. At the end of a 
certain time, generally a month, the work is measured by 
the agent. From the gross amount obtained by multiply- 
ing the price by the number of fathoms driven or sunk it 
is necessary to deduct the cost of the materials supplied to 
the men by the mining company, such as explosives, steel, 
candles, ic., and the remainder is divided among the 
persons who took the contract. When the useful mineral 
is being obtained the men may be paid at so much per 
cubic yard or fathom excavated, or at so much per ton of 
mineral extracted ; the overseer of course has to see, in 
this latter case, that worthless rock is not sent to the 
surface. Payment by the number of inches bored is a 
method in use in some countries, where the men are not 
experienced or enterprising enough to undertake the ivork 
in any other way. A foreman points out to the men the 
position and direction in which the holes must be bored, 
measures them when completed, and subsequently charges 
and fires them. 

The third method is that which is known as the tribute 
system. The miner working on tribute is allowed to 
speculate upon the value of the ore in a certain working 
area assigned to him and called his He gives the 

mining company all the ore he extracts at a certain pro- 
portion of its value, after he has paid all the cost of break- 
ing it, hoisting it to the surface, and dressing it. Thus, 
supposing he takes a pitch at fls. in the £, and produces 
marketable copper ore of the value of £50, his share will 
be 50 X 5s. = £12, 10s., less the cost of the materials ho 
has been supplied with, and all expenses for winding, 
dressing, sampling, ic. 

6. Meam of Securing Excavations by Timber,’ Iron, amiTimber- 
Masonry . — The following kinds of timber are those most ^S- 
frequently employed for securing excavations underground : 
oak, larch, pitch pine, spruce fir, and acacia. In many 
mines the timber is attacked by dry rot, which gradually 
renders it useless, and when the timber has often to be 
renewed the expense may be very considerable. Various 
methods of preventing dry rot have been tried mth more 
or less success, such as letting water trickle over the timber 
in the mine or treating it mth preservative solutions 
beforehand. Brine, creosote, and solutions of chloride of 
zinc, sulphate of zinc, sulphate of copper, and sulphate of 
iron increase the duration of timber. It was found by 
experiments carried on at Commentry during a long series 
of years that one of the best plans was to soak the timber 
for twenty-four hours in a strong solution of sulphate of 
iron. The total cost was only id. per yard of prop, whilst 
the timber lasted eleven times as long as when this simple 
treatment was omitted. 

Timber is used in various forms — either w'hole and merely 
sawn into lengths, or squared up, or sawn in half, or sawn 
into planks of various thicknesses. 

■\Vhcre the roof of a bed is weak it may be kept up by simple 
props ; but in some coal- 
mines and clay-minesabetter 
support is obtained by logs 
{chocks) laid two by two 
crossivise (fig. 38). 

Though a level is an ex- 
cavation of a very simple 
nature, the methods of tim- 
bering it vary considerably, 
because the parts requiring 
support may either be the 

roof alone, or the roof and one or two sides, or the roof, sides, and 

If the roof only is weak, as is the case with a soft lode between 
two hard walls, a cap with a few boards_ resting on it (fig. 39) m 
sufficient to prevent falls. If one side is weak the cap must be 
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supported by a side prop or leg (fig, 40), and very often by two 
legs. The forms of joint between the cap and leg are numerous 






Fig. 44. 



Fig. 40. 

(fig. 41), depending to a great extent upon the nature of the pres- 
sure, whether coming upon the top or sides, “With round timber 

the top of the leg is ^ A 

sometimes hollowed p-j i 

as Eho\vn in fig. 42 
A, but occasionally 
the joint is flat and . . 

a thick nail, or nog, 

is put in (fig. 42 B) F’g- Fig. 42. 

to prevent the effects of side pressure, or, better, a piece of thick 
plank is nailed under the cap (fig. 43). IVTiere the floor of a level 
is soft and weak, a 
sole-piece or sill be- 
comes necessary, and, 
if the sides or roof are 
likely to fall in, a 
lining, of poles or 
planks is used (fig. 43). 

In some very heavy 
ground in the Com- 
stock lode a special 
system of timbering is 
adopted (fig. 44). 

If the ground is loose, so that the roof or sides, or both, trill run 
in unless immediately supported, the method of working called 
spilling ox poling is pursued. It consists in supporting the weak 
parts by boards or poles kept in advance of the last frame set up. 
The poles or boards 
{laths) are driven 
forward by blows 
from a sledge, and 
the ground is then 
worked away trith 
the pick; as soon as 
a sufficient advance 
has been made a new 
frame is set up to 
support the ends of 
the poles or boards 
and the process is re- Pig. 45 . 

peated (figs. 45 and . 1 , c . 

46). In running ground it is necessary to have the laths fitting 
closely togetlier, and the working face also must be supported by 
breast-boards kept in place by little struts resting against the frame. 
These are removed and advanced one by one after the laths in the 
roof and side have been driven beyond them. 

Iron On account of the high price of timber, iron is sometimes em- 

supports. ployed in its place. One method 
in use in the Harz consists in 
bending a rail into the form, 
shoivn in fig. 47 and making it 
support other rails laid longi- 
tudinally, against which flattish 
stones are placed; the vacant 
spaces are then filled -with 
rubbish. 

ilasonryhas long been used for 
supporting the sides of mining 
excavations. The materials 
necessary are stone, onlinary 
bricks, or slag-bricks, and they 
may be built up alone {drg 
ualling) or with the aid of 

mortar or hydraulic cement. The bottom of a level is occasionally 
lined trith concrete to carry a large stream of water, which other- 
trise might run into lower workings through cracks and crevices. 
Dry wailing is not imcommpn, and it may bo combined with the 
use of timber (or iron) as shotvn in fig. 69, in which a level is 
maintained between two walls keeping back a mass of rubbish. 
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Fig. 46. 


Masonry’. 



Fig. 47 . 


Figs. 48 and. 49 show m.ethods of securing a drift by arches when a 
lode has been removed. ■ . ■ , 

^ The timbering _required for shafts varies according to the nature Timbe- 



Fig. 48. Fig. 49 . 


of the mound and the size of the excavation. A mere linin<T 
of planks set on their edges (fig. 50) suffices for small shaft^ 
comer pieces being nailed to keep the successive ^ ^ 

frames together. In some of the salt-mines of *' ‘ j 

Cheshire the shafts are lined with 4-mch planks 
united by mortice and tenon joints. • ' 

The usual method of securing shafts is by I *’ ’ ■ 

sets ox frames. Each set consists of four pieces. Fig. 50. 
two longer ones called wall-plates and two shorter ones called end- 
pieces. They are joined by simply halving the timber as shown in 



Fig. 51. Fig. 52. 


fig. 51. A more complicated joint (fig. -52) is often preferred. The 
separate frames are kejpt apart by comer pieces {studdlcs, Cornwall ; 
jogs, Flintshire), and loose ground is prevented from falling in by 
boards or poles outside the frames. 

As shafts are frequently used for the several purposes of pumping, 
hoisting, and affording means of ingress and egress by ladders, it 
becomes necessary in such cases to divide them into compartments. 
Keces of timber parallel to the end-pieces {bunions or dividings) 
are fixed across the shaft, and serve to stay the 'wall-plates and 
carry the guides as well as to support planks {casing boards) which 
are nailed to them so as to form a continuous partition or 
brattice. The magnificent timbering of some of the shafts on the 
Comstock lode is described by Mr James D. Hague as follows : : 

“ The timbering consists of framed sets or cribs of square timber, 
placed horizontally, 4 feet apart, and separated by uprigjits or posts 
introduced between them. Cross-timbers for the partitions between 
the compartments form a part of every set.. The whole is covered 



Fig. 54. Fig. 55. 

on the outside by a lagging of 3-inch plank placed vertically.” Fta- 
53, 54, and 55,. copied from Mr Hagues plates, illustrate this methou 

1 United States Geological Exploration of the Fortieth Parallel, vol. iit, 
*• ilinlng Industry," p. 103. 
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■of timbering; Fig. 53 is a plan of the shaft: “ S, S are the longi- 
tudinal or sill-timbers, T, T the transverse end-timbers, P partition- 
timbers,^ ^mde-rods betiveen which the cage moves, g gains' cut 
in the sill-timbers, to receive the ends of the posts. The sheathing 
■or lagging is seen enclosing the whole frame.’’ Pig. 54 is a trans- 
verse section through the partition P of lig. 53, “between the 
pumping compartment and the adjoining hoisting compartment, 
looking towards the latter. In this figure, Gr, G are the posts, S 
the sifl-timbers, P the partition-timbers, the ends of which are 
framed with short tenons that are received in gains cut in the sill- 
timbers and the ends of the posts, r guide-rod, I lagging or 
sheathing.” _ Fig. 53 is an end view of the frame shown in fig. 
53. “The single piece T forms the end, wliile the double pieces P 
forming the partitions are seen beyond.” “The outer timbers of 
each set, that is, the two sides and 'ends of the main frame, are 
14 inches sq^uaro; the posts, ten in number, four at the coi'ners 
and two at each, end of the three partitions, are of the same size. 
The dividing timbers, forming the partitions, are 12 inches squ.ire.” 

When ground is loose or lunning, recourse must be had to a 
spilling process like that described for levels. Strong balks of 
timber are fixed at the surface or in solid ground, and then the first 
frame is hung from these hearers, and each successive frame from 
the one above it. Iron bars with cotters may be used for suspend- 
ing the sets ; but on the Comstock lode each bolt is made in two 
parts with a tightening screw in the middle, and the sets can thus 
be kept very firmly together. The latlis are driven in advance, in 
the manner explained in the case of levels, and a new frame is put in 
as soon as the excavation has been sufficiently deepened within the 
protecting sheath of boards. In very unstable ground it may bo 
necessary to put in the frames touching each other, so that the 
shaft becomes encased in a solid box of timber, occasionally 14 inches 
thick. 

Like levels, shafts may be lined with masonry or brickwork, and 
these have the advantage of being far more permanent than timber, 
and of requiring fewer repairs. This kind of shaft-lining is 
especially desirable in the loose ground near the surface; because, if 
the working is discontinued temporarily, the shaft still remains 
secure aud available for use at any future time, whereas if timber is 
put in it often decays, the top of the shaft collapses, and much ex- 
pense is incurred in tlie process of reopening it. The section of the 
shafts that are walled is generally circular as affording the best 
resistance to pressure; but elUprical walling is also mot 
Another shape is like a rectangle, save that the sides, instead of 
being straight, form curves of large radius. The walling may be 
■dry or ’rvith mortar, according to circumstances. 

The masonry is put in either in one length or in successive por- 
tions in descending order, and this is the usual plan. The shaft 
is sunk a certain dejith, with temporary timbering if necessary, 
and when firm ground has been reached a bed is cut out round 
the shaft, and on this is placed a crib or curb AB (fig. 56)* con-; 
sisting of segments of timber which form 
a ring. This serves for a foundation for 
the brickwork, which is built up to the 
surface; the temporary timbering is re- 
moved, and the space filled up with earth 
or concrete. Sinking is then resumed 
below the curb, and for a certain distance 
of a smaller diameter, so as to leave a 
bracket, or ledge, to support the first curb. 

On arriving, after a certain depth of sink- 
ing, at another finn bed, a second curb _ 

CD is put in and a portion of brickwork “ 
bunt up. When the ledge of rock is ip 
reached, it is carefully removed in small 
sections and the brickwork brought up 
to the first curb. This process is repeated 
till the shaft is completed, or reaches rock ; 
in which no masonry is requisite. If, (. 
owing to the nature of the ground, it ; 

is impossible at first to find a firm seat : 

for the curbs, it becomes necessary to hang Fig. 56. 

them: by iron bolts from a strong bearing frame at the surface. 

When shafts pass through very watery strata, it is most desirable 
to stop all influx into the mine for the purpose of_ saving the 
heavy exjjense of pumping. The manner in which this is eflected 
by a watertight lining, known as tubbing, is described in the wticle 
Coal, vol. vi. p. 6'2, where will also be found an account of Triger’s 
plan of sinking shafts with compressed air, and the very successful 
method of boring shafts through water-bearing ground invented by 
Alessrs Kind & Chaudron. 

7. Exploitation, or Working Away of Vevis, Beds, and 
Masses . — ^We have described hc^v shafts are sunk and levels 
driven, and we now come to the processes employed in 
removing the mineral. i, . . , 

* J. Gallon, Lectures on Mining, vol. i.. Atlas, plate xxviii. 
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; ■ deposit must first of all be reached by a.sh^t, or 
'where the contour of the country permits it, by a level*. 
In the case of a vein an exploratory shaft is often sunk oii 
the course of the lode for 20 or 30 fathoms, and, if the 
indications found in a level driven out from this shaft 
warrant further prosecution of the mine, a first working 
shaft is sunk to intersect the lode at a depth of 100 
fathoms or more from south. 


the surface. Crosscuts 
are then driven out at 
intervals of 10, 15, or 20 
fathoms to reach the lode, 
as shown in fig. 57, ■which 
represents a section at 
right angles to the line 
of strike. Sometimes the 
main shafts are carried 
down all the way along 
the dip of the deposit, 
though perpendicular 
shafts have the advan- 
tages of quicker and 
cheaper winding and 
cheaper pumping, to say 
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Fig. 57. 
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nothing of the possibility of utilizing the cages for the rapid 
descent and ascent of the miners. If an inclined shaft 
appears to be advisable, great care should be taken to sink 
it in a straight line. In either case levels are driven out 
along the strike of the lode as shown in the longitudinal 
section fig. 58, in the hopes of meeting "with valuable ore- 






Fig. 58. 

bodies such as are represented by the stippled portions of 
the figure. For the purpose of affording ventilation, and 
still further exploring the ground and working it, inter- 
mediate shafts, called winzes (Cornwall) or sumps (hTorth 
Wales), are sunk in the lode. 

The actual mode of remo-ving the lode itself depends a good 
deal upon circumstances, vtz._, its width, the nature of its contents, 
and the walls that enclose it ; but the methods of working may 
generally be brought under one of tivo heads, viz., underhand 
stopin" or overhand sloping. The word slope is equivalent to 
step, and the term stoping means working away any deposit in a 
series of steps. Underhand or hottom slopes are workings arranged 
like the steps of a staircase seen from above, whilst overhand or 
hack slopes are like similar steps seen from imdemeath. Both 
methods have their advantages and 
disadvantages, and both are largely 
used. 

We will first take underhand stop- 
in", as this is the older method. 

In^the old days the miner began in 
the floor of the level (fig. 59), and 
sank down a few feet, removing the 
part 1 ; he followed with 2, 3, 4, &c., 
until the excavation finally presented the appeamnw shown m 
fi" 60 ■ Any valueless rock or mineral was deposited upon pmt- 
foms of timber (stalls), and the ore was dran-n up into the level 
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Fig. 60. 


by a windlass. One great disadvantage of this method is that the 
ore and water have to be drawn up some distance by hand labour ; 
much timber is required 
for the Stulls if there 
is a large quantity of 
worthless stuff in the 
vein, or if the sides are 


weak. The advantages 
are that ore can be 
worlced away as soon as 
the level is driven, that 
the men are always bor- 
ing downwards, and, 
lastly, that the ore can 
be carefully pieked after it is broken, without fear of any valuable 
particles being lost. 

A more economical method of working by underhand stopcs, and 
one largelj' employed in Cornwall at tlie present day, consists in 
reserving any attack upon / , / / . '•■///■' 

the ore-ground until a lower ‘ ■ /, / // / j! il ! j/ ! jf 

level has been driven. An ^ ^ — — 

intermediate shaft (luhizc) 
between the two levels is 
then made, either by sinking 
from the upper level or rising 
from the lower one. Tlio 
work of stoping is com- 
menced at the two upper 
endp of the winze, and the 
lode is removed in a suc- 
cession of steps, the workings assuming tlie appearance exiiibited in 
fig. 61. The steps are generally made steep, so that the ore may 
readily roll into the winze, and so tliat the bore-holes may do better 
execution; but these steep stopes are dangerous if a man happens to 
slip and fall. The huge open chasms left by the removal of a large 
lode in tliis way are also a source of danger ; for there is always a risk 
of falls of rock, and from places which cannot easily be examined. 

Figs. 62 and 63, kindly supplied by Captain Josiah Thomas,* 
explain the general arrangement of the workings of the largest 
tin mine in Cornwall. The lode after producing copper ores to 
a considerable depth changed its character and became rich in tin. 
The workings for tin ore are confined almost entirelv to the 


[exploitation. 



granite. The section fig. 62 shows that the main shaft of the m!n» 


is at first vertical and then carried down on the dip of the lode.^ 
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Fia. 62. — Transverse Section, Doleoath Sline, Cornwall. 

The process of overhand stoping is precisely tlie reverse of that 
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Fig. 63. -^Longitudinal Section, Main Lode, Doleoath Mine, Cornwall. 
which has been just described ; the work is commenced from a rise 

' See Report of Miners' Association of Recon and Comtcail for 18S2, and R. J. 

Frechoville, Trans. Roy. Geol. Soc. Cornaail, voL x. party. 


•100 Fathoms. 


(fig. 64 A), or better from the tivo bottom ends of a winze (fig. 64 B). 
•As soon as the men have excavated a sufficient height of the roof m 
the level, they put in strong pieces of timber from wall to wall, and 
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cover those cross-pieces {slcmpch, stvll-picecs) Tvith hoards or poles, 
and tlirow down the rubbish upon the platform bunning) 

thus formed. In the midst of the rubbish chimney-like openings 
{mills, passes) are reserved, lined with boards or dry-walling, and 
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closed at the bottom with shoots provided with doors. The ore 
is tlirown into these passes, which are tapped when necessary; the 
ore falls into the tram-waggon placed ready to receive it. 

Fig. 05 gives a transverse section showing the rubbish resting on 
the Stull. This is what may be called the typical method of stop- 
ing, when the lode affords rubbish enough for the men to stand on 
and to keep them close to the rock they are attacking. Very often 
such is not the case, and the whole of the lode has to be sent to the 
surface for treatment. If the walls are firm, the lode is sometimes 
stoped away, a stull put in, and a suffieient heap of broken ore is 
left upon the stull to give the men good standing ground ; the excess 
is thrown over the ends of the stull, or the great heup is tapped by 
cutting a hole in the ^ \ \ \ \ \ v ' 

stull-covering, and al- ■ i_ 

lowing a quantitj’ to 
run do-wn into the level 

Another method 
gists in puttinj 




temporary stages upon 
which the men stand, to 
do their work, whilst 
the excavation is left as 
an open space (fig. 66) 


mdcou- 




\\\ 




Fig. 66. 

This mode of working is incompatible with weak walks. If a lode 
docs not afford rubbish enough for completely filling up the exca- 
vated space, or if it is too narrow 
for men to do their work comfort- 
ably, one of the walls may be cut 
into and blasted down (fig. 67), so 
that the men always stand upon a 
firm bed of nibbish while at work, 
and there is no fear of a collapse 
of the mine. In certain special 
cases rubbish is sent down from the 
surface to fill up the excavations. 

The advantages of overhand 
sloping are — that the miner is 
assisted by gravity in his work, 
that no ore or rock has to be drawn 
up by hand labour, and that less 
timber is required. On the other 
hand, the miner is always menaced 
by falls, but as' he is close by he 
can constantly test the solidity of the roof and sides by sounding 
them with his sledge ; there is the further disadvantage that particles 
of ore may be lost in the 



rubbish, but this loss ts 
often prevented by laying 
down boards or sheets of 
iron while the lode is being 
broken down. 

; 'When very wide lodes 
come to be worked, recourse 
is often had to special 
methods. The great lode 
at the famous Van mine, in 
Montgomeryshire, is some- 
times 40 feet in width, and 
the hanging wall is weak. 
The lode is stoped away 
overhand, and the cavities 
packed with rubbish, part 
of which is derived from 
the lode itself, whilst the 



neater portion is supplied from a special quarry at ttie suriacc. 
Fig. 68 ^ explains the details of the case. A is th e onginal cross- 


' C. Le TCevc Foster, 
ua//, vol. X. p. 41. 


‘Xotes on the Van 3Iine,’' Trans, Hop- Oeol. Soc.Corn- 


cut,(not in. the line of section) by which the lode was reached 
B 13 the jliiean, C the bastard lode, generally worthle.‘B, E the main 
lode, H permanent levels, and K ore-pass reserved amidst the rubbish 
{deat^ D, I pass down which rubbish is shot, K crosscut connect- 
ing the level H with P the permanent level in the country 
If the lode IS not firm enough to allow of the slopes being carried 
for ite full width, the crosscut method is adopted ; the workinirs 
in this case, instead of proceeding along the stidke, are carried acrols 
the deposit from one -wall to another. 

'nie lode is removed in successive horizontal slices A,B C D E 
and for each slice a level (L, fig. 69) is driven, either in the’lo’dei 



Fig. 70. 

or partly or entirely in the country ; from this level crosscuts are 
put out 6 or 8 feet wide, as shown in the plan (fig. 70). These are 
regularly timbered according to the necessities of the case, and, 
when No. 1 is completed. No. 2 is begun, and the rubbish from 
No. 2 thrown into the empty space of No. 1 crosscut. If the 
quantity is insufficient, deads are brought in from the surface or 
from exploratorj' workings in w-orthless rock in the neighbourhood. 
Sometimes the crosscuts are not driven side by side, but 1 and 5 
would be driven first, leaving 2, 3, and 4 as a solid pillar ; then 3 
would be worked away, and finally 2 and 4 between the timber and 
rubbish on each side. The meater part of the timber can bo re- 
covered when the next slice ^ove is taken off, as the props are put 
in with the small ends downwards, and can bo drawn up with 
levers, il (fig. 69) is a level reserved in the deads for traffic and 
ventilation. Thw method of working Ls applicable not only to 
lodes but also to irregular masses. 

In working away the soft “ bonanzas ” or ore-bodies of the great Comstock 
Comstock lode, which are from 10 to 30 or even 40 or 50 feet wide, lode, 
and which are enclosed in very un- 


stable ground, a special method of 
timbering is employed (figs. 71 and 
72).- “It consists in framing timbers 
together in rectangular sets, each set 
being composed of a square base 
placed horizontally, formed of four 
timbers, sills, and cross-pieces, 4 to 
6 feet long, framed together, sur- 
mounted by four posts 6 to 7 feet 
high, at each comer, and capped by 
a Irame-work, similar to that of the 
base. These cap-pieces, forming the 
top of any set, are at the same time 
the sills or base of the next set above, 
the posts, as the sets rise one above 
the other in the stope, being gene- 
rall}’’ placed in position directly over 
those below." “The timbers are 
usually of 12-inch stuff square-hewn 
or sawm.” Each post has a tenon 9 
inches long at the upper end, and a 
tenon of 2 inches at flie lower end. 



Fig. 71. 



Fig. 72. 

which fit into mortices in the cap and sill respectively ; and “the 


sills and caps have short tenons on each end and shoulders cut to 
receive the ends of the post and the horizontal cross-pieces.” The 
walls of the excavation are sus- 
tained by a lagging of 3-i;ich 


or 4'inch plank. . The 'whole 
w-idth of the ore-body is stoped 
away at once, and its place J\ 
supplied by timbering, and 
finally the vacant sp/aw, vs 
with waste rock derived fron: 
dead work in the mine or from 
special e.xeavations, — under- 



Fig. 73. 

mround quarries in fact,— in barren ground. The sloping is carrmd 
on overhand, starting from an intermediate shaft or winze, and Jig. 
73 will c.xplain how the different frames are built up one above the 

Another method of working a wide lode is to attack it in slices 


S James D. Hacue, United Staten Oeotogical Exploration of the Fortieth 
Parallel, Tol. iiL “ Mining Industry," p. 112. 
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parallel to.tierdip, -nrorldiig airayeaeh. dice separately as if it- rfere, 
a.lode of ordinary dimensioiis, and filling, 
up. -witli rubbish, (fig. 74}.. 

liVe now cbnie to l^ds or seams. The 
mode of worlang the most important beds 
that occur in the earth’s crost, viz., coal 
seams, has already been described in the 
article Ck)Ai. (voL vL p. 64 sq.), and 



Cleve- 

land 

ironstone 

work- 

inas- 


details hara been given concerning the 
removal of the mineral by pillar working 
and long-wall working. Both these 
methods are applicable in the case of 
seams of other minerals. Such for 
instance are the beds of fire-clay and „ 

clay-ironstone which are wrought by ^'3 

both the processes just mention^ and oftenin coimexion with coaL 

Jvext in importance to coal is ironstone, and a brief account of 
the workings in the Cleveland district will explain the manner in 
which more than one-third of the iron ore raised in the British Isles 
is obtained by mining. It resembles the ‘ ‘ bord and piUar ’’ system 
used for working coal in Durham. 

The Cleveland ore occurs in the form of a bed from 6 to 16 feet 
thick in the iliddle Lias, lying pret^ lereL ^ mainway (fig. 75) 
is driven about 12 feet 
wide for a considerable 
distance, and at right 
angles to -it lords are 
driven 5 yards wide fora 
length of 30 yards, and 
then ah right angles a 
icaU 7 or S fat wi(ie and 
20 yards long. By driv- 
ages ’of this kind the b-cd . 
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blocks 30 yards long by 
20 yards 'wide. The 
Iiillars are subsequently 
removed in the following 
way. A place, or drift, 
ab, 6 feet wide, is driven 
across the pilLar 10 yards from the comer, and portioirs {lijls) about 
6 yards wide are worked away in- the order 1, 2, 3. After Xo. 1 lift 
has been removed, the timber put in to support the roof temporarily 
is withdrawn, and the roof is allowed to fall; ^o. 2 is then takeiT, 
and No. 3 in the same way. IVLile these lifts are being taken out; 
another place cd is being iriven across the pillar 10 yards from the 
first, and the pillar removed entirely by a series of fresh lifts. 

Fig. 76 represents in section and'plmi the chambers and pillars 
of the underground gypsnm quarries 
which supply the well-known plaster - -7 

of Paris to all the worliL^ The ^ 

principal bed is from 50 to 60 feet in 
thickness ; pillars are left 10 feet 
square at tne base, and the stalls 
between them are 16 feet wide. The 
w(»king3 are slightly arched, and are 
not carried up to the roof, for the 
purpose of better maintaining the 
secnrity of the chambers, because 
beavy damages would have to be 
paid if they “caved in” and ren- 
dered the surface useless. A simi- 
lar layer left for the floor prevents 
creep (see Coax, voL vi p. 64), and 
enables the underground toads to be kept in good repair. 

Dndergroimd slate quarries aflbrd examples of very various 
methods of removing tluok beds of mineral of comparatively little 
intrinsic value. At Angers in France, where the beds dip at 'a high 
angle, the underground workings are carried on like an openauarrr 
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Fig. 76. 



79- — -.A, A, 
pillars of slate; 
rubbish ; 
slate cbam- 

- Fig. 77. Fig.7S. - - , ter3.Scale^„;,. 

tmder a strong roof .of slate ; the floor is eonrinually being work^ 
away in steps, and an .immense open chamber is left. In the 

1 Calica, Lectures ert Mirtinn, toL ii. p’-ale sli. 


-F'esaniog district in North- Wales the principal bed,- or refr as it 
called, is more than 100 feet thick in places, and the, method-^ 
working con3i3ts_ in making alternate pillars and chunbers'each 30 
feet to 50 feet wide along the strike (cross-section and nian. ii'f; tt 

h- 


, _ . . . 

The excavations are arranged in regular lines, and form coatinnoas 


supporting pillars is entirely lost, as these cannot be removei vriA 
safety. This method of working requires a strong roof. la tbs 
Ardennes, on the contrary, the piUais'are carried along indegnitelv 
along the strike (fig. 79, cross-section). The slate in each loag{- 
tudinal chamber is removed in slices parallel to the beddin'', and 
the men stand upon the rubbish, which finally fills up the daunbers 
completely. 


salt is a bed S4 feet thick lying horizontally'; but biy the bottoai 



Fiz. 50. 


Fiz. SI. 


are advanced by making in the upper part an excavation 5 feet 9 
inches high, called the roofing (a,* fig. SI); and then the lower 
two-thirds of the part worked are removed by blasting slanting 
holes, ilany of the old salt mines have collapsed from weakness of 
the roof or insufficiency of the piUus, and have become inundated; 
the brine is then extracted by pumping and evaporated for salt. 

In some countries, esp>eciaUy when tie beds of- salt are impure or 
much mixed with clay or shale, the formation of .brine is conducted . 
regularly by making a network of drivages within a rectangular, 
elliptieal, or eircuLm area in thick beds ot saliferous marl, and th.en 
introducing fresh water by pipes, so as to form' underground ponds 
which gradually dissolve the roof and sides. The brine is ^wn 
off and either jpum]>ed np or conveyed hy adits to the surface. 

A few words remain to be said about open workings. , Some , 
minerals are always obtained in this way ; others are worked, open 
before regular unilergroimd mining begins ; and, tlurdly,-iE- often 
happ-ens that underground and surface work are both carried on 
simultaneously on the same deposit. Among deposits worked open- 
cast are peat, numerous kinds of stone, iron ore, cupreous pyrites, 
lead ore, gold- and rin-bearing alluvia, and diamanriferqus rock. 

Owing to its soft, spongy, and fibrorrs texture, and the fact of its 
often lying below the water-level, jreac has to be worked in -a 
special manner. Trenches are dug about a foot deep with a sharp 
spade, which cuts out sods of convenieut size for drying and burrfing. 
"\Vhen one layer has been removed in this way, another is taken 015 
and so on. If water is reached the working can still be pursued by 
rrsing the long spade {grand loucAct, France) with a handle of 16 or 
20 feet It cuts out a sod 3 or 4 feet long at each thrust. - 

"When a depxrsit is more or less solid the workirigs.are frwpueutly 
arranged in steps, the height and breadth of each depieuding upon 
the firmness of the rock. 

In many cases the first work consists in removing worthies rock 
at the srrrface (overburden), and where the rmderlying deixrsit is 
tMck or very valuable it ufrl ray to remove a verj’ great tiucknes 
of overburden, on account of me advantages of working a. dei'foat 
ojKn. These advantages are — entire removal of the depKssit without 
losinpiUais, no exjrense for timbering or for packing rrith rubbish 
or for ventilatiDg or lighting the workiugs, better-; ‘ ' — 

ventilation, easier supervision, longer worl^g hours, 
less danger. 

As an exampile of a large open working ma.v be 
mentioned the great Penrhyn slate quarry near Ban- 
gor, employing about 3000 hands, and worked by a 
succession of terraces on an average 60 feet high by 
30 feet wide (fim 82). Eeference has alread3' been made 
to the thick lead-bearing sandstone of Mechemich'. 
which is in jrart worked as an ojren quarry, llokta-el- 
Hadid, near Bona in Algeria, and the Rio Tinto mines 
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Local laws regulating the size of the wo rking areas, or claims. 

District^' Jtej^oris of tU Inspectors 


• Joseph Dickiaaon, “ Report oa. thi 
ofxllir.u for the ^ ear 1£31, p. 
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Diamond owned by separate individuals'or'companies; considerably aflect the 
mines, methods of working; _ This is' especially the case with the diamond 
deposits.of South Africa. The diamantiferous rock at the celebrated 
Kimberley mine (formerly called Colesberg Kopje) occurs in the 
shape of an elliptical upright mass, the greatest len^h being about 
330 yards and the greatest breadth about 200 yards. The super- 
ficial area is about 9 acres; the mass extends downwards within almost 
perpendicular walls of shale, and is worked in places to a depth of 
about 400 feet. The claims are only 31 feet square, and are more 
tlian four hundred in number,’ and these have in some instances been 
subdivided into portions as small as the sixteenth of a claim; but, 
as at the present time one company may own very many claims, the 
number of individual holdings is less numerous than formerly when 
the limit was two claims. The working is carried on vertically 
downwards, and, as the claims are not all -worked at the same rate, 
those that progress most- rapidly are surrounded by perpendicular 
walls of neighbouring claims. The shale, or reef, enclosing the 
deposit is constantly falling into’ the huge open pit, and has to be 
cut away to a slope, the expense of this work being charged to the 
claim-holders generally by the mining boari The diamanti- 
ferous rock is extracted by ihnumerable’we-rope inclines. • 

Bvils at- We have already referred to the method of workin" gold-bearing 
tending ^luvia by the hydraulic proce.s3, which has rendered such services 
liy. in the United States (Gold, yol. X. p. 746). At the same time one 
draulio must not be blind to the'ewls of this method of working, which have 
mining, at last necessitated legislative interference. Some idea of the extent 
of the mischievous results of hydraulic mining will be gathered from 
the statement that one working alone, the Gold Run Ditch and 
Mining Company, for the last eight years has been discharging 4000 
to 5000 cubic yards of sand, gravel, and boulders daily, for a period 
of five months each year, into a tributary of the Sacramento. As a 
natural consequence deposits are formed lower down the river, ob- 
structing the navigable channels, rendering overflows more frequent 
and destructive, and causing valuable land to be destroyed by de- 
posits of sand. The superior court of Sacramento county, California, 
has recently decided that the hydraulic mining companies must 
build dams to impound the coarse and heavy debris, or take other 
efficacious means to prevent their being washed down the rivers. 

8. Carriage or Transport of Minerals along the Under- 
ground Eoads . — ^After the mineral has been broken down 
in a deposit it is necessary to pick out any barren rock and 
then convey to the surface all that is of value. 

The simplest and oldest method of transport along 
underground roads is carriage on the back, and this method 
may still be seen at the present day even in countries 
where the art of mining is generally highly advanced. 
Thus, for instance, in the little slate mines near Cochem 
on the Moselle men and lads carry up all the blocks of 
slate upon their backs, walking upon steps cut in the rock; 
they come up with their hands upon the ground bent 
almost double under the weight of the block, which rests 
upon a thick pad. Again, the blocks of slate are still 
carried on the back from the actual ■working place to the 
nearest tram-road, in the slate mines of the Ardennes. In 
the Sicilian sulphur mines the same method is common, 
and it is found also in parts of Spain and China, where 
baskets are used, whilst bags are employed in Mexico and 
also in Japan. Even in England the system still survives 
in the Forest of Dean, where boys carry iron ore in wooden 
trays from the very irregular ore-producing cavities either 
to the surface, or to the nearest shaft. 

Sledges. Sledges, or sleds, enable greater loads to be transported ; 
but they are not available unless the conveyance is along 
roads sloping downwards. They have been largely 
employed in coal mines, and are still resorted to in some 
collieries for conveying the coal from the working place to 
the nearest, tram-road. 

Wheel We next come to wheeled carriages. The simplest is the 
carriages, wheelbarrow. The barrow used in Cornwall at the present 
day is not unlike that figured more than three centuries 
ago by Agricola. The navvy’s barrow is more advan- 
tageous, but it requires a wider and higher level The 
barrow runs upon the natural floor of the level, upon 
boards, or upon thin strips of iron. Carts drawn by horses 
may be’ used in large underground quarries. Excepting in 
special cases it is advisable to replace barrows by waggons 
running upon rails. The oldest form is the German Ilund. 
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It consists of ’a rectangular wooden body, with four wheels 
resting upon two boards as rails, and it is kept on the 
track by a pin which runs between the boards. 

Cast-iron tram-plates were introduced in the last century, 
and were finally succeeded by iron rails, which are now in 
general use, though steel threatens to displace iron in this 
as in other departments of mining. Various forms of rail 
are employed. The simplest is a bar of iron set on its 
edge in transverse sleepers, or flat iron nailed to longitudinal 
sleepers. Small T-headed and bridge rails are not 
uncommon. In the Harz the rails sometimes lie on stone 
sleepers ; a hole is bored in the stone, plugged with wood, 
and the rail is nailed bn. The gauge varies from 14 inches 
to 3 feet or more ; 20 inches to 22 inches is a common gauge 
in metal mines. Arrangements of course have to be made 
for passing from one 'line to another hy points-, but the 
transference is frequently best effected by putting down flat 
plates of cast iron, upon the smooth surface of which the 
waggons can be handled with ease and turned in any direc- 
tion; raised ledges guide the wheels into any particular track. 

The form and size of the waggons running ujjon the rails 
necessarily vary according to the size of the underground 
roads and the manner in which the mineral is raised in the 
shaft. In some mines the practice exists of loading the 
mineral in the level into an iron bucket {kibble) standing 
upon a trolley, which is merely a small platform upon 
wheels. This trolley is pushed {trammed) to the shaft ; 
the full kibble is hooked on to the mnding-rope and drawn 
up, whilst an empty kibble is placed upon the trolley and 
trammed back along the level, where it is again loaded 
from a shoot {mill, pass) or by the shovel. The usual plan, 
however, is to have a waggon, which is tipped on coming 
to an enlargement of the shaft {plat, lodge) where the level 
joins it. These waggons may be made of wood or sheet- 
iron, and of late years sheet-steel for the body and cast- 
steel for the wheels have been coming into favour. 

The most modem system in metal mines is to imitate 
collieries, and use waggons which are drawn up in cages. 

Fig. 83 represents the plain but strong waggon of the Van 
mines, consisting of a rectangular 
body of sheet-iron resting on an 
oak frame, arid’ provided with 
cast-steel wheels. The wheels are 
loose upon the axles, which them- 
selves ran loose in the pedestals. 

The waggon 'is emptied by being i’ig. 83. 

run on to a “tippler,” which enables it to be comifletely over- 
turned with great ease. A commoner plan is to construct 
the waggon with a hinged door at one end, and the contents 
are discharged by opening this door and raising the body. 

The motive power for tramming waggons along the levels of 
metal mines is generally supplied hy men or boys, though, where 
lar"e quantities have to be extracted, and where the roads are 
fa\murable, recourse may be had to ponies and horses and the various 
kinds of meclianical haulage described in Coal, vol. vi. p. 09. 

Trains.of cars are sometimes drawn along underground railways 
by locomotives ; they have the great disadvantage of i»olluting the 
air with the products of combustion, and consequently they are not 
available unless the ventilation is very good. A small locomotive of 
2 horse-power nominal is used on. an ISA-inch trackin the adit-level 
of the Great Laxey mine (Isle of Man), now approaching a mile in 
Icn-Hh, and full-sized locomotives ply along the adit of the Rio 
Tinto mines. Locomotives worked by compressed air improve the 
ventilation instead of injuring it, and are not a source of danger in 
cases where fire-damp may be present ; but, except in siiecial c^es, 
they cannot be worked so cheaply as engines fired iritli coal Con- 
veyance by electric railroads underground has hardly gone beyond 
the experimental stage, but the results obtained at the Zaukeroda 
colliery in Saxony^ show that electricity can be apiphed with profit 
in this department of mining. 

‘ A few instances of transpiort by boats may still be met with. Boats. 
The boats used in the under ground canal at Klausthal are 31 i eet 

■ 1 Jahrbuch fur das Berg- wid Ilutlenteessn imKiinigreichc Sachsen 
avf das Jahr 1883, p. 50. 
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long by 4 feet 6 inches wide, and 2 feet 11 inches deep. Each boat 
carries 5 or 6 tons. 

Where roads have a strong gradient, inclined planes are 
employed, either self-acting , if the mineral has to be lowered, or 
worked by • stationary engines if the mineral has to be raised 
(see Coal, vol. vi. p. 69). 

'iVinding. 9- Winding, or Raising in the Shafts, with the Zfachinerg 
and Apparatus required . — ^In speaking of the transport by 
underground roads, we mentioned that the mineral is occa- 
sionally brought to the surface on the backs of men or boys. 
In other cases daylight is reached by adit-levels provided 
with railroads ; but in by far the greater number of mines it 
is necessary to hoist the mineral, and often much rubbish, 
up vertical or inclined pits generally known as shafts. 

In beginning to sink a shaft from the surface, or in 
sinking a winze, hand-power applied by a windlass is 
sufficient. The broken rock at the bottom of the shaft is 


shovelled into a wooden or iron bucket Qdhhle), which is 
dra\vn up by a rope passing round the barrel of the wind- 
lass. MTien a depth of 20 or 30 yards has been reached 
it is more advantageous to introduce horse-power, and the 
usual machine by which this power is applied, called a gin 
or horse-whim, is a common sight in many metalliferous 
districts. It consists of a vertical axis carrying a barrel 
or drum S to 12 feet in diameter, round which is coiled 
the rope, which after passing over a pulley hangs down the 
shaft. The axis carries an iron pin at each end, the lower 
one working in a stone and the upper one in a socket in 
the span-beam or cross-bar of the supporting frame. 
Under the barrel is a long driving beam to which a horse 
is harnessed, and, as will be readily understood, the kibble 
is drawn up or lowered down as the horse walks round. 
It is most economical to have two kibbles, for then they 
balance each other. 


Where steam and water-power are not available, a large 
number of horses or mules are sometimes harnessed to 
whims, and ore raised from depths of 200 fathoms. These,- 
however, are exceptional cases j and, especially, since the 
introduction of portable engines, the use of steam-power 
even for comparatively small depths, such as 100 yards, is 
daily increasing. In hilly districts water-power is generally 
at hand, and huge reservoirs are frequently constructed for 
storing the rainfall, and so affording an adequate and con- 
stant supply. It may be utilized by water-wheels, turbines, 
and water-pressure engines. 

There are three systems of winding by steam or water- 
power which are in regular irse : — (1) by buckets (kibhles), 
baskets, or bags swinging loose in the shafts ; (2) by boxes 
working between guides (ships, Cornwall); (3) by cages 


carrying one or more waggons. 

Buckets. The buckets are made of wood, sheet-iron, or slieet-steel. Their 
shape varies ; it may be round or elliptical, straight iu the .side 
or bulging in the middle. Fig. 84 represents a 
kibble made of sheet- iron. When the shaf\is, 
inclined, the side upon which the kibble slid& 
is carefully lined ■with boards {hed-plaiiks) resting 
upon cross sleepers. Planks of hard wood like | 
beech last longer and require fewer repairs tham 
dealbo.ards. In the Harz, poles fixed lengthwise \ 
take the place of boards, which are customary in 
Great Britain. Even where shafts are perpen- 
dicular a lining of planks is often put in round 
the ■winding compartment, unless the space is 
considerable, and the kibble then glides up 
smoothly, and there is less risk of accidents. A 
more modern system is to use wire-rope guides 
for the kibble, which is thus kept from swinging 
about. Another advantage of this plan is that 
a light cage can easily be substituted for the kibble and used for the 
ascent and descent of the men. ilr Galloway has patented a method 
of .sinking shafts with ■wire-rope guides, the upper ends of vJjiich are 
coiled upon drums at the surface. By adopting this expedient the 
guides can be lengthened as the shaft is deepened. ' 

A word must be said about the actual loading and emptying of 
the kibble. Sometimes, as already mentioned, the kibble is filled 
at the working place or from a shoot {pass, Cornwall) carried dd>vn 



into the level, and then conveyed on a trolley to the shaft, where 
it is hooked on to the rope and dra^wn up. ifore frequen'tlr the 
filler standing in the plat loads the kibble with a shovel ; and in 
order to save time two kibbles are often provided, one beinc» filled 
while the other is making the journey to and from the surfao^ In 
this case it is necessary to have some kind of clevis, which will 
enable the kibble to be readily detached from the winding-rope, and 
quickly and securely fastened on again. On its arriving at the surface 
the laiidsr seizes an ej'e or ring at the bottom of the kibble by a 
pair of tongs suspended by a chain, and the rope is now lowered The 
kibble is thus turned over and the contents fall into a tram- waggon. 

The inconveniences of this method of winding are considerable, 
especially in inclined shafts where the direction and amount of 
the inclination are not constant. There is great wear and tear of 
the bed-plank and casing-boards ; and, unless constant attention 
is paid to repairs, places are worn out where the kibble catches, 
causing the rope to break. The fall of a kibble and its contents 
not only does much damage to the shaft, but also is a source of 
danger to the men. The introduction of boxes {skips) working Skipj, 
between guides or conductors was therefore a decided step in 
advance, for the system allows the winding to be carried on with 
less friction and with greater rapidity and Sfety. The guides are 
often made of pieces of timber (like r, fig. 53) bolted to the end- 
pieces and diviaings. It is only in perpendicular shafts that guides 
made of wire-rope or iron rods can be applied. The skip is a box 
of rectangular section made of sheet-iron or sheet-steel, with a 
sloping bottom, and provided with a hinged door closedby a bolt for 
discharging its contents. Fig. 85 ^ shows liow the skip runs upon 



the guides by means of four cast-iron or (better) cast-steel wheels. 

In an inclined shaft the guides sometimes have iron rails laid on 
them so ns to diminish the wear. Some of the sldps in Cornwall 
are made to hold as much as a ton and a half of tin-bearing rock. 
The skip is filled with a shovel by a man standing in the plat, but 
a better plan is to arrange shoots leading from large hoppers, so 
that the ore can be made to nm in ■without any shovelling. The 
skip is sometimes tilted completely over instead of being emptied 
by a hinged door; this arrangement is in use in some of tlie German 
mines, where the skip is made of wood, and is guided on each side 
by two pins or rollers running between two conductors. Ti hen 
the skip has reached the surface two catches are made to support 
the lower rollers, whilst the upper ones pass through openings m 
the front guides, and the skip, turning upon the lower ones, is 
tipped over and so emptied. _ 

The most satisfactory system of winding is by cages ; there is tJj, 
lesshandling of the mineral, and the hoisting proceeds at far greater 
speed. This system, which is almost uuivei^l in collieries, is 
employed also for working deposits of other miner als, and, tnoug a 

t yioissenet, Aiinales dcs Mints, ser. 6, voL ii., IS62, plate \ii- 
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in VDin-inininf; the skip and kibble still prevail In England, the 
managers are beginning to recognize the advantages of the cage and 
cq^uip their mines with more modern appliances than have hitherto 
been customary. The cages used in the mines on the Comstock 
lode arc very light and simple in construction, as will be seen from 
fig. 8G. The cage in fact is a more timber platform, 5 feet by 4, 
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Fia. SO.— Cage used in Comstock Lode/ 
resting on iron bars j), and supported by iron rods on each side. 
It is provided with a sheet-iron bonnet to protect the men if they are 
inside, and also with safety catches /, (, nmioh come into play if the 
rope breaks. The hand lovers k, k at the ends of the cage raise up 
bloclm which keep the car in its place during the ascent or descent ; 
tj, g are guides for the end of the crossbar b ; c, bar working teeth 
t,l by levers; /, “ear" or “shoe” embracing tho guide-rod in 
shaft ; r, lifting bar ; s, strong spring. 

Tho most important details concerning the use of cages, ropes, 
and other hoisting appliances such as pulleys, pulley-frames, 
detaching hooks, and winding engines, have already been set forth 
in the article Coal, vol. vi. p. 74; and it is therefore needless 
to repeat these particulars, especially as the art of winding mineral 
cheaply, speedily, and safely has been carried to a far "icater pitch 
of perfection in collieries than in tho majority of metal mines. It 
is often convenient to fi.v winding engines underground for tho 
purpose of sinking shafts and winzes, and drive them by com- 
pressed air brought down in pipes from tho surface. 

Tho Koepo system of winding, which appears to be viewed with 
favour on the Continent, consists in having what is practically an 
en(lle.s3 rope with one large sheave over tho shaft, in the place of 
tho two drums. Tliere arc two cages, and tho rope below them 
acts as a counterbalance, so that tho load is uniform throughout. 

Tlie most novel hoisting apparatus is that of 51. Blauchet (Coal, 
vol. vi. p. 76), which has now been rcgularlj' at work in the Hot- 
tinguer sliaft at Epinao in Franco for tho last six years. M. 
Blanchet’s mcthoil consists in fixing in tho shaft a large pipe in 
which is arranged a jiiston ; from this is suspended a cage (xirrying 
w.aggons. By e.xhausting the air above the piston the load is 
grailually forced up by the atmospheric pro.ssure belorv it._ Tho 
llottinguer shaft is 060 yards deep, and the pipe is 5 feet 3 inches 
in diameter, made up of a succession of cylinders of sheet-iron 
about inch thick and 4 feet 4 inches high, joined by flanges and 
bolts. Tho 485 rings composing the long pipe weigh altogether 
418 statute tons. The cage has nine docks, and arrangements arc 
made for unloading three at a time ; each waggon iholds half a ton, 
50 that tho total useful load is 4i tons. Tho speed of hoisting is 
20 feet nor second. If two hoisting pipes are connected tho dead 
weights' may be made to balance each other, and tho power 
retpiired is simply that which is necessary to . overcome the weight 
of the useful load. All tho men prefer the pneumatic hpist to tho 
ordluavy cage for dcacouding and ascending tho mine, and are 
re'mlarly lowered and raised by it. Tho advantages claimed by 31. 
Ilianchet for this system are — (1) the possibility of hoisting from 
depths at which rope-winding would no longer bo practicable ; (2) 
getting rid of the costly ropes and dangers connected with rope- 
winding ; (3) bottey utilization of tho engine power ; (4) improve- 
ment of the ventilation and diminution of the amount of fire-damp. 

10. Drainage. — The mineral having been raised to the 
surface, the task of the miner might appear to be at an 


f’^^ther necessary 

that he should keep his mine free from water and foul 
air. _ These two indispensable operations of draining and 
ventilating frequently require special appliances which add 
considerably to the general cost of mining. 

In all cases where it is possible, endeavours should be Drainane. 
made to keep the water out of a mine, so as to save the 
expense of pumping it; and the method of putting in a 
watertight lining (tubbing) in a shaft has been already 
described (Coal, vol. vi. p. 62). When largo streams of 
water happen to be intersected by underground work- 
ings, and threaten to overpower the available pumping " 
machinery, or when' it is advisable to save the expense 
of draining abandoned workings, the entry of this water 
into the mine may often be . prevented by stoppings, 
called da^ns, constructed of timber or brickwork. 

In spike of all precautions, the miner generally has to 
contend with water which percolates into the workings. 

Four methods of getting rid of this water are available, 
viz., adits, siphons, winding machinery, and pumps. 

An adit, day-level, or sough is a nearly horizontal tunnel Adits, 
with one end opening at the surface, allowing the water to 
drain away naturally. In hilly countries mines are often 
worked entirely by adits, and even when a mine is deepened 
below the drainage level the utility of the adit is still 
threefold ; — it lessens the quantity of water which tends 
to percolate into the lower workings ; it lessens the depths 
to which the water has to be pumped ; and, by furnishing 
a certain amount of fall, it enables water to be applied as 
power. On account of these important advantages some 
very long and costly adits have been driven for the purpose 
of aiding the miners in certain metalliferous districts. 

Tlius in tho Harz tlio Ernest Augustus adit (“Ernst August 
Stolln ”) has been driven a distanco of nearly 64 miles into the Klaus- 
thal distiict. Tho total length of the adit, including the branches, 
is no less than 14 miles. It intersects many of the lodes at a depth 
of upwards of 400 yards from tho surface. The total cost of this 
adit is estimated at £85,500, 

Another long adit is tho celebrated “Rothschonberger Stollii,” 
which unwaters some of the most important mines at Freiberg in 
Sa.xony. Tlio length of the main or trunk adit is more than 84 miles ; 
the gradient of the greater part of it is only 1'18 inch in 100 yards. 

The Dranehes of this adit among the mines are more than 16 miles 
in length, so that the total length of the main adit with its 
branches amounts to nearly 25 miles. 3Iany of the mines are now 
drained naturally to a depth of 250 to 300 yards. The cost of the 
imiin tunnel was £359,334, or nearly £24 per yard, but this includes 
the cost of eight shafts, heavy expenses for pumping from those 
shafts, tho walling of the adit for | mile, and all general expenses. 

The length of time occupied in driving this adit was thirty-three 
years. Tho “ Kaiser Josef II. Erbstolln ” in Hungary is another 
remarkable mining tunnel, which was commenced in 1782, and com- 
pleted in 1878 at a total cost of 4,599,000 florins. It is lOj miles 
m length, c.xtcnding from the valley of the river Gran to tho 
town of Schemnitz, where it intersects the lodes at depths varying 
from 300 to 600 yards according to tho contour of tho surface. 

In Cornwall the Great County adit was driven for tho purpose 
of relieving tho Gwennap mines of their water, and it was pushed on 
nearly to Redruth. This adit differs from the great works under- 
taken in Germany by the fact that it commences in the mining 
district, and, though the length of all the drivages amounts to more 
than 30 miles, tho water from the most distant mine does not run 
more than about 6 miles before reaching daylight. Tho average 
depth is only 70 or 80 yards from the surface. In fact this great 
adit, though a work ofgre.it utility when tho Gwennap district 
was in a flourishing condition, is merely a network of comparatively 
shallow drivages, often along tho lodes themselves, among the 
mines, and therefore for boldness of execution cannot for one 
moment be compared to the great Schemnitz, Freiberg, and 
Klausthal drainage tunnels which have just been mentioned. The 
Blackett Level in HortliumbBrland is an adit which has been 
driven a distanco of about 4j miles, and it will have to be extended 
about 2 miles further before reaching Allenheads. Its depth from 
the surface at this place will be about 200 yards. 

Tho main part of tho Halkyn tunnel in Flintshire is 2 miles 
1256 yards in length, and the branch' driven out to Rhosestner 
mine intersected the vein at a distance of 809 yards, making 
a total of about 3J miles. Tho greatest depth from the surface 
is 230 j’ards, and the average depth in H^^n 3Iountain about; 
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215 yards. The lengtli and depth of this adit are not remarkable; 
but the great quantity of water discharged is a point of considerable 
interest and importance. It is estimated that tliis adit is now 
discharging 15 million gallons or 66,000 tons of water in twenty- 
four hours, although the ouffiow is purely natural, for no mines 
are pumping water into it. It is now easy to understand that 
the Ehosesmor mine, though provided with powerful pumping 
machinery, was unable to cope uith the spnings it encountered. 

In the United States the famous Sutro tunnel is an adit of which 
the main branch, 4 miles in length, reaches the great Comstock lode 
in Nevada at a depth of 1700 feet. The total cost of this tunnel, 
which was completed in nine years, is estimated to have been 
.$7,000,000. The quantity of water running out daily in 1879 was 
12,000 tons, at a temperature of 123° Tahr. at the mouth of the 
tunnel. All this water must other;vise have been pumped to the 
surface at a cost estimated at §3000 a day. The obstacles to 
progi’ess were very great: not only was the heat extreme, but 
swelling ground was encountered which snapped the strongest 
timber. Thanks, however, to the untiring energy of Jlr Adolph 
Sutro, the difficulties were at last successfully overcome, and this 
great work ■wni long remain as a monument to his foresight, skill, 
and patient pertinacit3^ 

The Atlantic- Pacific tunnel,^ which was commenced in 1880, will 
pierce the heart of the Eockj' ilountains under Grey^s Peak, 
Colorado. It is being driven from both sides of the watershed, and 
wU have a total length of 4 J miles from end to end. 

riiphous. Siplions have been used for unwatering workings, in 
special cases ; but of course they not act unless the 
barrier over which the water is raised is very decidedly less 
than 33 feet. 

Winding When workings cannot be drained b}' tunnels or siphons 

machin- ifc.is necessaiy to raise the water mechanically, either to 
the surface or at all events to an adit through which it 
can flow away naturally. If the amount of water is not 
too considerable, it is often convenient to use the winding 
machinery and draw' up the water in special buckets {water- 
barrels) or tanks. The bucket may be tilted over on reach- 
ing the surface, or it may be emptied by a valve at the 
bottom. This means of raising water is often adopted 
w’hile sinking shafts, w'hen it may be desirable to wait till 
the whole or a portion of the shaft is completed before 
putting in the final pumping machinery. 

Pumps. The varieties of pumps used in mines are numerous. In 
small sinkings hand-pumps, either direct-acting or rotary, 
may be applied ; steam-jet pumps on the principle of the 
Giffiird injectors are also used ; and pulsometers, though 
requiring a large expenditure of steam, have the advantages 
af being quickly fixed, of occupying little space, and of 
working with sandy or muddy W'ater. They are capable, 
therefore, of rendering great services in special cases. 
IVhen we come to the definitive machinery erected in 
large mines of considerable depth, we find that the pre- 
vailing types of pumps are few. They may be classified 
as follow's : — (-A.) lifting and force pnmps worked by rods 
in the shaft actuated by wind, water, or steam power ; (B) 
force-pmnps at the bottom of the shaft worked by steam, 
compressed air, or hydraulic pressure. 

A- In describing the first method we have to consider the motive 
power, the rods, and the actual pumps themselves. 

Windmills have the disadvantage, which is often fatal, that the 
power is not constant. By erecting an auxiliarj' steam-engine, 
which can be set to work if wind fails, this evE is overcome ; and 
at the ilona mines in Anglesea a VTindmill pumps up water from a 
depth of SO fathoms at the rate of upwards of 90 gallons per 
minute. As the site of the mine is breezy, there is wind enough to 
work the mill about one-half of the time. 

Water-power was for a long period the principal agent emploj’cd 
in draining mines, and it is still of the greatest utility in manj' 
districts, rcsenmirs being constructed to collect and store the 
rainfall. Some idea of the scale upon which these works are 
conducted wEl be gathered from the following figures relating to 
the Harz mines. In 1868 there were “ sixty-seven reservoirs 
covering an area of 604 acres, and having a storage capacity of 
336,000,000 cubic feet.”- The total length of the various leats, 

^ Mining and Scientific Press, San Francisco, 1SS2, vol. xlv. p. 241. 

- “Notes on the new Deep Adit in the Upper Harz Mines,” by H. 
Bauetman, Report of the Jliiiers’ Association of CornvMll and Revon- 
siiire, 1868, p. 21. 


races, and other water-courses, including the six principal adits is. 
about 170 statute mfies. The net power e.xtracted is reckoned at 1870 
horse-power, but less than one-fourth of this is used for pumijuiff 
Water-power is applied to pumping machinery by water-wheels 
turbines, and rotary or non-rotary water-pressure engines. Except- 
ing the case of the latter, the rotary motion has to be converted into a 
reciprocating motion by a crank ; and furthermore with turbmes the 
speed must be reduced very considerably by intern) ediate gearing. 

Overshot wheels are the commonest prime movers when pumps 
ate worked by water-power ; water-wheels are frequently constructed 
40 or 50 feet in diameter, and at the Great La.xey mine, in the Isle 
of ilau, one of the wheels is no less than 72 feet 6 inches in diameter 
and 6 feet in the breast. The power is conveyed from the water- 
wheel by a connecting rod to a bell-crank (hob) placed over the shaft ; 
and when, owing to the contour of the ground, the wheel has to be 
placed at a distance, it is connected to the bob by the so-called yiaf 
rods, made of wood, bars of iron, or wire-rope, travelling backwards 
and forwards, and supported by pulleys or oscillating upright beams. 

Water-jiressure engines have the advantage of being able at once 
to utilize any' amount of fall, and those which are direct-acting can 
be applied immediately to the main rod of the pumps. 

Steam, however, is the power used par excellence in draining 
mines ; indeed the first applications of steam-power were made for 
this purpose, and Watt’s great inventions owed their birth to the 
necessities of mines which could no longer be drained by the water- 
power at their command. 

The principal type of engine is that known as the Cornish engine, Cornish 
wliich is a single-acting condensing beam engine working ex- endue; 
])ansively. Its mode of action may be briefly described as follows. 

The steam is let in at the top of the cylinder and presses down the 
piston, which is connected with one end of a large beam, whilst 
the main rod of the pumps is attached to the other. When the 
piston has completed its course the equilibrium valve is opened 
by a cataract, and, the pressure on both sides of the piston being 
now equal, the weight of the pump rods, or rather tire e.xcess of 
their weight over that of the coimterbalances, causes them to drop 
and force up the watei from the mine by means of the plungers, 
which will be described immediately. Double-acting rotary 
engines working the pumps by cranks may also be met with. ' 

The rod in the shaft, known as the Ttiain rod or spear rod, is 
usually' made of strong balks of timber butted together and con- 
nected by' strapping pilatcs fastened by bolts, It serves to work 
either lifting-pumps or force-pumps, or both. 
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aurmountcil by punips; and tho bucket with its rod. ' Tlio whole 
woi^rs like any ordinary pump, and needs no special explanation. 
Ibc force-puinp used in mines, known as the plunger-pump, 
(.plunger) (fig. 88)i working thinugh^a 
fvi’; 1 “ pump stMding on tho H-piece. This has a ralvo 

which communicates with tho windbore resting in. tho cistein. 
Above tho JI -piece comes the door-pkee with another valve, and 
tlicu a. scries of pipes, generally of cast iron, but oee.asionallv of 
wrou'dit iron, constituting the column. Tho upward motion of 
tlio plunger, which is attached to tho main rod, causes an inllow of 
water, which m forced into the column when the plunger descends. 
It 13 usual to fi.x a drawing lift at the bottom of tho shaft, which 
raises tho water into a first cistern, and tlionco a plunger forces it 
into a second cistern some SO yarils higher up; and it is coutiuuallv 
forced up from cistern to cistern until it reaches tho adit or tlie 
suriacc*4 

Tiieia are n^umerous important matters which require special 
attention, such as tho valves, catches, balance-bobs, guidiii" 
arrangements for tho rod in inclined shafts, tlie V-bobs, fend-oS' 
bobs, and running loops, which have to bo used when there are 
beiui3 III tho shaft j but spaco ^vill not permit of more than mere 
mention of these details. 

Such then is tho standard arrangement worked bi' steam or 
water power for pumping from mines. The great advantage of tho 
system consists in tho employment of tlio plunger, because it is 
simply necessary for the machine to raise a weight slightly greater 
than that of the water, wliioli is force4 up aftenvards by the down* 
stroke of tlie rods. Leaks aro readily discovered, and the stufiin"- 
bo.x can be easily serewed_ uji as tho packing wears ; this is one 
gieat reason ot tho superiority of the plunger compared with a 
piston working in a barrel. 

rile inodilicatioiis of this sj'stein relate more to the engines em 
ployed than to tho actual piimn.s themselves. 

The cylinder of the Cornisfi engine is soiuctimcs reversed and 
stands over tho shaft, tho main rod being attached directly to tho 
piston. This type of engine, known as tho Bull engine in Corn- 
wall, dispenses with tho ponderous beam, but it has the great 
disadvantage of obstructing tho mouth of tho shaft. The use of two 
cylinders combined, as invented by Woolf, causes less strain upon 
the main rod and pumps [jyil-worh) and machinery genei'ally, as tho 
initial velocity of the piston is .smaller and tho engine .starts with 
less Jerk. Tho cylinders aro placed side by side or one above tho 
other. 

Kley, of Bonn, has constructed engines on the Woolf system with 
steam acting on both siilc-s of tho pistons. He makes tho excess of 
the weight of the rod over that of the counterbalances sullicient to 
raise only half the weight of tliu water and to overcome the friction; 
and then in tho descending stroke tho steam acts on tho top of the 
piston and .so makes up for tho insiilUeiciicy in force of tho rods. As 
tho steam acts on both sides of tho piston the sumo amount is con- 
sumed, it is true, but a smaller cylinder will do tlio work, and tlio 
original cost of tho engine is lessoned. The same engineer of late 
years has put up several pumping engines in Belgium, Germany, and 
I'l'anco of 30 to bOi) horse- power, with a lly- wheel which bcitcs simply 
to regulate the stroke of the piston, so that the crank always stoiis 
before or after the dead point till the cataract starts another stroke. 
Tho engines are double-acting, with two cylinders and beam. The 
advantage of working with tho lly-wlieel is tliat the main rod and 
pumps are set in motion without tho injurious jerk unavoidable 
with a Cornish engine worked at a high rate of expansion. 

31. Guiiiotto, the well-known Belgian engineer, also adopts a 
lly-whecl, and tho engines ho has erected at -Mariemont and else- 
where are single-acting rotory engines with one cylinder. Tho 
peculiarity of tho lly-whecl Is that lie can weight it in any w.ay ho 
pleases ; and he so overcomes tho dilliculty, wliieli occurs in other 
rotary m.achines, of its being impossible to work them below a certain 
speed. His object has been to make the speed slow at the beginning 
and end of a stroke, so as to avoid the injurious shocks to the valves 
and machinery generally from sudden starts and stoppages. In 
order to make the main rod act by tmetiou only and not compression, 
which may bo advisable with iron rods, tho plungers are sometimes 
reversed ; whilst Kraft of Seraing has introduced the Kittingcr 
pump, wliich consists of a hollow moving plunger with a valve inside, 
and a plunger case above it working over adiollowfixod plunger. 
By this arrangement both tho up and tho down stroke of tho 
engine cause water to bo forced up; and this pump is used with 
a double-acting rotary engine. 

B. Wo must now speak of the second class of pumps, viz., force- 
pumps worked by steam, water-poivcr, or compressed air at tho 
bottom of tho shaft. 

Tho steam jmmiis aro of very various descriptions,^ but they 
mostly consist of one or two plungers, or rams, set in motion by a 
rotary or a non-rotary engine, which may or may not work with 

^ Michell and Letcher on “ Cornisli Mine Drainage,” Forty-Third 
Annual Report of the Royal Cornwall Polytechnic Society, p. 211. 

- Stephen Michell, Mine Drainage, London, 1881. 
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expansion and condensation. The plunder or nm n 

fixed directly on to tho piston, and woidS in the 
scqnently tho power is transmitted to tL pinker iritl/tho 
possible loss. The water is forced up tlio shaft 
Wnes and pumps of this Mud arVeSittJnro °d f 
parts are readfly accessible. The miner is able to dispose ’with the 
heavy beam, the massive engine-house, the long mam rod and ito 
c nnexious and bobs, the various cisterns and plungei-s, and instead 
ho liM a compact and easily supervised machine aSd a simple Itoe 
up hut little space in the shaft; the p“C can 
erected and set to work very quickly, and tins' is a 
matter of the utmost importance in emergencies. It is tone that 
these direct-acting steam-pumps, even when worked by a compound 
engme, cause a greatei-consumption of coal than the Coniish engine • 
but,_ as a set off, there is the economy in first cost, S-fetionf aM 
i tpairs which has led to their adoption more especially in collieries, 
riie steam is generated by boilers underground, or is conveyed from 
tlie surface in well-jacketed pipes. 

If natural water-power is available water-pressure engines working 
the plunger directly are often employed, and indeed such water-power 
may lie created artificially for use in workings where steam-power is 
objectionable on account of the heat There are other reasons too 
tor employing water for transmitting power ; where tho length of 
the ro^ 13 very great, and they have to he worked quickly, tSere is 
a great liability to breakages; in order to overcome these dilHculties 
at the iniues on the Comstock lode, lilr Joscjdi Moore ^ uses a steam- 
engine at tho surface to work an hydraulic accumulator, and then 
by n^ics conveys tlio water under pressure to hydraulic engines 
working plungers. These are fixed at 2400 feet from tho surface, 
and force tho irater in one column, 813 feet high, to tho level of 
the butro tunnel. The o.xhaust water is returned to the surface in 
pmes and used over again. Tho pumps are now raising 1600 to 
1/00 gallons per minute. 

Whore compressed air is being supplied to a mine for drilling 
and winding purposes, it is often convenient to employ it, by 
means of direct-acting pumps, such as are generally used with 
steam, for tho drainage of small temporary sinkings ; and occasion- 
ally large pumps raising considerable quantities of water aro worked 
m this way. 

^ 11. Ventilation and Lighting. — The composition of the 
air of tho atmosphere is about one-fifth by volume of 
oxygen and four-fifths of nitrogen, with a little carbonic 
acid gas ; more exactly, the standard amount of oxygen 
may be taken at 20-9 per cent., and that of the carbonic 
acid gas at 0'_03 per cent. The atmosphere of mines is 
subject to various deteriorating influences : not only do 
noxious^ gases escape from the rocks into the underground 
excavations, but also the very agents employed in the 
execution of the work itself pollute the air considerably. 

The dangerous emanations of fire-damp in collieries have Deleter!, 
been already described (Coal, vol. vi. p. 72) ; and with oua g^ec. 
reference to this gas it is simply necessary to say that its 
presence is not entirely confined to coal mines. Large 
quantities have been observed in Silver Islet mine,'* Lake 
Superior, where several explosions have occurred, whilst 
small quantities are met with in the stratified ironstone of 
Cleveland, and also in the Cheshire salt mines; jets of the 
gas may be seen constantly burning in the salt mine at 
Bex in Switzerland ; a little has been noticed also in lead 
mines in Wales and Derbyshire. In the Sicilian mines the 
amount given ofi by the black carbonaceous shales inter- 
stratified with the sulphur beds is sufficient to cause 
dangerous explosions. It has been pointed out (vol. vi. p. 

72) that carbonic acid gas exudes from coal;® it escapes 
also from some mineral veins. At the lead mines of 
Pontgibaud in central Prance it is so abundant that special 
fans have to be provided for getting rid of it ; very distinct 
issues of this gas may be observed at the Poxdale mines in 
the Isle of Man, and in the Alston Moor district it is not 


® Trans. Inst. Engineers and Shipbuilders in Scotland, 1882. 

•* Engineering and Mining Journal, vol. xxxiv. p. 322. 

® A. Scliondorff, “ Uutersuebung der ausziehenden Wetterstrome in 
den Stoinkohlenberg^verken des Saarbeckens,” Zeitschri/t fur das Eery-, 
llUtten-, vnd Salinen-Wesen im Preussischen Staate, vol. .xxiv. p. 73; 
and Cl. Winkler, ‘‘Die ebemisebe Untereuebung derbei verschiedenen 
Steinkobleiignibon Saebseus ausziebenden Wetterstrome und Hire 
Ergebnisso," Jahrhich far das Eery- und EulUnwesm im ICOnigreiche 
Sachsen aufdas lahr 1882, p. 65. 
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uncommon. This gas is likewise given off in the Sicilian 
sulphur mines, where also the highly poisonous sulphuretted 
hydrogen is of frequent occurrence, the water in the work- 
ings being often saturated with it. Small quantities of 
mercurial vapour occur in quicksilver mines, 
jftoducts Such then are the principal gases which naturally pollute 
of lespi- the atmosphere of mines, and have to be swept out by 
ventilation. In addition to these we have the products 
of the respiration of the men and animals in the pit, and 
those due to the combustion of candles or lamps, and the 
explosion of gunpowder, dynamite, ifec. 

Dr Angus Smith^ reckons that two men working eight hours, 
and using i lb of candles and 12 oz. of gunpowder, produce 25-392 
cubic feet of carbonic acid (anhydride) at 70’ F., — viz., 10*32 by 
breathing, 12-276 by candles, and 2*796 by gunpowder. 

The products of the explosion of gunpowder have been carefully 
studied by Captain Ifoble and Sir Frederick Abel, and the follow- 
ing figures, showing proportions by weight, are copied from the 
valuable paper- containing the results of some of their researches: — 


r 


Total solid products 

Total gaseous products.. 
■\Vater 


Curtis & Harrev-s 

Mining 

No. G Gunpowder. 

Powder. 

57*74 

47-04 

41-09 

51-35 

1-17 

1-Cl 

100-00 

100-00 


The solid residue of the miuing powder consisted mainly of 
potassium carbonate, potassium monosulphide, and sulphur. The 
percentage composition by volume of the gas produced %vas : — 



Curtis A Harvey, 
Xo. 6. 

Mining 

Powder. 


50*22 

32 15 


7 5*> 

33*75 


34*4G 

19*03 


2*03 

7 10 


2 40 

2*75 


3*‘^0 

5-24 




100-00 

100-00 


The volume (calculated for a temperature of 0’ C. aud barometer 
760 mm. of mercury) of permanent gases generated by the explosion 
of 1 gramme of dr}- powder is — 

Curtis & Harvey, Xo. fl 241-0 cutic centimetres. 

Hining 360-3 „ „ 

Jlil. Sarrau and TieiUe have commimicated to the Academy of 
Sciences^ the results of their researches concerning the decomposi- 
tion of certain explosives, and more particularly gun-cotton and 
nitrated gun-cotton. The following table shows, in litres, the 
volume (at 0° C. and 760 mm. of mei-cuiy) of each of the gases per 
kilogramme of the substance exploded in a closed vessel: — 


Kind of ExplO'jlve. 

CO. 

CO,. 

H. 

N, 

0. 

cm,. 

HS. 

Total. 


•234 

234 

16C 

107 




741 

Gun-Cotton and nitrate of” 
potash (50 per cent, of 

1* 

171 

109 

45 


... 

325 

Gun-cotton (40 per cent.)' 
and nitrate of ammonia 


... 

1S4 

... 

211 

G 

... 


401 




295 


147 

25 
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G4 

150 

4 

65 


4 

1 -! 

504 


If, however, the explosive is decomposed at a pressure approach- 
ing that of the atmosphere, the volumes (again at 0° C, and 760 mm. 
of mercury) are very diflevent, as shoxvn below: — 


Kind of E.vpiosive. 


Pure gnn-cotton 

Gun-cotion and nitrate ot\ 
potasli (50 per cent, of each) f 
Gun-cotton (40 per cent ) and) 
nitrate of ammonia (60 per [- 

cent), j 

Xitro-glycerin 


xo. 

CO. 

CO,. 

IT. 

X. 

C,H, 

Total. 


139 

237 

104 

45 

33 

7 

565 


71 

53 

57 

3 

7 

... 

196 


122 

65 

103 

12 

112 

... 

414 


218 

162 

58, 

7 

G 

1 

452 

j 


oxide and carbonic oxide, and the analyses of iUf. Sarrau and 
Vieille confirm the practical experience of miners, who complain 
greatly of noxious fumes w-heu, ouing perhaps to a bad detonator a 
charge of dynamite or tonite fails to explode properly. ’ 

The air of mines is finally deteriorated by organic matter con- 
tained in the exhalations of the men and animals emploved and 
in the products of decaying timber, by dust, and by the solid t ar- 
ticles constituting the smoke of e.xplosives. It must be recollected 
also that the iujxu-y to the air is not confined to theadditioEof the 
gases and substances just mentioned ; but the proportion of oxygen 
is diminished by the combustion of candles, by respiration, the 
decay of timber, and decomposition of some minerals such as iron, 
pyrites. Dr Angus Smith •* sums up the results of his analyses of 
the air of British metal-mines as follows : — 

Percentage by volume. 

Oxygen, average of 339 specimens 20-2t» 

of ends ........iO'is 

other parts 

in cunents 

in large cavities 20'77 

jnst under shafts 20M2 

in sumps 20*1-4 

Carbonic add 0*785 

He considers airu-ith 20 -9 per cent, oxygen as normal, and air with 
proportions between that and 20-6 as impure; and where tlie per- 
centage of oxygen descends below 20-6 he calls the air exceedingly 
bad. According to these standards, only 10-67 per cent, of tlie 
samples showed the air to be normal or nearl}- so ; 24-69 per cent, 
were decidedly impure; whilst 64-63 per cent, or nearl}- rivo-thinls 
of the samples were exceedingly bad. The amount of oxygen in 
one specimen was as low as 18-52 j>er cent., whilst the carbonic 
acid often exceeded 1 per cent, and in several instances 2 per cent. 

It is evident that twenty years ago the ventilation of British 
metal n)ines was anything but satisfactory, aud even no)v there is 
room for improvement. 

Having e.xp)lainecl the reasons why the air of mines must 
be constantly renewed, we must now point out how this 
desirable end is effected. 

Two systems are employed, — natural ventilation andSjrstera 
artificial ventilation; but, as both systems, have been 
described (Coal, vol. vi. p. 70), little remains to be said “ 
xhere, especially as the ventilating machines in metalliferous 
mines generally cannot for one moment he compared with 
the powerful appliances employed in collieries. In vein- 
mining there are generally many more shafts than in 
collieries, and natural currents are set up which are often 
considered sufficient for ventilating the mines ; never- 
theless, the advanced workings, such as the ends, rises, 
and winzes, — in fact all workings in the form of a cul-de- 
sac, — are likely to require special means of ventilation 
as soon as they proceed a little distance from the main 
air-current. 

The means of ventilating a drift or heading are various. 

If a natural or artificial draught ^ ^ /////// // // 

exists at the mouth of the drift, ^ ^ 

it may be diverted by an up- i;| 1 > ^ f /v 

right partition {brattice), or an ;j 
air-way may he constructed 
along the roof or floor by a 
horizontal jxartition of planks ^’’S- S9. 

{air-sollar) (fig. 89). In this way a sufficient supply is 
secured at the end or fore-breast. 

The water -blast is another simple appliance ; it is pre-. 
cisely the same as the 
well-known tromp, and 
it blows a current of air 
through square pipes 
made of hoards, or 


- 7 / 

^ ^ / / / / / / / III 


K. 


"When explosives are decomposed iu this way they liberate nitric j 

^ Report of the Commissioners A ppointed to Inquire into the Condi- j 
tion of all ili’iies in Great Britain to ‘which, the Provisions of the Act | 
23 A- 24 Viet. c. 151 do not apply. Appendix B., p. 224. ' 

- “On Fired Gunpowder,” Captain Noble and Air F. A. Abel, 
Phih Trans., 1880, p. 278. 

® “ Becherches experimentales sur la decomposition de quelques 
cxplosifs en vase clos ; composition des.saz formes,” Comptes Rendus, 
1880, pp.1058 and 1112. 


, - 

better through cylindri- 

cal pipes of sheet zinc. 90. 

The fall of water may be applied by Williams’s water-jet, 
shown in fig. 90. The jet of water acts like an injector, 
and creates a powerful current. 

Small fans driven by boys, or better by small )vater- 
wheels or other machinery, are frequently applied, and tlio 


■* Op. cit., p. 222. 
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Harz blower {d\Kh machine, Cornwall) (fig. 91) is not 
uncommon. This is merely an air-pump of very simple 
construction which is worked by the 
main rod of the pumps, and can be 
arranged so as to exhaust the foul 
air or force in fresh air. 

In working in blasting ground, 
boring-machines driven by com- 
pressed air are becoming more and 
more largely used every day, and 
the exhaust air escaping from the 
machines is invaluable for ventilation. 

At the same time, on account of 
volley firing, the quantities of dele- 
terious gases generated in a short 
space of time are very considerable ; 
and, in order to get rid of them 
speedily, the compressed air may be 
utilized for working a Korting aspirator or the somewhat 
similar ventilator of Mr Teague, a jet of compressed air 
turned into a ventilating pipe, which creates an exhaust 
(fig. 92^). Naturally this 



Fig. 91. 


ventilator is merely 
brought into play at the 
time of blasting, and 
while the boring ma- 
chinery is out of use. 
"When compressed air is 




being supplied on a large scale to a mine for boring and 
winding machinery, it is often convenient to convey it by 
a small gas-pipe to working places in which the ventilation 
is inadequate. Of course, in one sense, it is very unecono- 
mical to compress air to a pressure of 60 or 70 lb to the 
square inch for ventilating purposes only; but, where com- 
pre.Hsing machinery Ls always at work on the mine, it may 
be better to be a little wasteful of cheap power at the sur- 
face than to go to the greater expense of having a man or 
boy to work a fan underground. 

3Iines are lighted by lamps, torches, caudles, and 
electricity. The subject of safety lamps for fiery mines 
has already been discussed (see Coal, vol. vi. p. 72), and 
consequently the question of illuminating mines may be 
treated in a very summary manner. 

Lamps vary very much in shape and size. The Sicilian miner has 
a mere shallow cup of unglazed pottery ; the Saxon a small tin or 
brass lamp in a wooden box lined with tinplate 
and open ui front. In the Harz the miner prefers 
a heavy fiat iron lamp with a hook by which it is \ V 
stuck into the timber or any crack in the rocks ; ' i 

in France, northern Italy, and parts of Spain, the 
iron lamp is lenticular in shape and also suspended 
by a hook. In Scotland, and parts of Germany 
and the United States, a srnau tin lamp of the 
sliape shown in fig. 93 is very common ; the hook 
enables it to be carried on the hat while climbhig 
ladders, and to be fixed up underground. Olive oil and rape oil are 
burnt in these lamps ; x>etroloum lamps are employed occasionally. 

The miners of England and Wales still eling to the tallow candle; 
and when surrounded by a lump of clay it can easily and quickly be 
fixed in the working X)lace or earried upon the hat when climbing. 
Gas brought down from the surface answers for illuminating large 
excavations, such as on-setting places and engine-rooms. 

Up to the present time the electric light has been but little used 
underground on account of its want of portability, and the small- 
ne.s 3 of the spaces requiring illumination. Very often a few men 
only are employed in each working place, and consequently the 
expense incurred in fixing and shifting the lamps and maintaining 
them alight would be out of nroportion to the value of the work 
executed. However, an incandescent electric lamp has been invented 
weighing only 10 lb, which gives the light of three candles for six 
hours, and it may be reasonably expected that improvements -will 
be made which 1-011 render the electric light more available for 
underground purposes than it is at present. When the area requir- 
' ing illumination is large, an arc-lamp may be used with advantage. 



Fig. 93. 


Among the first successful applications of electric li-Thtinr-- to 
underground excavations may be mentioned tliat of 31. Slai-ier at 
the Angers, slate quarries.'- In the year 1879 he fixed tivo Serrin 
lamps in one of the large underground chambers with an area of 
2400 square yards, and he found that they gave light enough for all 
the men at work. The total cost, reckoning everything, viz., coal, 
carbons, repairs, labour, depreciation of plant, and interest oncapital, 
is 50 francs per day ; the gas formerly in use cost 54 francs a day 
and gave much less light. It is evident, however, that the arc lights 
can only be applied with advantage in sjieeial cases where a lan’e 
number of men are concentrated in one working area which can Ee 
illuminated from one or two pioints. 

The large chambers in the salt mine of Jlaros-Ujv.ir in Hungary 
have been regularly lighted up by electricity since 1880. Tlie°cost 
is somewhat greater than that of the tallow, oil, or petroleum 
formerly in use ; but, on the other hand, the illumination is better, 
the men can do more work and are more easily supervised, whilst 
the air of the mine is not deteriorated by the jJroducts of combustion 
of the lamps. ^ 

12. Meaiu of Descending into and Ascending from Means of 
Mines. — ^Wkere mines are worked by adit-levels the men access, 
naturally walk in along the ordinary roadivays; such 
mines, however, are exceptional, and the men generally 
have to climb down and up by ladders, or are raised and 
lowered by machinery. The means of access to and from 
workings may be classified as follows ; — (1) steps and ' 
slides ; (2) ladders ; (3) cages ; (4) man-engines. 

If a lode or seam is inclined at an angle or 40° or 50° from the Steps, 
horizon, steps may be cut in the floors of the deposit if it is firm 
enough, or wooden stairs may be put in with a hand-rail. Even 
with higher dips steps may be arranged by directing them in a line 
intermediate between the dip and the strike. In speaking of con- 
veyance underground, reference has already been made to the practice 
of carrying stuphur ore in Sicily and slate in Germany up to the 
surface by steps ; and steps may be found in other foreign mines 
and occasionally in Great Britain. They are much less fatiguing 
than ladders placed so flat that part of the weight of the body rests 
upon the anus. In some of the Austrian salt mines the men Slides, 
descend by wooden slides inch'ned at angles varying from 30° to 50°, 
flattening at the bottom to destroy the velocity gradually ; the 
ascent is efiected by steps. 

Ladders are very largely used in metal mines all over Ladders, 
the world, but they vary a good deal in different countries. 

The ladder consists of two sides and a series of rungs 
{staves, Comivall). The sides are usually made of wood, 
and the rungs of ivood or iron. The distance between the 
rungs is important ; 10 inches from centre to centre is 
sufficient, for climbing upon ladders with the rungs 12 
inches apart is decidedly more fatiguing. On the Continent 
wooden rungs are commoner than iron ones, and oak is 
preferred. Sometimes the wooden staves, instead of being 
round, are flat, so as to stand more wear, and iron sides 
may be seen in places where dry rot is very bad. Platforms 
should be fixed at short intervals, not exceeding 3 or 4 
fathoms in perpendicular shafts, so 
as to prevent falls from having fatal 
consequences. 

In many cases sufficient attention 
is not paid to the angle of inclination 
of the ladders. A ladder is climbed 
with the least fatigue when the person 
uses his arms simply to steady him- 
self, and is not compelled to pull 
himself up by them, as on a vertical 
ladder, or to support much of the 
weight of his body by them, as 
happens ivith a very flat one. The 
best angle is about 20° from the 
vertical, and in Belgium the autho- 
rities have very wisely decreed that no ladder shall be 
inclined at an angle of less that 10° from the vertical. 
Furthermore, of the two arrang ements shown in fig. 94 

2 M. Blavier, “L’felairage Mectrique aux Ariloisieres d’Angers, 

Annaies des Mines, ser. 7, vol. xvii., 1880, p. 5. 

3 OesUrreichischeZeitschri/t/Ur Berg- tmd Multenwesen, 188_, Ao. 

25, p. 296. 
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1 Trans. Roy. Oeol. Soc. Cornwall, vol. x. p. 142. 
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A is better than B, because it not only affords a greater 
inclination for the ladders^ but also renders it less likely 
that a man mil drop through the opening (inanhole) in 
the platform (sollar) if he loses his hold and falls. These 
may seem trffing matters ; but, leaving aside the question 
of safety, the economy derived from fixing the ladders 
at the best inclination is by no means small. To make 
this apparent we must recollect the depths to and from 
which men have to climb, viz., 300, 400, and even 500 
yards. It is important, therefore, to save every unnecessary 
expenditure of energy, which, though trifling for one ladder, 
becomes considerable when repeated a great number of 
times. When a mine has reached a depth of 200 yards, 
and a fortiori when it exceeds it, mechanical appliances 
sliould be introduced for raising and iowering the men, 
because time and strength are wasted by climbing. 
Medical men also are agreed that excessive ladder-climbing 
is injurious to the health of the miner. Therefore, both 
upon hygienic and financial grounds, one of the first 
thoughts in working a mine should be the conveyance of 
the men up and_ down the shafts by machinery with the 
least possible fatigue. 

In collieries and other mines worked by perpendicular 
shafts, it has long been custoniary to raise and lower the 
men by the ordinary n’inding machinery already described. 
In the United Kingdom it is necessary that guides should 
be used if the shaft exceeds , 50 yards in depth ; safety- 
catches and disengaging hooks (Coal, vol. vi. p. 75) are 
frequently applied for the purpose of preventing accidents. 
The simplicity of this method of ingress and egress 
naturally renders it popular, and statistics prove that, 
where proper precautions are used, it is exceedingly safe. 

The first man-engine was put up in the Harz in 1833, and 
nine years later a similar machine was fixed in Tresavean 
mine in Cornwall. Since that time this very useful means 
of conveying workmen up and down shafts has been resorted 
to in other mining districts, and especially in Belgium and 
Westphalia. 

Two kinds of man-engine are in use, the double-rod machine and 
the single-rod machine. The double-rod or original man-engine 
consists of two reciprocating rods like the main rods of pumps, carry- 
ing small platforms upon which the men stand. The stroke is from 
4 to 16 feet, and the little platforms are so arranged that they are 
always opposite each other at the beginning and end of each stroke. 

Figs. 95 and 96 represent the rods in the two final positions. A 
man who wishes to descend steps upon platform (fig. 95) ; the rod 
B goes down, and A goes up, so that h (fig- 96) is brought oppo.site 
c. The man steps across from 6 to.c, and then the rod A makes a 
down-stroke, B an up-stroke. Platform tf is now oppo- p, 
site d (fig. 95), and the man again steps' across ; and if 
thus, by constantly stepping from the rod as it com- 14 '| 
pletes its down-stroke, the man is A 

gradually convoyed to the bottom of 
the shaft. By reversing the process, ^ ° 
or, in other words, by stepping off ^ 
on to the opposite platform as soon ' 
as the rod nas completed its up- 
stroke, the man is raised to the sur- 
face, without any fatigue beyond that , 
of the very slight eilort of stepping 
sideways. If each rod makes four 
up and down strokes of 10 feet each 
j)er minute, the rate of ascent or 
descent will be 80 feet per minute. 

The single-rod man-engine has one 
rod carrying steps, whilst fi.ved plat- 
fopns are arranged in the shaft so as 
to correspond exactly with them 
(fig. 97). If a man wants to go 
down, he steps on to A when the 
up-stroko is completed; the rod goes pj„ 95 ^ 
down and A is brought down oppo- L- • 
site to the fixed xdatform 6 , on to which he steps off. He then 
waits on h until the rod has finished its up-stroke, B is brought 
opposite I ; he steps on to B, the rod goes down and he is brought 
opposite c, where he steps off again and waits. By reversing the 
operation he isgraduallv lifted to the top of the shaft The single- 
rod engine may be used by men going up while others are going 
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down, provided that there is sufficient room upon the fixed nial 
forms {sollars). The best plan is to have sollars right and left a* 
shown in the figure, and then the ascending men' step otf to the loft^ 
for instance, while the descending men take the right-hand sollars’ 
The ascending man steps on to the man-engine as soon as tho 
descending man steps olf, and so the rod may bo always carrrin-B 
men up or down. The usual stroke in Cornwall is 12 fcet.'’an3 
there are from three to five or six strokes a minute. IVitlr Wo 
strokes the men descend 10 fathoms a minute, or in other words a 
descent or ascent of 300 fathoms occupies half an hour. Tho 
reciprocating motion is best obtained from a crank, Wcause in this 
case the speed is diminished gradually at the dead points, and 
the danger of an accident in stepping off and oh is thereby dimin- 
ished; man-engines, however, are sometimes driven by dircct-actinr' 
engines. ° 

Man-engine rods are constructed of wood. or iron ; and at An- 
dreasberg in the Harz each rod is replaced by two wire ropes. Like 
a pump rod the man-engine rod requires proper balance hobs and 
catches, and for the safety of the men a handle is provided at a 

convenient height above each step. - . 

The man-enmne has one great advantage over the ,cage, which 
consists in the fact that it can be safely applied in inclined and even 
crooked shafts ; and it is for this reason that man-engines have been 
adopted in many metal mines unprovided with vertical shafts. 

Careful comparisons as regards safety of travelling have been made 
in Prussia between ladders, man-engines, and cages. . The average 
accidental death-rate is shown by the accompanying table, which 
gives averages for a period of ten years, 1871 to 1880:-^ 



Ladders. 

!iran-enginc3. 

Cases. 

ATeragc annual number of men travelling. 

73,942 

7,191 

04,071 

Total number of persons killed 

75 

41 

74 

Avemge annual death-rate per 1000,,,. 

0-101 

0-570 

0-115 


The table shows that the cage is nearlj' as safe as ladders. In 
reality, if the actual distance, travelled were taken into account, tho 
cage would appear to be safer, because W'e may fairly assume that 
the mines in which men are hoisted by cages are on the whole very 
much deeper than those in which men ascend and descend by ladders, 
The man-engine appears to be decidedly more dangerous than 
either the cage or ladders. Here again a distinction requires to bo 
made between the sin"le-rod and the. double-rod machines, aud tho 
Prussian statistics include’ many of the latter. It 'will bo readily 
understood that a fall in a naked shaft with few fi.xed platforms is 
much more likely to be- fatal than a fall- in the shaft of a single-rod 
man-engine which is closed 'with the e.xception of the inanholo .at 
intervals of 12 feet. The Belgian warocqiiircs are rendered safer 
than the Harz or Saxon man-engines by having a railing round tho 
back of each platform on the rod. Some of the double-rod machines 
are made with large platforms so that two persons can stand ou 
them, one going up and the other going, down, or both travelling 
in the same direction. The use of double-rod man-engines has been 
entirely abandoned in the United Kingdom. The death-rate, from 
accidents on man-engiues in Cornwall and Devon during tho 
nine years 1873 to 1881 was 0T7 per lOOO porsons usingdhem, 
whilst the annual death-rate ■ per 1000 persons using ladders 
was slightly higher, viz., 0'19. If the actual distance travelled 
were taken into account, tho scale would turn more decidedly in 
favour of the man-engine. ■ . 

The cost of raising and lowering men by the man-engine is not 
great. At Dolcoath, a tin • mine in Cornwall approaching 400 
fathoms in depth (see figs. 62, 63), it is reckoned that 1. id. perinan 
per day covers all expenses, including interest upon the capital 
expended and depreciation of plant. 


13. Dressing or Mechanical Preparation of Ores . — In 
large number of cases the mineral, as it is raised from the ° 
mine, is not ready for sale. It usually requires to be sub- 
jected to mechanical processes whereby the good ore is 
entirely or parily freed from valueless veinstone. These 
processes, which in a few. special instances, are aided by 
calcination in furnaces, are knotvn as the dressing or 
mechanical preparation of the, ores. As a rule the valuable 
ore is specifically heavier than the veinstone, , and most of 

the separating processes are based . upon the fact that tho 
heavy particles of ore rvill fall in water more quickly than 
the light particles of veinstone. . 

The processes of mechanical prepara tion'maj" be classified 
as follows : — (1) washing and hand-sorting ; (2) disintegm- 
tion, or reduction in size; (3) classification by size or by 
equivalence ; (4) concentration. • w iiI:’ 

(1) Sometimes the ore coming from the mine requires \w =• 
simply to be freed from adhering particles of clay in order 
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to be rendered fit for .sale, at other times the washing is 
necessary as a preliminary process previous to sorting by 
hand. The operation is performed either by raking the 
ore backwards and forwards upon a grating under a stream 
of water, or in a box containing ‘water, or, thirdly, by 
means of an inclined revolving iron drum worked by hand 
or any other motive power. The machines used for this 
purpose, known as washing trommels, are revolving 
cylinders or truncated cones of sheet-iron provided with 
teeth inside. The ore is fed in at one end, is subjected to 
the action of a stream of svater, and is discharged at the 
other end. 

The stuff, i.e., the mixed ore, veinstone, and country 
rock, having been cleansed, it is now po.ssible to make a 
separation by hand. Women and children arc generally 
employed for this work, as their labour is cheaper and 
their sight shaqjer than that of men. The stuff is .spread 
out on a table, and various classes are picked out according 
to the nature of the products furnished by the mine. 
Thus in a lead mine we may have — (a) clean galena, (b) 
mixed ore, i.e., pieces consisting partly of galena and 
partly of barren veinstone, (c) barren veinstone and country 
rock. This is a most simple case; very frequently we 
have to deal with a vein producing ores of two metals, 
especially in the case of lead and zinc, and then the 
classification into various qualities becomes more com- 
plicated. 

(2) Reduction in size is necessary for two reasons. Even 
when an ore is sufficiently clean for the smelter, the large 
lumps are often crushed by the miner for the sake of 
obtaining a fair sample of the whole, or supplying a 
product which is at once fit for the furnace. The chief 
reason, however, for disintegration lies in the fact that the 
particles of ore are generally found enclosed in or adhering 
to particles of barren veinstone. 

The disintegration is effected by hand or by machinery. 
Large blocks of ore and veinstone are broken by men with 
large sledge hammers, and the reduction in size is continued 
very often by women with smaller hammers. Sometimes 
the blow of the hammer is directed so as to separate the 
good from the poorer part.s, and hand-picking accompanies, 
this proce.5.s, called cobbing. Ore may be crushed fine by 
a flat-headed hammer {jmckiwj iron) on an iron plate. 

The machines used for reducing ores to smaller sizes are 
very numeroas ; here it is impossible to do more than 
briefly call attention to those most commonly used. These 
are stone-breakers, stamps, rolls, mill.s, and centrifugal 
pulverizers. 

The stone-breaker, , or rock-breaker, is a machine with 
two jaws, one of which is made to approach the other, and 



Fio. 98.— Blake’s Stonebreaker, improved by Marwien. 

SO crack any stonei ^vhich lies between them. The best- 
known stone-breaker is the machine invented by Blake, 
which has rendered inestimable services to the miner for 


the last twenty years, and the introduction of v.'hich con- 
stituted a most important step in advance in the art of 
ore-dressing. Its mode of action is very simple. When 
the_ shaft A (fig. 98) revolves, an excentric raises the 
“ pitman ” B, and this, by means of the toggle-plates C, C, 
causes the movable jaw D to approach the fixed 'jaw E 
by about f inch at the bottom. When the pitman descends 
the jaw is drawn back by an india-rubber spring. The 
jaws are usually fluted, the ridges of one jaw being 
opposite the grooves of the other, and they are so con- 
structed that the wearing parts are quickly and easily 
replaced. 

Mr Marsden of Leeds has lately introduced a pulverizer, 
constructed on the principle of the stone-breaker, which 
will reduce large stones to the finest powder in one opera- 
tion. The moving jaw has an up-and-down as well as the 
old backwards-and-forwards motion, and the stones arc 
first cracked and then ground by the double action. 

Stamps are pestles and mortars worked by machinery, .st.impi 
The con.struction of the modem California stamp mill with 
revolving heads is explained in Gold, vol. x. p. 747, and 
the description need not be repeated. In Cornwall the 
older form with rectangular heads still prevails. 

It is impossible to give any correct average figures 
representing the work done by a stamping mill, because 
this varies with the hardness of the stuff treated and the 
fineness to which it must be reduced. However, it is usual 
in Cornwall to reckon 1 ton of tinstuff and in California 1 
to N quartz stamped per horse-power in 

twenty-four hours. 

Stamps are principally used in dre.ssing the ores of gold, 
silver, and tin, but are occasionally em 2 >loyed for those of 
copper and lead. The stamps described at vol. x. p. 747 
act simply by gravity. Another form, which has met 
wth favour in the Lake Superior district, is the direct- 
acting or Ball stamp, which works like a steam hammer, 
the blow of the head being assisted by the pressure of 
steam. At the Calumet and Hecla ilill, Lake Superior, 
each Ball stamp is capable of cru.shing 1.30 tons in twenty 
four hours. In a third kind of stamps, the heads are liftca 
by a crank and the power of the up-stroke compresses a 
cushion of air (pneumatic stamps) or a spring, storing up 
power which makes the down-stroke strike a heavier blow. 

Revolving rolls were introduced in the west of England Rolla. 
in the early part of the present century to replace bucking 
by hand. The machine, now often known as the Cornish 
crusher, consists of two cast-iron or steel cylinders which 
revolve towards each other, whilst at the .same time they 
are kept pressed together by levers or springs. The 
cylinders or rolls are generally from 18 inches to 2 feet or 
2 feet 8 inches in diameter and 12 to 22 inches wide. 

Stone mills constructed like flour mills are employed in Jlills, 
some countries for reducing ores to powder ; and the 
arraslra, which consists of heavy stones dragged round 
upon a stone bed, has rendered good service in grinding 
and amalgamating gold and .silver ores, in spite of its being 
slow and cumbersome. Edge-runners (Chilian mill,s)'also 
deserve mention. 

Iron mills, known as -pans, with grinding surfacas made 
of chilled cast-iron and arranged so that they can be 
quickly and easily replaced when worn out, are greatly in 
vogue in the United States for the treatment of ores of 
gold and silver ; the ore delivered to them is already finely 
divided, and they are intended, not only still further to 
reduce the size of the particles, but also and more especially 
to effect the amalgamation of the precious metals with 
quicksilver. The pulverizers ased in Cornwall for grinding 
grains of tin ore with a little waste still adhering to them 

are also iron mills. _ ,• i, .i 

The centrifugal pulverizers are machines by which the 
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pieces of ore are thro\VTi with great velocity against bars or 
arms, or against each other, and so reduced to powder ; in 
other machines iron balls or iron rollers are whirled by 
centrifugal force against an iron casing and grind any 
mineral contained inside it. These pulverizers are much 
less used than stone-breakers, stamps, and rolls for the dis- 
integration of metallic ores. 

(3) Classification of a crushed ore into sizes is absolutely 
necessary in some cases and advisable in others, because 
the subsequent concentration is dependent upon the fall 
of the particles in Avater, as Avill be presently explained. 
Classification by size is effected by sieves. Hand sieves 
and fiat sieves placed one above the other have been super- 
seded at most dressing establishments by cylindrical or 
conical revolving screens known as trommels. These 
screens are made of wire Aveb or of perforated sheets of 
metal, and they are often arranged so as to discharge one 
into the other, so that the ore from a crusher can quickly 
be separated into classes of various sizes. 

With sizes of less than 1 millimetre inch) trommels 
are no longer emxiloyed, and recourse is had to the so-called 
separators or classifiers. These are boxes in the shape of 
inverted cones or pyramids into which the finely crushed 
ore is brought by means of a current of water; a jet of 
clean Avater is often made to rise up in the bottojn ; the 
larger and the specifically heavier particles fall and are 
discharged Avith a stream of Avater at or near the bottom, 
Avhilst the smaller and specifically lighter particles floAv 
away at the top. The separators do not effect a true classi- 
fication by size ; they merely cause a division by equivalence, 
a term AA^hich will be explained immediately. 

(4) We noAv have to deal with the enriching of the ore, 
or the concentration of the valuable particles into as small 
a bulk as is economically advantageous. The concentration 
is generally brought about by the fall of the particles in 
Avater. Occasionally the fall in air is utilized; mercury is 
employed as a collecting agent in the case of gold and 
silver, and in a feAV instances magnetism can be applied. 

The concentration in Avater depends upon the difference 
in specific? gravity of the valuable ore and the Avaste vein- 
stone or rock. A piece of galena Avith a specific gravity of 
7'5 sinks to the bottom more quickly than a similar piece 
of quartz, the density of Avhich is only 2‘6. Nevertheless 
a large piece of quartz may fall to the bottom as quickly 
as a small piece of galena. Particles AA'hich have equal 
velocities of fall, though differing in size and specific 
gravity, are said to be equal-falling, or eqtdvalent. P. von 
Rittinger shoAvs that a sphere of quartz of inch in 
diameter Avould sink in Avater exactly as quickly as a sphere 
of galena of ^ inch in diameter, and these tAvo particles 
are therefore equal-falling. Consequently, before Ave can 
separate properly by Avater it is necessary to classify the 
particles by size, so that equivalence shall not prevent a 
separation or lessen its sharpness. It is nevertheless true 
that in the early part of the fall of equivalent grains the 
influence of the specific gravity preponderates, and the 
denser particles take the lead ; therefore, by a frequent 
repetition of very small falls, particles Avhiph have not been 
closely sized may still be separated. 

The principal machine for concentrating particles of sizes 
ranging betAveen 1 inch and inch is the jig or jigger. 
The hand jigger is merely a round sieve Avhich is charged 
AAuth the crushed ore and then moved up and doSvn in a 
tub full of Avatei-. The particles gradually arrange them- 
selves in layers, the heaviest on the bottom and the lightest 
at the top. On lifting out the sieve the light Avaste can 
be skimmed off Avith a scraper, leaving the concentrated pro- 
duct beloAV ready for the smelter or for further treatment. 
Similar sieves Avorked by machinery Avere for _a long time 
employed in dressing introduction 


con- 



of the improved continuous jiggers has led to their 
abandonment in all Avorks of any importance. The 
tinuous jigger is one of the 
most useful dressing ma- 
chines of the present day. 

It consists of a box or hutch 
divided by a partial partition 
into tAA'o compartments; in 
one is fixed a flat sieve 5 (fig. 

99), Avhich carries the ore, 
and in the other a piston qi 
is made to Avork up and 
doAvn by means of an ex- 
centric. The hutch being 
full of Avater, the movement 
of the piston causes the AA'ater 
to rise up and fall doAvn 
through the ore, lifting it 
and letting it fall repeatedly. 

The effect of these frequent 
lifts and fallsistocauseasepa- 
i-ation of the previously sized 
ore into layers of rich mineral at the bottom, light Avaste at 
the top, and particles of ore mixed AA'ith Avaste in the middle. 

The meat A'aluc of these jiggers is the continuous discliargo of 
the products without stoppages for their removal. Scv'eral methods 
are lu vogue, viz., tlie end discharge, the central discharge, and 
the discharge through the meshes of the sieve. With the first, the 
enriched product lying at the bottom of tlie sieA-e passes out through 
openings at the end of tlie jigger, and the amount escaping is 
governed by an adjustable cap or shutter, by Avhich the size of the 
openings can be increased or diminished at' pleasure ; the middle 
product can be discharged by openings placed a little higher up, 
Avhilst the AA’aste is Avashed over the top of the end of the jigger at 
each pulsation. Very often a first sieve sunply separates a concen- 
trated product and discharges the poorer product into a second sieve, 
Avhere a similar separation is efiected. With the central discharge, 
a pijpe is brought up through the bottom of the siei'e, and the size 
of the opening for the escape of the concentrated ore is regulated 
by a cylindrical cap 


AA'hich can bo raised or 
loAA'ercd by a scrcAA'. The 
discharge through the 
•siev'e is especially adapted 
for the finer products 
from the crusher, though 
it is also used in some 
cases for grains up to j 
inch ill diameter. The 
mesh of the sieve is 
chosen so that the par- 
ticles under treatment 
will just pass through, 
but above the sieve a 
layer of clean ore is 
placed Avhich prevents 
anything but the heavier 
particles from being dis- 
charged. The pulsations 
of the water, as before, 
cause a separation into 
layers, and the heavy 
rich particles find their 
AA’ay through the bed and 100- 

drop into the hutch, Avhence they can be draivn off through a hole 
at plea-sure. The poorer pMt passes over a simple sill at the end of 
the sicA'e, or to a second sieve if necessary. . Three or four sieves 
are occasionally arranged in a roAv in one machine. 

Fig. 100 is a section through tlie tiA-o sieves of a Harz sand jig. 
The pistons act in the manner explained by fig. 99. 
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The smaller sizes are concentrated by a variety of 
machines. The action of many of them is based upon the 
behaviour of particles carried doAvn an inclined plane by a 
thin stream of Avater. If the gradient of the plane and 
the strength of the thin current are properly arranged, the 
denser particles aaIU be deposited and the specifically lighter 
ones AA'ashed aAvay, although they may be equal-falling if 
allowed to settle in deep Avater. 
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The principal machines for concentrating fine sands and 
slimes are the frame, rotating frame, percussion frame, 
side-blow percussion frame, revolving belt and Frue 
vanner, the hand huddle, the round huddle, and the keeve. 

The frame is simply an inclined wooden table upon which a thin 
deposit is formed by the sheet of ore-and-wastc-bearing water which 
is made to flow over it gently. The stream is then stopped and the 
deposit washed olT b 3 ’ hand or automatically, and collected in pits 
for subsequent retreatment by similar appliances if necessary. 

The rotating frame is a round table with a very flat convex 
conical surface; the ore for suspension flows' on at one part of the 
centre and forms a thin deposit which is richest at the top and 
jioorest at the bottom, and this deposit is washed off so as to form 
two classes by means of jets of water, under which the table passes 
•as it turns round. Concave rotating tables, fed at the circumfer- 
ence, are also employed. 

The percussion frame, the Stossheerd of the Germans, is a table 
suspended by four chains which receives a succession of blows 
from a cam in the direction of the stream flowing over it ; after each 
blow it bumps against a piece of timber before receiving the next 
blow. These bumps cause the ore to settle, and after a thick 
deposit is formed it is dug off with the shovel, the upper end 
being richer than the middle or the tail. 

Kittinger’s side-blow percussion frame is a suspended rectangular 
table ABCD (fig. 101), receiving blows and bumps on the side and 
not on the end. A stream of orey c 
water S is fed on at the corner A; 
clean water W is supplied by the 
ether head-boards 11, H, H ; and 
the table is pushed out b^- cams in 
the direction of the arrow, and Ls 
driven back bj' a spring so that 
the cross-piece E strikes against a 
bumping-block K. The light par- 
ticles travel down the table much 
f.ister tlian the heavy ones, and 
fake a comparatively straight 
course ; whereas the heavy and 
richer particles remain on the y — | 
table, subject to the iiifluenco of ’ 
the side-blows, for a iiiucli longer 
time, and travelling along a curved 
path reach the bottom at F. The 
middle class is dLscharged at G 
and the poor waste at K. The 
exact degree of riehiiess of the 
■ products can be regulated by alter- 
ing the pointers, strips of wood 
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which call bo turned so as to divide the stream of ore and waste 
where thought most desirable. The great advantage of this 
machine over the old percu.ssion frame is its continuous action. 

The Frue vatiiicv (fig.10'2) maj' be looked upon as an improved form 
of Brunton's simple revolving belt. It is an cudlc.ss baud of india- 
rubber cloth, flanged on each 
side, which revolves slowlj- in 
the direction of the arrows, 
whilst at the same time it is 
shaken sidewaj'.s by a crank 
motion. The orej' water is fed 
■on at A, clean water at B. The 
natural path of the particles is 
down the inclined belt, but the .siiccificallj'hc.avier ones .settle upon 
it and are carried upwards. Those that can i'e.sLst the action of the 
stream of clean water at 1? go over the end and are washed olf as 
the belt jiasses through the tank. The poor stuff falls into the 
waste launder. The degree of concentration can be regulated by the 
slope and speed of the belt and the strength of the streams of ore 
and water. The Frue vanner has the di.sadvantago that it makes 
only two classe.s, rich and poor, without an^' intermediate product. 

The hand huddle is a. rectangular wooden box with a slopin" 
bottom. A stream of fine ore and waste suspended in water is fed 
in at the ui)per end and gradually forms a deposit on the bed of the 
. huddle. A boy with a broom keeps the top of the sediment smooth, 
so as to ensure regularity of action. After a thick deposit has 
accumulated, it is dug out in sections which decrease in richness 
from the upper end {head) to the lower end (tail). 

Hound buddle.s, like rotating frames, are of two kinds, convex and 
concave. The convex round huddle (figs. 103 ^ and 104) is a circular 
pit with a truncated cone, or head, of varying size in the centre, and 
a bottom sloping towards the circumference. The orey stream A 
falling over this head runs down gentlj’’, depositing the heaviest 
partimes near the top, the lighter ones further down, whilst the 

^ Henry T. Ferguson, “ On the Jlechanical Appliances Used for 
Dressing Tin and Copper Ores in Cornwall,” Proc. Inst. Mech. EnQ., 
1813 pi 41. 


lightest of all flow away at C. The surface of the sediment is kent 
even by revolving brushes D. This machine may be compared to 
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a number of hand buddies arranged radially round a centre. The 
deposit that is formed is dug out in rings of varjdng richness. 



, Fig. 104. 

The concave huddle is a cireular pit with the bottom sloping to- 
wards the centre. The stream of ore is fed all round the circum- 
ference, and runs inwards to the middle, where the lightest particles 
escape. The rich head is of course near the circumference. 

The keeve is a large tub in which the fine stuff is stirred with Keeve. 
water and then is allowed to settle from a state of suspension 
while blows are being struck on the side of the tub. The deposit 
is afterwards scraped out in layers which increase in richness as 
thej' approach the bottom. 

The series of processes emjiloyed in dressing an ore varies, Dressin'^ 
not only according to the nature of the particular mineral different 
to be concentrated, but also according to the size of its o™*- 
particles and the nature of the other minerals ivith which 
it is a.ssociated. 

With gold the reduction in size is usually effected by Gold, 
stone-breakers and stamps, and much of the metal is then 
caught by mercury ; what escapes is concentrated with its 
accompanying pyrites by inclined tables covered with 
blankets, or by buddies, and the concentrate is treated by 
amalgamation or chlorination. See Gold, vol. x. p. 746. 

In the case of silver the ore is frequently pulverized by Silver, 
stamps, and the resulting amalgamated in pans or 
barrels. The ore may also be concentrated by any of the 
various machines described, and delivered to the smelter. 

Many of the ores of silver are sent to the smelting works 
without any concentration by water, as this would cause a 
serious loss. 

Lead ore is generally crushed by rolls, often after a pre- 
liminaiy reduction in size by the stone-breaker. The 
crushed ore is classified by revolving screens down to the 
size of 1 mm., and the resulting grains concentrated by 
jigging; dredge, or grains of ore and matrix, must be 
r^rushed, sized, and jigged. The finer sizes are classified 
by pyramidal boxes and concentrated by frames, rotating 
table.s, and buddies. 

Zinc ore is dressed in the same way as lead ore ; and, as zim 
galena and zinc-blende are frequently intimately associated 
together, it is necessary to separate them by the use of the 
iisr, huddle, and frame. 

^ ° XVI. --59 
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Tin-bearing rock is crushed by the stone -breaker and 
then stamped fine. The residting sand and slime may be 
concentrated by the repeated use of the round buddle, with 
the keeve for a final cleaning ; but often the sand only is 
enriched by the buddle, whilst the very finest particles, 
constituting an almost impalpable mud (sftme)when mixed 
with water, are treated by frames. When much pyrites 
is present it is necessary to make a preliminary concentra- 
tion and roast the enriched product (wilts) in a furnace. 
The calcination converts the heavy iron and ai'senical 
pyrites into a light oxide which can be got rid of with the 
rest of the waste by huddling and framing. The final 
product from the keeve is clean enough to approach pure 
cassiterite in the percentage of metal. Alluvial tin ore is 
concentrated m sluice-boxes, and sometimes by jiggers, after 
a preliminary treatment in a puddUng-machine (Gold, 
vol. X. p. 745) if there are balls of clay which have to be 
broken up. IVhen the alluvial ore occurs as a hard con- 
glomerate (cement), it has to be stamped. 

Copper ores are treated by crushing by rolls and some- 
times stamps, sizing by trommels, and then jigging and 
huddling ; but, as some of the ores are very friable and 
easily carried away by water, hand-picking is employed 
to , a greater extent than with lead and tin ore, and the 
enrichment by water is not carried so far on account 
of the inevitable loss that would ensue. The amount 
of concentration depends upon the distance from the 
smelting works, and the mine-ovraer has to calculate 
whether it is best to get a low price for a large quantity 
of ore, after paying the carriage, or a higher price for 
a smaller lot (parcel) when due allowance has been 
made for the cost of dressing and loss sustained in that 
process. Thus, for instance, in Cornwall, the ore containing 
copper pyrites is dressed so as to contain only from 5 to 8 
or 9 per cent, of metal, because it can easily be conveyed 
to Swansea by sea, and because further reduction in bulk 
would cause greater loss in value than the saving of freight. 

The loss in dressing is very considerable. P. von 
Rittinger estimates it at from 30 to 50 per cent., and 
stubborn facts bear out his conclusions. Heaps of refuse 
from dressing floors are frequently worked over again- with 
profit; and in the year 1881 no less than 909 tons of 
“ black tin ” (i.e., concentrated tin ore fit for the smelter), 
worth £35,283, were extracted from the muddy water 
allowed to flow away from the dressing floors of some of 
the principal Cornish tin mines. 

The fall in air has been employed instead of the fall in water for 
concentrating purposes, and several ingenious air-jigs have been 
constructed and worked upon this principle. 

In exceptional cases magnetic atteiction may be utilized, llag- 
netic iron can be separated in this way, and the magnetic process is 
applied for treating mixed blende arid chalybite, the specific gravities 
of which are too close to render concentration by water practicable. 
The mixed ore is calcined, and the chalybite is thus converted into 
magnetic iron, which can be extracted by a magnetic separator, 
leaving saleable blende. 

Before concluding this part of the subject we %vill briefly 
enumerate the principal improvements that haye been 
made in metal-mining during the last quarter of a century. 
They are as follows: — diamond-drill for prospecting; 
machine drills for driving, sinking, and sloping; use of 
compressed air for winding underground ; stronger explo- 
sives, especially the nitro-glycerin compounds dynamite 
and blasting gelatin; increased use of steel for various 
purposes ; Blake’s stone-breaker and continuous jiggers ; 
extended application of hydrardic mining ; larger employ- 
ment of electricity both for blasting purposes and for 
signalling by telegraph and telephone. It may be reason- 
ably hoped that ere long electricity will render increased 
services to the miner for lighting the workings and for the 
transmission of power. 


[legislation. 

14. Recent Legislation affecting 2[i'nes in the United Kina- -r.. 
dom2—lQ. England the person owning the surface of a free- bS 
hold is prima facie entitled to all the minerals underneath 
excepting in the case of mines of gold and silver, which 

long to the crown. The crown, however, does not claim 
gold and silver extracted from the ores of the baser metals. 

The ownership of the minerals can be, and often is, severed 
from that of the surface, the latter being sold 'whilst the 
mineral rights are reserved by the original owner. . Local 
customs, now regulated by Acts of Parliament, are stilLin 
force in Derbyshire (High Peak Mining Customs and 
Mineral Courts Act, 1851, 14 & 15 Yict. c. 94, and the 
Derbyshire Mining Customs and Mineral Courts Act, 1852, 

15 & 16 Viet. c. 43) and in the Forest of Dean (1 & 2 
Viet. c. 43, and 24 ife 25 Viet. c. 40). The Stannaries 
Act (32 ifc 33 Viet. c. 19) regulates the commercial dealings 
of mining companies in Cornwall and Devon, and provides 
for their liquidation. - 

The working of mines in the Ilnited Kingdom- is con- 
trolled by five Acts of Parliament, viz., ‘‘ The Coal Mines 
Regulation Act, 1872” (35 k, 36 Viet, c, 76), “The 
Metalliferous Mines Regulation Acts, 1872 and 1877” (35 
<fe 36 Viet. c. 77, and 38 & 39 Viet c. 39), “The Stratified 
Ironstone Mines (Gunpowder) Act, 1881” (44 & 45 Viet, 
c. 26), and “The Slate Mines (Gunpowder) Act,. 1882” 

(45 Viet. c. 3). The last three Acts simply refer to the 
annual returns, and exemptions from certain restrictions 
concerning the use of gunpowder. 

The Coal Mines Regulation Act applies to mines of coal, stratified 
ironstone, shale, and fire-clay. The Metalliferous Jlines Regulation 
Act applies to all mines not included under the Coal Mines Act, 
and therefore controls not only workings for lead, tin, copper, and 
iron, commonly kno^vn as mines, but also the salt-mines, and under- 
ground quarries worked for stone, slate, or other earthy minerals. 

The principal provisions of the Coal Mines Regulation Act lwve 
been set forth at vol. vi. p. 78 ; those of the Metalliferous Mines 
Regulation Act are similar, but less strict owing to the almost 
complete absence of fire-damp. One important difference is that 
the manager of a mine under the Metalliferous Act need not hold 
any certificate of competency or service, . ' 

Other Acts of Parliament are the “Explosives Act, 1875" (38 
Viet. c. 17), regulating the manner in which explosives. are stored; 
the “Elementary Education Acts, 1876 and 1880” (38 & 39 Viet 
c. 79, and 43 & 44 Viet. c. 23), regulating the emplo 3 dnmtof 
children; the “ Factory and IVorkshop Act, 1878” (41 Viet A 16), 
which applies to the dressing floors'of mines under the Metalliferous 
Mines Regulation Act. 

The statute of Elizabeth (43 Eliz. c. 2) which was passed for 
raising money for the relief of the poor mentions coal mines, 
but omits other mines; these have been made subject to poor- 
rates by “ The Rating Act, 1874 " (37 & 38 Viet. c. 54). Tliq 
“Employers’ Liability Act, 1880” (43 & 44 Viet c. 42), extends 
and regulates the liability of employers to make compensation for 
personal injuries suffered by workmen in their service. FinaUy, 
if, as sometimes happens, works are put up at a mine for .roasting 
copper ores with common salt in order to extract the metal by the 
wet way, the provisions of the “Alkali, &c.. Works Regulatiott 
Act, IsM ” (44 & 45 Viet. c. 37), must be attended to. 

It is thus very evident that the laws affecting mines have received 
most important additions during the last few j'ears. 

15. Accidents in clines. — Alining is one of the occupa- Accito*- 
tions that may decidedly be called hazardous. This fact 

has been thoroughly impressed upon the public mind by 
explosions of fire-damp in collieries ; but, though accidents 
of this kind are appalling, owing to the number of victims 
who perish at one time, fire-damp is by no means the worst 
enemy with which the miner has to contend. Falls of 
roof and sides both in collieries and metal mines are far 
more fatal in their results. With the risks attending 
the coUier’s calling - we heed not deal, as - statistics upon 

* For information concerning the laws relating to mines in the Umt^ 
Kingdom, see W. Bainbridge, A Treatise on the Law of Mines an<i 
Minerals, 1878, and Anmdel Rogers, The Law relating to Mints, 
Minerals, and Quarries in Great Britain and Ireland, with a Sum- 
mary of the Laws of Foreign States, IBTQ. ■ , 
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tins subject have been already given (see Coal, vol. vi. 
p. 79); but the figures below relating to metalliferous 
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mines_ prove that the occupation of the metal miner is 
very little less dangerous. 


MINING 


Mines classed uiulcr the MctalUfcroics Mines Regulation Act in Great Britain and Ireland. 


1 

Persons Employed. 

Number of Deaths from 

Under Ground. 

\ccidcnts 

Above 

Ground. 

General 

Total. 

Dcatli-rate from Accidents per 
1000 persons employed. 

Under Ground. 

Above Ground. 

Total. 

Falls of 
Ground. 

In 

Shafts. 

iliscel- 

lancous. 

Total. 

Under 

Ground. 

Above 

Ground. 

Under Ground 
and 

Above Ground. 


31,030 

22,325 

50,301 

40 

34 

15 

89 

14 

103 





34,905 

23,108 

68,073 

32 

35 

33 

100 

19 

119 





34,109 

23,388 

57,497 

25 

10 

23 

04 

G 

70 

1*87 




34,005 

23,300 

67,395 

41 

21 

24 

8C 

11 

97 





30,G24 

20,834 

61,458 

27 

19 

23 

C9 

8 

77 





28,i»G5 

18,795 

47,000 

24 

1C 

IC 

6G 

8 

G4 

1-98 

0*49 



32,015 


5'.>,908 

31 

21 

10 

71 

13 

84 

0.0] 




. 33,201 

21,G51 

64,942 

3G 

22 

32 

90 

9 

99 

9 ’70 



1882 

33,814 

21,092 

56,50G 

30 

27 

17 

74 

18 

92 

2‘IS 


1-05 

Totjil nnd avernges ) 
fertile nine years ) 

205,184 

190,010 

491,200 

26G 

211 

202 

090 

lOG 

805 

2*37 

0-54 

1-C3 


This fable * shows' that the average accidental mortality of the 
persons employed underground in metalliferous mines is 2‘37 per 
1000. During the ten years 1873-1882 the corresponding mor- 
tality at mines under the Coal 'Mines Act was 2‘67, showing- a 
difference of only 0‘20 per 1000 in favour of the metal miner ; and 
when wo take the well-known metalliferous district of Cornwall 
and Devon wo find a death-rate for the ten years mentioned of 
2'C3 per 1000, which therefore exceeds that of coal mines. 

Reference to the table shows that more than one-third of the 
deaths were caused by falls of m-ound. The actual percentages of 
the deaths are as follows; — falls of gi'ound 35‘S, in shafts 26‘2, 
miscellaneous 25 •!, on surface 13T. The accidents in shafts are 
duo to falls from ladders, cages, and man-engines, ropes and chains 
breaking, overwinding, and other causes, whilst the miscellaneous 
iccidents include numerous fatalities in conno.xion with blasting 
operations. The surface accidents are mostly caused by persons 
becoming entangled in machinery, and there have been several fatal 
boiler explosions. 

In spite, however, of all the dangers to which minors are exposed, 
they are less likely to be the victims- of accident than railway ser- 
vants, among whom the rate of fatal accidents varies from 2 '5 per 
1000 on passenger traffic lines to 3 '5 per 1000' on lines possessing 
a heavy goods traffic. = * 

Statistics concerning accidents in mines arc published by many 
foreign countries; the most minute arc those prepared by the 
Government mining engineers in Prussia. The average annual 
-death-rates per 1000 persons employed below ground and above 
ground from accidents in mines in Prussia during the fifteen years 
1867 to 1881 have been: — coal mines 2'952, lignite mines 2'474, 
metal mines 1’440, other mines 1‘693, all the mines together 2 '476. 
In making any comparison between these figures and those we h.avo 
given for Great Britain, it is necessary to recollect that the mines 
under the Coal ilines Act include some workings which in Prussia 
would be classed as metalliferous, and that British mines under 
the Jletolliforous Act include underground stone-quarries. 

Before concluding the subject of accidents, it is necessary to 
point out that successful efforts have been made of late years to 
mitigate their results. In the first place, persons equipped with 
the Plouss breathing apparatus can now enter mines after explosions, 
in spite of the noxious and irrespirablo gases, and save lives which 
would othenvise be sacrificed.® Secondly, by means of the instruc- 
tion afforded by classes establiohod by the St John Ambulance 
Association, miners are learning how best to render first aid to the 
injured before the arrival of a medical man, and there is no doubt 
that many valuable lives have been lost in times past for want of 
this knowledge. Thirdly, a vast amount of good has been done 
by the establishment of Jliners' Permanent Relief Societies in 
different districts, which' afford aid to persons disabled by accidents 
and to the dependent relatives of those who have unfortunately 
lost their lives by any mining fatality. 

16. Useful Minerals produced in Various Farts of the Globe. 

Great Britain and Ireland. — The mineral produce of the United 
Kingdom for the year 1881 is summed by Mr Robert Hunt'* as 
follows : — , ' 

I Prom Reports of II. M. Inspectors of Mines for the year 1882, 
p. .xxxvi. 

® The Rate of Fatal and Mon-Fatal Accidents in and about Mines 
and on Railways, with the Cost of Insurance against such Accidents, 
by Francis G. P. Neison, London, 1880. 

3 Reports of a. M. Inspectors of Mines for the year 1881, Mr 
Bell’s Report, p. 463. . 

Mineral Statistics of the United Kingdom for 1881, p. ix. 


Minerals. 

Quantities. 

Values. 

Co.il 

Tons cwts. 

£ s. d. 

154,184,300 0 

05,528,327 10 0 < 

Iron ore 

17,448,005 0 

G, 201,008 C g‘ 

Tin ore... 

12,898 3 

G97,444 6 3 

Copper ore 

62,556 1 

190,057 8 7 

Lead ore 

G4,702 5 

65G,725 0 0 

Zinc ore 

35,627 7 

110,043 10 8 

Iron pyrites 

43, GIG 14 

30,033 G 5 

Gold ore 

14 

18 0 0 

Silver ore 

6 19 

358 7 0 

Cobalt and nickel ore 

03 14 

309 12 S 

Mantranese 

2,884 0 

0,441 5 0 

Wolfram. , 

54 7 

544 1 9 

Ochre and umber..... 

7,900 9 

12,280 7 0 


0,150 8 

45,070 7 0 

JFluor spar, «fcc.. 

372 14 

253 10 0 

Clays. 

2,401,421 0 

1,200,210 0 0 


2,298,220 0 

1,149,110 0 0 

Barytc.s 

Sundry minerals, Ineluding ) 

21,313 11 

23,804 3 10 

coprolites, gypsum, calespar, )- 
shales, Ac. ) 

... 

349,600 0 0 


The total value of minerals produced in 1881 was £76,201,695, 2s., 
exclusive of slate, building-stone,' limestone, and other stones worked 
by mines and quarries. 

The quantity of coal raised in 1882 was 156,499,977 tons. 

The metals obtained from the ores produced in the United 
Kingdom in 1881 were — 


^Ictals. 

Quantities. 

Values. 


1,650 

308,398 

8,144,449 

8,C15 

3,875 

48,567 

14,947 

£ 

18 

SCO 

67,140 

20,301,122 

839,080 

203,500 

728,805 

252,608 

1,275 

Silver, from ore „ 

Silver, from lead „ 

Pig iron tons 



Lead „ 

Zinc „ 

Total value of metals produced In 1881 

... 

£22,514,503 


The total value of minerals and metals obtained from the mines 
and other mineral workings of the United Kingdom in 1881 was — 

Coal 05,528,327 

31ctals, 03 above 22,514,508 

^llncrals, not reduced — salt, clays, Ac 2,817,002 


£90,800,487 

From these tables it is evident that co.al and iron pe by far the 
most important mineral productions of the United Kingdom, as 94 
per cent, of the total value is due to these two substances. 

France . — The mineral productions of Franco® for the year 1880 are 
set forth in tho follorving table: — 



Quantities. 

Values. 


Metric Tons. 
19,362,000 

248.000 
IHOOO 

2,874,000 

133.000 
53,000 

333.000 

307.0001 

Francs. 

240,087,000 

2.755.000 

1.023.000 

14.909.000 

2.114.000 
4,G90,000 

12.814.000 
0,719,000 


Asphalt rock and bituminous shale 

Iron pyrites and sulphur 1 


Bay-salt 

Genera* totals 

23,514,000 

290,711,000 


* Slatistigue de V Industrie Minirala et des AppareiU 0. Vapeur en 
France et en Alglrie, Annee 1880, Paris, 1882, p. 45. 
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The q^uantities of metal produced in France from native and 
foreign ores in 1880^ were — 

I’ig iron 1,725,000 metric tons. -Nickel 30 metric tons. 

Lena 6,500 „ „ Gold 31 kilogrammes 

Copper, 3,t00 „ „ Silver 40,400 „ 

Zinc 10,200 „ „ 'Aluminium 1,150 ,, 


Germany . — The mining industry of the German empire is of 


high importance. The output of the mines in 1881 h shown hv 
the following table,— taken from the Slat. Jalirb. filr das Bculschc 
Reich, Berlin, 1883, p. 27. The production of common salt 
potassium chloride, and other salts from brine is also considerable’ 
The total quantity for the German empire in 1881' was 693 000 
metric tons, worth 33,567,000 marks, including 113,200 tons of 
potassium chloride valued at 14,090,000 marks. 



Prussia =. 

Bavaria 

Saxony < 

Wurtemberg 

Baden 

Hesse 

Mecklenburg 

Tliuringla 

Biun.swick 

Anhalt 

Schaumburg- Llppc.. 

Waldock 

Alsace-Lorraine 


Eock- Potash Ore 
Suit. Salts. 


Unit Unit 

1000 1000 

Metric Metric 

Tons. Tons. 


545-4 300C-3 

‘ 75*6 

23-3 
19-3 




Lead Copper 
Ore. Ore. 


Unit 1 Unit 
1000 
Xletvic 
Tons. 


Silver Iron Pyrites 
and and other sV-, ■ 

, Gold Vitriol and 
Ore. , Alum Ores. ^ roducts. 


Tolal Value 
of all the 
Mining 
Products, 




German empire 48688-2 12852-3 311-9 

Luxemburg 

Together 48688-2 i 1285-i-3 311-9 


Austria-Hungary . — Among the famous mines of the Austria- 
Hungarian empire may be mentioned those of Hungary and 
Transylvania for gold and silver ; Styria produces much of the iron ; 
quicksilver is yielded by the mines of Idria in Carniola, lead and 
■silver by those of Przihram in Bohemia ; salt is obtained in the 
Austrian Alps and in Galicia, which also produces petroleum and 
ozokerite. 

The production of minerals and metals in Austria ® during the 
year 1881 was as follows 

Gold ore 784 metric tons— Metallic gold IS-Okllogiammcs. 

Silver ore 12,383 ,, „ — „ silver 31,359 „ 

Quicksilver ore 43,204 „ „ — ,, mercury.. 393 metric tons. 

Copper ore 4,445 „ „ — „ copper...., 431 „ „ 

Iron ore 618,963 „ „ — „ iron 379,639 „ „ 

_ I ,. lead 6,385 „ „ 

i Litharge 2,996 „ „ 

-Xlctallic zinc 4,119 „ „ 



164-8 523-7 


26-8 146-1 


13,542 „ „ 2:9S8 :: ;; 

Zinc ore 27 339 „ „ — Xlctallic zinc 4,119 „ „ 

JIanganese ore 9,109 „ ,, 

Graphite 13.379 „ „ 

I’etioloum 1,249 „ „ 

Lignite 8,961,498 „ „ 

Coal 6,343,315 „ „ 

E.vclusive of salt, the value of the produce of the Austrian mines 
in 1881 was 44,693,692 florins. The total output of salt in 1881 
was 267,279 metric tons, valued according to the monopoly prices 
at 23,000,498 florins. 

Hungary in 1879 ® produced 

Gold 1,593 kilogrammes. Iron 118,321 metric tons. 

Silver 18,660 „ Coal 074,008 „ 

Copper 1,035 metric tons. Lignite 932,475 „ ,, 

Lead 1,967 „ ,, Iron pyrites 56,282 „ „ 

Jlcrcui-y 22 „ „ 

Belgium. — Belgium is rich in coal, the output in 1881 being no 
less than, 16,873,951 metric tons, valued at 163,704,242 francs.' 
Though it produces iron ores, it is largely dependent upon other 
countries, and especially the grand-duchy of Luxemburg, for supplies 
for its blast furnaces. Tlie principal lead mine is that of Bleiberg, 
and the calamine deposits in the neutral territory of Moresnot have 
long been worked with success by the celebrated Vieille Montagne 
Goinpany, which also owns zinc mines in Belgium, Germany, 
Sweden, Sardinia, and Algeria. 

Russia . — In a vast empire like Russia it i.s not surprising that 
there should be valuable deposits of a great variety of minerals. 
Among the most important are the auriferous alluvia of the Ural 
mountains and Siberia, which in 1880 yielded 115,940 troy lb of 
gold, vvorth more than 5 millions sterling. Platinum is found associ- 
ated with the gold-bearing sands of the Urals ; the output in 1880 
was 7895 troy lb. Zinc ore is largely worked in Poland. Import- 

I Statiitique di V hiduHrie Minerals eC des Appayeils a Ydveur endurance et en 
Alutrie. Ann6o 1330, Baris, 1SS2, pp. 59 and 72. 

* Detailed statistics concerning tlie mineral produce of Prussia are given everj- 
ycar in tlie Zeitschrift fdr das Berg-, jliitten-, und Salinen-Wcsen ini Preussisehen 
Shiate (Berlin). 

9 Quantity less than 50 tons. 

■> Detailed statistics of the mineral produce of Siixony are given yearly in the 
Jahrbuch fur das Berg- und lluUenuesen im KSnigreiche Sachsen (FTelhcrj:). 

5 Slat. Jahrb. des k. k. Ackerbau- ifinistenums fur 1881, Heft iii.. Lief. 1. 
Vienna, 1882. 

6 •• Der Bergwerksbotrieb Ungam.s im Jalircl879," Oesterreichischa Zeitschri/t 
lur Berg- und l/CtUnaescn, ISSl, p. 271. 


ant supplies of chromic iron ore are derived from the Urals, amount- 
ing in 1880 to more than 8000 tons. The metallic copper produced 
in 1880 was about 3100 tons, and the oil wells of Baku 3 delded in 
that year 346,000 tons of petroleum. Russia also’ possesses mines 
of iron ore, manganese, lead, silver, 'coal, and lignite. A little tin 
ore is furnished by Finland. 

Itahj . — The most important mineral in Italy ^ is sulphur, 359,540 
tons (metric), worth 36,448,453 lire, having been obtained in 1880, 
•and mainly from seams containing the native element in the 
Miocene rocks of Sicily and Romagna. 

The celebrated iron mines of the island of Elba have been worked 
from very early times, and furnish a valuable ore ; and the deposits 
of calamine, lead ore, and silver ore in Sardinia form no small pro- 
portion of the mineral wealth of the Italian Idngdom. The gold 
mines in and near the Val Anzasca (Piedmont) are producing more 
than 7000 ounces of metal yearl)'. 

Spain . — Spain is justly celebrated for its mineral wealth. It 
produces more cupreous pyrites than any other country in the world, 
and very large amounts of lead ore and quicksilver; and its iron ores 
are abundant and of excellent quality. The principal lead mines 
are in the provinces of Jaen (Andalusia) and Murcia, and the total 
amount of metallic lead produced in Spain or from Spanish ores is 
estimated to he 120,000 tons yearly. 

Cinnabar, the heavy red ore of mercury, naturallj' attracted atten- 
tion at a very earl)' date, and the world-renowned Almaden mine 
has been worked from time immemorial. The output in 1880 was 
1387^ tons (metric) of quicksilver.® 

The cupreous pyrites, often known as sulphur ore, is obtained 
from the province of Huelva, wliere vast deposits occur over a beR of 
country nearlj- 100 miles long by 20 miles wide. The Rio Tiuto 
mines are the largest in the district, and are worked on a gigantic 
scale. The company employs upwards of 10,000 hands, or more 
persons than are engaged in all the Cleveland iron mines, and the 
output is upwards of a million tons per annum. About one-quarter 
of this, containing per cent, of copper, is exported, mainly for the 
manufacture of sulphnric acid and subsequent treatment for copper . 
and silver, whilst thereniaining three-quarters, with 2^ to 24 per cent, 
of copper, are treated on the spot. The ore contains rather less than 
1 oz. of silver to the ton, and a few grains of gold. Tliese are profitably 
1 extracted from the burnt ore by Claiidet’s process, and some idea of 
1 the importance of the copper and silver will be gained by reference 
1 to the following figures.® During the year 1881 there were obtained 
I from cupreous pyi’ites imported into the United Kingdom in 1881, 
mainly from Spain and Portugal,. 14,000 tons of copper, 258,463 oz. 
of silver, and 1490 oz. of gold. The total value of the silver and 
gold was £64,195. 

The total output of iron ore in 1880 was 3,565,338 metric tons, 
more than two-thirds, viz., 2,683,627 tons, being obtained from the 
celebrated mines near' Bilbao in tlie prorince of Biscay. England, 
France, Belgium, and Germany are all glad to draw supplies of 


7 A'otizie statistiche suUa Industria Mineraria in Italia dal 1860a/ 1880, Boaic, 
1831, p. 406. 

^^Estadistica Minera de Espaila. correspondlente at ado da 1880, Madrid, 13s*, 

9 Hunt, Minenil Stalistia, A-c., p. 45, 
n* Esiadislica Minera, Ac., ut supra, p. 15. ' 
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cscelluat red and brown IiKnutite from the Bilbao mines. Murcia 
comes iif-vt in iwport^jaco to BIsesy, with a production of 539,328 
tons. 
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Asia — For many centuries India was regarded as nossessins 
fabulous mineral wealth, and a strong basis for this idea may bt 
found in the e.tistence of traces o[ mining on a very extensive scale. 

be 
jold 

boundless riches. The actual amounts of inineraf raised* in India 
day are comparatively small. Gold exists over con- 
but it remains to be proved that the gold mines of 
I and Mysore can be profitably worked by British com- 
panies. Diamonds occur and are worked in alluvial di^mims 
, .md in a conglomerate belonging to the Vindhyan foirnfation. 
I Sapphires and rubies are obtained from Upper Burmah. Ceylon^ 
produced in 1880 no less than 10,286 tons of graphite orplumbago, 

I valued at ^192,879. Petroleum is abundant in Upper Burmah, and 
j oil from wells lias been utilized for upwards of twenty centuries. 

1 The total output in 1873 was estimated to be about 10,000 tons 

, , • . . a - yearly. Tin ore occurs and is worked in Tenasserim, Passing into 

mill lor ajiJtite. rilluvml gr.ivels h.ave been washed for gold in . Siam and the Malay Peninsula we find deposits of alluvial tin ore, 
l»orwe''ian i inland. i producing what is known in commerce as Straits tin. A little to 

Su-Mat, — Ihe most important mineral obtained in Sweden is ' — ' 

iron ore, much being in tile form of magnetite ; red hami.atite also 
is mined, and brown liiematitc is dredged up from some of tlie lakes. 


raised from the mine in 1882 was 105.029 tous. 

Portugal possesses notable manganeso mines, but produces com- 
paratively small nuantitics of iron, lead, and copper. 

Aoricai/.~The_ mines at Kongsberg are famous for tho large 
quantities of native stiver they produce, ami enormous m.isses are 
sometimes met with. The annual output is from 10,000 to 12,000 
troy ounces. Copper ore and cupreous pyrites are also mined in 
Aorway, and_ there are important workings for nickel and cobalt 


Tile principal iron-producing districts are those of Xorberg, Danne- ' 
mora, Kora, and Perseberg. Tlie output of tbe Swedish mines in f 
ISSO was — I 


ISSO was- 

Iron Gift 

Leuiil ere,,,. 


erg 

tcns« 

n 


o\U2)Ut i 

’/inc ore 

Copper 01 c... 
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. 43,452 tons, 
. 29.CS0 .. 


_ Gr<z«.— Oue of the most interesting undertakings of modern 
times has been the re-working of tiie Laurimn urines, which are 
situated in tlie southern extremity of Attica; and an account of them 
written by Cordelia fnnjishes many curious details concerning tho 
methods of mining, wasiiing, and smelting employed by tlie ancients. 
The workitigs for lead and silver appear to have been carried on 
with tile greatest vigour between 600 u c. ;iud the I’eloiionncsiau 
War, and were iln.sllyahandaned in tlie 1st century of tho Cliristian 
ora. Iliige piles of slag which had accumulated from tlio old 
smeUing worlis were found to be well worth beiim re-worked for 
silver and Ic.ad, and operations were commenced in 1S64. Five 
years later tho old licaies of iniiiu refu.se began to be treated, and at 
hast in 1875 a French company resumed working tlio mine. A 
Greek coiiipany emidoying some 3000 persons is now producing 
annually from the old mine hea[<s no less than 8000 to 9000 tons 
of pig le.id, yielding 15 oz. of silver to tlic ton, whilst the mines of 


the VoiaiHiijiiii j'ranyaise ties mines dll Lauriiun made an output in i Silver occurs on Lake Superior, tlic most importan' 
1831 of 36,664 tons (metric) of roasted calamine, with 40 to 60 per of Silver Islet, which from 1869 to the spring of 
cent, of zinc, in addition to lead ore and mixed ores. Cordelia cal- million ounces of silver, and gave a profit of £200, 


culates that Jiiriiig tlie three hundred ye.ars the Laurium mines were 
worked by the ancients tho total amount of lead produced was 
2,100,000 tons, with 22 J million troy lb of silver. Besides this the 
ancients left behind two million tous of lead siags containing on an 
average 10'67 per cent, of lc.ad, 109 million tous of mine refuse 
with 1 J to 18 per cent, of It’ad, and excavations to tho extent of 51 
million cubic yards with lead ore still in sight. They did not 
touch the calamine deposits.* Next in importance to lead, silver, 
and zinc conies bay-s.alt, and after lliat emery.. The island of 
Naxo.s furnished 3300 metric tons of emery in 1877, valued at 
£28,000. 

Africa . — .Vlgeria is rich in iron, and three-fourths of the value 
of its total mineral output are due to ore.s of this metal. In 
1880 tlie iron mines produced 614,000 metric tons of ore, Mokta- 
cl-hadid mine, near Bona, alone yielding about 300,000 tons. 
Algeria also pos3e.s.ses mines of copper, lead, zinc, and antimony. 

The name “ Gold Coast " applied to part of tiie sliorcs of Africa, 
denotes its productiveness of the preeion.s metal, and it is probable 
that very important supiiiies of gold will one day be derived from 
various districts of the Dark Continent. 

Capo Colony possesses rich copper mines in the Natiiaqualand 
division, which in 1882 produced ore and metal wortli £331,546; 
lioivever, the most valuable and remarkable mineral deposits of 
Africa at tbe present time are the diamond mines. The first 
diamonds were obtained from recent gravel in the bed of the Vaal 
river, and it was afterwaids discovered that tho precious stones 
could be obtained from the so-called dry diggings. The most im- 
portant of these, tho Colesberg Kopje, now known as the Kimberley 
mine, produced in 1881 diamonds weighing 900,000 carats, worth 
£1,575,000. TJiree otlier neighbouring mines are Old Do Beer’s, 
which yielded 300,000 carats in 1881, worth £600,000, Du Toit’s 
Pan, and Bulfontein. Tlie value of tho diamonds raised in South 
Africa since 1S70 amounts to forty millions sterling indeed the 
Kimberley mine alone was estimated in 1877 to have already pro- 
duced ten million pounds worth of diamonds, extracted from 4 
million tons of diawantiferous rock. 

1 yt Cordelia. “lUncralociscli-geologlschc Jiciseslilzzcn aus Griechenland," 
Hera- urul hutlenmiinmiche Zeltunj, vol. xlll., 18S3, p. 21. ' 

’ y\. J. Macdonald. "Tlie Value of the Cape as a Dependency of Great Britain,” 
ni Timts, Sd May 1883. 
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the cast are the islands of Bauca and Billiton, which for many years 
have been a source of wealth to the Dutch Government, The sales 
of Banca tin in 1881 amounted to 4339 tons, and those of Billiton tin 
to 4735 tons, whilst 11,475 tons of Straits tin were exported from 
Penang and Singapore.* Stanniferous alluvia are also worked in 
Karinion, Singkep, and Sumatra, whilst the latter island possesses 
also valuable seams of coal. 

Borneo ftiruishcs coal, antimony ore, and some cinnabar; and 
rivcr-gi-avcls are washed for diamonds, gold, and platinum. 

There is no doubt that the mineral wealth of China is enormous. 
In addition to important coal-fields it possesses numerous metallic 
mines. The provuice of Yunnan in the south of the empire seems 
to be specially favoured with regard to metalliferous wealth, for 
mines of gold, silver, copper, lead, tin, .and iron are worked there, 
whilst jade and precious stones are found in the beds of rivers. 

Japan produces more than 3000 tons of copper yearly, or about as 
much as the British Isles. The output of lead and tin is insignifi- 
cant, but tho quantity of silver, exceeding 300,000 oz. yearly, is 
worthy of notice. Gold, iron, and petroleum are other products of 
Japan. 

Tlie gold of Siberia lias been mentioned in speaking of Bussia. 

Canada. — The Dominion of Canada is rich in minerals. Gold- 
bearing quartz veins are worked in Afova Scotia, whilst in British 
Columbia alluvial deposits are the main source of the supply. 
Silver occurs on Lake Superior, the most important mine being that 

. . - jgyy yielded 2i 

000 . 

Hocks resembling tlie copp'er-beanng strata of the United States 
territory are mined in llichipoten island in Lake Superior. Iron 
ores, in the form of magnetite, red hmmatite, limouite, andilmenite, 
are worked in various parts of Canada. 

I’etrolcum is derived from oil wells in Western Ontario, and tho 
quantity refined in 1875 w.as about 210,000 faanels, each of 40 
g.allons. It is in Ontario also that the veins of apatite exist from 
which a large amount of tliat useful mineral lias been raised. 

United Slates. — Tlie mineral wealth of the United States is 
admirably summed up by Mr Bichard P. Rothwell in his address 
to the American Institute of Jliuing Engineers.* 

"Production of Coal, Metal, ami Petroleum in 1881.® 

Antlinicite 30,201,940 tons (iif 2240 lb). 

Bltuialnous coal,.... 12,417, TC-f „ (of 2000 It/). 

l-lglrou 4,144,000 „ (of 2240 lb). 

Lend.. 105»000 „ 

..•»**••••* 3J,000 f, 

OuIcksUvcr 50, OW) flasks (of 7Gilb. avoir 

Gold $31,870,000 (~1,W1,7U oz.). 

Silver...,.’. $^5,078,000 (=34,865.960 oz.). 

27»2G4,Q00 barrels (of 42 gallons). 

“ Ti»c statistics of other useful minerals and melals show an equally marvellous 
advance during the past thirty years. Tim production of pig iron Mdilch m 1S52 
■was 54L000 net tons, In 1861 was 653,000 tons, and in 1871 was 1,708,000 tons. 
Ten years later, In 1^1. we produced no less than 4,144,000 tons, an increase In 
thirty years of nearly 800 per cent. 

** Lead which appears at 14,400 tons la 1852, varied but little from that figure 
until the construction of railroads Into the argentiferous Iead*inining districts of 
Ihe west about 1870. Eureka, Nevada, Utah, and more recently Colorado, with 
its Lcadvi/fe facnanzas. rapidly raised the production finra 18,000 tons in 1871 Co 
47,000 tons in 1673, 75,000 tons in 1877, and 105,000 tons in 1S31. 

*• Our production of copper steadily increased from 1000 tons In 18o2 to 31,000 
tons in 1831, —the enonnous output of that unrivalled mine Calumet and Heclu 
steadvine the production and neutralizing the fluctuations of the lesser mines. 

Quicksilver has shown wide fluctuations, due more to trade combinations than 
to the condUIou of the mines. In 1852 the output amounted to 20,000 flasks; 


5 Sta{fs(tca!A6stract/ortAe Several Colonial and other Possessions of the United 
Kinodom in eadi year from 1860 to 1880, London, 1882, p. 09. 

** Hunt, i/fn. iSfaC. for 1881, p. 9, 

s Engineering and Mining journal, 

6 The total production of coal in the United States in 1882 amounted to 
86.862,614 tons of 2240 U> (Colliery Guardian for 1883, p. 731). Tbe quantities of 
metals produced in 1882 arc estimated to be— pig iron 4,62^323 gross tons of 
2240 Jb each, lead 123,000 gross tons, copper40,000 gross tons {The Iron, bteel, and 
Allied Trades in 1882, p. 188; and^fin. Jour., vcl,.xxxv. p. 27). 
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but it went aa low as 10,000 flasks in 18G0, and rose to 53,000 flasks flvo years 
later; from this it declined to 15,000 flasks in 1875, though in the following-year 
it grew to 75,000 flasks. Liist year wo produced 59,000 flasks. 

“ Gold is the only metal in -(vhlch our production has boon declining. In 1852 
it .amounted to $00,000,000 ; but, -with some fluctuations, it lias now declined to 
less than $32,000,000 annually. 

“The production of silver, on the contrary, has largely Increased. Commenc- 
ing in 1859 with $100,000, it has now attained $15,000,000. ' In 1877 only were 
these figures exceeded, and then only by about $1,000,000. 

“The production of petroleum, that great American industry, has grown with 
wonderful rapidity. In 1859 it commenced with only 3000 barrels, and, after an 
idmost uniform increase, it attained last year the enormous figures of 27,000,000 
barrels. Scientific investigation has recently raised a note of wtirnlng In this 
industry, asserting the limited area of oil-producing territory and its approaching 
exliaustion." 

Some valuable statistics concerniug the production of the precious 
metals in the United States are contained in a report issued by tho 
Census Bureau. ^ Tho output for the year ended 31st May 1880 is 
summed up as follows : — 



Gold. 

Silver. 

Total. 

Ounces. 

Value. 

Ounces. 

Value. 

Value. 

Beep mines.... 

1,033,974 ■ 
580,707 

.$21,374,152 

12,005,511 

31,717,297 

80,177 

$41,007,290 

103,001 

$02,381,4)8 

12,109,172 

AU mines 

1,014,741 

33,379,003 

31,797,474 

41,110,957 

74,490,020 


Tlie State producing tlxo greatest value is Colorado, viz., 
519,249,172, or gold 130,607 oz. and silver 12,800,119 oz. ; Cali- 
fornia comes ne.vt, having produced 518,301,828 of bullion, and thou 
Nevada, with $17,318,909 of bullion. 

The greatest gold producer amoim the States and Territories is 
California, with 829,676 oz. of gold, half from deep mines and half 
from placers. Ne.vt follows Nevada, with 230, -168 oz. of gold, of 
which only about 1 per cent, came from placer mines ; then iJakota, 
159,920 oz. of gold, nearly entirely produced by deep mines ; and in 
the fourth rank Colorado, 130,607 oz., with u placer production of 
less than 5000 oz. 

The- greatest silver producer is Colorado, ivith 12,800,119 oz. ; 
then Nevada, 9,614,561 oz. ; then Utah, 3,668,365 oz.; Montana, 
2,246,938 oz. ; and fifthly Arizona, 1,798,920 oz. 

It is useless withiu tho limits of this article to attempt to couvey 
an adequate idea of tho enormous miuei-al resources ot the United 
States. Wo can merely very briefly allude to some of the principal 
deposits, which are of commercial value on account of.their magni- 
tude, of scientific interest owing to their mode of occurrence, and of 
technical importance as having led to tho introduction of consider- 
able improvements in the arts of mining, milling, and dressing. 

Among these may bo iiieutioiied the coal and anthracite mines 
and oil wells of Pennsylvania, tho gold and quicksilver mines of 
California, the silver mines of Nevada, the lead and silver mines 
of Colorado, and the copper mines of Lake Superior. Tlio articles 
CoAii (vol. vi. p. 60) and Gold (vol. x, p. 7 43) may be referred to 
for information concerniug the occurrence of these minerals and 
the method of extracting gold by hydraulic mining tiud improved 
stamping machinery. 

Quiclcsilver in the form of native mercury and cinnabar occurs iu 
considerable abundance in C.alifornia, and much of it is found in 
connexion with serpentine, either in the serpoutiuo itself or in sand- 
stone ne.ar its,iunction witii serpentine. The most important mines 
are those of New Almaden in the soutlieru part of the State near 
San Jose. The deposit at Sulphur Bank iu Lake County is of much 
geological interest. It consists of native sulphur, gypsum, and 
cinnabar in a decomposed andesitic lava close to an extinct geyser 
from which boiling water still issues. The top of the bank was 
worked open-cast for sulphur, and then for sulphur and cinnabar, 
and now underground mining is carried on in stratified sandstone 
and shale impregnated witli cinnabar and underlying tlio lava. 

Some of the most marvellous silver mines in tho world are those 
upon the Comstock lode in Nevada. A horizontal section of part 
of this great vein is shown on Plate IV., copied from the excellent 
and well-known report of Mr J. D. Hague.- The strike is nearly 
north and south, and the dip about 43° to the east. “ The vein 
matter of tho Comstock consists of crushed and decomposed 
country rook, clay, and quartz.” “Up to January 1, 1880, the' 
Comstock had yielded in twenty years about $325,000,000 worth 
■ of bullion. The total length of shafts and galleries is about 
250 miles. The number of rneu employed in the mines in Janmary 
1880 was 2800, earning average wages of $4 a day. At the same 
date 340 men were at -work in the amalgamating mills."* The' 
heat of the Comstock lode is remarkable. On the 2700 feet level 
of the Yellow Jacket mine Mr Becker found the temperature of tho 
water to he 163°, that of the air 126° ; whilst the water in tho Yellow 
Jacket shaft at a depth of 3065 feet has a temperature of 170° Pahr.-* 

> Clarence King, special agent of the Census, Statislics of the Production of the 
Precious Metals in the United States, Washington, 1881, p. 09. 

= United States Oeological Exploration of the Portieth Parallel, vol. lii.. Mining 
Industry, Atlas, plate 11. . 

5 Clarence King, First Annual Report of the U.S. Geological Survey V. S3. 

i Op. cit., pp. 41, 45. j n.y 


During tho last few years tho Comstock lode has been fallin<roft 
iu productiveness. In 1876 the total yield of the ComatoA- Id! 
was $38,672,984 (gold, 518,002,906; silver, $20,570,078). During 
tho census year ending May 31, 1880, the product of the whole 
Comstock district, including outlying veins, was $6,922 330 fnold 
$3,109,156; silver, $3,813,174), showing a decline of $31,650 654 
or 82'06 per cent, since 1876. “ ’ ’ 

Though the extraction of silver from its ores may be regarded 
as the business of tho metallurgist rather than of the min°r wt- 
nmst not forget to mention that it is to the necessities of the treat- 
ment of tho Nevada ores that we owe tho system of pan anialrauia- 
tion first developed iu tliut State and practised since in Colorado. 

Another district in Nevada which cannot be passed over in 
silence is tliat which contains tlie Eureka and Richmond mines, which 
are celebrated, not only for tlie silver they have produced, but also 
for tho important, trial in wliich the issue hiimed upon the defini- 
tion of the term vein or lode (j). 441). Tho bullion produced iu the 
Eureka district from ore raised ami treated during tlie census year 
ended May 31, 1880, was— gold, 02,893 oz.; and silver, 2,037,666 
oz.; worth altogether $3,93-1,621.'’ 

Thu history of Lcadvillu in Colorado seems like a romance when 
wo read of tho rapid development of the mines, the creation of a. 
large and important town, the erection of smelting works and the 
buudin" of railways, under very adverse conditions, iu the heart of 
the Rocicy Mountains, all within tho space of four or five years. It 
affords additional proof that tho mmer is the true pioneer of 
civilization. Tito main facts concerning tho Leadyille deposits are 
admirably summed up by Jlr S. E. Emmons, from, whose report’ 
wo borrow, not only tlio following facts, but also tho geological 
section across the district (Plate lY.). ‘ 

The principal deposits of tho region are found at or near the 
junetion of the porpliyry witli the Blue limestone, which is the 
lowest member of the Carboniferous fonnatiou. , This bed is about . 
150 or 200 feet thick, and consists of dark blue doloraitic liniestone. 
At tho top there are concretions of black chert. The porphyry 
occurs in intrusive sheets which generally follow tho beduuig, and 
almost invariably a white porphyry is found overlying tho Blue, 
limestone. This porpliyry’ is of Secondary' ago ; it is a white homo- 
geueous-lookiiig rock, composed of quartz and felspar of even 
granular texture, in which tlie porphyritie ingredients, which are 
accidental rather than essential, are small rectangular crystals of 
white felspar, occasional double pyramids of ijuartz, and fresh hexa- 
gonal plates of biotitc or black mica. Along tho plane of contact 
with the porpliyry tho limestoiio has been transformed, by a process 
of gradual replacement, into a vein consisting of argentiferous 
galena, cerussite, and cerargyrite mixed with tho liydrous oxides of 
iron and manganese, chert, granuhir cavonious' quartz, clay, heavy 
spiar, niid,“.Cliinese talc,” a silicate and sulphate of alumina. .The 
vein seems to have been formed by aqueous solutions, which took 
up their contents from the neighbouriug eruptive rocks and brought 
about the alteration of tlie limestone as tlioy piorcolated downwards 
through it In Carbonate Hill, a gradual piassago may bo observed 
from dolomite into earthy oxides of iron and manganese. The masses 
of workable ore are oxtroiiiely’ irregular in sliape, size, and distribu- 
tion. Tlioy are often 30 to 40 feet thick vertically, and occasionally 
80 feet, but only over a small area. The rich ore bodies are couiuiou- 
est iu the upper part of the ore-bearing stratum. At Eiyer HiU 
tho Blue limestone is almost entirely replaced by vein material. 

In the census year ended May 31, 1880, Lake County, Colorado, 
which includes the Leadvillo.district, produced 28,‘226 gross tons of 
lead, with 3330 oz. of gold and 8,853,946 oz. of silver, of a total 
value of 513,032,464.8 

The most important copper mines of the United States are tliose 
on Lake Superior, where the native metal occurs “ in veius, in large 
masses, or scattered more or less uniformly in certain beds which 
are either aiuygilatoid or conglomerates.”.* Tho principal copper- 
producing districts are in Michigan, where the Portage Lake dis- 
trict, iu Houghton county, contains the famous Calumet and Heela 
mine, which alone produced 16,837 tons of copper in 1880, or about 
half the eiitiio output of the United, States. The deposit from 
whence this vast amount of copper was obtained is a bed ot cou: 
glomerate, generally called a vein, dipping about 38° noi tli-wesL 
It has been worked fora depth of 2250 feet-oii the iucliue. la 
1875 the stuir stamped yielded 4J per cent, of copper. . . 

In conclusion, we will point out that the value of the uiuuag 
industry in the United States exceeds that of any otlier country ui 
the world, Mr Porter estimating it for 1879-1880 at 360 
dollars, and that of Great Britainat 325 millions.’® Germany hoios- 

.5 Clarence Kiiifr, Statistics of the Production of the Precious Metals in W* 
United States, Washington, 1881, p. 19. 

®~Op. ci'L, p. 21. ' , 

r A6s(r<icl of a Report upon the Geology and Mining /nduslry of Leaait i . 
Colorado, Washington, 1882. 

a Clarence King, op. cit., p. 47. ' . . ■/ 

■ 9 Charles E. WiighL conimissione'r, Annual Report of the Coininissioner j 
Mineral Stalislics for the Stale of Michigan for 1880, Lensing, Jlichigan, lea • 

. "> Robert P. Porter, The Il'eir from the Census of 1860, Chicago and LouaLu, 
1SS2, p. 19. 
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tho tlurd rpik, followed by Franco and Russia. Tlic United States 
in-odueo 33 nor cent.’ of tlio gold yield of the whole world, SO per 
cent, of the silver, 22 per cent of tho pig iron,” 20 per cent, of the 
atcul, and about 25 per cent of the lead. 

dfc-ico has been renowned for its gold and silver mines over since 
tJie Spaniards lust took jiosscssiou of it, and its production is still 
very considerable. Indeed, after tho United States, it still nroduees 
lar more silver thaiy any other country in the world. The avera<ro 
annual output of silver during the twenty-five yeans 1851 to 1876 
1 a 1 Soetbeer at 601,520 kilogrammes, or 

1u,1-.1,23j oz. whilst the average annual output of gold during 
the same period was 1785 kilogrammes, or 67,389 oz. Tin ore 
occurs in considerable quantities in Mo.vico, and is likely to ho 
worked on a large scale as soon as the tin district is opeiied ut> bv 
a railway. ^ 

Central America po-ssesses numerous gold mines. 

(Sbui/i riawn'ea.— Venezuela jiroduces gold, copper, and a little 
lead. Iho copper is found at Area near tho north coast, and the 
gold 111 the province of Guiana, which is now producing upwards of 

100.000 oz. annually. It is highly probalile that the oxistence of 
this gold was known to the Indians, who reported it to Sir Walter 
Raleigh, and so led him to undertake his unfortunate expedition in 
■search of “ El Dorado.” French Guiana contains workable deposits 
of gold, and yielded 72,168 oz. in 1880. 

l?he chain of the Andes forms a long belt of mineral-producing 
country. Beginning with tho United States of Colombia wo have 
a country rich in gold,-— the State of Antiquoia being especially 
favoured in this respect. The annual yield of all the states is about 

200.000 oz. Colombia has mines of rock salt, yielding 19,000 tons 
a year, and tho emerald mine at iluzo has long 'been famous. Peru 
is renowned for its silver mines; the best-known arc those of Cerro 
■lu Pasco, situated at an elevation of 11,000 feet above the sea-level. 
Passing into Bolivia, wo must notice tho silver mines of Potosi, 
the wealth of which is proverbial. Chili is best Icnown as tho 
lu-iiicipal copper-produoiiig country of South America ; but its silver 
mines are not unimportant, and beds of nitrate of soda are largely 
v.Toiight. 

TJie most remarkable gold mines of Brazil lie in the province of 
Minas Geraes, whilst diamonds are obtained in that of Matto 
Grosso. In the Argentine Republic gold, silver, and copper mines 
are worked, especially in the provinces on tho eastern flanks of the 
Andes. 

Tho total annual output of tho precious metal in South America 
is estimated to bo upwards of 300,000 oz, of gold, and 2,000,000 oz, 
of silver, . In 1877 Chili exported 35,128 metric tons of metallic 
copper, in addition to ore and rcgulus. 

Australia . — Australia is remarkably rich in minerals, especially 
gold (see Gone, vol, x. p. 744), tin, and coppcr,.and its coal deposits 
are likely to bo largely utilized in the future. 

Queensland, though a young colony, has already made itself 
famous for gold and tin, and it also po.ssesse3 vast resources of coal 
and copper, in addition to the ores of other metals. Tho (luantity 
of gold sent by escort from tho different gold fields was 204,388 oz. 
in 1880, in addition to what was carried by private hands. Tin ore 
was first worked in 1872 near the border of tho colony witli Now 
South Wales, and largo (juantitics of stream tin have been obtained 
from very shallow alluvial diggings near Stantliorpe. Like gold. 
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the tin ore is not confined to one district ; it occurs and is worked 
at the North I aimer diggings; a little to tho south is Great 

*•‘ 1 ' Herborton to tho north-east on 

tuo other buIo of the Divuling raiige. 

minerals and metals worth 
£2,373,191, VIZ., 149,627 oz. of gold, 1,776,224 tons of coal, 8200 
tons of tin, 6493 tons of copper, 0560 tons of iron, besides silver 
oil-shale, and antimony. In addition to tho facts concerning the 
occurrence of gold already mentioned {loo. cit.), it is interesting to 
note that auriferous congdomerates containing the precious metal in 
payable quantities have been discovered and worked in this colony 
m rocks of the ago of the Coal Measures.” Tho most important tin 
*** Vegetable Creek in New England, which from 

1872 to 1880 produced 20,988 tons of tin ore. The aecompauying 
map (fig. 105 0) shows the recent alluvium which has hitherto been, 
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JIllc. lie 1 S idles. 

Fig. 105. — Sketch Map of Part of Vegetable Creek, New South Wales, 
showing recent and ancient tin deposits. Tho stippled jiart re- 
presents tin-bearing .illuviuin. The shaded part AB denotes 
basalt which has covered tho lower portions of tho ancient tin- 
bearing alluvia (deep leads), os explained in fig. 100. TIio rest is 
granite. 

the main source of tho supply, and tho deep leads which, as far as 
explored at present, promise still greater riches. The section (fim 
100") shows that these deep leads, like those of the gold fieltls 


Lh,vd, 

about so U. deep, 
not rlcli. 


DKKI' L|!AD, 
about ISO It. deep, 
tin wash from S It. 
to 16 ft. tidek. 


l.S.tD, 

about CO ft, deep, 
and very rlcli. 
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Fig. 100. — Enlarged Section (011 AB of fig. 105) acro.s3 Deep Leads in Vegetable Creek, Now South Wales. 


(Gold, vol. x. p. 743), are old alluvia preserved under a capjjing of 
basaltic lava. There are also numerous tin lodes which are begin- 
ning to be worked. 

Victoria heads tho list of gold-producing Britbh colonics, having 
yielded in 1882'' as much os 804,010 oz., of which 352,078 oz. were 
derived from alluvial deposits, and 512,532 oz. from quartz mines. 
1077 tons of till oro wore raised and .375 tons of antimony ore. 

South Australia is the great copper-producing province, though 
the yield is not so great us it was ten years ago. The principal 


1 Claveiice King, op. cit., p. 03. 

* Jaine.s 31. Swank, HtutMiet 0 / the Iron and Steel I'roductiom of the United 
,‘ilittes, Washington, 1881, p. 179. 

^ Dr Adolf Soetbeer, Edclmetall-Produktion, Gotha, 1879, p. CO. 

* Annual lleporl of the Department 0 / Mines, Nca South Wales, for the year 
1881, Melbourne, 188'J, p, 8, 

a Annual Report of the Department of Mines, Wcw South Wales, for the year 
1870, Sydney, 1877, p. 173. 
e Furnished by 3Ir W. If. Wesley. 

7 Mineral Statistics of Victoria for the year 1882, Ilelbourne, 1883 p. 7. 


mines now at work are on Yorko’s Peninsula. In 1881® South 
aVustralia produced 3824 tons of copper, worth £203,370, and 21,038 
tons of copper ore, worth £154,926. 

In 1881 Western Australia exported 1400 tons of lead ore, valued 
at £11,204. 

Tasmania, liko sonio parts of Australia, is rich in tin ore, ivhich 
is now obtained iirincipally from an alluvial deposit at Mount 
Biscliolf. The oro is now almost entirely smelted in the colony, and 
in 1880 the exports were 3951 tons of metal and 3 tons of ore, worth 
altogether £341,730. 

New Zealand fiirriislies a coiisidorablo amount of gold from (luartz 
reefs and alluvial diggings. Tho annual exports during the teu 
years 1862 to 1872 were often 000,000 and even 700,000 oz. Of late 
years the yield has gradually diniiiiislicd, and in 1880 only 303,215 
oz., valued at £1,220,263, were exported. Silver is exported to tho 


* iytathtical Rcgiiter of ihe Province of South Australia Jor the year IbBl 
AaUulUtt, 1832 
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extent of 20,000 to 30,000 oz. annuallj; ; it is mainly ileriveil from 
the gold obtained in the Thames district, wliidi contains about 30 
per cent, of the less valuable metal. Coal is worked in several 
places, but the total output is at present comparatively small. 

Xao Caledonia.— The discovery of nickel ore in this island by 
M. Gamier in 1867 was one of great mineralogical interest, and it 
has since borne fruits of considerable commercial importance. The 
jiew Caledonia ores are hydrous silicates of nickel and magnesium, 
which occur in veins in serpentine, and contain from 7 to 18 per 
cent, of metal. The mineral is found on the Mont d’Or not far 
from Kouroea. Most of the ore is sent to France to be treated. 


To the list of works on niinirs mentioned in the article ron • 
the following may he added ;—CnUo\i, Cours (i'exploUalion £'m«}^t'l^^ 
1S74, and English translation by C. Lc Xevo Foster and W Galloa-nv.’ 
Leilfaden zur Berglavkunde, lierlin, 1S78 ; Zopiietti, Arte 'iiu'aerai-ia ’ 

IS82; A. von Groddeck, Die Lehre von den ioymtdt/cndcrto S 
P. von Rittinger,.XeA/'6«cA der Avfhereilungsiundi, Berlin, ISU?’- 
das Berg- unif Umemtesen im KSnigreiche Sadisen, Freiberg annuillv. j. '“i 
Reports of Il.if. Inspector, of Mines-. Rrcliminarg VorV o/ f,/ 
Commissioners Appointed to Inquire into Accidents in Mines londra K?i* 
Annaiesdes Mines, Paris, G itarts publislied yearly; Tiie Engineering and Jli^tl 
Journal, XewTork, published weekly ; Transactions of the Ama-ican Iasiituie7e 
Mining Engineers, Philadelphia; Die berg- and hutlenmunniseheEeilung Lei C7 
weekly; Oesterreichischc Zeitsclu-ift filr Derg- und /fettoiiferra, Vienn, 

(C.UX.F.) 


MINISTRY. Ever since the introduction of monarchical 
institutions into England the sovereign has always been 
surrounded by a select body of confidential advisers to 
assist the crown in the government of the country. At 
no period could a king of England act, according to law, 
vsdthout advice in the public concerns of the kingdom; 
the institution of the crown of England and the insti- 
tution of the privy council are coeval. At the era of 
the Norman Conquest the king’s council, or as it is now 
called the privy council, was composed of certain select 
members of the aristocracy and great officers of state, 
specially summoned by the crown, with whom the sove- 
reign usually advised in matters of state and government. 
In the earlier stages of English constitutional history 
the king’s councillors, as confidential servants of the 
monarch, were present at every meeting of parliament in 
order to advise upon matters judicial in the House of 
Lords; but in the reign of Richard II. the privy coun- 
cil dissolved its judicial connexion with the peers and 
assumed an independent jurisdiction of its own. It was 
in the reign of Henry VI. that the king’s council first 
assumed the name of privy council, and it was also during 
the minority of this sovereign that a select council was 
gradually emerging from out of the larger body of the 
privy council, which ultimately resulted in the institution 
of the modern cabinet. Since tlie Revolution of 1688, and 
the development of the system of parliamentary govern- 
ment, the privy council has dwindled into comparative 
insignificance when contrasted with its original authorita- 
tive position. The power once swayed by the privy council 
is now exercised by that unrecognized select committee of 
the council which w'e call the cabinet. The practice of 
consulting a few confidential advisers instead of the w'hole 
privy council had been resorted to by English monarchs 
from a very early period ; but the first mention of the term 
cabinet council in contradistinction to privy council occurs 
in the reign of Charles 1., w'hen the bxirden of state affairs 
was intrusted to the committee of state wdiich Clarendon 
says was enviously called the “ cabinet council.” At first 
government by cabinet was as unpojmlar as it was irregular. 
Until the formation of the first parliamentary ministry by 
William III. the ininLsters of the king occupied no 
recognized position in the House of Commons; it was 
indeed a moot point whether they were entitled to sit at 
nil in the low'er chamber, and they w'ere seldom of one 
mind in the administration of matters of importance. 
Before the Revolution of 1688 there were ministers, but 
no ministry in the modern sense of the word ; colleague 
.schemed against colleague in the council chamber, and it 
was no uncommon thing to see ministers ojjposing one 
another in parliament ujjon measures that ought to have 
been supported by a united cabinet. As the exchange 
from government by prerogative to government by ]>arlia- 
ment, consequent iqjon the Revolution of IGSS, developed, 
and the House of Commons became more and more the 
Centre and force of tlie state, the advantage of having 
ministers in the legi.slature to explain and defend the 
measures and policy of the executive Government began 


gradually to be ajapreciated. The imblic authority of Iho 
ciwn being only exercised in acts of administration, or, in 
other words, through the medium of ministers, it became 
absolutely necessary that the advisers of the soverei'Ti 
ivho were responsible for every public act of the crown aa 
well as for the general policy they had been called upon to 
administer, should have seats in both Houses of Parliament. 
The presence of ministers in the legislature avas the natural 
consequence of the substitution of government by parlia- 
ment for the order of things that had existed before 1688. 
Still nearly a century had to elapse, before political 
unanimity in the cabinet avas recognized as a political 
maxim. From the first parliamentary ministry of William 
III. until the rise of the second Pitt divisions in the cabinet 
aa-ere constantly occurring, and a prime minister had more 
to fear from the intrigues of his oavn colleagues than from 
the tactics of the opposition. In 1812 an attempt avas 
made to form a ministry consisting of men of opposite 
political principles, aa'ho were invited to accept office, not 
avoavedly as a coalition Government, but aalth an offer to 
the Whig leaders that their friends should be alloaved a 
majority of one in the cabinet. This offer aaus declined 
on the plea that to construct a cabinet on “a system of 
counteraction avas inconsistent avith the prosecution of any 
uniform and beneficial course of policy.” From that date 
it. has been an established principle that all cabinets are to 
be formed on some basis of political union agreed upon by 
the members compo.sing the same avhen they accept office 
together. It is now also distinctly understood that the 
[ members of a cabinet are jointly and severally responsible 
! for each otlier’s acts, and that, any attempt to separata 
between a particular minister and his v colleagues in such 
matters is unfair and unconstitutional. 

The leading members of an administration constitute the 
Cabixet (r/.v.). The members of an administration who 
are sworn of the council, but who are not cabinet minis- 
ters, are the lord-lieutenant of Ireland, the vice-president 
of the council for education, the judge advocate general, 
and the chief officers of the royR liousehold. The sul> 
ordinate members of an administration who are never in 
the cabinet, and who are seldom raised to the distinction ol 
privy councillors, are the junior lords of the treasury, the 
joint-secretaries to the treasury, the paymaster-general, tlie 
junior lords of the admiralty, the parliamentary under- 
secretaries of state, and the la^v officers of the crown. 

During the present century the power of ministers has 
been greatly e.xtended, and their duties more di.stinctly 
marked out. Owing to the development of the system of 
parliamentary government, much of the authority wJiich 
Wmei'ly belonged to Engli.sh sovereigns has been delegated 
to the hands of responsible ministers. As now interjireted, 
the leading principles of the British constitution are tho 
personal irresponsibility of the sovereign, the responsibility 
of ministers, and the inquisitorial power of parliament. At 
the head of affairs is the prime minister, and the difference 
between theory and practice is curiously exemplified !>}' 
the post he fill.s-. The office is full of anomalie.s. Like tho 
cabinet council the prime minister is unknoivu to the law 
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and the constitution, for legally and according to the 
fictions of the constitution no one privy councillor has as 
such _ any superiority over another, yet practically the 
premier is the pivot on which the whole administration 
turns. He is the medium of intercourse between the 
cabinet and the sovereign; he has to be cognizant of 
all matters of real importance that take place in the 
different departments so as to exercise a controlling 
influence in the cabinet; he is virtually responsible for 
the disposal of the entire patronage of the crown ; he 
selects his colleagues, and by his resignation of office 
dissolves the ministry. Yet, though entrusted with this 
power, and wielding an almost absolute authority, ho 
is in theory but the equal of the colleagues he appoints 
and whose opposition he can silence by the threat of dissolu- 
tion. The prime minister is nominated by the sovereign. 
“ I offered,” said Sir Eobert Peel on his resignation of 
office, “ no opinion as to the choice of a successor. That 
is almost the only act which is the personal act of the 
sovereign ; it is for the sovereign to determine in whom 
her confidence sliall be placed.” Yet this selection by the 
crown is practically limited. No prime minister could 
carry on the government of the country for any length of 
time who did not possess the confidence of the House of 
Commons; and royal favour, if it were ever invidiously 
exercised, would ultimately have to yield to a regard for 
the public interests. As a general rule the prime minister 
holds the office of first lord of the treasury, either alone or 
in conne.xion with that of chancellor of the exchequer. 
Before 1806 the premiership was occasionally held in 
connexion with different other offices, — a secretaryship of 
state, the privy seal, and the like, — but it is now almost 
invariably associated with the post of first lord of the 
treasury. With the e.xception of the premier, whose duties 
are more general than departmental, the work of the other 
members of the administration is exemplified by the title 
of the offices to which they are called. The lord chancellor, 
in addition to the jurisdiction which he exercises in his 
judicial capacity, is prolocutor of the House of Lords by 
prescription, the keeper of the sovereign’s conscience, the 
general guardian of all infants, idiots, and lunatics, and to 
him belongs the appointment of all the justices of the 
peace throughout the kingdom. In former times the lord 
chancellor was frequently prime minister; the earl of 
Clarendon in the reign of Charles II., however, was the 
last who occupied that position. The lord president of 
the council, who is always a member of the Upper House, 
presides over the department of the privy council, exercises 
a general superintendence over the education department, 
and has to frame minutes of council upon subjects which 
do not belong to any other department of state. Sub- 
ordinate to his depaftment are separate establishments in 
relation to public health, the cattle plague, and quarantine. 
'Hie post of lord privy seal is one of great trust, though 
its duties are not very onerous, since they simply consist 
in applying the privy seal once or twice a week to a 
number of patents. Ever since the days of Henry VIII. 
the privy seal has been the warrant of the legality of 
grants from the crown and the authority of the lord 
chancellor for affixing the great seal. The lord privy seal 
is always a member of the cabinet. As his official duties 
are light he is at liberty to afford assistance to the 
administration in other ways, and he has often to attend 
to matters which require the investigation of a member 
of the Government. 

'flic secretaries of state are among the most important members 
of the ministry, and within the present century their number has 
been increased and their duties more specially consolidated, 'flio 
ancient English monarchs were always attended by a learned ecclesi- 
astic, known at first as their clerk, and afterwards as secretary, 
who conducted the royal correspondence; but it was not until the 


end of the reign of Queen Elizabeth that these functionaries were 
called secretaries of state. Upon the direction of public affairs 
pacing from the privy council to the cabinet after 1688, the secre- 
taries of state began to assume those high duties which now render 
their office one of the most inilueiitial of an administration. Until 
the reign of Henry VIII. there was generally only one secretary of 
state, but at the end of his reign a second principal secretary was 
appointed. Owing to the increase of business conserpient upon the 
union of Scotland, a third secretary, in 1708, was created, but a 
vacancy occurring in this ofiice in 1746 the third secretaryship was 
dispensed with until 1768, when it was again instituted to take 
charge of the increasing colonial business. However, in 1782 the 
office was again abolished, and the cliarge of the colonies trans- 
ferred to the homo secretary ; but owing to the war with France in 
1794 a third secretary was once more appointed to superintend the 
basiiicss of the war department, and seven years later the colonial 
business was attached to his department. In 1854 a fourth secre- 
tary of state for the exclusive charge of the war department and in 
1858 a fifth secretaryship for India were created. There are there- 
fore now five principal secretaries of state, four of whom, with their 

S olitical under-secretaries, occupy seats in the House of Commons. 

'lie of these secretaries of state is always a member of the House of 
Lords. The secretaries of state are the only authorized channels 
through which the royal pleasure is signified to any part of the 
body politic, and the counter-signature of one of them is necessary 
to give validity to the sign manual ; thus, while the personal 
iminunityof the sovereign is secured, a responsible advisor for every 
act is provided who has to answer for whatever course the crown 
has pursued. The secretaries of state constitute but one office, anil 
are coordinate in rank and eriual in authority. Each is competent 
in general to execute any part of the duties of the secretary of state, 
the division of duties being a mere matter of arrangement. These 
duties arc of the deepest importance to the welfare of the nation. 
The home secretary controls all matters relating to the internal 
aifaini of the country : ho is responsible for the preservation of the 
public pc.aco and for the security of life and property throughout 
the kingdom ; ho exercises extensive powers over the civil and 
inilitaiy authorities of the country, and has a direct controlling 
power over the administration of justice and police in the municipal 
boroughs, over the police in and around London, and over the 
county constabulary ; and ho is especially responsible for the exer- 
cise of the royal prerogative in the reprieve or pardon of convicted 
offciKlers or the commutation of their sentences. The foreign secre- 
tary, as his name implies, is the official organ of the croivn in all 
communications between Great Britain and foreign powers : ho 
negotiates all treaties or alliances with foreign states, protects 
British subjects residing abroad, and demands satisfaction for any 
injuries they may sustain at the hands of foreigners. The secretary 
of state for the colonics has to superintend the government of the 
various colonial possessions of the British crown : ho appoints the 
governors over the dilferent dependencies of the crown, and sanc- 
tions or disallows the enactments of the colonial legislatures, 'riiis 
latter power has of late years boon much curtailed owing to the 
establishment of responsible government in most of the colonics ; 
still it is the duty of the secretary of the colonics to correspond witli 
the colonial governors and to offer such suggestions as may be 
expedient to assist the deliberations of the colonial councils and to 
promote the welfare of colonial subjects. Until the year 1854 the 
direction of military affairs was practically divided beriveen the 
commander-in-chief at the horse guards, the board of ordnance, thr 
secretary at war, and the secretary of state for war and the colonies. 
Upon the declaration of hostilities, however, against Russia in 1854, 
the duties of war minister were separated from those of coloiiLal 
secretary, and a secretary of state for war appointed, in whose ham’s 
the supreme and responsible authority over the whole military 
business of the country formerly transacted by the various depan- 
ments was placed. The actions of the commander-in-chief are sub- 
ject to the approval of the secretary of state for war. The duties of 
the commander-in-chief embrace the discipline and patronage of the 
army and the direct superintendence of the •persomicl of the army ; 
with the exception of those duties, everything connected with the 
management of the army in peace or war (its materiel and civil 
administration, &c. ) remains in the hands of the war minister, 'fhe 
subordinate position of the commamler-in-chief is the result of the 
British system of parliamentary governmen t. The secretary of state 
for war is the minister of the crown and not of parliament ; although 
lie is responsible to parliament for the advice ho niay give to the 
sovereign, yet it is in the execution of the royal autliority and 
prerogative that he is superior to the officer commanding in chief. 
The principle of the constitutional army is that command, prefer- 
ment, and honour come to it from the crown ; but the general prin- 
ciple is equally undisputed that for all pecuniary remuneration it 
is made to depend on parliament. By the constitution the crown 
exercises its authority only through responsible advisers, and hence 
it follows that the secretary of state for war is supremo over any 
authority in the army, including tho officer commanding in chief. 
From 1784 to 1858 the territories belonging to the British crown in 
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the East Indies were governed by a department ; of; state called. the 
board of control' in conjunction -with the court of directois of the 
East India Company. In 1858 this double . government was 
abolished, and the entire administration of the British empire in 
India was assumed by the crown, and all the powers formerly exer- 
cised by the 'East India Company and the board of control were 
transferred to a fifth principal secretary of state. The secretary for 
India is responsible for everything connected mth the Indian 
Government at home and abroad ; the whole of the Indian revenues 
are at his disposal, and the governor-general of India is subject to 
Ids control. To assist him in his labours, and to act as a check upon 
the exercise of Ids otherwise arbitrary administrative powers, this 
secretary has the aid of a council of state for India, consisting of 
fifteen persons, of which, however, he is the president. The members 
of the council for India cannot sit in the House of Commons. 

The duties of the other members of the ministry can bo briefly 
dismissed. The chancellor of the exchequer at present exercises all 
the powers which formerly devolved upon the treasury board ; he 
has the entire control of all matters relating to the receipt and 
expenditure of public money ; he frames the annual estimates of the 
sums required to defray the expenditure of government in every 
branch of the public service ; and it is his duty to lay before the 
country the annual statement of the estimated expenses of govern- 
ment and of the ways and means by which it is proposed to defray 
those charges, including the imposition or remission of taxes. The 
first lord of the admiralty (since the abolition of the olfice of lord 
high admiral), with the aid of the junior lords who are called the 
lords of the admiralty, conducts the administration of the entire 
naval force of the empire both at home and abroad, and is respon- 
sible to parliament for all his political proceedings ; as the admiralty 
is but an executive board, it is, however, subject on certain matters 
— the number of men required for the naval service, the distribution 
of the fleet, the strength of foreign squadrons, &c. — to the control 
of the cabinet. The president of the board of trade takes cognizance 
of aU matters relating to trade and commerce, and has to protect 
the mercantile interests of the United Kingdom ; imtil 1864 it was 
not necessary for the president to have a seat in the cabinet, but 
since that date he has always been a cabinet minister in order to 
insure for his advice on commercial matters a duo consideration ; in 
1887 the office of vice-presideut of the board was abolished. The 
chancellor of the duchy of Lancaster e.xercises jurisdiction over all 
matters of equity relating to lands hold of the crown in right of the 
duchy of Lancaster ; the office is, however, practically a sinecure, 
and is usually filled by a leading statesman whose time is at the 
service of the Government for the consideration of such important 
questions as do not come ivithin the province of other departments. 
In 1832 the public works and buildings of Qreat Britain were for 
the first time placed under the control of a responsible minister of 
the crown, and were assigned to the charge of the commissioners of 
woods and forests ; but in 1851 the department of public-works was 
separated from the woods and forests and erected into a board under 
the name of the office of her majesty’s works and public buildings. 
The first commissioner of works is the head of the board, and in his 
hands is placed the custody of the royal palaces and parks and of all' 
public buildings not specially assigned to the care of other depart- 
ments. Since the establishment of his office the firet commissioner 
has frequently had a seat in tlie cabinet. The duties of the post- 
master-general, of the president of the local government board, and 
of the minor members of the administration are so obvious from the' 
titles of the offices they hold as not to call for any special mention.' 

The prime minister is responsible for the distribution of the chief 
offices of government between the two Houses of Parliament. 
Owing to the development of the House of Commons mthin' the 
present century it is now considered advisable that a larger propor- 
tion of cabinet ministers should have seats in that chamber than 
was formerly the case. In the first cabinet of George III. only one 
of its members was in the House of Commons and thirteen in' the 
House of Lords. In 1783 Mr Pitt was the sole cabinet minister’ in 
the Commons. In 1801 four cabinet ministers were in the Commons 
and five in the Lords. In 1804 Mr Pitt and Lord Castlereagh were, 
out of a cabinet of twelve,' the only ministers in the Commons. In 
the Grenville ministry (“All the Talents of a cabinet of eleven, 
seven were in the Lords and four in the Commons. • In 1809, of 
Mr Perce'val’s cabinet, six were peers and four commoners. In 1812, 
of Lord Liverpool’s cabinet, ten were peers and only two commoners. 
In 1818, out of a cabinet of fourteen, six were commoners ; and in 
1822, out of a cabinet of fifteen, nine were peers. Since the Keform 
Act of 1832, however, the leading members of Government have 
been more equally apportioned behveen the two Houses. ‘ 

See Slay, <7on*<ti«n'onajffijiori/ 0 / England-, Con, Institutions o/tTieEnglish 
Oooernmenl; Alpheus Todd, On Parliamentary Government: Cooke, History of 

' (A.C.E;) 

SUNK. The genus Putorius, belonging, to the family 
Mustdidm or "Weasel-like animals (.see r vol. 

XV. p. 440), contains a few species called hlinks, distin- 
guished from the rest by slight structural modificatioQS„and 


especially, by semiaquatic habits. They form the subgenus 
Lutreola of Wagner, the genus Vison of Gray. -As in other 
members of the genua, the dental formula is i c j. „ / 
m ^ ; total 34. They are distinguished from the Poheate 
Stoats) and Weasels, which constitute the remainder of the 
groupj 'by the facial part of the skull being narrower and 
more approaching in form that of the Martens, by the pre- 
molar teeth (especially the first of the. upper jaw) being 
larger, 'by the toes; being, partially webbed, and by the 
absence' of hair in the intervals between tSe naked pads of 
the soles of the feet. The tivo best-known species, so much 
abke in size, form, colour, and habits that although they are 
widely 'separated geographically some zoologists question 
their specific distinction, are P. lutreola, the Nijn or Sumj))'- 
otter (Marsh-Otter) of eastern Europe, and P. vism, the 
Mink .of North America. The former inhabits . Finland 
Poland, and the greater part of Eussia, though not. found 
east' of the Ural mountains. Formerly it extended west- 
ward into central Germany, but it is now -very rare, if not 
extinct,, in that country- The latter is found ini places 
which suit its habits throughout the whole of North 
America. Another form, P. sibiricus, from eastern 
of which much less is known, appears to connect the true 
hlinks with the Polecats. 

Tbo name may have ■ originated in the Swedish, applied 
to the European animal. Captain John Smith, in his History of 
Virginia (1626), at p. 27, speaks of “Martins, Powlecats, "Weesels, 
and Minkes,” showing that the animal must at that time have been 
distinguished by a vernacular appellation from its congeners. By 
later authors, as Lawson (1709) and Pennant (1784), it is oflea 
written “Minx,” For the following description, chiefly taken from 
the American form (though almost equally applicable, to, that of 
Europe) we are mainly indebted to Elliott Coues’s Fur-kariny 
Animals of North America, 1877. 

; In size it-mueb resembles the English Polecat, —the length of the 
head and body being usually from 15 to 18 inches, that of the tail 
to the end of the hair about 9 inches. The female is considerabh 
smaller than the male. The tail is bushy, but tapering at the end. 
Tlie ears are small, low, rounded, and scarcely project beyond the 
adjacent fur. The pelage consists of a' dense, soft, matted under for, 
mixed with long, stiff, lustrous bail's on all parts of the body and 
tail. . The gloss is greatest on the upper parts ; on the tail the 
bristly hairs predominate. Northern specimens have the finest and 
most glistening pelage ; in those from southern regions there is le» 
difference behveen the under and over fur, and the whole pelage is 
coarser and harsher. In colour, different specimens present a con- 
siderable range of variation, but the animal is ordinarily of a rich 
dark brown, scarcely or not paler below than on the general upper 
parts; but the back is usually the darkest, and the tail is nearly 
black. The under jaw, from the chin about as far back as the. 
angle of the mouth, is generally white. In the European Mink the 
upper lip is also white, but, as this occasionally occurs in Anierto 
specimens, it fails as an absolutely distinguishing character. Besides 
the white on the chin, there are often other irre^ar white patete 
on the under parts of the body. In very rare instances the tail is 
tipped with white. The fur, like th't of most of the animals of the 
group to which it belongs, is an important article of commerce. 

The principal characteristie of the Mink in comparison with its 
congeners is its amphibious mode of life. It is to the water what 
the other "Weasels are to the land, or Martens to the trees, being as 
essentially aquatic in its habits as the Otter, Beaver, or Musk-rat, 
and spending perhaps more of its .time in the water than it' does on 
land. It swims with most of the body submerged, and dives intli 
perfect ease, remaining long without coming to the surface, to 
breathe. It makes its nest in buiTOWs in the banks of strea^i 
breeding once a year about the month of April; and producing five 
or- six young at a bii'th. Its food consists of frogs, fish, fresliirator 
molluscs and crustaceans, as well as mice, rats, musk-rats, rabbits, 
and small birds. In common with the other animals of the genus, 
it has a very peculiar and disagreeable effluvium,' which, according 
to Coues, is more powerful, penetrating, and lasting than Ihat or 
any animal of the country except the Skunk. It also possesses tne 
courage, ferocity, and tenacity of life of. its allies. .When taKcn 
young, howtyer, it can he readily tamed, and lately Minks nave 
been extensively bred in captivity in America both for'the sake o 
their fur and for the purpose of using them in like manner as Forets 
in England, to clear buildings of rats. - (W. H. ?•) 

MINNEAPOLIS, the county seat of Hennepin county, 
hlinnesota, United States, and in 1880 the first cit}' “ 
the State as regards population, lies on both banks of the 
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Mississippi, ■ at ; the falls .of St Anthony, 14 miles by river 
above St Paul. The east sicle was first settled, under the 
name of St Anthony, which was incorporated as a city in • 
I860.;., The west side settlement, named. Minneapolis, -was 
incorporated as a city in 1867, and soon surpassed St 
Anthony in • population. In 1872 ■ the two cities were! 
united under the name of hlinneapolis. The .chief in- , 
dustries .are the, manufactiire of flour and of lumber, for 
which the falls supply abundant water-power. : -The Missis- 
sippi here flows over a limestone bed resting upon a friable 
white sandstone; hence erosion is rapid, and the river 
banks show that the falls have receded from a position at 
the mouth of the Minnesota river. In 1851- 90 feet, of the . 
limestone gave way at once; and, as the rock bed extends 
but 1200 feet above the present site of the falls, the 
destruction of the water-power was threatened. This has 
been averted by. the construction of an apron, or inclined 
plane, of = timber, with heavy cribwork at the bottom, and 
the building of a concrete wall in the bed of sandstone 
behind the- falls and underneath the channel of the river. 
For this work the United States Government appropriated 
$550,000 and the citizens of . ilinneapolis contributed 
$334,500. ■ The city has twenty-seven flour-mills, which 
can produce 29,272 barrels a day. The total product for 
the year ended September 1, 1882, was 2,301,667 barrels. 
The shipments of lumber for 1880 were 164,620,000 feet. 
The population in 1870 was 18,079; and in 1880, 46,887. 
MINNESANGER. See GEEJrAXV, voL. x. p. 525. 
MINhiESOTA, one of the north-western States of the 
American .Union, extending from 43° 30' N. lat. to the 
.* British Possessions (about 49° U. lat.), and from Wisconsin 
•, ‘and take Superior, on the east to Dakota on the west, 
between the meridians of. 89° 39' and 97° 5' W. long. Its 
area, including half of the lakes, straits, and rivers, along 
‘ its boundaries, except Rainy Lake and Lake of the Woods, 
amounts to 83,365 square miles. 

The surface, of Minnesota is diversified by few elevations 
of any great height. In general it is an undulating plain, 
brealang in some sections into rolling prairie, and traversed 
' ' by . belts of timberi It has an average elevation above 
. sea-leyel of about 1000 feet. The watershed of the north 
(which determines the coiu’se of . the three great continental 
river systems) and that of the west are not ridges or hills, 
but elevations whose inclination is almost insensible. The 
southern and central portions of the State are chiefly 
rolling prairie, the upper part of which lis crossed from 
N-.W. to S.E. by the forest belt known as the Big AYoods;^ 

• a stretch of deciduous' forest trees with an area of about 
5000 square, miles. Uorth of. the 47th parallel, the great 
■ Minnesota pine belt, reaches • from Lake Superior to the 
confines of the Red River valley, including the region of 
; the headwaters of the Mississippi' and its upper tributaries, 

. as 'well as those of the Superior streams. North of the 
pine region there is but a stunted growth of tamarack, and 
- dwarf pine. In the north-east are found .the' rugged ele- 
vations of the granite uplift of the shores of Lake Superior, 
rising to a considerable height; while in the north-west 
; the surface slopes away to, the level- prairie reaches. of the 
Red River valley. The- surface elevation of the State 
‘ j varies from 800 to 2000 feet above sea-level. Ashorfrline 
of hills in the north-east rkches the latter altitude, whilp 
only the valleys, of . the Red River, the Mississippi, and the 
Minnesota fall below the former. - ■' 

Geology and Soil.. — The geology has not yet been 
mapped out TOth the precision attained, in other . States. 

) The great central zone, from Lake Superior to the south- 
, western .extremity of the State, is occupied by granitic and 
V metamorphic rocks, succeeded, in the ' south-east, by nar- 
j rower bands of later formation. Within the great Azoic area 
lies the central watershed of the cqntinent. from which the 
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St LauTence- system sends its Waters towards ;the Atlantic 
■the Mississippi towards the Gulf of Mexico, and the Red 
River of the North to Hudson’s Bay. These primordial 
j rocks carry back the geologic history of Minnesota to pre- 
Silurian times. They form in ^ the north-east, in the 
neighbourhood of Lake Superior, an extremely rough and 
hiUy country,, but as they reach the central and south- 
western portions of . the State they for the most part 
disappear beneath , the surface drift. This central belt is 
succeeded, on the south and east, by a stretch of sandstone, 
partially the true red Potsdam and partially a similar but 
lighter-coloured, stratum, which some have , proposed to 
designate the St Croix Sandstone. Isolated beds of sand- 
stone are found in various parts of the State. The north- 
western corner, stretching east from the Red River valley, 
is believed to be Cretaceous ; but, the i great depth of 
drift and alluvium, disturbed by' no large rivers, prevents 
a positive conclusion. The Lower Magnesian limestone 
underlies the extreme south-eastern portion of the State, 
and. extends along the west side of the Mississippi to a 
point a little below St Paul; thence it takes a course 
almost semicircular, and finally passes out of the State at 
the south-western boundary. The Trenton limestone 
occupies a large field in the south and south-east; it 
comes to the surface in long irregular bands, and an island 
of it underlies the cities of Minneapolis and St Paul 
Avith the adjacent districts. The Galena limestone, the 
Masquoketa shales, the Niagara limestone, and the rocks 
of the Devonian age in turn prevail in the other counties 
of the south and east; while the existence of the St Peter 
sandstone ivould scarcely be knoivTi but for its outcropping 
along the bluffs of the Mississipin, and at the famous 
Avaterfall of Minnehaha. From these various formations 
■numerous kinds of stone valuable for building purposes are 
obtained. The grey granite of St Cloud is extremely hard 
and endming. The Lower Magnesian furnishes two 
especially handsome building stones, — the pink limestone 
known as Kasota stone, and the cream-coloured stone of 
Red Wing, both easily ivorked, and hardening by exposure 
to atmospheric changes. Naturally, from its location 
underneath the principal cities of the State, the Trenton 
limestone is the most ividely used. Sand suitable for 
glass-making, and argillaceous deposits abound. The 
clays Avhich make up so large a portion of the sur- 
face drift of the State are almost wholly of glacial 
origin. Overlying the deposits of sand, gravel, boulders, 
and clay is, in most portions of the State, a sandy 
loam, very finely divided, rich in organic matter, deep 
broAvn or black in colour, and of the greatest fertility. 
It is this soil which has given to the State its reputation 
for productiveness. Its depth varies from 2 to 5 feet in 
various parts of the State, and it has been described by 
Dr Given as “ excellent in quality, rich as ivell in organic 
matter as in those mineral salts ivhich give rapidity to the 
growth of plants, ivhile it has that durability ivhich enables 
it to sustain a long succession of crops.” 

JjAers and Lakes,— Tne State holds a unique place in the great 
"Water systems of the continent. The Jlississippi, "which takes i^ 
rise north of the centre of the state in Lake Itaska and its contii- 
hutory lakelets, leaves the state Unfits a great river, half a mile 
.wide/ and from 5 to 20 feet deep. It drains with its tributaries all 
the southern and central portions and a large area of the northern 
iiart of the State. It is navigable as far as St Paul, and at 
Minneapolis .the falls of St Anthony afford unrivalled . facUitics 
for manufacturing. Of the many affluents of the Jlis- 
sissippi the most important is the Minnesota, which after a 
course of about 440 miles flows into the main stream at Fort 
Snelling, 3 miles above St Paul. The source of the Minuesota is 
but 1 mile from Lake Traverse, the origin of the Red River of the 
North, and it is navigable during the high-water season for about 
238 miles. Its principal tributaries are the Blue Earth, Chippewa, 

I Redwood, Lac qui Parle, and Pomme de Terre. The Red River 
t system drains the north-western part of the State,- and its waters 
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finally pass into Hudson’s Bay, as also do those from the 
country drained by streams flowiim to the Eainy Lake rivm and 
the lakes along the northern boundary line. East of this lies the 
region tributary to Lake Superior and the St Lawrence system. 
This comprises an areaovithin the State estimated at 9000 square 
miles. Its principal river is the St Louis. There are altogether 
about 2796 miles of navigable water in Minnesota. 

The number of lakes is estimated at seven thousand. They .are of all 
sizes, and are found cliiefly in the northern two-thirds of the State. 
Tliey h.ave been classified geologically into glacial or drift lakes, 
lluviatile or river lakes, occupying basins on river courses, and lakes 
hiiving rock biisins either scooped out by the action of glaciers or 
formed by the relative position of different geological formations.^ By 
far the greater number give evidence of glacial action in their ori^n. 
They abound over the region most deeply covered by the surface 
drift, and are especially prevalent in morainic districts, forming 
the southern fringe of the lacustrine area of North Ameiica. With 
the melting of the iee-sheet which once overspread Minnesota its 
innumerable lakes came into existence ; and the gentle acclivity 
of its slopes, precluding rapid erosive action, has tended to give 
permanence to the depressions constituting their basins. The 
census returns give 4160 squtire miles of water surface within the 
State. Most of the lakes are exceedingly picturesque in their sur- 
roundings. Forests skirt their shores, which are seldom marshy ; 
and their waters, abounding in various kinds of fish, are cle.ir .and 
cool. Besides the sanitary advantages afforded by the lakes, as 
supplying places for recreation and delightful summer resorts, they 
allect the climate to some extent, tempering the extremes com- 
monly experienced in northern latitudes. The fact that many of 
the lakes are gradually drying up must be expl.ained by agricul- 
tural operations. The largest lakes, exclusive of Superior, lying 
wholly or in part in Minnesota are as follows : — Lake of the 
Woods, 612 square miles ; Red, 342; 'Mille Lacs, 19S; Leech, 194; 
Rainy, 146; Winnibigoshish, 78; and Vermilion, 63. 

Flora and Fauna . — ^The flora and fauna present no marked 
differences from those of other States in the same latitude. In a 
partial list of the birds of Minnesota, two hundred and eighty-one 
species are enumerated. Of winter birds fifty-two species have been 
classified, twenty-three of them being permanent residents. 

Climate . — The State lies so far north as to have a low mean 
annual temperature, and so far inland as to have the characteristic 
continental climate. Its elevation above sea-level gives an agree- 
able rarefaction to the atmosphere, and makes the prevalence of 
fogs and damp weather unknown. Between June and January 
there is an annual variation from the summer heat of southern 
Ohio to the winter cold of Montreal. The winter, usually com- 
mencing in November, and continuing till near the end of March, 
is not a period of intense continued cold, but is subject to con-sider- 
able variations. As a rule, the comparative dryness of the atmo- 
sphere neutralizes the severest effect of excessive cold. The snowfall 
is extremely light during most of the winter, but as spring 
approaches precipitation becomes greater, and there are frequently 
heavy snowfalls in February and March. The change from winter 
to summer is rapid, vegetation sometimes seeming to leap into full 
and active grow'th within the space of a few weeks. The summer 
months bring days of intense heat, but, with comparatively rare 
exceptions, the ni"hts are deliciously cooL Hot days and cool 
nights make the ideal weather for a good wheat crop ; and the 
forcing heats of summer produce in luxuriant growth the vegetable 
life which belongs to the middle States. The Smithsonian chart 
assigns to Minnesota an average tempenature for the hottest week 
in summer of from 85° to 90°, and for the coldest week in winter 
from 10° to 20° below zero. The mean annual average, for all 
below 47° of latitude, it gives as 40°. Observations at St Paul, 
extending over a period of more than thirty-five years, show the 
following mean temperatures : — spring, 46°‘6 ; summer, 70°'6 ; 
autumn, 40°'9 ; winter, 16°’l ; average, 44°'6. The average annual 
rainfall is about 25 '5 inche.s. Wliilo this is not large, it is so 
distributed .os best to subserve the purposes of vegetable growth. 
No moisture is lost in superlluous spring and autumn rains, or in 
the cold and non-producing part of the year, the precipit.ation, which 
in winter is less than 2 inches, increasing to about 12 for the sum- 
mer. To the season of vegetable growth belong 70 per cent, of the 
yearly measures of heat, 76 percent, of the rainfall, and 76 percent, 
of the atmospheric humidity. The prevailing winds are Irom the 
south or south-east. In 1880 rain or snow fell on 150 d.ays, aud in 
1881 on 167. It is evident that the causes which mitigate the.ictual 
severity of the climate as felt, which produce so large a number of 
clear d.ays, and which forbid the continued presence of a large amount 
of moisture in the atmosphere, are those which render a climate 
healthful in the highest degree. Minnesota has been for many 
years a favourite resort for inv-aliJs. The curative properties of its 
climate arc especially markeil in the case of pulmonary compl.aints. 

MyriciiRnrc.— -The leadijig industry of the State is agriculture. 
The character of the surface soil varies in different parts of tlie 
State with the character of the underlying strata. The fertile hand 
comprises about three-fourths of the entire area of the State. The 


drift soil proper of the south and centre, includiu" the Miimesnt 
valley and the greater part of that of the Jlississippi, contains dli n 
.and calcareous matter, and is interspersed, with alluvial At 
bottoms. The limestone soil, in which there is a har^e ealcareoa 
element, lies chiefly on the western slope of tlie Mississinpi Tht 
Red River valley consists of an argillaceous mould, rich m op-ani' 
deposits. Around Lake Superior, wherever arable land is fo it 
found, it is marked by a rich trap soil. North of the central fertila 
area, and in the neighbourhood of the sources of the Mississini,i is 
much swampy land, susceptible of easy drainage, with a large tract 
of sand and other drift detritus, unfavourable to production. Make 
and potatoes flourish, aud the uplands, which support hardwood 
ridges, are suited to general agriculture. To the extreme noith 
the surface, while indicating mineral wealth, is uttei-ly unfit, except 
in occasional isolated areas, for jiurposes of till.age. * 

WJieat lias hitherto been the staple product'of the State. Soil 
and climate are such as to ensure a Largo average yield, while the 
superior quality of the grain has given it a wide reputation. Tlie 
other cereals are .also cultivated with success. The tendency to 
diversify agriculture, especially in the southern p.art of the State, 
has been stimulated by several partial failures of the wheat crop', 
the locust invasions, and the competition of the farther north-we.-t. 

The area of the State includes 39,791,265 acres surveyed, 
10,968,575 acres not surveyed, and 2,700,000 acres of lake surface. 
The total sales of public aud railroad lands in 1879 and 1880 were not 
far from 4,000,000 acres. It is estimated that the aggregate of 
lands yet undisposed of, three-fourths of which may he profitahly 
cultivated, is nearly 20,000,000 acres, exclusive of the lands belong- 
ing to the State. White Earth Indian reservation has thirty-six 
townships of prairie and timber land ; and Red Lake reservation 
contains 3,200,000 acres. 

Foreslry . — A special census bulletin estimates the amount of 
merchantable white pine standing. May 31, 1880, as amounting in 
all to 6,100,000,000 feet. The entire cut for the census year ISSQ 
was 540,997,000 feet. Of liardwood forest 3,840,000 acres remain, 
capable of yielding 57,600,000 cords of wood. 

Every encouragement is afforded, both by the railway coipora- 
tions and the State, to tree-planting on the prairies. A quarter 
section is given to any one wlio will plant and keep in good condi- 
tion 40 acres of timber for eight years. In 1880 there were planted 
25,331 acres of trees, exclusive of those bordering highways and 
the windbreaks alon^ the railroad lines. 

Manu/acl teres.— 'uio manufactures of Minnesota arc yet in their 
infancy. The abundant water-power of the State, its pro.ximity to 
the coal-fields of Iowa, its superior transportation facilities, and the 
large demand for manufactured commodities are, however, rapidly 
developing this branch of industry. The most important industries 
are the manufacture of flour and that of lumber. The former natu- 
rally established itself in aStateof immense wheat yield andahundant 
water-power. It received its greatest stimulus from the invention 
and adoption of the middlings purifying process, which, produces 
the highest grade of flour, and to which the hard spring wheat of 
ilinnesota is especi.ally adapted. Among other raanufaotunng 
industries actively pu-oseeuted are the making of brick, notteiy, 
stoneware, and agricultural implements, and also meat-packing. 

Commerce . — ^The geograpihical position of Minnesota gives it e.x- 
tensive commercial interests. Two continental watenvays fernunaie 
within the State. The Jlississijipi affords continuous navigation 
to European ports during eight months of the yeaia From Dulntn 
numerous lines of vessels tr.averse the chain of ^’cat lakes, and 
tnansport the products of the west to the eastern seaboard. Three 
great transcontinental railway lines are connected more or ic^ 
directly w’ith the railro.ad system of the State. Twelve lines of rail- 
way from every part of ilinnesota converge at the contiguous citas 
of St Paul ancl Minneapolis, and three great trunk lines from those 
centres to Chioimo secure the advantages of a lively competition. 

Education . — The common school system is -supported by laim 
grants, a local tax, and a State tax. The superintendent of in- 
struction is appointed by the governor. County superintendents 
arc chosen by popular vote. Common school districts have boanis 
of three tru.stees each. Six directors are .appointed for imlependeiu 
districts. The pei-manent fund in 1881 was $4,850,000, niid UW 
current fund $260,836. The State university, located at Jlmm.!' 
polls, is governed by a board of regents, consisting of the governt r 
of the State, the superintendent of public instruction, the preMdeii 
of the university, and six others ; both sexes arc admitted, en ^ 
tuition is free. The State supports three normal schools, 
two academics and six colleges are sustained by denominational o 
private enterprise. . 

Mministration . — The departments of Govcniment are, 
the Slates, the legislative, the executive, and the judicial, a 
State contains seventy-eight counties, of which some 
subject to change of boundary. From these are elected by .‘i 
forty-seven senators and one hundred and three members oi t • 
House of Representatives. The State officers are a govenw i 
lieutenant-governor, secretary of state, treasurer, aiid 
general, nil elected by the peopde. The term of office is two )t.a •• 
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The governor has power, to veto separate items of a money bill. The 
judiciary is elective, and. the term of office seven years. The State 
reqm'rements for citizenship are residence in the United States 
one year , in the State four months, and in the election district 
ten days preceding an election. Women are allowed to vote for 
school officers and upon questions relating to the management of 
schools, and are also eligible to such offices. No county can con- 
tain more than 400 square miles. The legislature meets biennially. 
Extra sessions may he called, but no session can exceed sixty days 
in length. Under the last apportionment the State is entitled to 
five representatives in the national Congress. 

The annual valuation of property for 1882, as equalized by the 
State board, gives the personal property as §79,219,445, the real 
estate §242,938,170. This represent a total actual value of not far 
from §750,000,000. 

While ilinnesqta was still a Territory, but after it had adopted 
a State constitution, an amendment was added to the constitution 
authorizing the issue of a large amount of bonds in aid of railway 
construction. Shortly afterwards, the companies having failed to 
fulfil their contracts and defaulted payment, the State foreclosed 
its mortgage on the lands, franchises, &c., of the roads, and turned 
them over to other companies. B\' another amendment to the 
constitution, the payment of the bonds was made contingent upon 
the result of a popular vote. Several proposals having failed to 
receive this sanction, the necessity for it was removed in 1881 by a 
decision of the supreme court, declaring the amendment uncon- 
stitutionaL The legislature immediatelj' met, accepted a plan of 
settlement proposed by the bondholders themselves, and over 
§4,000,000 worth of new bonds were issued in exchange for the old. 
For the jjayment of the principal and interest of these the people 
have voted (November 1882) to set aside as a sinking fund the 
proceeds of 500,000 acres of land belonging to the State internal 
improvement fund, the deficit to be paid out of the tax on railroad 
earnings. These bonds include all the State debt except about 
§200,000. A tax of 3 per cent, imposed on the gioss earnings of 
all railroads within the State will soon meet all expenses except 
provision for educational, penal, and charitable institutions. 

i’opuinti'on.— The population of the State was 6077 at the census 
of 1850, 172.023 in 1860, 439,706 in 1870, and 780,773 (419,149 
males and 361,624 females) in 1880. According to the last census 
299,800 whites had been born in the State; and of the 257,676 
foreign-born inliabitants of the State 107,770 came from Scandina- 
vian countries and 68,277 from the United Kingdom and the British 
colonies, while 77,505 acknowledge the German as their native 
tongue. The incre<ase of population in the State for the last decade 
of years alone was 75 per cent. Tlie most important cities are St 
Paul, the capital, and Minneapolis, with 41,473 and 46,887 inhabit- 
ants respectively in 1880; Winona had 10,208 and Stillwater 9055. 

Hintory '. — Jlissionary elforts and the trading spirit first induced 
white men to venture as far into the unexplored north-west as the 
boundaries of what is now the State of 5Iinnesota. The earliest 
accounts of its natural features and native tribes appear in the 
Jesuit writings. The “Belations” of 1670-71 allude to the Siou.x 
or Dakotas. In 1678 a company was formed for trading with this 
tribe. Du Luth was leader of "this expedition, and later on went 
from Lake Superior to the Mississippi by canoe. But the first pub- 
lished account is that of Louis Hennepin, a Recollect monk, who, 
in 1680, visited the falls of St Anthony, and gave them their name, 
from that of his patron saint. For a century the only visitants 
of the wild region were a few missionaries, and a number of fur 
traders who found the profit of the journey to more than counter- 
balance its perils and hardships. To the latter class belong Perrot, 
who reached the Mississippi by way of the Fo.x and Wisconsin in 
1684, and founded at Lake Pepin the first trading post in the State, 
and Le Sueur, a Canadian, wno ascended the great river from its 
mouth, and established another x>ost above Lake Pepin. Captain 
John Carver, the explorer of the country of the upper Mississippi, 
visited the falls of St Anthony in 1766, being the first British tra- 
veller who reached the spot. On Slarch 20, 1804, Upper Louisiana 
was organized, consisting of Arkansas, Missouri, Iowa, and a large 
portion of ilinnesota. From this time onwards the progress of explo- 
ration was rapid, and settlement followed in its train. The first 
really extensive e.xploration of any large part oi what is now 
yiinnesota was made between 1817 and 1823, by Major S. H. Long, 
of the United States engineer corps, in command of a Government 
expedition. About the same time the Red River received its first 
visitant. Thomas Douglas, earl of Selkirk, an Englishman of 
eccentric character, went, in 1817, to what is now Winnipeg, by 
way of York liver. Having been struck with the agricultural 
liossibilities of the region about the Red River of the North, he 
induced a colony of Swiss farmers to settle there. These were dis- 
appointed in the countrj’, and unused to the severity of the climate, 
so that they finallj' removed to the vicinity of St Paul and con- 
tribute to the earliest development of the agricultural in- 
dustry of the State. In 1821 'Colonel Snelling built, at the 
junction of the Minnesota and Jlississippi rivers, a stronghold 
which he named FortSt Anthony. The name was changed to Fort 


SneUing in his honour, in 1824, and the fort is stiU an important 
post as a base of supplies for the newer north-west. The first 
^eamboat made its appearance at the head of navigation in 1823. 
fhe settlement of St Paul, one of the oldest towns as well as the 
capital, IS conimonly dated from 1846, at which time there were a few 
shanties on its site. • Population now began to arrive in constantly 
increasing numbers, and on ilarch 3, 1849, a bill passed Congress for 
organizing the Territory. _ It was proposed at one time to name it 
Itasca, but the name Minnesota, meaning, “sky-tinted water,” 
and originally applied to the river bearing that title, was finally 
reffiined. The western boundary of the territoiy was fixed at the 
Missouri river. The population was but 4057, the largest town 
had but a few hundred inhabitants, and a large part of the soil of 
the State still belonged to the Indians. But progress now began in 
earnest. A constitution was adopted in 1857, and on May 11, 1858, 
ilinnesota was admitted as a State, with a population, according 
to the last Territorial census, of 150,037. 

One of the first acts of the new State was the issue of the rail- 
road bonds noticed above. Soon after came the civil war. Within 
two months of IJncoln’s first call for troops the first Jlinnesota 
regiment, over one thousand strong, was mustered into service. By 
August of 1862 ten regiments had been called for and furnished. In 
all, the Statesupplied to the armies of the Union 25,052 men, or about 
one-seventh of its entire population at the outbreak of the war. 

In the meantime there occurred, in 1862, the horrible outbreak 
known as the Sioux massacre. Settlements were cut off, isolated 
settlers murdered, and even a strong post like Fort Ridgely was 
attacked. The outbreak sjiread over a large portion of the State ; 
several severe engagements were fought ; and it was not until the 
State had a tuoroughly equipped military force ready for the cam- 
paign that the Indians begun to flee or to give themselves up. By 
this time over 700 persons had been murdered, 200, chiefly women, 
taken captive ; eighteen counties were ravaged, and 30,000 people 
were homeless. The property loss was not less than §3,000,000. 

During these local and national disturbances the material pro- 
sperity of the State was unabated. Notwithstanding the heavy cost 
oi the civil war and the Sioux massacre, the census of 1865 showed . 
a population of 250,099. Railroad construction began to be ener- 
getically carried forward ; in 1870 329 miles were made and 1008 
miles were in operation ; a road to Lake Superior was completed, 
and the Northern Pacific was fairly under way. In 1873-76, anil 
to some extent in 1877, successive visitations of locusts destroyeil 
the crops of the south-western counties. The sufferers were 
relieved by the State, and no repetition of the scourge has since been 
experienced. (J. 6. P.) 


AfTN~NO\Y (Lemiscus phoxintis or Phoximts Ixvis) is the 
smallest British Clyprinoid, readily distinguished by its 
very small scales. It is abundant in rivers, brooks, and 
lakes, always stvimining in schools, and shifting its ground 
in search of food, which consists of every kind of vegetable 
and animal substance. It ranges from southern Europe 
to Scandinavia, and from Ireland into north-eastern Asia ; 
in the Alps it attains to a higher altitude than any other 
Cyprinoid, viz., to nearly 8000 feet. Its usual size varies 
between 2 and 3 inches ; but in suitable localities, especially 
in Germany, it is known to reach a length of from 4 to 5 
inches. The colours vary with age and season ; a series of 
dark spots or cross-bands along the sides is always present, 
but the males assume in summer a nuptial dress of scarlet 
or purple on the lower parts of the head and body. 
The minnow is used as bait; it can also be introduced 
with facility and with great advantage into ponds in ivhich 
there is otherwise a scarcity of food for more valuable 
fishes, such as trout, perch, and iiike. 

MINO DI GIOVANNI (1431-1486), called da Fiesole, 
was bom at Poppi in the Casentino in 1431. He -had 
property at Fiesole, whence his usual name. Vasari’s 
account of him is very inaccurate and full of contradictions. 
Alino was a friend and fellow-worker both with D. da 
Settignano and Matteo Civitale, aU three being about the 
same age. There is considerable similarity in their works, 
showing mutual influence. Mine's scalpture is remarJmbJe 
for its gem-like finish and extreme delicacy of detail, as 
well as for its spirituality and strong devotional feeling. 
No other sculptor portrayed the virginal purity of the 
Madonna or the soft infant beauty of the Dhune Child with 
greater tenderness and refinement. Of ilino’s earlier 
works, the finest are in the duomo of Fiesole, the altarpiece 
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arid tomb of Bisbop Salutati, executed about 1464. In 
tbe Badia of Floreucfj, are soine of Slino’s most important 
sculptures — an altarpiece, and ;tbe tombs of , Bernardo 
Qiugni, 1466, and the Margrave Hugo, 1481 — all sculp- 
tured in white marble, with beautiful life-sized recumbent 
effigies, and attendant’ angels. , The pulpit in Prato 
cathedral, finished in 1473, is very delicately sculptured, 
with bas-reliefs of great minuteness, but somewhat weakly 
designed. Soon after the completion of this work Mino 
paid a visit of some years to Rome, where he executed 
several fine pieces of sculpture, such as tbe tomb of Pope 
Paul n. (now in the crypt of St Peter’s), the tomb of 
Francesco Tornabuoni in S. ilaria Sopra iilinerva, and a 
beautiful little marble tabernacle for the holy oils in 
S. Maria in Trastevere. There can be little doubt that he 
was also the sculptor of several of the very lovely monu- 
ments in S. Maria del Popolo, especially those in the 
sacristy of Bishop Gomiel and Archbishop Rocca, 1482, 
and the marble reredos, also in the sacristy, given by Pope 
Alexander VL Some of ^ilino’s portrait busts and delicate 
profile bas-reliefs are preserved in the Bargello at Florence ; 
they are full of life and exxjression, though without the 
extreme realism of Verrocchio and other sculptors of his 
time. He died in 1486. 

See Vasari, Milanesi’s ed., 1878-S2; Perkins, /kalian Sculptors-, 
'Winckehnann and D’Agincourt, Sloria della ScuUura, 1813. 

illNOR. See Hjfaxt. 

AIIHORCA. See BalEvUhc Ismvxns. 

MINORITES. See Fr.axciscax3. 

MINOS, a legendary king of Crete, in whom both 
historical and religious elements are united. The historical 
element lies in the fact that an early civilization and mari- 
time power had its seat in Crete. The Phcenician inter- 
course played a great part in developing this island state, 
and Minos issometunescalleda Phcenician. The name ilinoa 
is often found where Phcenician influence was strongest, 
€.g., at Megara. The laws and constitution which existed 
from a very early time in Crete were attributed to ilinos, 
to whom they were revealed by Zeus. After his death he 
became the judge of the dead; he is one of the forms 
assumed by the old conception of the fii'st man, who is 
after death king and god among the dead. It is therefore 
highly probable that the name Minos is the Greek form of 
the original Manva, i.e., “ endowed with thinking,” which 
is seen in the Hindu Manu and the Germanic Mann. As 
in all other heroized forms of the god of the dead, there 1 
is both a terrible and a 'wise and beneficent side in the 
character of Minos. Cretan legends described him as the 
■wild huntsman of the forests and mountains, the lover of 
the nymphs, though his love means death to them. His 
death is localized in the far west, in the land of sunset ; 
his grave was sho'wn at Camicus near Agrigentum, attached 
to a temple of Aphrodite. He pursued Daedalus thither, 
and the daughters of Cocalus, the king of Agrigentum, 
killed him by pouring boiling water over him in the bath, 
an ob-vious myth of the sun dying in the sea. ilinos, the 
god of the dead, is, according to the usual ride, the sun-god, 
who goes to illumine the dead when he dies on the earth. 
His -i^e is Pasiphae, the moon-goddess, who had an oracle 
by dreams at Thalamse in Laconia. The union of the sim 
and the moon, the bull and the cow, gave rise to many 
quaint and ugly legends : Pasiphae loved the bull of Minos, 
was aided by the stratagem of Dsedalus, and gave birth to 
the Minotaur; half bull 'and half man. The Minotaur is 
one of those monstrous forms which were suggested to the 
Greek fancy by the quaint animals common in Oriental 
art. It was shut up in the Labyeixth (g.-y.), which was 
constructed by the skilled artist D^dalus. Now a son of 
Minos named Amdrogeus had been killed by the .^^enians, 
and Minos as a punishment' required that s/of the StateHn 
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youths and seven maidens should be sent every ninth year 
and given up to the hliriotaur to be devoured.- .'When this 
sacrifice took place for the third time Theseus came as one 
of the hostages, and slew the Minotaur ivith the help of 
Ariadne. Throughout these legends we see the close 
relation of Minos to the Phcenician sun-god Melkarth, and 
perceive the way in which different places where Phcenician 
influence can be traced, Athens, ySicily, &c., are brought 
together in religious myths. - ° 

MINOTAUR. See Mixos. 

MINSK, a western government of Russia, is .bounded 
by Vilna, 'Vitebsk, and Moghileff on the N. and E., and 
by Tchernigoff, itieff, Vohiynia, and Grodno on the S. 
and W., and has an area of 35’ 175 sc^uare miles. 'Ihe 
surface is undulating and hilly in the north-west, where a 
narrow plateau and a range of hiUs of the Tertiary forma- 
tion runs- to the north-east, separating the basin of the 
Niemen, wliich flows into , the Baltic, from that of the 
Dnieper, which sends its waters into the Black Sea. The 
range, wliich averages from 800 to 1000 feet, culminates in 
Lysaya Gora (1129 feet). The remainder of the province 
is flat, 450 to 650 feet above the sea-level, covered with 
sands and clays of the glacial and post-glacial periods. Two 
broad shallow depressions, drahied by the Berezina and the 
Pripet, cross the province from north to south and from 
west to east ; and these, as well as the triangular space 
between them, are covered with immense marshes (often 
occupying 200 to 600 square miles), numberless ponds and 
small lakes, peat-bogs, downs, and moving sands, as well: 
.as with dense forests. This country, and especially its 
south-western part, is usually known under the name of 
Polyesie (“The "Woods”). -Altogether, marshes take up 
15 per cent, and marshy forests no less than 55 per cent, 
of the entire area of the province (60 to 71 percent, in 
several districts). The forests, however, consist of full- 
grown trees in the higher districts of the north-west 
only, those which occupy the marshy ground consisting of 
small and stunted pine, birch, and aspen. The climate of 
the Polyesie is harsh and extremely unhealthy ; malarias 
and an endemic disease of the bulbs of the hair {koltun, 
plica Polonica) are the plagues of these tracts, the evil 
being intensified by the dreadful poverty of the popula- 
tion. Comnnmication is very difficult. -The railway from 
Poland to Aloscowhas, so far as ilinsk is concerned, taken 
advantage of the plateau above mentioned ; but still it has 
to cross the broad marshy depression of the Berezina. A 
successful attempt ■svas recently made to drain the marshes 
of the Polyesie by a system of canals, and more than 
4,500,000 acres have thus been rendered suitable for pasture 
and agriculture. Two great tributaries of. the Dnieper, the 
Berezina and the Pripret, both navigable, with numberless 
subtributaries, many of which are also na'vigable, are the 
natural outlets for the marshes of the province. The 
Dnieper flows along its sonih-eastern border for 160 miles, 
and, the Niemen on. the .riorth-western for 130 miles. The 
affluents of the Baltic, t?ie Duna (Dwina), and the Vistula are 
connected by three canals with tributaries of the Diueper. 
The population of - the province (1.183,200 in 1873) may 
be estimated at, about 1,350,000, mostly White Russians 
(67 per cent.!; there are also Poles (about 11 per cent.), 
especially in the western districts, Jews (more than 10 
per cent.),-Little Russians (5 per cent.), and Russians (2 pet 
cent.). About 70,000 are considered to be Lithuanians; 
there are also 4000 Tartars, whose presence can be traced 
to the raids of their ancestors on Lithuania in the 13th 
century, and about 2000 German agriculturists who settled 

in^Iast century 

/ ■ ' 

/ The chief occupation of the inhabitants is agriculture, which is, 
however,. very unproductive in the lowlands; in the Polyesie the 
I, (peasants rarely have pure bread to eat. Only 23-8 per cent of the 
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area is under crops, the average yield being 1,600,000 quarters of 
porn and 1,170,000 quarters of potatoes. (Jattle-breeding is very 
imperfectly developed, the meadows being marshy throughout the 
lowlands. Hunting and bee-keeping are sources of income in the 
Polyeaie, and fishing gives occupation to about twenty thousand 
persons. The chief source of income for the inhabitants of the low- 
lands is the timber trade. Timber is floated down the rivers, and 
tar, pitch, various products of bark, potash, charcoal, and numerous 
sorts of timber-ware (wooden dishes, &c.)aro manufactured in villages 
to a gi-eat extent ; and shipbuilding is carried on along the Dnieper, 
Pripet, and Niemen. Shipping is also an important source of 
income, owing to the traflic on the canals and rivers of the province. 
In 1877 560 boats and H20 rafts with 170,000 cwts. of cargo left 
the banks of the Berezina and Pripet ; and the traffic on the Dnieper 
and Hiemen was nearly as great. The industnal arts are almost 
entirely undeveloped. There are, liowever, several distilleries and 
tanneries ; and woollen-stulfs, candles, tobacco, and sugar are manu- 
factured to a limited extent. Corn is exported from the western 
districts, but imported to the same amount into the southern parts ; 
the chief export trade is in produce of forest industries. The pro- 
vince is crossed by two important railways, one of which connects 
Poland with Moscow, ancl the other Libau and Vilna with, the 
rovinces of Little • Russia ; the great highway from Warsaw to 
loscow crosses the province in the south, and its passage through 
the Berezina is protected by the first-class fortress of Bobruisk. 
Minsk is divided into nine districts, of which the capitals are — 
Minsk (43,500 inhabitants), Bobruisk (26, 850), Borisoff (5650), close 
by the place where Hapoleou I. crossed the Berezina on his retreat 
from iloscow, Igumcn (2200), Mozyr (4200), Novogrodek (9000), 
Pinsk (18,000), llycchitsa (4300), and Slutsk (17,200). The pro- 
vince is well provided with secondary schools, but primary edu- 
cation, especially in the Polyesie, is in a very backward state. 

The country now occupied by the province of Minsk was, as far 
as historical records extend, an abode of Slavonians. That portion 
of it which was occupied by the Krivichi became part of the Polotsk 
principality and so of “ White Russia" ; the other portion, occu- 
pied by the Dregovichi and Drevlaus, became part of the “ Black 
Russia " ; whilst the south-western portion of it was occupied by 
Yatvyags or Lithuanians. During the 12th, 13th, and 14th cen- 
turies it was divided among several principalities, which were in- 
corporated with the great principality of Lithuania, and later were 
annexed to Poland. Russia took possession of this country in 
1793. In 1812 it was invaded by the army of Napoleon I. 

Minsk, the capital of the above province, is situated 
on the Svisioch, a tributary of the Berezina, at the 
junction of the Moscow and Warsaw and the Libau 
and Kharkoffi railways, 465 miles by rail west from 
Moscow., It has 43,500 inhabitants, of whom one-third 
are Jews of the poorest class; the others are White 
Russians, Poles, and Tartars (about 700). The manufac- 
tures are few and insignificant. Since the introduction of 
railways the commercial importance of the place, which 
formerly was slight, has begun to increase. 

Minsk is mentioned in Russian annals in the 11th century under 
the name of ilyen’sk or Menesk. In 1066 and 1096 it was devas- 
tated, first by Izyaslav and afterwards by Vladimir. It changed 
rulers many times until the 13tli century, when it became a Lithu- 
anian fief. In tlie 15th century it became part of Poland, but as late 
as 1505 it was ravaged by Tartars, and in 1508 by Russians. In the 
18th century it was taken several times by Swedes and Russians. 
Russia annexed it in 1793. Napoleon 1. took it in 1812. 

MINSTREL. The “minstrels,” according to Bishop 
Percy, “ were au order of men in the Middle Ages who 
united the arts of poetry and music, and sang verses to the 
harp of their oivn composing, who appear to have accom- 
panied their songs with mimicry and action, and to have 
practised such various means of diverting as were much 
admired in those rude times, and supplied the want of more 
refined entertainments.” This conception of the .“minstrel ” 
has been generally accepted in England ever since Percy 
published his Reliquea of Ancient Poetry, which he gave to 
the world as the products of the genius of these anonymous 
popular poets and harpers. The name has been fixed in 
the language by the usage of romantic poets and novelists ; 
Scott’s “ last minstrel ” and Moore’s “ minstrel boy ” were 
minstrels in Percy’s sense of the word. The imagination 
was fascinated by this romantic figure, and the laborious 
and soured antiquary Ritson argued in vain that nobody 
before Bishop Percy had ever applied the word minstrel to 
such an order of men, that no such order of men ever did 


exist in medieval England, and that the historical English 
“minstrels,” so-called, were a much less gifted and respect- 
able_ class, being really instrumental musicians, either 
retainers or strollers. , 

' The dispute between Ritson and Percy was partly a dis- 
pute about a word, and partly a dispute about historical 
facts; and there can be little doubt that Ritson was substan- 
tially right in both respects. The romantic bishop trans- 
ferred to the mediaeval English minstrel the social status 
and brilliant gifts of the Anglo-Saxon gleoman or scop, and 
the Erench troubadour in the flourishing period of Provencal 
poetry. ^ Thatthegleemen sang to the harp versesof their own 
composing, that some of them travelled from court to court 
as honoured guests, while others were important attached 
court officials, and all received costly presents, is a well 
attested historical fact. The household bard at Heorot in 
the poem of Beowulf, a man who bore many things in mind 
and found skilfully linked words to express them, >vas one 
of King HrothgaPs thanes ; the gleeman of the Traveller's 
Song had visited all the tribal chiefs of Europe, and received 
many precious gifts, rings and bracelets of gold. The 
incidents in these poems may not be historic, but they 
furnish indubitable testimony to the social position of the 
gleeman in those days ; a successful gleeman was as much 
honoured as a modern poet-laureate, and as richly rewarded 
as a fashionable prima donna. Further, the strolling glee- 
man of a humbler class seems to have been respected as a 
non-combatant ; this much we may infer from the stories 
about Alfred and Anlaff having penetrated an enemy’s 
camp in the disguise of gleernen, ivhether these stories are 
true or not, for otherwise they would not have been 
invented. 'The position of poets and singers in Provence 
from the llth to the 13th century is still clearer. The 
classification of them by King Alphonso of Castile in 1273, 
by which time honourable designations. were getting mixed, 
may help to determine the exact position of the English 
“minstrel.” There was first the lowest class, the Infos, 
who strolled, among the common people, singing ribald 
songs, playing on instriunents, shoiving feats of skill and 
strength, exhibiting learned dogs and goats, and so forth ; 
then the joglars or joculatores, who played, sang, recited, 
conjured, men of versatile powers of entertainment, who 
performed at the houses of the nobility, and were liberally 
remunerated ; then the trobadors, or inventores, whose dis- 
tinction it was to compose verses, whether or not they had 
sufficient executive faculty to sing or recite them. 

If we compare these distinctions with Percy’s definition 
of the minstrel, we see that his minstrel would have corre- 
sponded with the joglar, who also wrote his own songs and 
recitations. Now in the palmy days of Provenqal song 
there were many professional joglars, such as Arnaut 
Daniel or Perdigo, who stood high among the most brilliant 
troubadours, and visited on terms of social equality 114111 
nobles and princes. But long before English became the 
court language the fashion had disappeared, and a new 
division of functions had been developed. In Chaucer’s 
time the poet of society no longer sang his verses to harp 
or fiddle, or amused his patrons with feats of legerdemain ; 
the king’s gestour (teller of gestes) discharged the profes- 
sional duty of amusing with witty stories ; and the social 
position of the Joglar had very much sunk. Ritson was 
perfectly right in saying that no English poet of any social 
position was a professional reciter to the harp of verses of 
his own composing. The Provencal joglar, travelling from 
court to court, combined our modern functions of poet, 
society journalist, entertainer, . and musician. But about 
the time when the word “ minstrel ” came to be applied to 
him the English joglar was rapidly sinking or had already 
sunk to the social position of the modern strolling mounte- 
bank, travelling showman, or music-hall smger. And the 
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•STord minstrel Lad Lad a separate Listoiy before it became 
synonymous (as in tbe CathoUcon- Anglicum of 14S3) nritL 
gtiiiculator, hisirio, Joculator, and otLer names for strolling 
entertainers. Derived from the Lour Latin mmisfralis, it 
■was originally applied to those retainers ■vrLose business it 
vras to play upon musical instruments for the entertainment 
of their lor^. In Chaucers S<j[Utre’s Tale, the ■'* minstralies ” 
play before King Cambuscan as he dines in state “ biforn 
him at the Lord deliciously,"’ and the “ loude minstralcye ” 
precedes bim -when. he rises and "iTithdrau's to the orna- 
mented chamber, 

Ther as they so'vneu diaeise instranientz, 

That it is lyk an heuea'for to here. 

But even in Chaucer’s time there tvere less respectable 
musicians than those of the kings household — strolling 
musicians, players on trumpets, clarions, taborets, lutes, 
rebecks, fiddles, and other instruments. These also were 
known by the generic name of minstrels, whether because 
many of them had learnt their art in noble households 
before they took to a vagabond life, or because the more 
respectable of them afiected to be in the service or xmder 
the patronage of powerftd nobles, as later on companies of 
strolling players figured as the “servants ” of distinguished 
patrons. All the allusions to minstrels in literature from 
Langland’s time to Spenser’s point to them as strolling 
musicians. Some of them may have sung to the harp 
verses of their own composing, and some of them may have 
composed some of the ballads that now charm us with their 
fresh and simple art ; but the profession of the “ nunstrel,” 
properly so-c^ed, was much less romantic than Bishop 
Percy painted it. It was not merely “ the bigots of the 
iron time ” that “ called their harmless art a crime in a 
repressive Act passed by Henry they appear tvith 
“westours, rymours, et autres vacabondes” among the 
turbulent elements of the conununity. 

In a passage in ^lalory’s Jlorie DariAur, the word 
minstrel is applied to a personage who comes much nearer 
the ideal of the Provencal joglar. "When Sir Dinadan 
"vrished to infuriate King Mark, he composed a satirical 
song, and gave it to Elyot a hari>er to sing through the 
country, Tristram guaranteeing huu against the conse-- 
quences. "When King ilark took him to task for this, the 
harpePs answer was, “Wit you well I am a minstrel, and 
I must do as I am commanded of these lords that I bear 
the arms of.” And because he was a minstrel Kinsi Mark 
allowed him to go unharmed. The service done by Elyot 
the harper in the old romance is a good iliustration of the 
political function of the itinerant medimval joca/ator; but 
even he did not sing verses of his own composing, and he 
was not a “ minstrel ” in the sense in which the word was 
used by romantic poets after the publication of Percy’s 
Eeligues. (w. n.) 

MIXT. The mint is the place where the coinage of a 
country is manufactured, and whence it is issued by sovereign 
authori^, under special conditions and regulations. 'The 
privilege of coining has in all ages and countries belonged 
to the sovereign, and has, in England at least, been rarely 
delegated to any subject, and in any case in a restricted 
form, the crown always reserving the right of determining 
the standard, denomination, and design of the coins. 

At a very early stage of civilization it was found 
necessary to have "some definite medium of exchange, in 
order to avoid the great inconvenience arising from the 
system of payment in kind, which was the primitive and 
natural method. It "nas not long before metel came to be 
used as such a medium, probably from its durability and 
portability, and in the case of gold and silver on account of 
their intrinsic value. The less liable the value of a metal 
is to change the better is it suited for a standard of value. 

Though historians assure us that metals were found in 


Britain at a very early period,' there dees not appear to te 
any evidence that the mines were worked nntil consider 
ably later than the time at which the use of metal as a 
medium of exchange was introduced. It is probable ibre- 
fore that the metals for exchange were imported into 
Britain long before the native mines were developed. 

The me^ chiefly used were silver and brass, which 
were at first simply exchanged by weight for commodities 
of all kinds. As commercial transactions became more 
numerous and more complicated, this system of pavmput 
grew troublesome, and it was fotmd convenienc to divide 
the mass of metal into small parts, which soon took the 
form of rough coins. But the principle of payment bv 
weight was retained through many centuries, and is per- 
petuated, though in name only, in the word “iK)und.'“* 

Becords of attempts to organize the coinage of Enoknd 
afe found as far back as the Anglo-Saxon period, an(f it is 
known that on the dissolution of the Heptarchy the mints 
were regulated by laws framed in the witenagemot. The 
first monarch who appears to have dealt successfully with 
the organization of the coinage "was Athelstaii, who framed 
laws for the regulation of the mints, and aprxiinted onicers 
whose titles and duties are then first recorded. The only 
otneers connected with the coinage of whom mention is 
found before this time are the “ moneyers,” who appear to 
have been alone responsible for the manufacture of tie coin; 
but it is probable that even then there existed some omcer 
who had authority over them. In early Saxon and Xorman 
times the number of moneyers was considerable^ mints 
being established in almost every important town, as mijht 
be expected at a period when communication between 
distant places "^vas extremely difficult. They appear to hare 
been the officers who actually performed the work of 
making the coin, the min t master in later times contracting 
•with them, at a high rate, for the work. They were respn- 
sible for the purity and perfection of the coins produced, 
as appears from the fact that it was they who uere 
punished (as traitors) in the case of any deficiency in weight 
or fineness. They had prescriptive rights in the coinage 
and in modem times (even so late as 1S50) claimed to have 
corporate privileges; but it is clear, on the authority 
of Ending, that they never were a “ corporation ” seprate 
from other officers of the mint.^ The number of nunts 
was greatly reduced after the Xormau Conquest, but 
continued to be considerable until the reign of Eichard L, 


when the work of coining for the whole kingdom was con- 
centrated in the mint in the Tower of London, Only one 
provincial mint (Winchester) remained till a later date. 

-An important reorganization of the coinage took place 
in 1325 under Edward IL, the regulations then framed for 
the manufacture and issue of the coins forming the bass 
of those still in force. The principal officers under the^e 
regulations were — master, "warden, comptroller, kings assay 
master, king’s clerks, and cuneator. Tbe office of enneator 
was one of great importance at a time when there existed 
a multiplicity of mints, since he had the sole charge of ak 
the dies used not only at the mint in the Tower of London 
but also in the provinces. He chose the engravers and 
presented them_, to the barons of the exchequer in order 
that they might take the oath of fidelity ; he superintended 
their work, and was generally answerable for the perfeefion 
of the dies before they were issued for use in the vimons 
mints of the country. The office, which was hereditan, 
ceased to exist when the provincial mints were mppressem 
In its place "was instituted the office of clerk of the irons. 


1 Among the special privileges which thev andouhtedly 
eiemptioji from local taxation, as appears in a writ of •"=br 

which commands the mayor of London not to distnrh 
exacting tallages contrary to their privileges.” Sometimes also “ 
were allowed to them rent free. 



MINT 


whose functions were more limited, and were not hereditary. 
This office was only recently abolished. 

In the Middle Ages ah important duty devolving on the 
officers of the mint was the collection of the seigniorage 
which was levied on the coining of money, not only for the 
purpose of covering the expenses of minting, but also as a 
source of revenue to the crown which the sovereign claimed 
■by virtue of his prerogative. In former times the collection 
of the seigniorage was entrusted to the warden, who also 
superintended the manufacture of the coins, so far as to 
ensure the proper relations between the moneyers on the one 
hand and the state on the other. He does not appear, 
however, to have had any responsibility with regard to the 
fineness and weight of the coins. 

The king’s assay master was specially charged -with all 
matters relating to the accuracy of the standard. The officer 
next in rank to him was the comptroller, who presented 
annually to the barons of the exchequer a report of all the 
gold and silver money stnick in the kingdom during the 
year. These reports, which were always written upon 
parchment, constitute the chief mint records. The king’s 
clerk exercised a general superintendence and kept an 
account of all the mint transactions. Ab the work of the 
mint became more extensive and more complicated, other 
officers were added such as the surveyor of the meltings, 
surveyor of the money presses, and many others. 

The present arrangements wth regard to the officers of 
the mint were made in 1870, Avhen several important changes 
took place in the mint establishment. Up to that time 
there had been two controlling officers, — the master, who 
in .some instances was selected on account of distinguished 
scientific attainments (as in the cases of Sir John Herschel 
and Professor Graham), and the deputy master and comp- 
troller. A careful inquiry, however, having led to the 
conclusion that the control of the mint might with advantage 
be concentrated in the hands of a single officer of experience 
in the conduct of public business, it was decided, on the 
death of Professor Graham, to entrust the actual administra- 
tion of the department to the deputy master, — the office 
and title of master of the mint being held by the 
chancellor of the e.xchequer for the time being, without 
salary. At the same time the services of a scientific officer 
were secured, by the appointment of a chemist of the mint. 
The coining and die department and the melting depart- 
ment were united under the name of the operative depart- 
ment, and placed under a single superintendent. The 
first deputy master appointed under the new regmlations 
was the Hon. C. W. Fremantle, C.B., to whom the public are 
indebted for a series of Annual Reports which have given a 
new and increased interest to the subject of the coinage, and 
may be said to constitute in themselves a mint literature. 

The actual operations of coining in early times were few 
in number and simple in character. The metals forming 
the alloy were melted together in the proportion necessary 
to bring them to the required standard, and the alloy thus 
obtained was cast into bars, which were reduced by 
hammering to the requisite thickness. They were then 
cut with shears into pieces more or less regular in size and 
form, roughly annealed, and finally impressed with the 
prescribed device by a blow -with a hammer. 

The last-named appears to have been the only part of 
the process which wasqjerformed with any great amount of 
care. The blank piece was placed by the hand upon a die 
fixed into a block of wood having a large heavy base to 
resist the oscillation caused by the blow ; the die on which 
was engraved the device for the reverse of the coin was 
then placed upon the upper side of the blank and held by 
means of a holder, round which was placed a roll of lead to 
protect the hand of the operator while heavy blows were 
struck with a hammer by an assistant workman. One of the 
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earliest improvements in coining was the introduction of a 
tool in shape resembling a pair of tongs, the two dies being 
placed one at the extremity of each leg. This avoided the 
necessity of readjusting the dies between successive strokes 
of the hammer, and ensured greater accuracy in the impres- 
sion. It was long before the system of coining by hand was 
superseded by the coining press, or mill, which, even after its 
first introduction, was only very slowly adopted. Several 
attempts were made to introduce machinery for coining 
before, it was brought into active use, the objection to it 
being its great expense. The mill and screw were finally 
introduced into the mint under Charles H., when many 
improvements were also made in the preliminary operations. 
Steam-power was first applied in 1810, when the vacuum 
screw-press was introduced. In 1839 Uhlhorn invented the 
lever-press, which stilt remains in use. 

The subject of the design on coins, besides being inter- 
esting both from an artistic and an historical point of view, 
becomes veiy important when it is remembered that it is 
the impression of the coin with the authorized device 
which makes it legally current. The artistic merits of the 
design of the early Greek coins are well known, and prove 
that the dies from which the coins Avere struck must have 
been engraved Avith much skill and care. The form of the 
coins before being stamped Avas at first merely that of 
natural rounded nuggets of gold, or of the silver-gold alloy 
knoAvn as electrum. Such coined nuggets of gold are still 
to be found among the hill tribes of India. Simple 
nuggets Avere afterAvards replaced by roughly-fashioned 
masses like half bullets, a form Avhich rendered it easy to 
impart high rehef to the obverse and comparatively Ioav 
relief to the reverse of the coins. The early British coins ^ 
had for their jwototype the gold “stater” of Philip of 
Macedon, but the design of this beautifully finished coin 
Avas so roughly imitated by a succession of British copyists 
that ultimately the Avreath round the head of the monarch 
alone survived, and that in a scarcely recognizable form. 
It is not only in the early British coins that the influence 
of classical art may be seen, for it is very evident in some 
of the present day, the most notable instances being the 
reverse of the bronze coinage, and the beautiful design of 
St George and the dragon by Pistrucci, Avhich is still used 
as an alternative design for the sovereign. It has been 
ascertained that the impressions on the reverse of very 
early Greek coins Avere produced by the rough surface 
of the anvil or the nail head on Avhich they Avere placed, 
Avhile the obverse was struck Avith the die. A little later 
the device on the reverse of the coins Avas obtained by 
placing the blank piece on small points of metal arranged 
in geometrical forms Avhich caused corresponding indenta- 
tions on the coins Avhen struck with the hammer. The 
beauty and accuracy of design on coins gradually increased 
as art and manual skill developed, and probably culminated 
at the period of the Kenaissance. 

Although it has been the custom since the time of the 
Saxons to stamp coins Avith the head of the reigning 
monarch, it does not appear that any attempt at actual por- 
traiture Avas made in England until the reign of Henry VH., 
Avho, “ about the eighteenth or nineteenth year of his reign, 
did make a great alteration' in the form of his coin, upon 
Avhich his head Avas noAV represented in profile, and Avith 
a good resemblance of his other pictures.” ^ Since then 
much care seems to have been taken to stamp the coins 
Avith a true likeness of the monarch. In most cases the 
heads bear a striking resemblance to the portraits draAvn 
by the great artists of the respective periods, and Avere, 
indeed, generally designed by artists of eminence. Some 
of the Milan coinage of Louis XII. is said to have been 

^ See Evans, Coins of the Ancient Britons. 

» See .Alartin Folkes, Tables o f English Silver and Gold Coins. 
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20-00000 
21*81813 
14*W^.5 
7*27272 



... 

illiu 

alioy: or 




Sixpence 



... 

0 363i>i* 


S 0-001 


l*S8.!iOC 

1*41379 

094253 

0*47126 

... 

... 


0 iSlSl 

0 0076.7 
0*00560 
0-0039-J 
0*00126 

Tlireepencc : 

... 

... 




Twop^ce 

... 

... 





... 

... 

/ 1 



Bronze — 



... 

0 

/ 



145*80303 

87*50000 

9-44DS1 

5-fiC030 

2-S343.5 



«... . 


.... 


Halfpenny 

... 

... 





43-75030 

... 

... 






... 

... , 






The v.-ei"ht and fineness of the coins specified in this schedule 
are according to what is provided bj the Act 56 Geo. Ill, c, 68, 
that the gold coin of the United Kingdom of Great Britain and 
Ireland should hold such weight and fineness as were prescribed in 
the then existing mint indenture, that is to say, tliat there should 
be nine hundred and thirty-four sovereigns and one ten-shilling 
piece contained in 20 lb weight troy of standard gold, of the fine- 
ness, at the trial of the same, of 22 carats fine gold and 2 carats of 
alloy in the pound weight troy, and further, as regards silver coin, 
that there should be sLxfy-six shillings in every pound troy of 
standard silver of the fineness of 11 ounces 2 pennyiveights of fine 
silver and 18 pennyrvemhts of alloy in every pound weight troy. 

The present standard of fineness for gold, 22 parts fine or pure 
gold and 2 parts of alloyed metal, was finally adopted in the reign 
of Cliarles II., and has remained unchanged up to the present 
time. Before the passing of the Act determining this standard 
considerable changes had been made from time to time, the highest 
degree of fineness having been reached in the reign of Henry III,, 
wlien the first gold coins were struck of the standard of 24 carats 
pure gold. The standard of fineness for gold at some different 
periods may he .seen from the foUomng table, which shows the 
composition of some of the ancient gold trial plates, of which 
portions are preserved in the ilint : — 


Bate. 

Standard prescribed 
by Law. 

Standard 
found by 
Assay 

Hemcdy or 
Permitted varbtlnn 
in Carats and in 
Thousandths. 

In Carats 
and Grains. 

Decimal 

Equivalent. 

1:M3 





... 

4 carat, or 13*9 

1477 

i}p. 

3J 

934*8 

Gold 993*5 

X 

.. 

5*2 

1527 

22 

0 

916*6 

, 

ylo'O 

1 

— 

6*9 

1543 0 

23 

0 

053*4 

M 

954*4 

1 


6*9 

1553 

23 

3i 

994*3 


990*3 

i 


6-9 

1560 

9‘1 

0 

916*6 


913*7 



6*9 

1500 

23 

3i 

994*8 


994-3 

i 


5-2 

1593 


0 

916*6 


91.V9 

i 


C-9 

1C05 

23 

3i 

994*3 


990*3 

X 


5-2 

1649 

*>9. 

0 

916*6 


913*0 . 



6*9 

1«C0 

23 

3i 

994*8 


990*9 

i 


69 

1660 

22 

0 

916*6 


912*9 

i 


6*9 

1683 

oo 

0 

916*6 


914*6 

i 


6*9 

1707 

22 

0 

31C-0 


917*1 

4 

.. 

0*0 

1723 

22 

0 

916*6 


910-1 

k 


6*9 

1820 

22 

0 

916*6 


915*3 



2*0 

1873 


0 

916-6 


916*61 


2*0 


187.3 

Supplementary plate. 

Pure gold. 


... 



The earliest trial plate of which there is any record was made in 
the seventeenth year of Edward IV. Before that time it would seem 
that the coins were compared with others known to be of standard 
fineness, since among the Cotton ilSS. is preserved the account of 
the trial of the py.x of gold nobles in 1.349, when the coins were 
compared with an ounce of florins of Florence kept in the Treasury 
as standards. The first gold coins were 24 carats fine or pure gold. 
Edward III. caused coins to be struck of 23 carats 3i grains fine 
in 1345, but no trial plate of tins standard was made until 1477. 
Henry VIIL lowered the standard to 22 carats, but caused coins 
to be struck both of that and the former standards. The greatest 
debasement of the standard ever reached in England was in 
1546, when it sunk as low as 20 carats. It reached a low 
iKjint in the early X<art of Edward VI. 's reign, but vras raised 
towards the end of it to 22 carats ; and it was still further raised 
to 23 carats 34 grains by Elizabeth, who, however, caused gold 
coins of 22 carats also to be struck. Charles II. on his accession 
reic-cted the trial plates of the standard of 22 carats which Imd 
been made under the Commonwealth, and cau^d others to be 
made of the standard of 23 carats 34 grains. Xo coins, however, 
appear to have been struck of this standard. The same monarch 


afterwards fixed the standard at 22 carats ; and no variation in the 
legal standard has occurred since that time. The last new trial 
plates, made in 1873, were alloyed with copper only, in order that 
they might correspond with the composition of the British gold 
coins, former plates having been alloyed with silver and copiier. 
At the same time supplementary plates of pure gold and silver 
were prepared in order tlrat the greatest possible accuracy might 
be secured. 

The present standard of fineness of silver for coiimge was fixed 
at a very early period, but has been subject to considerable varia- 
tion since the reign of Edward I., the lirst English monarch who 
debased the silver coinage. In the reign of Henry VUI. it wm 
once reduced as low as 4 ounces of silver to 8 of alloying metal, 
and Edward VI. reduced it even lower. It was restored by 
Elizabeth to the oririnal standard. 

The following table shows the composition of some of the ancient 
silver trial plates of which portions have been preserved in tlio 
3Iint : — 


Date. 

Standard prescribed 
by Law. 

Standard 
found by 
Assay. 

Remtuly or 
Permitted V'arUlion 

In 013. 
and dwts. 

Decimal 

Equivalent. 

in D-a ts. anil in 
ThoUJandlhs. 

Kodatc. 



Silver 757-4 

... 

1477 

11 2 

925*0 

„ 923-5 

2 dwta. 

1.527 C') 

... 

... 

„ 88.5*5 

3 dwts. (5), or 12-.5 

1512 

9 6 

775*0 

„ 763*6 

1.553 

a 2 

925-0 

., 927-0 

2 dwts., or S't 

1560 

11 2 

925-0 

„ 9S0-J 

'2 „ „ 8-1 

1600 

3 0 

250*0 

„ 252-0 

3 „ „ 1-2-5 

IGOl 

11 2 

9*25*0 

„ 9*25*1 

- >> l» 

*2 dwU. 

1604 

11 2 

9-250 

„ 92-2-7 

1649 

11 *2 

9*25 0 

„ 9-23-7 

2 ,, 

1660 

11 2 

925*0 

„ 9-24-2 

2 dwts., or 8*4 

1CS3 

11 2 

92.5*0 

92*2*0 

2 M 

1707 

11 *2 

925*0 

,, 9*>2'0 

‘2 „ ., .8 1 

1723 

a 2 

925*0 

928*9 

2 d'rt tfl. 

1829 

11 2 

925-0 

„ 925-0 

1 dwt., or 4'i 

1873 

a 1 

925*0 

„ 9*24*96 

4*0 

1373 

Supplementary plate. 

Pure silver. 

... 


The alloy used for the bronze coinage is composed of 95 iicr cent, 
of copper, 4 of tin, and 1 of zinc. The bronp coinage suisirscdcd 
the old cojjpcr coinage in 1860, the latter having been in u-se since 
the reign of Charles II. The vicissitudes of the copper coinage 
were even greater than those of the superior coinages, coins for 
Ireland havung been issued at one time of pewter and of otlier 
alloys in which scarcely any copper was contained. 

The annual testing of the standard of gold and .silver 
coins, called the trial of the pyx, from the “pyx” or chest in 
which the coins to be examined are kept, is a ceremony of 
very ancient institution. It arose from the circumstance 
tliat the mint master was originally a contractor, under the 
crown, for the manufacture of the coinage, and it^ was 
therefore necessary that periodical examinations oi the 
coins should be held in order to ascertain that the terms of 
his contract had been complied with. At the present day, 
when the mint master is 'no longer a contractor, but an 
officer of the crown, the trial of the pyx has a .-.omewhat 
different object; but it would appear from the de-scription 
of these periodical e.xamination.s in some of the earliest mint 
records that but little change has taken place in the manner 
of conducting them. The finished coins are delivered 
to the mint master in weights called “journey weighLs, ’ 
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supposed to be tbe weight of coin •which could be manu- 
factured in a day when the operations of coining were 
performed by the hand. The jonrney weight of gold is 
15 5> troy, coined into 701 sovereigns or 1402 half- 
sovereigns. The jonrney weight of silver is 60 Ib 
troy. From each journey weight a coin is taken and 
deposited in the “ pyx ” or chest for the annnal triaL This 
is made by the freemen of the goldsmiths’ company under 
the direction of the cro'wn in the presence of the queen’s, 
remembrancer, who administers the oath to the jury and 
presides over the proceedings. The coins selected for trial 
are compared -with pieces cut from trial plates of standard 
fineness, which are in the keeping of the warden of the 
standards, these pieces being assaj’ed against the coins 
under examination. If the coins are found to be of the 
standard fineness and weight, -within certain limits, a verdict 
to that effect is dra'wn up by the jurors and presented to 
the Treasury. 

In consequence of the impossibility of ensuring an abso- 
Intely exact admixture of metals in coining, it has been 
fonnd necessary at all times to allow to the mint master 
a certain margin, or “ remedy,” mthin which coins may 
vary in weight and fineness from the fixed standard and 
still be considered of the current standard. The remedy 
of fineness for English gold coin is now fixed at 2 parts 
per 1000. The great importance of maintaining the 
standard of fineness for gold will be evident when it is 
stated that the variation of of a millieme (or thousandth 
part) above or below the standard causes a gain or loss 
of £100 in every million sterling. Gold coins would 
be -ivithin the remedy of fineness permitted by law if 
the amount of precious metal contained in them varied 
from 914‘6 to 918’6 parts in 1000 ; and, although this 
remedy cannot be considered to be more than would 
meet occasional and unavoidable deviation from the exact 
standard, still, in the case of gold, but a very small part of 
the remedy of fineness is actually used, the coins seldom 
falling below 916'3 parts of gold in 1000, or rising above 
917‘0, while the mean composition of many millions of 
coins issned from the mint is often of the precise legal 
standard, 916’66. The remedy of fineness for silver coin, 
which appears to have been always greater than that for 
gold coin, is 4 parts per 1000. The remedy of weight 
for gold is 1'6 per 1000 parts, that for silver 4T7, and 
that for bronze 20. Extreme care is taken to prevent the 
issne from the mint of any coins that exceed these permitted 
variations in' weight and standard, each coin being weighed j 
separately, and all those found to be above or below the | 
standard being retnrned to the melting-house. 

Since the real value of the gold coinage is the same as 
its nominal value, it is of the first importance that gold 
coins which are below the standard weight should not be 
allowed to circulate, otherwise holders of large quantities 
of gold coin are liable to considerable loss. After a certain 
amount of wear a gold coin in passing from hand to hand 
loses weight and becomes legally uncnrrent. By the Coinage 
Act it is made compulsory for every person 4x) “ cut, break, 
or deface ” any coin tendered to him in payment which is 
below the current weight, the person tendering it bearing 
the loss j but, as no penalty is imposed for disregard of this 
obbgation, the law is practically -without effect. The 
withdra-wal of light coin from circulation was formerly 
accomplished solely by the Bank of England, the mint 
regulations making provision for the receipt of gold tendered 
for coinage only in the form of bars. The bank rmdertook 
to purchase the light gold from the public at the rate of 
£3, 17s. 6Jd. an oimce, a price which, as compared -with 
the mint v^ue of £3, 17s. lOld., entailed a loss of no less 
than 4d. an ounce on' the seller. This loss was occasioned 
chiefly by the circumstance that the bank, being obliged 
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before sending the light gold to the mint for recoina-^e to 
melt, assay, and cast it into bars, found it necessa^ to 
deduct the sum of 24d. an ounce from the rate of £3 l 7 s 
9d. an ounce at which it was allowed by statute to purchase 
gold for coinage, in order to cover the expense of these 
operations and the loss incident to them. The heavy lose 
in price, added to that from .deficient weight, occasioned 
constant disregard of the law requiring all light coin to be 
cut or defaced, and consequently a large amount of light 
gold continued to be circulated. After the passing of the 
Coinage Act in 1870, accordingly, fresh regulations were 
made, by which the mint authorities undertook to receive 
light gold coin for recoinage, returning to the importer the 
full mint value of £3, 17s. 104d. an ounce, thus reducinff the 
loss to that arising from'deficiency of weight only. As the 
Bank of England was enabled by these regulations to raise 
its price for light gold to the rate of £3, 17s. 9d., the same 
rate at which it is bound to purchase ingots of standard 
gold, greater inducements were offered to the public to send 
in light gold for recoinage, and its withdrawal from 
circulation was in consequence greatly facilitated. It is 
evident, however, that, as the deficiency in weight must 
entail some loss on the holders of light gold coin, they will 
be disposed to keep it in circulation as long as possible; 
consequently only a small proportion of the, fight gold- 
received by bankers finds its way to the Bank of England 
and thence to the mint for recoinage. The result of some 
careful experiments made by the late Mr Stanley Jevons, 
and published by him in the Journal of the Statistical Socidy 
(voL xxxi. p. 426), showed that a sovereign becomes so 
light as to be legally uncurrent at the end of eighteen years. 
The last state measure taken for the withdrawal of light 
gold coin from circulation was the issue of a ropl pro- 
clamation in 1842 calling attention to the laws and 
regulations relating to light gold coin, and instructing ' 
those persons whose duty it was to enforce them to see 
that they were carried out. From the beginning of July 
1842 to the end of March 1845 £14,000,000 in light 
gold coin -vs’as withdrawn from circulation and recoined. 
This amount was estimated to represent 95 per cent, of the 
whole of the light gold then in circulation. In order to 
facilitate this withdrawal the Treasury had in June 1812 
entered into arrangements with the Bank of England by 
which the bank was enabled to purchase fight gold on 
behalf of the Government, at the full mint value of £3, Be- 
lOid. an ounce. Light coin, however, continued to be 
sent into the bank for some time after it had reverted to 
its original rate of payment for light gold, i.e., £3, 17s. 6id. - 
an ounce. The expense to the state of this withdrawal, 
including the expenses of recoinage, was £67,816. As no 
important withdrawal of worn gold, coin has^occurred since 
that time, it is e-vident that a large amount of figfli;‘’^ 14 ^ 
must be at the present time in circulation, and that theN 
loss in weight must be considerably greater than that of 
the coins withdrawn in 1842, the oldest of which were not 
more than twenty-five years old, the first issue having taken 
place in 1817. It has been proved by experiment that the 
average loss of weight in worn sovereigns and half-sovereigns 
now in circulation is about 3d. in each sovereign, and that 
the deficiency in fineness of a large piroportion of the com 
amounts to about £400 per million. This deficiency arises 
from the trial plate of 1829, which determined the standard 
of a portion of the coins still in circulation, being itself 
below the legal standard. Taking the gold circulation at 
£100,000,000, of which about 50 per cent, is fight, it is 
estimated that the amount to be recoined cannot be less 
than £50,000,000, on which the loss from deficiency of 
gold, both in weight and fineness, must be reckoned at about 
£650,000, independent of the expenses of recoinage. 

In the case of the silver coinage, the loss consequent on the 
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withdvawal and recoinage of silver money is now covered 
by the seigniorage arising from the difference between the 
real and the nominal value of the coins. Before the adop- 
tion of gold as the sole standard of value, the conditions 
attending the 'withdrawal and recoinage of silver were much 
the same as those for gold. In the period between the reign 
of Charles 11. and the accession of William III. the 
condition of the silver coinage became so unsatisfactory as 
to demand the attention of parliament. A recommendation 
made at the suggestion of Sir Isaac Newton for a recoinage 
of silver was at first strenuously opposed, but was finally 
adopted. In the course of the discussion the question of 
raising the standard of weight and fineness arose, and this 
important change would probably have been made but for 
the representations of Locke, who warmly took up the 
question and con-vinced the Government of the desirability 
of preserving the ' established standard. In the great 
recoinage of silver, the loss arising from clipped and defaced 
coin was borne by the public, the money being raised by 
means of a special tax on glass windows. The silver 
reissued at this time amounted to £7,000,000, and the 
tax raised to cover loss and the expenses of coinage to 
£1,200,000. The work of this recoinage was so great that 
the resources of the mint in London were found to bo 
unequal to the pressure put upon them, and therefore 
mints were either revived or established for the first time 
in a few of the large provincial towns. In addition to 
this ten furnaces were erected behind the Treasury at 
WhitehaU to melt down the old pieces. By these means 
the renovation of the silver coinage was completed within 
the year. The new silver coins then issued were the first 
which had milled edges, the milling having been introduced 
in order to prevent clipping. 

The mode in which the silver currency is distributed throughout 
the kingdom is explained by the late Mr George Forbes, cashier of 
the Bank of England, as follows : — 

Every banker in the kingdom has a banker who is his agent in 
London. Every London banker has an account with the Bank of 
England. In the Bank of England tliero is a department devoted , 
to the issue and receipt of silver coin. If in a district there is a 
deficiencj' of silver cun'cncy, the bankers of the district are tlie first 
to find it out. They at once write to their Loudon agents, who 
draw on their account with the Bank of England, and obtain what 
silver, is required, which they send to the country banker. On the 
other hand, if there is a sui-plus of silver in a district it accumulates 
in the colfers of the local bankers, who send it up to their London 
agents, and they send it into the Bank of England. If there is a 
general demand for silver currency, the stock which the Bank of 
England endeavours to keep on hand becomes unduly diminished, 
ana immediate notice of the fact is conveyed to the mint authorities, 
who proceed with all convenient speed to coin a supply of florins, 
shillings, sixpences, or of all of these coins, as the nature of the 
demand may require. 

Gold bullion for coinage is supplied to the mint almost : 
entirely by the Bank of England, the bank being bound 
by law to purchase at the rate of £3, 17s. 9d. an ounce . 
any gold bullion of the legal standard which the public j 
may bring for sale. Private individuals are permitted to 
bring bullion to the mint, and to receive back the full 
amount (at £3, 17s. lOid. an' ounce) converted into coin, . 
free of any charge for loss or manufacture ; but, as they are | 
subject to considerable delay, all “ importations " of bullion j 
being converted into coin in the order in which they are ' 
brought to the mint, the public practically prefer to sell 
their bullion to the bank, and receive its value without i 
delay. In order to be accepted by the bank, the bullion ■ 
must be cast into ingots and assayed, a guarantee being 
given by certain recognized assayers that the gold is of a ^ 
certain standard fineness. This is known as the “ trade 
assay.” 'When the bank requires gold to be struck, due 
notice is sent to the deputy master, and on a fixed day 
the bullion is conveyed to the mint and delivered into his 
custody. It arrives in the form of ingots, each weighing 
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I about 200 ounces, the aggregate value of each importa- 
tion being about £144,000. When the ingots arrive at 
thq^mint a small sample is taken from each and assayed ^ 
the result being sent to the authorities of the bank in 
order that it may be compared with that of the trade 
assay. If the bank authorities find that the two assays 
agree, within certain limits, as to weight and fineness, the 
ingots are immediately sent to the operative department of 
the mint to be converted into coin. The mint assay affords 
the basis for calculating the amount of copper, the alloyin'’ 
metal, that must be melted with the gold in order to produce 
the standard prescribed by law. The case of silver is 
somewhat different, the bullion being purchased by the 
department at its market value, which varies from year to 
year. During the ten years ending 1881 the average price 
,of silver bullion sank gradually from 60^d. to 51||d. 
The silver bullion arrives at the mint in the form of ingots, 
each of which weighs about 1000 ounces, the value of each 
set of ingots varying considerably. The ingots, both of 
gold and silver, are weighed on a balance capable of turn- 
ing with 1 grain when loaded with 1200 ounces. 

The operations of coining have undergone some slight 
changes with the introduction of new machinery and the 
increased extent of the Royal Mint, since the reconstruc- 
tion of the operative department in 1881. ^ The plan 
(fig. 1) shows the present arrangement of the operative 
department. 

The operations employed in the manufacture of gold and 
silver coin are as follows (incidental operations being 
printed in smaller type) : — 

I. Assaying the bullion. 

II. Melting the metal. 

(n) Addition of tlie amount of copper necessary to form 
the prescribed alloy; (d) pouring the metal into moulds 
so as to form bars ; (c) dressing those bars to lemovo 
rough edges and hollow ends ; (d) recovery of precious 
metals from crueibles and “sweep.” 

III. Assaying portions of metal cut from certain bars, 
to ascertain whether sufficient accuracy has been attained 
in the standard fineness. 

IV. Rolling the bars into strips or “ fillets.” 

Annealing the fillets (in some cases). 

V. Adjusting the fillets by a final rolling, and in some 
cases by the use of the drawbench. 

Testing tlie fillets to ascertain whether they are of suffi- 
cient accuracy as regards thickness. 

VL Cutting out disks or blanks from the fillets. 

Adjusting the blanks in weight (in some mints). 

VII. Edge-rolling the blanks to produce a raised rim. 

Annealing the blanks and (in some cases) “blanching” 
or “ pickling” them in dilute acid. 

V TTT. Coining, or stamping the device on the blanks, by 
means of engraved steel dies. 

Milling the edges of the blanks or (in some cases) im- 
pressing a device, inscription, or ornament upon them. 

IX. Weighing each coin, usually by the aid of automatic 
machinery. 

X. Assaying and weighing pieces- taken from the 
finished coin before it is issued to the public. 

The foregoing list will make it clear that the operations 
of minting consist, not simply in the mechanical production 
of accurately adjusted disks of metal the purity alone of 

■■ Tlie assays are conducted in the manner already described in ttio 
articles Assaying and Gold. 

2 In order to provide a stock of silver coin during the temporary 
suspension of the work of the mint, a large coinage of silver was issued, 
and so tons of 'bronze coins were manufactured by contract in the 
autumn of 1881. The governor of the Bank of Enghmd had previously 
reported that the stock of gold coin held by the hank was abnormally 
lar'e and that no inconvenience would arise “if the mint were to cease 
coining sovereigns and half-sovereigns for a period of sue moutlis or a 
year or even more.” 
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Tvhicli has to be guaranteed, but in the formation of an 
alloy composed of lorecious and base metals in definite pro- 
portions, The accuracy of the “ standard fineness ” of the 
alloy after melting must be absolutely ascertained; the' 
alloy must be protected during manufacture against a 
change of standard, and finally its correctness must be 
verified after it has been converted into coin. 

The precious metals are weighed on entering the mint, 
as well as~during various stages in the manufacture of 
coin. The finished coins are also weighed in bulk before 
they are issued to the public. 

The operations incidental to the coinage of bronze and 
silver difer from those described in relation to gold in some 
unimportant details only; and the weight and composition 
of the bronze coins are not so carefully guarded as is the 
case with gold and silver. 


Subjoined are the details of the operations involved in 
the conversion of bullion into coin at the British mint 

After being assayed and weighed in the manner already described JlelHn 
the bullion is taken to the melting-house, where the details of treat- the ™ 
merit for silver and gold respectively differ somewhat. (The sub- metal 
sequent operations are nearly identical for both inetals.) The 
silver melting-house (see fig. 1) contains eight furnaces,^ of the 
kind shown at A fig. 2, the part of the furnace contain’iiw the 
crucibles being below the lids B, B. Crucibles of cast iron°were 
formerly employed, but these were replaced in 1853 by wou'dit 
ironqjots, which have since 1870 been in turn abandoned in favour 
of crucibles made of a mixture of clay and graphite, each cnicible 
being cajiable of containing about 3000 oz. Such crucibles are 
very generally adopted throughout the Indian and Continental 
mints, but the form and dimensions given to them vary. The 
fuel employed -in England is coke, about 75 ft of which are re- 
quired to melt 3000 oz. of standard silver. Suffioient draught is 
afforded by the flue C and by a chimney about 35 feet high which 
communicates with it. -The silver and copper are melted together; 
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Fio. 1. — Royal IMint, Tower Hill, London. Plan showing the Operative Department as rearranged in 1881-82. 


and before the metal is poured into moulds it is stirred with an 
iron rod having a flattened end. The surface of the molten metal is 
covered with a layer of charcoal to prevent oxidation of the copper. 
The crucible with its contents is then removed from the furnace 
by the aid of a crane and tongs W, and is placed in a cradle M, 
which can be tilted by means of a handle D. By the interven- 
tion of toothed wheeLs E, E, Gr, H, and K acting on a rack the 
handle turns the crucible on the fulcrum formed by a spindle, 
so that the contents of the crucible may be pomed into the moulds 
N mounted on a caniage OP, running on rails Q, Q. The moulds 
now in use in London are of such dimensions as to enable bars to 
be cast 12 inches long and § inch thick. The width of the bars 
varies, according to the coin to be produced, from If to 21- inches. 

AVhen the metal has solidified in the moulds it is removed, and 
the bars are trimmed by the aid of a revolving circular file, their 
ends being cut off and returned to the melting pot. Portions of 
metal are then cut from certain of the bars, and sent to the assay 
department. The bars are weighed before they pass to the subse- 
quent operations of coinage, in order that the amount of metal re- 
hiiued by the crucibles or carried into the flues may be ascertained. 
Gold brUlion is melted in a similar way, but the crucibles are 


smaller, and contain only 1200 oz. Their contents are poured by 
hand into moulds, one end of the tongs by which the crucible is 
grasped being supported by a chain and suspended from the root. 
In many Continental mints it is very generally the practice to 
leave the crucible containing the precious metals in the mrnace, 
and to pour the contents into the moulds by the aid of small ladles 
of wrought iron lined with clay. . , 

It has been pointed out in Gold (vol. x. p. 751) that 
quantities of certain metals render standard gold extiemely britt 
and unfit for coinage. If either the gold bullion or the opPP^ 
used as an alloying metal should be impure, brittle bars imu 
the result. Should this prove to be the case, the bars are r - 

^ A new form of furnace devised by 31. A. Piat of Paris has recentlj 
been introduced. In these furnaces the portion wliioh contains 
crucible may bo detached from the flue, so as to admit of „ 

metal being poured into moulds without removing the cracio e 
the incandescent fuel. Pour of such fumaces-h.ave been fitted uP 
the gold melting-house, but have not as yet been used for gel m 
ing ; in the melting of silver and bronze, however, they are kho 
effect considerable economy in labour, fuel, and crucibles. 
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melted and chlorine gas is passed through the molten mass in the 
manner described in Gold, vol. x. p. 750. 

The engine-room (shown in fig. 1) contains three 60-horse- 
power vertical condensing engines, which are provided with Corlis 
valves, and are specially devised for meeting the constantly vary- 
ing stram to which they are subjected by the machinery, the 
whole Qt wdiicLi they are capable of driving. The central engine 
p either or both of the rolling rooms placed on each 

side of the engine-house. There is, however, an additional 20-horse- 
power compound beam engine usually employed, in conne.vion with 
the pumps of a deep artesian well. 

Into one or other of these rooms the bars wbicli have been cast 
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?n<i are rolled into strips the 
thickness of ivhich depends on the kind of coins to be prokcei 
uold IS rolled in one room and silver or bronze in the other. Tlio 
aeteils of manipulation involved in the conversion of gold, silver 
or hronze bars into coin, however, do not differ materially and the 
coinage of sovereigns will therefore be taken as typical. 

Each room contains six pairs of rolls, the diameter of the rolls 
varying from 10 to II inches. Smaller diameters are einpIo3’'ed in 
most European mints, hut on the other hand the use of very narrow 
rolls of far larger diameter has often been suggested, and there 
appeai-s to be good ground for the belief that the rigidity of such 
rolls would enable strips or fillets of more uniform thickness to be 



produced than is the case at present. The iron frame CO (fig. 3) is 
firmly bolted to the stone D, which rests on a solid foundation BE. 
This frame supports the two rolls A, B, the lower of which B 
revolves, but is not, like the upper, capable of adjustment in a ver- 



tical plane. The upper roll is centred in bearings, and may be raised 
or lowered by means of screws connected with toothed wheels F, F, 
which are turned by a handle 6, both wheels being moved simulta- 
neously by worms on the rod H. The bearings of the upper roll are 
connected by vertical rods with weights below the level of the floor ; 


and, as it rises with the screws, it can thus be readilj' adjusted in a 
line exactly parallel with the lower roll, at a suflieient distance 
from it to admit the bar which is to be reduced to a strip or fillet. 
The rolls are turned by the shaft NH, the main wheel Jf, and 
the gearing K, L, 0, P. The sockets j- by whieb the upper roll is 
connected with tlie gearing by the shaft I are not rigid, as is 
the case with the shaft Q of the lower roll, but admit of the adjust- 
ment of the roll. The portion of the roll used is determined by a 
guide a little wider than the bar.^ Tlie rolls throughout this 
department are driven at the rate of about 32 revolutions in a 
minute. The iron frame CO is braced by rods a, s; and blocks 
bearing the driving shafts are shown at k, I,-, p, p. 

The initial thickness of a sovereign bar is |tbs ofaniuch. Tlicbars 
are weighed out to the workmen in batches of about sixty bars, 
an entire batch being passed through the rolls under precisely the 
same conditions of adjustment. The bars are only slightly reduced 
in rvidth by repeated passages through the rolls, but are successively 
reduced in thickness in the first stages of the rolling by 

• In the second rolling room, shown in the plan on the right of the ci'ginc- 
hoose, the frames and gearing of the rolls are of newer pattern than those in tlie 

first room. In some of the six pairs the bottom rolls rcrolve and drive the upper 
ones. In the pair of ** breaklng-down '* rolls in tliis room, — tliat Is, the roU by 
n-bich the fiiiets are first treated, — the upper roil is staifonarj-, the lower roll 
alone revolving. The necessarj- “bite" is given to the fillet, wlicn its end is 
Introdnced, by slightly turning the upper roll by means of a mchet-wheel and 
lever. 
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inch, while in the later sta^ea the reduction in thickness at each 
passage through the rolls is less than -rJirth ol an inch, and finally 
• one or two “spring pinches” are given to the bars by simply- pass- 
ing them through the rolls without altering the adjustment, The 
testing of the fillets, to ascertain whether they are of the accurate 
thickness, is effected 
by the aid of'the gauge 
plate (fig. 4), which 
consists of two steel 
bars set at a low angle 
in relation to each 

other and graduated ^ -n, 

to rsVuth of an inch. — Gauge Plate. 

It wUl be erident that the weight of the finished coin depends upon 
the thickness of the fillets ; and to show how accurately the roUliig 
must bo performed it may be pointed out that, in the case of the 
half-sovereign, a variation of TuJinfth of an inch above or below the 
accurate thickness (or a range of Tuswutk of an inch) throws the 
coin out of “remedy.” 



• The repeated mssage through the rolls is attended by a consid 'i- 
able increase of hardness in the mefcil, and it is tlierefore iu soma 
cases necessary to anneal the fillets repeatedly during the rollin<' 

In the case of fillets for sovereigns the annealing may be entirefv 
dispensed with if the initial thiclmess of the bars does not cxixA 
|ths of an inch. FiUets for half-sovereigns have only to be annealul 
once. In some European mints the fillets are annealed frefiucntlv • 
in one mint the operation is performed after each ^xissa'm tbroueh 
the rolls. The furnace used for the purpose is geuei-allyso aiTan"cil 
as to permit the flame to play over the fillets, which are sometimes 
freely e.vposed to its action, but are more often enclo.scd in cases or 
tube-s. Mulflo furnaces are frequently used. The funmee used iu 
the Eoyal ilint is a simple form of reverberatory furnace. Tho 
final rolling is given by a pair of finishing rolls cap.able of mote 
accurate adjustment than the “breaking-down” rolls. 

Tho fillets of gold or silver are in some cases, though not always, p,- 
submitted to an appliance known as the drag bench, shown "^in mau, 
figs. 5, 6, 7. Its object is to equalize the thickness of the fillets bv 
drawing them between steel cylinders. The ends of the ffleis are 



Pigs. 5, 6, 7. — ^Drag Bench. 


first flattened in a little appliance, which need not be described. 
The essential feature of tho 
machine now used in the 
mint consists of two small 
steel cylinders A, A, which • 
do not revolve, and are 
held in position in tho 
plates D, D by clamp pieces 
F, F screwed against them. 

The portions of metal may 
bo adjusted bj' the aid of 
a wheel and screw H (figs. 

6, 7), and by small ad- 
justing screws /, /. The 
jiart of tho machine con- 
taining the steel cylinders 
is fi.ved at tho end of a 
long bench, and gearing at 
tho otlier end of this bench 
drives an endless chain BB 
(fig. 6), one link or other of 
which c-itehes tho carriage, 
shown in plan in fig. 5, and 
drag.s it along as soon as 
its end / is depressed by 
the handle r. The carriage 
runs on tho wheels d, d. 

The drawing of tlie fillet 
C is conducted as follow-s. 

Its flattened cud is intro- 
duced between the steel 
cylinders, anil is grasped 
by tlie jaws a. The jaws 
turn on tliu pin c, and while 
the fillet is being dragged 
through the cylinders tho 
axle of the wheels d, d tends 
to incrc;ise the grip of the 



j fillet is released, the pins i, i and the weight 7i loosen tho jaws and 
at the same time raise the end of tho caiTiage so as to arrest its 
further progress along the bench. Tho carriage is then moved 
forward by the handle s imtil tho jaws enter the hollowed portion 
N and grasp another fillet. 

Formerly — when fillets were rolled from thick bars — this appliance 
played a more important part in coining operations than at pa'seut 
It is now only used for fillets from which sovereigns and half- 
sovereigns are to be produced. Before fillets are passed on to tho nc.vt 
operation — that of cutting from them the disks or blanks destined 
to form the coin — tliey are carefully tested by a skilful workman 
called the “tryer,” who cuts one or two blanks from tlio .sides of TrywS 
each fillet by the aid of a cutter worked by hand. These blanks 
are weighed on a delicate balance against a standard weight, ami 
the experience of the operator enables him to detennino whether the 
variation from tho exact weight will justify his sending tho fillets lot- 
ward to tho cutting room. In any case he divides the fillets into 
two or more classes for a reason tliat will be explained presently. _ . 

Tho cuttere employed in tho mint until quite recently were ol cc i * 
complicated construction, but these have been replaced by a simple Wae*- 
macliinc (fig. 8) which, by the revolution of an excentrie A, eau-sM 
two short steel cylinders, mounted on a block of iron B suitably 
guided, to enter two holes firmly fixed in a pilato on tho bed of tho 

machine. ^Vheu the fillet FF is y- 

interposed between the short cylin- ^ 

dors and the holes, tlio former force £ C Jv- J v -L 


disks of metal through the holes, 
the fillet being advanced at each 


Fig. 9. 


Fig. S.— Cutliu 


jaws by acting on tlieir inclined ends. Directly tho strain on the 


stroke of the machine by small grippingrolls C, O', C^'actuatcu o} < 
ratchet-wheel E, driven from the .siiaft whicli bears the e.vcontriCi • 
The disks pass down the tube G to a receptacle placed on Bie liw 
In tho case of very largo silver coins, only one disk ia cut m c 
width of the fillet, and in some few mints disk.s for gold com . ^ 
also cut in this way, but it is far more usual to cut two uiaKs 
tho width of tho filled the position of the cuttera being 
as to remove blanks in the manner shown in fig. 9.- f q Pis 
disks for bronze coin extreme precision is not necc.s.sary, and it • 
therefore been found possible to obtain five at each stroso or 
machine. 
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It -n-ill be evident that the rough classification of the fillets 
according to their thickness, to which reference has already been 
made, renders it easy to compensate for slight irregularities in thick- 
n^ caused by rolling, by employing cutters of a slightly larger 
diameter than the standard size for fillets which are too thin. 

The fillets after the removal of the disks present the perforated 
appearance shown in fig._9. The residual metal, called “scissel,” 
which amounts to from 25 to 30 per cent, of the metal operated upon, 
is returned to the melting-house in bundles weighing ISO oz. It 
may be mentioned here that all attempts to cut disks or blanks for 
coinage from the ends of rods or cylinders, and thus to avoid the 
production of scissel, have hitherto failed. 

_ The next operation to which the blanks are submitted varies in 
different mints. In some, each blank is weighed by hand or by 
_ automatic machinery, and each blank that is too heavy is adjusted 
either to an exact weight or to within the remedy prescribed by 
law. On the Continent it is very generally the practice to adjust 
blanks by the aid of a file, or by a machine that removes a line 
shaving of metal from the surface of the blank. In mints where 
mechanical adjustment is adopted there is a tendency to produce 
“too heavy” blanks in the roUingand cutting departments, as it is 
impossible to adjust blanks which are too light.' 


In the London mmt finished coin alone is weighed, so that the 
blanks after leaving the cutting room pass directlv to an edge-roUin- 
machine which thickens the edge of each blank'so as to form a rim 
intended to protect the impression on the finished coin Tlie 
operation of edge-rolling is called “marking,” and the method of 
conducting it varies considerably in dilferent mints. 

^ In the Koyal ilint the blanks are made to pass in quick succes- 
mon, at the rate of six hundred a minute, between a circular <woove 
in the face of a revolting steel disk and a groove in a fixed°block 
placed parallel to the face of the revolving disk. The ■woove in 
the block e.xactly corresponds to that on the disk; an3, as the 
distance between the block and the disk is slightly less t b n n 
the diameter of the blank submitted to the operation, the result is 
that before the blank escapes from the machine its edge has been 
thickened. The operation may be varied by admitting the blanks 
between a groove in the periphery of a revolving wheel and a groove 
in a segmented block, placed at a distance from the wheel rather 
less than the diameter of the blank. The wheel and block may be 
either vertical or horizontal 


In some cases the edges of the blanks, at the same time that they 
are thickened, receive the impression of a legend, or inscription, or 
an ornamental device. When this is the case the blank Ls rolled 



between two planes, one of which is fixed and bears the device, 
while the other has a reciprocating motion imparted to it, or the 
edge of the blank receives the impression, which may be either raised 

1 A description of a machine used for the adjustment of blanks will be foand 
in Dingier' i Polytechniiches Journal (1^2, ccxir. 61, pi. 6); and some years ago 
3Ir J. 31. Napier devised for the Indian mints a bcantiful machine which first 
ascertains how much It is necessary to cut from each hlank in order to reduce it 
to the standard weight, and then removes the necessarj’ amount of metal and 
no more. The initi^ cost of such machinery, howe^-er, is considerable. In 1&49 
31. Diereck, director of the mins in Paris, endeavoured to aubstituiea chemical 
for a mechanical treatment by submitting the hea^ gold blanks to aqua regia, 
which it was anticipated would bring them within the prescribed limits of 
accuracj*. The results were not satisfactory, and the attempt was abandoned. 
In 1370 the present chemist of the mint, Professor Chandler Roberts, showed 
that gold alloyed with copper might be removed from heavj' blanks with singular 
regularity by means of a suitable solvent aided by a battery. The blanks are 
arranged’in a frame of wood and submitted to the action of a solution of cyanide 
of pomsilum, the heavy blanks forming the dissolving pole of the battery. Tlie 
process was not used in the London mint, as it became evident that it conld not 
profitably replace the present system, under which finished coins alone are 
weighed and the manufacture of good coin only is paid for. It was, however, 
introduced into the Bombay mint in 1S70 by the late 3Ir L. G. Hines, who 
extended its usefulness by transferring the metal dissolved from the heavy 
blanks to blanks which are too light, the latter being by this means raised to the 
prescribed weight. The process has now fairly taken its place as an ordinary 
operation of coming, and its Importance to the mints where it is used may be 
gathered from the fact that in the Indian mints no less than 1300 tons of sliver 
gojjYerted into coin in one year(13<9), so t ha t the saving effected by Its 
introduction must be considerable. 


or suuk, from a collar surrounding the blank in the coining press, as 
will be afterwards explained. 

Before passing to the coining press the blanks either of gold or Anneal 
silver are annemed. In many mints the object of the heating is ing the 
not only to soften the blanks before they receive the impression, but blanks, 
also to produce a film of oxide of copper on their surface. Tliis i> 
attained in various ways. In England gold blanks are placed in 
cylindrical crucibles of plumbago and covered with a layer of char- 
coal, heated in a reverberatory furnace, and wlien the blanks rcacli 
cherry-redness they are cooled by plunging them in water. The 
thin film of oxide of copper thus formed on the surface of the gold 
or silver blanks is readily soluble in dilute sulphuric acid, and the 
removal of a small portion of the alloying metal in this way con- 
stitutes “blanching" or “pickling" the coim The method of 
conducting the operation varies somewhat in diilcrent mints, 
mainly, however, in the strength of the acid used, which varies from 
S'* to o'* of the hydrometer of Bauine. The solution is sometimes 
heated to 96’ to 9S’ C., while in other cases the blanks arc intro- 
duced into the solution while at a red heat. The latter method is, 
however, objectionable, as a dense layer of pure metal is found at tac 
surface of the blank which is apt to protect the underlying oxide of 
copper from the action of the acicL Tlie blanks am aftc^\>arli-^ 
wasned in pure water and dried either in sawdust or in copper 
vessels heated bv steam jackets. The object of the proc'-r.3 is iO 
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improve tlie appearance of the finished coin by removing all traces 
of impurity from the surface of the blank. It has, however, been, 
abandoned in the British mint except in the case of some of the 
smaller silver coins, mainly because the soft superficial layer of 
metal wears away uith undue rapidity. Certain precautions 
suggested in 1S69 by ilr Hill, the superintendent of the operative 
department, for avoiding oxidation or tarnishing of the metal 
during coinage rendered the abolition of the process possible. 
Coining The blanks receive the impression which constitutes them coins 
press. from engraved dies. Each is placed in tlie lower of two dies, and 
the upper die is brought forcibly down upon it. The lateral escape 
of the metal is prevented by a collar which surrounds the blank 
while it is being struck. This collar may be either plain or 
engraved, and if the latter is the case any device or ornament it 
may bear will be imparted to the edge of the blank. 

The coining presses used in various mints may be divided into 
three types : — (1) the screw press worked by atmospheric pressure, 
(2) the excentric press, and (3) the lever press. The first of these 
(see Ency. Brit., Sth eiL, vol. vii. p. 92) has now been abandoned. 
In the excentric press the (wwer is applied to a shaft bearing an 
excentric which acts by means of a connecting rod upon a verti- 
cal slide holding the die which is brought down on the blank. This 
form of press is used in the mint at Constantinople, where ‘the atmo- 
spheric screw press is also still retained. Of the third type, the 
lever press, there are two modifications, devised respectively by 
Thonnelier and by TJlilhom. The details of the IJhlhorn press have 
been improved by ilessrs R. Heaton k Sons of Birmingham ; and, 
their superiority to the old vacuum screw press having been demon- 
strated by careful experiments, they have been finally adopted in 
the newly arranged mint, which contains fourteen of them. This 
press is shown in figs. 10 and 11. It is driven from below the 
lloor of the press-room by bands which (lass over fast and loose 
pulleys on the same shaft that bears the fly-wheel. The loose 
pulley, however, is only used when it is necessary to stop the 
macliine entirelj*, as the fly-wheel is permitted to revolve without 
imparting motion to the shaft so long as a lever il, worked from 
the front of the machine, does not cause the fly-wheel to be con- 
nected with the driving wheel by means of two pins. The dies are 
placed in the front part of the machine (fig. 10). The lower one is 
firmly fixed to the bed, wlulo the upper is held at A by the upper of 
tivo jaws F and A', or levers, the fulcra of which are so close togetlicr 
as almost to coincide, the lower jaw A' bearing the collar which 
encircles the blank while it is being converted into a coin ; the 
upper jaw F, A, governed by the weighted lever H shown below the 
bed of the macMne, has a tendency to rise a suflicient distance 
to admit the blank between the upper and lower die. A crank B 
on the shaft bearing the fly-wheel is connected by a rod C with 
the bent lever D, and this bent lever, acting thro'ugh the toggle 
joint and a piece of metal E connected uith tlie jaw that bears the 
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Fig. 12. 

upper die, forces it down, and thus squeezes the blank between the 
upper and lower dies. A cam on the crank shaft acting on the 
lower of the two levers G shown below the bed of the machine causes 
the lower jaw A' bearing the collar which surrounded the blank 
to be depressed sufficiently to leave the finished coin freely resting 
on the lower die, from whence it is driven doivn the shoot H by the 
next blank in succession. Coins are produced at rates varying from 
60 to 120 a minute, 90 a minute giving the best results. The 
blanks to be converted into coins are placed on the slide J, and the 
advance of each blank in succession is regulated by the rod called 
the “layer on” K, the backward and forward movement of which is 
also regulated by an excentric on the crank shaft. The details of 
this part of the machine are shown in plan, fig. 12. 

The last operation before the finished coin is returned to the mint 
office for issue to the public is the weighing each gold or silver piece 
separately. This is effected in the American and in most Continental 


mmts by hand, but m England automatic balances of beauKM 
construction are employed. They were originally dev^6 
separating worn pieces from those of current weight, but thev are r Z 
employed to distinguish betiveen “light,” “heavy,” and^“m“r 
pieces, the latter alone being permitted to pass into circulation Tn 
Gie newly arranged department thirty such machines are provided 
Each IS driven from overhead shafting by means of gut lines. The 
dmung pulleys derive their motion from a small atmospheric 
engine, which is found to give more satisfactory results than would 
be the case if the steam-engine were employed directly Each 
balance is worked by a cone pulley A (fig. 13) by a gat line 
passing round it from the loose pulleys B, the neccssmy ten 
Sion bemg imparted to the line by means of a sprint C The 
tension of the lino is, however, but slight, for if the action of 
the balance is arrested by accident the cord slides over the cone 
pulley A without turning it. It will be obvious that the use of 
the cone pulley enables the machine to be driven with vanin" 
degrees of speed. The tootlied wheel D is mounted on the spindle 
which beats the driving pulley A, but it acts only throur-h the 
intervention of a friction cheek, which is so rightly screwed af^inst 
the driving wheel that it would cease to act if the machine should 
be accidentally deranged. Tlie wheel D sets in motion the wheels 
E, E', E”. The cam F,_ acting on the cur\*ed e.xtremity of the rockin» 
frame G, causes the slide H to bring forward one of a series of coins 
(arranged in the hopper I) until it rests on the plate J of the baknee 
beam, of which beam a portion is shown in an enlarged drawing 
above tho balance, while the plate that receives the coin is also shown 
in a separate drawing to the left of tlie machine. Another cam K 
then comes into play, and enables the forceps, shown at L, to release 



extremity of the rod being kept steady by a pin sliding in a hole in 
the bottom plate of tho balance, and its upper end by a pin which 
works into the central support of the balance beam. At the bie 
of this rod N, .and at right angles to it, there is a metallic bar QQ, 
the ends of. wliich pass through stirrups in the pendants H and 1' 
from the opposite ends of the beam. The elevation of this horizon- 
tal rod by the cam 0 simultaneously releases both ends of the beam, 
and the coin placed on tho beam plate has then, for the first time, 
a direct influence on the beam. If the coin is “too light” the 
counterpoise R in the cage at the end of the rod P ivill raise the 
coin, and the revolution of the machine then causes part of the cam 
K to permit a spring to close the forcejis L and to hold the pendant 
M firm. .A,]! indicating finger T then falls, and by means of a 
horizontal lever UU', which fits into one of three inverted steps on 
iho bottom of tho shoot V, determines over which of three orifices 
W,IV',W'' in tho bottom plate of the balance this shoot shall stand. , 
In the meantime the advance of the slide H brings the ne.xt piece 
forward, and displaces the coin which has hitherto occupied the 
beam plate J, forcing the coin down the shoot V, and thence through 
the orifice IV" into a receptacle, external to the balance, destined for 
the reception of “light coin.” If this next piece should be “too 
heavy” it will not onlv raise the counterpoise Rbut vrillalso elevate 
a little wire S, which would otherwise remain undisturbed on a 
support. This little wire represents the “working remedy" for 
( tlie particular denomination of coin in question, which, for safety, 

! is less by rJuth of a grain tlian the remedy permitted by law. The 
undue weight of the “ heavy coin " will depress the right end of the 
balance beam and its pendant M to tho lowest possible point, and 
the indicating finger T will, in this case, determine that the rod 
UU' shall occupy the lowest step of the shoot V, which will conse- 
quently stand over the orifice W" in the bottom plate of the balance 
which communicates irith tho receptacle for the “heai^” coins, 
and the heavy coin on the beam plate will be driven down the 
shoot by the next coin in succession. If the coin which is next 
brought forward by the slide H should be a “good” one, that is, 
if it is within the working “remedy,” its action will bo as follows. 

It may be slightly heavier than the counterpoise, but not si^cieiitly 
heavy to lift both the counterpoise and tho remedy wire. 'The 
balance beam consequently remains approximately horizontal, and 
the indicating finger T will cause the rod UU' to strike the_ centre 
step of the shoot which will then stand over the central orifice 
in the bed plate wliich communicates with a receptacle for “gwd 
coins, into which the coin will find its way, as soon as it is driven 
from the beam plate by the next coin of the series. It- will be 
evident that this excellent appliance both weighs and classifies the 
coins. About twenty-three coins are passed through it in a minute. 

In order to show the importance of extreme accuracy in weighing, 
it may’ be pointed out that, although by the Coinage Act of 1870 the 
“ remedy ’ or allowed variation above or below the standard weight 
of a sovereign is only Jth of a grain, yet in a million sterling ot 
sovereigns the difference between the least and the greatest weight 
the law allows would be no less than £3244. 

Tlie manufacture of coin is not the only work which is 
performed in the Koyal ilint. All medals issued to the 
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army and navy, as well as those given by the Royal 
Society and the university of London and some others, 
are struck in the mint, and their preparation forms a 
considerable part of the work of the die department. 
Since 1874 the clasps and bars for the medals have also 
been manufactured in the mint, whence they have been 
issued completely mounted. Another operation, not con- 
nected mth the coinage, which is performed in the min t. 


is the assay of the “ diet ” or metal scraped from the gold 
and silver plate manufactured at Sheffield and Birmingham 
under the direction of the warden of the standard of 
ivrought plate for those towns. By Act of Parliament it 
is directed that this shall be brought once in each year to 
the mint to be assayed by the “ king’s assay master,” 
under the supervision of an officer appointed by the lords 
of the Treasury. 



Fio. 13. — Automatic Balance. 


The gold com in circulation in Great Bntain is esti- 
mated at ^100,000,000. It may be well to add the 
follotving table, which gives the value of the gold and 
silver coinages of four of the most important foreign 
countries, in two recent years : — 



1680 . 

1881 . 


Gold. 

Silver, 

Gold. 

Silver. 

United States 

Germany 

Austria 

France 

£12,461,655 

1,332,430 

493,605 

£5,481,941 

1,674,712 

£19,370,178 

326,837 

485,999 

83,646 

£5,587,840 

1,805,734 

259,910 


£14,287,690 

£7,156,653 

£20,266,660 

£7,653,484 


The value of the gold coinage of the American mints 
during the fiscal year ending June 1882 amounted to 
.$89,41 3,447'50, — ^being greater than that of any previous 
year in their history. (w. c. b. — e. a. h.) 

MINT, botanically I£entha, a genus of labiate plants, 
comprising about tiventy species of perennial herbs, widely 
distributed throughout the temperate and sub-tropical 
portions of the globe. All the species are furnished with 
square steins, opposite, aromatic leaves, and creeping roots. 
The flowers are arranged in axillary cymes, which either 
form separate whorls or are crowded together into a terminal 
spike. The corolla is usually small, and of a pale jjurple or 


pinkish colour ; it has four nearly equal lobes, and encloses 
two long and two short stamens. Great difficulty is 
experienced by botanists in discriminating the species of 
this genus by reason of the occurrence of a large number 
of intermediate forms, nearly three hundred of which have 
been named and described. Many of these varieties are 
permanent in consequence of being propagated by stolons. 

In Britain nine of the recognized species are indigen- 
ous. Mentlia viridts, L., or Spearmint, grows in marshy 
meadows, and is the species commonly used for culinary 
purposes ■ it is distinguished by its smooth, sessile leaves 
and lax tapering flower-spikes. Mentha sylvestris, L., or 
Horsemint, chiefly differs from the above in its coarser 
habit and hairy leaves, which are silky beneath, and in its 
denser flower-spikes. This plant is supposed to be the mint 
of Scripture, as it is extensively cultivated in the East, and 
is much used in cookery; it was one of the bitter herbs 
with which the paschal lamb was eaten. M. rotundifolia 
resembles the last in size and habit, but is readily distin- 
guished by its rounded wrinkled leaves, which are shaggy 
beneath, and by its lanceolate bracts. The last two species 
usually grow on damp waste ground near roadsides. M. 
aquatica, or Capitate Mint, grows in ditches and by the 
side of streams, and is easily recognized by its rounded 
flower-spikes and stalked hairy leaves. M. Piperita, or 
Peppermint, has stalked smooth leaves and an oblong 
obtuse terminal spike of flowers ; it is extensively culti- 
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vated for its volatile oil. M. prataisis belongs to a group 
of mints wbicb, unlike tbe foregoing, have the flowers 
arranged in axillary whorls and never , in terminal spikes ; 
it otherwise bears some resemblance in foliage and habit 
to il/. viridis. M. saliva, the Whbrled Hairy Mint, grows 
by damp roadsides, and M. arvensis in cornfields; they 
are distinguished from M. pratensis by their, hairy stalked 
leaves, which in J/. arvensis are all equally large, but in 
il/. saliva are much smaller towards the apex of the stem. 
31. Pulegium, commonly known as Pennyroyal, more rarely 
as Plea-mint, has small oval obtuse leaves and flowers in 
axillary whorls, and is remarkable for its creeping habit 
and peculiar odour. It differs from aU the mints above 
described in the throat of the calyx being closed mth hairs. 
It is met with in damp places on grassy commons, and forms 
a well-known dorhestic remedy for female disorders. 

All the plants of the genus 3Ienlha abound in a volatile 
oil, which is contained in small receptacles having the 
appearance of resinous dots in the leaves and stems. The 
odour of the oil is similar in several species, but is not dis- 
tinctive, the same odour occuriing in varieties of distinct 
species, while plants which cannot be distinguished by any 
botanical character possess the same odour. Thus the 
peppermint flavom’ is found in 31. Piperila, in 31. incana, 
and in Chinese and Japanese varieties of 3L arvensis. Other 
forms of the last-named species grooving in Ceylon and Java 
have the flavour of the common garden mint, 31. vindis, 
and the same odour is found to a greater or less degree 
in 31. sylveslris, 31. rolundifolia, and il/. canadensis. A 
bergamot scent is met with in a variety of il/. aquatica and 
in forms of other species. !Most of the mints may be found 
in blossom in August. 

The name mint is also applied to plants of other genera, 
3Ionarda punctala being called Horsemint, Pycnanlhenmm 
linifolium, Mountain Mint, and Nepeta Galana, Catmint. | 
MINTO, Sir Gilbert Elliot, First Earl of (1751- 
1814), was descended from an old border family, the 
Elliots of Minto, and was born at Edinburgh, April 23, 
1751. His father. Sir Gilbert Elliot, was a member of the 
administration of Pitt and Grenville, and is siioken of by 
Horace Walpole as “one of the ablest men in the House of 
Commons.” Young Elliot was educated by a private tutor, 
with whom at the age of twelve he went to Paris, where 
David Hume, who was then secretary of the embassy, 
undertook, from friendship to his father, the special charge 
of superintending his studies. After spending the winters 
of 1766 and 1767 at Edinburgh University, Elliot entered 
Oxford. On quitting the university he became a member 
of Lincoln’s Inn, and was in 1774 called to the bar. He 
entered parliament in 1776, the year of his father’s death. 
Although he gave a general support to Lord North’s 
administration, he from the beginning occupied an inde- 
pendent position, and in 1782 supported the address of the 
Commons against an offensive war ivith America. From 
this time he became a declared follower of Fox and 
Burke, with the latter of whom he gradually came to be 
on terms of great intimacy. He was created Baron Minto 
in 1797, and after filling several diplomatic posts wth great 
success became in 1807 governor-general of India. The 
character^ and events of his rule in India are described 
in vol. xii. p. 805. He was created Earl of Minto and 
Viscount Melgund in 1813. He returned to England in 
1814, and died on June 21st of that year. 

See Life and Leltcrs of Sir Gilbert Elliot, first Earl of Minto, 
from 1751 to 1806, 1874 ; and Life and Letters, 1807-14, 1880. See 
also MiRABBAtr. 

MINUCIUS FELIX, Marcus, one of the earliest, if not 
the earliest, of the Latin apologists for Christianity. Of 
his personal history nothing is known, and even the date 
at which he mote can be only approximately ascertained. 
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Jerome {De Vir. III., 58) speaks of him as “Eomse 
insignis causidicus,” but in this he is probably only 
improving on the expression of Lactantius {Inst. Div. y. n 
who spealcs of him as “ non ignobilis inter causidicos loci ’’ 
He is now exclusively knoivn by his Oclavnts, a dialogue 
on Christianity between the pagan Caecilius Natalis ^ and 
the Christian Octavius Januarius, a provincial solicitor 
the friend and fellow-student of the author. The scene is 
pleasantly and graphically laid on the beach at Ostia on a 
holiday afternoon, and the discussion is represented as 
arising out of the homage paid by Ciecilius, in passing, to 
the image of Serapis. His arguments for paganism, whicli 
proceed partly upon agnostic grounds, partly upon the 
inexpediency of disturbing long-established rehgious beliefs 
partly upon the knoivn want of culture in Christians, the 
alleged indecency of their worship, and the inherent 
absurdity of their doctrines, are taken up seriatim by 
Octavius, ivith the result that the assailant is convinced, 
postponing, however, the discussion of some things neces- 
sary for perfect instruction to a future occasion. The form 
of the dialogue, modelled on the De ITatura Deonmi and 
De Divinatione of Cicero, shows much care and ability, and 
its stylo is on the whole both vigorous and elegant if at 
times not e.xempt from something of the affectations of the 
age. If the doctrines of the Divine unity, the resurrection, 
and future rewards and punishments be left out of account, 
the work has less the character of an exposition of 
Christianity than of a philosophical and ethical polemic 
against the absurdities of crass polydheism. Christology 
and the other metaphysics of distinctively Christian 
theology are entirely passed over, and the canonical 
Scriptures are not quoted, hardly even alluded to. 

TJio Oclavins is admittedly earlier than Cyprian’s Le Idolorum 
Vanilate, which borrows from it ; how much earlier can be deter- 
mined omy by settling the relation in which it stands toTertullian’s 
Apologclicum. The argument for the priority of Sliuucius has 
been most e.xhaustively set forth by Ebert (“TertuUians Verhiilt- 
niss zu Miniicius Febux,” in vol. v. of the philologico-historical 
series in Ahhandl. d. KUnig. Sachs. Gesellsch. dcr TEissonschafteii. 
1868), who has boon followed by Teuflel [Rom. Lit., see. 368), Eein' 
[Celsus' JEahres Wort, 1873), Kuhn, and other scholars. The 
opposite view is ably maintained by Professor Salmon (“Minucius 
Felix” in Smith’s Diet. Christ. Biogr., 1882). The Odavivs was 
liret printed (Kome, 1543) as the eighth book of Arnobius Adv. 
Gentes ; Balduinus (Heidelberg, 1560) first assigned jt to its proper 
author. There have been numerous subsequent editions, the best 
being that of Halm in the Corp. Scriptor. Eccl. Lot. (Vienna, 1867). 
See Kuliu’s monograph, Per Octavius dcs Minucius Felix (1882), 

MINUET (Fr. ATemiet, from [pas] menus), a very grace- 
ful kind of dance, consisting of a coupee, a high step, and 
a balance. Its invention is universally ascribed to the 
inhabitants of Poitou. The melody begins with the dowm 
beat, and contains three crotchets in a bar. The music is 
made ujo of two strains, which, from being repeated, are 
called reprises, each consisting of eight or more bars, but 
very rarely of an odd number. VValther speaks of a minuet 
in Lully’s opera of Boland, each strain of which contains 
ten bars, the sectional number being five, — a circumstance 
which renders it very difiScult to be danced ; but L'—y * 
system of phrasing was remarkably irregular. Modern 
instrumental composers have introduced into their sym- 
phonies and quartetts, &c., minuets of rapid movemen 
and fanciful character, followed by supplementary strains 
(called trios) in a different style. Some of these compos' . 
tions bear but very slight resemblance to the older fonns, 
and many of them begin with the third beat in the ar. 
The finest minuets we piossess are those in Handel s Samson 
and Mozart’s Don Giovanni. 

MEEABEAU, Honors G^ibriel Riqueti, Cojite ut, 
(1749-1791), one of the greatest statesmen a nd ora » 

^ This name occurs in six inscriptions of the years 211-217 fmm 
Constantine (Cirta), North Africa [C. I. L., vol. viii.). 
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France has ever produced, was born at Bignon, near 
Nemours, on March 9, 1749. M. de Lom^nie has shown 
that the family of Eiquet or Eiqueti came originally from the 
little to^vn of Digne, that they won wealth and municipal 
honours as merchants at Marseilles, and that in 1570 Jean 
Eiqueti bought the chateau and estate of Mirabeau, which 
had up to that time belonged to the great Provencal family 
of Barras, and took the title of esquire a few years later. 
In 1685 Honord Eiqueti obtained the title of Marquis de 
Mirabeau, and his son J ean Antoine brought honour to it. 
He served with distinction through all the later campaigns 
of the reign of Louis XIV., and especially distinguished 
himself in 1705 at the battle of Cassano, where he was so 
severely wounded in the neck that he had ever after to wear 
a silver stock j yet he never rose above the rank of colonel, 
owing to his eccentric habit of speaking unpleasant truths 
to his superiors. On retiring from the service he married 
Francoise de Castellane, a remarkable woman, who long 
survived him, and he left at his death, in 1737, three sons 
— ^Victor, Marquis de hlirabeau (see next article), Jean 
Antoine, Bailli de Mirabeau, and Comte Louis Alexandre de 
Mirabeau. The great Mirabeau was the elder surviving 
son of the marquis. VThen but three years old he had 
a virulent attack of confluent small-pox which left his 
face for ever disflgured, and contributed not a little to 
nourish his father’s dislike to him. His early education 
was conducted by Lachabeaussiere, father of the better 
known man of letters, after which, being like his father 
and grandfather destined for the army, then the only 
profession open to young men of family, he was entered 
at a pension militaire at Paris, kept by an Abb4 Choquart. 
Of this school, which had Lagrange for its professor of 
mathematics, ive have an amusing account in the life of 
Gilbert Elliot, first earl of Minto, who with his brother 
Hugh, afterwards British minister at Berlin, there made 
the acquaintance of Mirabeau, an acquaintance which 
soon ripened into friendship, and to which Mirabeau in 
later life owed his introduction into good English society. 
On leaving this school in 1767 he received a commission 
in the cavalry regiment of the Marquis de Lambert, which 
his grandfather, had commanded years before. He at once 
began love making, and in spite of his ugliness succeeded 
in mnning the heart of the lady to whom his colonel was 
attached, which led to such scandal that his father obtained 
a lettre de cachet, and the young scapegrace was imprisoned 
in the isle of Ehe. The love affairs of Mirabeau form 
quite a history by themselves, and a well-known history, 
OAving to the celebrity of the letters to Sophie ; and the 
behaviour of the marquis in perpetually imprisoning his 
son is equally well known, and as widely blamed. Yet it 
may be asserted that until the more diuable and more 
reputable connexion rvith Madame de Nehra these love 
episodes were the most disgraceful blemishes in a life 
otherwise of a far higher moral character than has been 
commonly supposed. As to the marquis, his use of lettres 
de cachet is perfectly defensible on the theory of the exist- 
ence of lettres de cachet at aU. They were meant to be 
used (see Lettees de Cachet) by heads of families for 
the correction of their families, and JErabeau, if any son, 

' surely deserved such correction. Further, they did have 
the effect of sobering the culprit, and the more creditable 
part of his life did not begin till he left Vincennes. 
Mirabeau, it may be remarked at once, was not a states- 
man of the Alcibiades type, and he did not develop his 
great qualities of mind and character until his youthful 
excesses were over. These will be passed over as rapidly 
as possible, for it was not till 1781 that the qualities which 
made him great began to appear. 

On being released from his first imprisonment, the young 
count, who had always intended to continue his military 


career, obtained leave to accompany as a volunteer the 
French expedition which was to effect the reduction of 
Corsica. The conquest was one of sheer numerical 
strength, for the whole population was on the side of 
Paoli, and Mirabeau, perceiving the value of public opinion, 
is said to have written a . treatise on the oppression the 
Genoese had formerly exercised over the island, which the 
Government was ready to publish had not the Marquis de 
Mirabeau thought fit to destroy it because of its divergence 
from his own philosophical and economical views. For his 
services in Corsiea Mirabeau was made a captain of 
dragoons, though not in any 23articular regiment, and on his 
return his father endeavoured to make use of the literary 
ability he had shown for the advancement of his own 
economical theories. He tried to keej) on good terms with 
his father, though he could not advocate all his ideas, and 
even went so far in 1772 as to marry a rich heiress, a 
daughter of the Marquis de Marignane, whose alliance his 
father had procured for him. He did not live happily 
with her, and in 1774 was ordered into semi-exile in the 
country, at his father’s request, where he wrote his earliest 
extant work, the Essai sur le Despotisme. His violent dis- 
position now led him to quarrel with a country gentleman 
who had insulted his sister, and his semi-exile was changed 
by lettre de cachet into imprisonment in the Chateau d’lf . 
In 1775 he was removed to the castle of Joux, to which, 
however, he was not very closely confined, having Ml 
leave to visit in the town of Pontarlier. Here he met 
Marie Therfese de Monnier, his Sophie as he called her, a 
married woman, for whom he conceived a violent passion. 
Of his behaviour nothing too strong can be said : he was 
introduced into the house as a friend, and betrayed his 
trust by inducing Madame de Monnier to fall in love with 
him, and all his excuses about overwhelming passion only 
make his conduct more despicable. The affair ended by his 
escaping to Smtzerland, where Sophie joined him; they 
then went to Holland, where he lived by hack-work for the 
booksellers ; meanwhile Mirabeau had been condemned to 
death at Pontarlier iovrapt et vol, of which he was certainly 
not guilty, as Sophie had followed him of her own accord, 
and in May 1777 he was seized by the French police, and 
imprisoned by a. lettre de cachet in the castle of Vincennes. 
There he remained three years and a half, and with his 
release ends the first and most disgraceful period of his life. 
During his imprisonment he seems to have learnt to control 
his passions from their very exhaustion, for the early part 
of his confinement is marked by the indecent letters to 
Sophie (first published in 1793), and the obscene Erotica 
Biblion and Ma Conversion, while to the later months 
belongs his first political work of any value, the Lettres 
de Cachet. The Essai sur le Despotisme was an ordinary 
but at times eloquent declamation, showing in its illustra- 
tions a wde miscellaneous knowledge of history, but the 
Lettres de Cachet exhibits a more accurate knowledge of 
French constitutional history skilfully applied to an 
attempt to show that an existing actual grievance was not 
only philosophically tmjust but constitutionally illegal. It 
shows, though still in rather a diffuse and declamatory 
form, that application of wide historical knowledge, keen 
philosophical perception, and genuine eloquence^ to a 
jjractical purpose which was the great characteristic of 
Mirabeau, both as a political thinker and as a statesman. 

With his release from Vincennes begins the second period 
of Mirabeau’s life. He found that his Sophie was an ideal- 
ized version of a rather common and ill-educated woman, 
and she speedily consoled herself with the affection of a 
young officer, after whose death she committed suicide. 
Mirabeau first set to work to get the sentence of death stiff 
hanging over him reversed, and by his eloquence not only 
succeeded but got M. de Monnier condemned in the costs of 
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the whole law proceedings. From Pontarlier he went to 
Aix, where he claimed the court’s order that his mfe should 
return to him. She naturally objected, but his eloquence 
would have won his case, even against Portalis, the leader 
of the Aix bar, had he not in his excitement accused his 
wife of infidelity, on which the court pronounced a decree 
of separation. He then with his usual impetuosity inter- 
vened in the suit pending between his father and mother 
before the parlement of Paris, and so violently attacked 
the ruling powers that he had to leave France and again go 
to Holland, and try to live by literary work. About this 
time began his connexion with Madame de Hehra, which 
sweetened the ensuing years of toil and brought out the 
better points of his character. She was the daughter of 
Zmer van Haren, a Dutch statesman and political writer, 
and was a woman of a far higher type than Sophie, more 
educated, more refined, and more capable of appreciating 
Mirabeau’s good points and helping him to control his 
passions. With her the lion became a lamb, and his life 
was strengthened by the love of his petite horde, Madame 
de Hehra, her baby son, afterwards Lucas de Montigny, 
and his little dog Chico. After a period of work in 
Holland he betook himself to England, where his treatise on 
Lettres de Cachet had been much admired, and where he 
was soon admitted into the best Whig literary and political 
society of London, throughhis old schoolfellow Gilbert Elliot, 
who had now inherited his father’s baronetcy and estates, 
and become a leading Whig member of parliament. Sir 
Gilbert introduced him freely, but of all his English friends 
none seem to have been so intimate with him as Lord Lans- 
downe, and Mr (afterwards Sir Samuel) Romilly. The 
latter became particularly attached to him, and really 
understood his character j and it is strange that his remarks 
upon Mirabeau in the fragment of autobiography which 
he left, and illirabeau’s letters to him, should have been 
neglected by French writers. Romilly was introduced to 
Mirabeau by D’lvernois, and readily undertook to translate 
the Considerations on the Order of Cindnnatus. Romilly 
writes thus of him in his autobiography : — 

“ The count was difficult enough to please ; he was sufficiently 
impressed rvith the beauties of the original. He went over every 
part of the translation with me, observed on every passage in which 
justice was not done to the thought or the force of the expression 
lost, and made many useful criticisms. During this occupation 
we had occasion to see one another often, and became very inti- 
mate ; and, as he had read much, had seen a great deal of the world, 
was acquainted ivith all the most distinguished persons who at that 
time adorned either the royal court or the republic of letters in 
France, had a great knowledge of French and Italian literature, and 
possessed very good taste, his conversation was extremely interest- 
ing and not a little instructive. I had such frequent opportunities 
of seeing him at this time, and afterwards at a much more import- 
ant period of his life, that I think his character was well known 
to me. I doubt whether it has been so well known to the world, 
and I am convinced that great injustice has been done him. This, 
indeed, is not surprising, when one considers that, from the first 
moment of his entering npon the career of an author, he had been 
altogether indifferent how numerous or how powerful might be the 
enemies he should provoke. His vanity was certainly excessive ; 
but I have no doubt that, in his public conduct as well as in his 
■writings, he was desirous of doing good, that his ambition was of 
the noblest kind, and that he proposed to himself the noblest ends. 
He was, however, like many of his countrymen, who were active in 
the calamitous Revolution which afterwards took place, not suffi- 
ciently scrupulous about the means by which those ends were to be 
accomplished. He indeed to some degree professed this ; and more 
than once I have heard him say that there were occasions upon 
which ‘la petite morale dtait ennemie do la grande.’ It is not sur- 
prising that with such maxims as these in his mouth, unguarded 
in his exprc^ions, and careless of his reputation, he should have 
afforded room for the circulation of many stories to his disadvan- 
tage. Violent, impetuous, conscious of the superiority of his 
talents, and the declared enemy and denouncer of every species of 
tyranny and oppression, he could not fail to shock the prejudices, 
to oijpose the interests, to excite the jealousy, and to wound the 
pride of many descriptions of persons. A mode of refuting his 
Works, open to the basest and vilest of ^ankind. was to represent 
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him as a monster of vice and profligacy. A scandal once set on 
foot is strengtliened and propagated by many, who have no malice 
against the object of it. They delight to talk of what is extraordi- 
nary; and what more extraordinary than a person so admirable for 
his talents and so contemptible for his conduct, professum in his 
writings principles so excellent and in all the offices of puSlic and 
private life putting in practice those which are so detStable ’ 1 
indeed possessed demonstrative evidence of the falsehood of some of 
the anecdotes which by men of high character were-related to his 
prejudice.” — Zi/c of Sir S. Eoinilhj, vbl. i. p. 58. 

Tbis luminous judgment, the best that is extant on the 
character of Mirabeau, deserved to be quoted at length ; it 
must be noted that it was written by a mnn of- acknow- 
ledged purity of life, who admired Mirabeau in early fife, 
not when he was a statesman, but when he was only a 
struggling literary man. This close association with 
Romilly, and his friends Baynes, Trail, and Wilson, does 
credit to Mirabeau, and must have helped that moral 
revolution against his passions which was passing mthin 
him. He was a warm friend, and first made Romilly 
acquainted with Lord Lansdowne, and tried to get him a 
seat in parliament. Lord Lansdo'wne was himself an 
extraordinary man, and the fii'st of the new Whigs might 
well feel sympathy with the statesman of the French 
Revolution. The Considerations sur I’ordre de Cincinnalm 
which Romilly translated was the only important work 
Mirabeau wrote in the year 1785, and it is a good speci- 
men of his method. He had read a pamphlet published in 
America attacking the proposed order, which was to form 
a bond of association between the officers who had fought 
in the American War of Independence against England ; ' 
the arguments struck him as true and valuable, so he 
rearranged them in his own fashion, and rewrote them in 
his own oratorical style. He soon found such work not 
sufficiently remunerative to keep his “petite horde” in 
comfort, and then turned his thoughts to employment from 
the French foreign office either in -writing or in diplomacy. 
He first sent Madame de Hehra to Paris to make his peace 
■with the authorities, in which she was completely successful, 
and then returned himself, hoping to get employment 
through an old literary coUaborateur of Ms, Durival, who 
was at tMs time director of the finances of the department 
of foreign affairs. One of the functions of tMs official was 
to subsidize political pamphleteers, and Mirabeau had 
hoped to be so employed, but he ruined Ms chances by a 
series of financial works. On Ms return to Paris he had 
become acquainted -with Clavihres, a Genevese exile, who 
was mimster of finance during the Revolution, and who 
now introduced Mm to a banker named Panchaud. From 
them he heard plenty of abuse of stock-jobbing, and seizing 
their ideas he began to regard stock-jobbing, or agiotage, as 
the source of all evil, and to attack in his usual vehement 
style the Banque de St Charles and the Compagnie des 
Eaux. TMs was at least disinterested on his part, for, 
while his supporters were pbor, the bankers he attacked 
were rich, and would gladly have bought his silence ; but 
Mirabeau, though ever ready to take money for what he 
wrote, never sold his opinions, or wrote what he did not 
really believe. The very eloquence of his style rests upon 
the enthusiastic con^viction that he himself was right, and 
those who differed from him were stupidly and wilfully 
wrong. This last pamphlet brought him into a contro- 
versy ■svith Beaumarchais, who certainly did not get the 
best of it, but it lost him any chance of literary employ- 
ment from Government. However, Ms ability 
great to be neglected by a great minister such as M. de 
Vergennes undoubtedly was, and after a preliminary tour 
in the early spring of 1786 he was despatched in Juno 
1786 on a secret mission to the court of Prussia, from 
which he returned in January 1787, and of which he gayo 
a full account in his Histoire Secrete de la Cour de Berlin. 
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The months he spent at Berlin were important ones in the 
history of Prussia, for in them Frederick the Great died. 
The letters just mentioned show clearly what Mirabeau did 
and what he saw, and equally clearly how unfit he was to 
be a diplomatist ; for, with all his knowledge of men and 
his influence over them, he thought (and showed he 
thought) too much of himself ever to be able to surprise 
their secret thoughts and intentions. He certainly failed 
to conciliate the new king Frederick William ; and thus 
ended Mirabeau’s one attempt at diplomacy. During his 
journey he had made the acquaintance of a Major Mauvillon, 
whom he found possessed of a great number of facts and 
statistics with regard to Prussia ; these he made use of in 
a great work on Prussia published in 1788, as RomUly 
says, to show that he could write more than a fugitive, 
pamphlet. But, though his Monarchie Prussiemie gave 
him a general reputation for historical learning, he had in 
this same year lost a chance of political employment. He 
had oSered himself as a candidate for the office of secretary 
to the Assembly of Notables which the king had just con- 
vened, and to bring his name before the public published 
another financial work, the Denonciation de L’ Agiotage, 
dedicated to the king and notables, which abounded in 
such violent diatribes that he not only lost his election, but 
was obliged to retire to Tongres ; and he further injured his 
prospects by publishing the reports he had sent in during 
his secret mission at Berlin. But 1789 was at hand; the 
states-general was summoned; Mirabeau’s period of pro- 
bation was over, and he was at last to have that oppor- 
tunity of showing his great qualities both as statesman 
and orator on a worthy arena. 

On hearing of the king’s determination to summon 
the states-general, Mirabeau started for Provence, and 
offered to assist at the preliminary conference of the 
noblesse of his district. They rejected him ; he appealed 
to the tiers etat, and was returned both for Aix and for 
Marseilles. He elected to sit for the former city, and was 
present at the opening of the states-general on May 4, 
1789. From this time the record of Mirabeau’s life forms 
the best history of the first two years of the Constituent 
Assembly, for at every important crisis his voice is to be 
heard, though his advice was not always followed. It is 
impossible here to detail minutely the history of these two 
eventful years; it ■will be rather advisable to try and 
analyse the manner in which Mirabeau regarded passing 
events, and then show how his policy justifies our analysis. 

Mirabeau possessed at the same time great logical 
acuteness and most passionate enthusiasm ; he was there- 
fore both a statesman and an orator, and the interest of 
the last two years of his life lies mainly in the gradual but 
decided victory of the statesmanlike and practical over the 
impulsive and oratorical qualities. From the beginning 
Mirabeau recognized that government exists in order that 
the bulk of the population may pursue their daily work in 
peace and quiet, and that for a Government to be successful 
it must be strong. In this practical view of the need of a 
strong executive lies one of Mirabeau’s greatest titles to the 
name of statesman. At the same time he thoroughly com- 
prehended that for a Government to be strong it must be 
in harmony with the -wishes of the majority of the people, 
and that the political system of Louis XIV. was now fall- 
ing for lack of this. He had carefully studied the English 
constitution in England under the guidance of such men 
as Lord Lansdowne, Sir Gilbert Elliot, and Eomilly, and 
appreciated it with the wise approval of its powers of ex- 
pansion which characterized the new Whigs, and not Avith 
the blind admiration of Burke. He understood the key- 
notes of the practical success of the English constitution 
to be the irresponsibility of the king, the solidarity of the 
ministers, and the selection of the executive from among 
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the majority of the representatives of the country ; and he 
hoped to establish in France a system similnr ffi principle 
but mthout any slavish imitation of the details of the 
English constitution. 

In the first stage of the history of the states-general 
Mirabeau’s part was very great. He was soon recognized 
as a leader, to the chagrin of Mounier, because he always 
knew his own mind, and was prompt at emergencies. To 
him is to be attributed the successful consolidation of the 
National Assembly, its continuance in spite of De Brez6 and 
the carpenters, and the address to the king for the -with- 
drawal of the troops assembled by De Broglie. When the 
taking of the BastiUe had assured the success of the 
Revolution, he was the one man who warned the Assembly 
of the futility of passing fine-sounding decrees and the 
necessity for acting.- He declared that the famous night 
of August 4 was but an orgy, giving the people an 
immense theoretical liberty while not assisting them to 
practical freedom, and overthrowing the old regime before 
a new one could be constituted. Still more did he show 
his foresight when he attacked the dilatory behaviour of 
the Assembly, which led to the catastrophes of the 5th and 
6th October. He implored the Assembly to strike while 
the iron was hot, and at once solve in a practical manner 
the difficult problems presented by the abolition of 
feudalism. But the Assembly consisted of men inexperi- 
enced in practical politics, who dreamed of dra-wing up an 
ideal constitution preluded by a declaration of rights in 
imitation of the Americans; and for two months the 
Assembly discussed in what words the declaration should 
be expressed, while the country was in a state of anarchy, 
declaring old laws and customs abolished and having no 
new ones to obey or follow, disowning the old adminis- 
trative system and having no new one yet instituted, while 
Paris was starving and turbulent, arid the queen and her 
friends planning a counter-revolution. The result of these 
two months’ theorizing was the march of the women to 
Versailles, and the transfer of the king to Paris. Mirabeau 
now saw clearly that his eloquence would not enable him 
to guide the Assembly by himself, and that he must there- 
fore try to get some support. He -wished to establish a 
strong ministry, which should be responsible like an 
English ministry, but to an assembly chosen to represent 
the people of France better than the English Hoiise of 
Commons then represented England. He first thought of 
becoming a minister at a very early date, if we may believe 
a story contained in the Memoires of the Duchesse 
d’Abrantes, to the effect that in May 1789 the queen tried 
to bribe him, but that he refused to be bribed to silence, 
and expressed his -wish to be a minister. The indignation 
%Arith which the queen repelled the idea may have been 
the cause of his thinking of the Due d’Orleans as a possible 
constitutional king, because his title would of necessity be 
parliamentary. But the weakness of Orleans was too 
palpable, and in a famous remark Mirabeau expressed his 
utter contempt for him. He also attempted to form an 
alliance wth Lafayette, but the general was as vain and 
as obstinate as Mirabeau himself, and had his own theories 
about a new French constitution. Mirabeau tried for a 
time, too, to act with Necker, and obtained the sanction of 
the Assembly to NeckePs financial scheme, not because it 
was good, but because, as he said, “no other plan was 
before them, and something must be done.” 

Hitherto weight has been laid on the practical side of 
Mirabeau’s political genius ; his ideas -ivith regard to the 
Revolution after the 5th and 6th October must now' be 
examined, and this can be done at length, thanks to the 
publication of Mirabeau’s corre-spondence mth La Marck, a 
study of which is indispensable for any correct knowledge 
of the history of the Revolution between 1789 and 1791. 
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The Comte de la March was a Flemish lord of the house of 
Aremberg, who had been proprietary colonel of a regiment 
in the service of France; he was a close friend of the 
queen, and had been elected a member of the states- 
general. His acquaintance with Mirabeau, commenced in 
1788, ripened during the following year into a friendship, 
which La March hoped to turn to the advantage of the 
court. After the events of the 5th and 6th of October he 


consulted Mirabeau as to what measures the hing ought to 
tahe, and Mirabeau, delighted at the opportunity, drew up 
an admirable state-paper, which was presented to the hing 
by Monsieur, afterwards Louis XVIII. The whole of this 
Memoire should be read to get an adequate idea of Mira- 
beau’s genius for politics ; here it must be merely sum- 
marized. 


The main position is that the king is not free in Paris ; he must 
therefore leave Paris and appeal to France. “ Paris n’en veut quo 
I’argent; les provinces demandent des lois.” But where must the 
king go? “Se retirer k Metz ou sur touto autre frontikre serait 
declarer la guerre h la nation et abdiquer le tr8ne. Un roi qui est la 
seule sauvegarde de, son peuple ne fuit point devant son peuplc ; 
il le prend pour juge de sa conduite et de ses principes.” He must 
then go towards the interior of France to a provincial capital, best 
of all to Rouen, and there he must appeal to the people and summon 
a great convention. It would be ruin to appeal to the noblesse, as 
the queen advised: “un corps de noblesse n’est point une armee, 
qui puisse combattre.” When this great convention met, tlie 
king must show himself ready to recognize that great changes have 
taken place, that feudalism and absolutism have for ever disappeared, 
and that a new relation between king and people has arisen, which 
must be loyally observed on both aides for the future. “ II est 
certain, d’ailleurs, qu’il faut une grande revolution pour sauver le 
royaume, quo la nation a des droits, qu’elle est en chemin de les 
recouvrer tons, et qu’il faut non seulement les retablir, mais les con- 
solider." To establish this new constitutional position between 
king and people would not be difficult, because “ I'indivisibilite du 
monarque et du peuple est dans le cceur de tous les Fransais j il 
faut quellq exists dans Faction et le pouvoir.” 


Sucb was Mirabeau’s programme, wbicli be never 
diverged from, but which was far too statesmanlike to be 
understood by the poor king, and far too positive as to the 
altered condition of the monarchy to be palatable to the 
queen. Mirabeau followed up his Memoire by a scheme 
of a great ministry to contain all men of mark, — Necker 
as prime minister, “ to render him as powerless as he is 
incapable, and yet preserve his popularity for the king,” 
the archbishop of Bordeaux, the Due de Liancourt, the Due 
de la Eochefoucauld, La Marck, Talleyrand bishop of 
Autun at the finances, Mirabeau mthout portfolio. Target 
mayor of Paris, Lafayette generalissimo to reform the 
army, Segur (foreign affairs), Mounier, and Chapelier. This 
scheme got noised abroad, and was ruined by a decree of 
the Assembly of November 7, 17,89, that no member of the 
Assembly could become a minister ; this decree destroyed 
any chance of that necessary harmony between the ministry 
and the majority of the representatives of the nation exist- 
ing in England, and so at once overthrew Mirabeau’s present 
hopes and any chance of the permanence of the constitution 
then being devised. The queen utterly refused to take 
Mirabeau’s counsel, and La Marck left Paris. However, 
in April 1790 he was suddenly recalled by the Comte de 
Mercy-Argenteau, the Austrian ambassador at Paris, and 
the queen’s most trusted political adviser, and from this 
time to Mirabeau’s death he became the medium of almost 
daily communications between the latter and the queen. 

, Mirabeau at first attempted again to make an alliance with 
Lafayette by a letter in which he says, “ Les Barnave, les 
Duport, les Lameth ne vous fatiguent plus de leur active 
inaction; on singe longtemps I’adresse, non pas. la force.” 
But it was useless to appeal to Lafayette ; he was not a 
strong man himself, and did not appreciate “ la force ” in 
others. From the month of May 1790 to his death in 
April 1791 Mirabeau remained in close and suspected but 
not actually proved connexion with the court, and drew 


up many admirable state-papers for it. In return the court 
paid his debts; but it ought never to be said that he was 
bribed, for the gold of the court never made him swerve 
from his political principles — never, for instance, made Mm 
a royalist. He regarded himself as a minister, though an 
unavowed one, and believed himself worthy of his hire 
Undoubtedly his character would have been more admirable 
if he had acted without court assistance, but it must he 
remembered that his services deserved some reward, and 
that by remaining at Paris as a politician he had been 
unable to realize his paternal inheritance. Before his in- 
fluence on foreign policy is discussed, his behaviour on 
several important points must be noticed. On the great , 
question of the veto he took a practical view, and seeing 
that the royal power was already sufficiently weakened, 
declared for the king’s absolute veto, and against the 
compromise of the suspensive veto. He knew from his 
English experiences that such a veto would be hardly ever 
used unless the. king felt the people were on his side, in 
which case it would be a useful check on the representatives 
of the people, and also that if it was used unjustifiably 
the power of the purse possessed by the representatives 
and the very constitutional organization of the people 
would, as in England in 1688, bring about a bloodless 
revolution, and a change in the • person entrusted with the 
royal dignity. He saw also that much of the inefficiency 
of the Assembly arose from' the inexperience of the members, 
and their incurable verbosity ; so, to establish some system 
of rules, he got his friend Eomilly to draw up a detailed 
account of the rules and customs of the English House of 
Commons, which he translated into French, but which the 
Assembly, puffed up by a belief in its own merits, refused 
to use. On the great subject of'peace and war he supported 
the king’s authority, and with some success. "What was 
the good of an executive which had no power 1 Let it be 
responsible to the representatives of the nation by all 
means ; but if the representatives absorbed all executive 
power by perpetual interference, there would be six hundred 
kings of France instead of one, which would hardly be a 
change for the better. Again Mirabeau almost alone of the 
Assembly understood the position of the army under a 
limited monarchy. Contrary to the theorists, he held that 
the soldier ceased to be a citizen when he became a soldier ; 
he must submit to be deprived of his liberty to think and 
act, and must recognize that a soldier’s first duty is 
obedience. With such sentiments, it is no wonder that 
he approved of Bouille’s vigorous conduct at Nancy, which 
was the more to his credit as Bouilld was the one hope of 
the court influences opposed to him.. Lastly, in matters of 
finance he showed his wisdom : he attacked Necker s 
“ caisse d’escompte,” which was to have the whole control 
of the taxes, as absorbing the Assembly’s power of the 
purse ; and he heartily approved of the system of assignats, 
but with the important reservation, that they should not 
be. issbed to the extent of more than one-half the value of 
the lands to be sold. This restriction was not observed, 
and it was solely the enormous over-issue of assignats that 
caused their great depreciation in value. . . 

Of Mirabeau’s attitude with regard to foreign affairs it 
is necessary to speak in more detail. He held it to be just 
that the French people should conduct their Eevolution as 
they would, and that no foreign nation had any right to 
interfere with them, so long as they kept themselves strictly 
to their own affairs. But he knew also that neighbouring 
nations looked with unquiet eyes on the progress of affaus 
in France, that they feared the influence of the Eevolution 
on their own peoples, and that foreign monarchs were 
being prayed by the French emigres to interfere on behali 
of the French monarchy. To prevent this interference, or 
rather to give no pretext for it, was his guiding thought as 
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to foreign policy. He had been elected a member of the 
comitd ^plomatique of the Assembly in July 1790, and 
became its reporter at once, and in this capacity he was 
able to prevent the Assembly from doing much harm in 
regard to foreign affairs. He had long known Montmorin, 
the foreign secretary, and, as matters became more strained 
from the complications rvith the princes and counts of the 
empire, he entered into daily communication rvith the 
minister, advised him on every point, and, while dictating 
his policy, defended it in the Assembly. Thus in this parti- 
cular instance of the foreign office, f^or the few months 
before Mirabeau’s death, a harmony was established 
between the minister and the Assembly through Mirabeau, 
which checked for a time the threatened approach of foreign 
intervention, and maintained the honour of France abroad. 
Mirabeau’s exertions in tliis respect are not his smallest 
title to the name of statesman; and how great a work he 
did is best proved by the confusion which ensued in this 
department of affairs upon his death. 

For indeed in the beginning of 1791 his death was very 
near ; and he knew it to be so. The wild excesses of his 
youth and their terrible punishment had weakened his 
strong constitution, and his parliamentary labours com- 
pleted the work. So surely did he feel its approach that 
some time before the end he sent all his papers over to his 
old English friend and schoolfellow Sir Gilbert Elliot, who 
kept them under seal until claimed by Jlirabeau’s executors. 
In March his illness was evidently gaining on him, to his 
great grief, because he knew how much depended on his 
life, and felt that he alone could yet save France from the 
distrust of her monarch and the present reforms, and 
from the foreign interference, which would assuredly bring 
about catastrophes unparalleled in the history of the world. 
On his life hung the future course of the Eevolution. 
Every care that science could afford was given by his 
friend and physician, the famous chemist Cabanis, to whose 
brochure on his last illness and death the reader may refer. 
The people, whose faith in him revived in spite of all 
suspicions, when they heard that he was on his death-bed, 
kept the street in which he lay quiet; but medical care, 
the loving solicitude of friends, and the respect of all the 
people could not save his life. His vanity appears in its 
most gigantic proportions in his last utterances during his 
illness; but many of them have something grand in their 
sound, as his last reported expression, when he looked upon 
the sun — “If he is not God, he is at least His cousin- 
german.” When he could speak no more he wrote Avith 
a feeble hand the one word “dormir,” and on April 2, 
1791, he died. 

With Slirabeau died, it has been said, the last hope of the mon- 
archy; but, with Marie Antoinette supremeatcourt, canit be said that 
there could ever have been any real hope for the monarchy ? Had she 
been but less like her imperious mother, Louis would have made a 
constitutional monarch, but her rvill was as strong as Jlirabcau’s 
o\vn, and the Bourbon monarchy had to meet its fate. The subse- 
quent events of the Revolution justified Mirabeau’s prognostications 
in his first memoire of October 15, 1789. The royal family fled 
towards the German frontier, and from that moment there sunk deep 
into the hearts of the people not only of Paris, but of the provinces, 
a conviction that the king and queen were traitors to France, which 
led inevitably to their execution. The noblesse and the foreign aid 
on which the queen relied proved but a source of weakness. The 
noblesse, Mirabeau had said, was no army which could fight ; and 
truly the army of the emigres could do nothing against revolutionary 
France in arms. The intervention of foreign aid only sealed, the 
king’s fate, and forwarded the progress of the Revolution, not in a 
course of natural development, but to the terrible resource of the 
Reign of Terror. With regard to the Assembly too, and its consti- 
tution, Mirabeau had shown his foresight. The constitution of 
1791, excellent as it was on paper, and well adapted to an ideal 
state, did not deal adequately with the great problems of the time 
in France, and by its ridiculous weakening of the executive was 
unsuited to a modern state. Surely if events ever proved a man’s 

S oUtical sagacity, the history of (the French Revolution proved 
[irabeau’s. 


A few words must bo added on Mirabeau’s manner of work and 
his character. 

No man ever so thoroughly used other men’s work, and vet 
made it all seem his own. “ Je prends mon bien oii jede trouve ” 
IS as true of him as of Moliere. His first literary work, except 
the Doinbastic but eloq^uent Essai sur Ic Dc^otismcy was a transla- 
taon of Watson’s Philip II., accomplished in Holland with the 
help of Durival ; his Coiisidirciiio^is sut Vovdve dc Cinciiiuatxts was 
based on an American pamphlet, and the notes to it were con- 
tributed by Target ; while his financial writings were all snggested 
by the Genevese exile Clavim-es. Dnring the Revolution ho received 
yet more help ; men were proud to labour for him, and did not 
mui-mur because he absorbed all the credit and fame. Dumont, 
Clavieres, Duroveray, Pellenc, Lamourette, and Reybaz were but a 
few of the naost distinguished of liis collaborators. Dumont was a 
Genevese exile, and an old friend of Romilly’s, who willingly prepared 
for him those famous addresses which Mirabeau used to make the 
Assembly pass by sudden bursts of eloquent declamation ; Claviferes 
and Duroveray helped him in finance, and not only worked out his 
figures, but even wrote his financial discourses. Pellenc was his 
secretary, and wrote the speeches on the goods of the clergy and the 
right of making peace, and even the Abbe Lamourette wrote the 
speeches on the civil constitution of the clergy. Reybaz, whose per- 
sonality has only been revealed within these last ten years, not only 
wrote for him his famous speeches on the assignats, the organization 
of the national gnard, &c., which Mirabeau read word for word at the 
tribune, but even the posthumous speech on succession to estates 
of intestates, which Talleyrand read in the Assembly as the last 
work of his dead friend. Yet neither the gold of the court nor 
another man’s conviction would make Mirabeau say what he did not 
himself believe, or do what he did not himself think right. He 
took other men’s labour as his due, and impressed their words, of 
which he had suggested the underlying ideas, with the stamp of 
his own individuality ; his collaborators themselves did not com- 
plain, — they were but too glad to be of help in the great work of 
controlling and forwarding the French Revolution through its 
greatest thinker and orator. True is that remark of Goethe’s 
to Eckermann, after reading Dumont’s iS’owwnfw : “At last the 
wonderful Mirabeau becomes natural to us, while at the same time 
the hero loses nothing of his greatness. Some French journalists 
think difibrently. . ^ . The French look upon Mirabeau as their 

Hercules, and they are perfectly right. But they forget that even 
the Colossus consists of individual parts, and that the Hercules of 
antiquity is a collective being — a gigantic personification of deeds 
done by himself and by others.” 

There was something gigantic about all Mirabeau’s thoughts and 
deeds. The excesses of his youth were beyond all bounds, and 
severely were they punished ; his vanity was immense, but never 
spoilt his judgment ; his talents were enormous, but could yet 
make use of those of others. As a statesman his wisdom is indubit- 
able, but by no means universally recognized in his own country. 
Lovers of the micien regime abuse its most formidable and logical 
opponent; believers in the Constituent Assembly cannot be expected 
to care for the most redoubtable adversary of their favourite theorists, 
while admirers of the republic of every description agree iii calling 
him from his connexion with the court the traitor Mirabeau. 
As an orator more justice has been done him : his eloquence has 
been likened to that of both Bossuet and Vergniaud, but it had 
neither the polish of the old 17th-century bishop nor the flashes of 
genius of the young Girondin. It was rather parliamentary oratory 
in which he excelled, and his true compeers are rather Burke and 
Fox than any French speakers. Personally he had that which 
is the truest mark of nobility of mind, a power of attracting love, 
and winning faithful friend. “I always loved him,” writes Sir 
Gilbert Elliot to his brother Hugh; and Romilly, who was . not 
given to lavish praise, says, “ I have no doubt that in his public 
conduct, as in his writings, he was desirous of doing good, that his 
ambition was of the noblest kind, and that he proposed to himself 
the noblest ends.” IVliat more favourable judgment could bo 
passed on an ambitious man ! What finer epitaph could a states- 
man desire ! 


rho best edition of Jlirabeiiu's works is that published by Blanchard in 1822, 
10 vols of wljich two contain his QHuvres Oratoii'ei\ from this collection, how- 
*r manv of his less important works, and the Monavchie Prusixenney in 4 vols., 
58* are o'mitted. For Ills life consult Mirabeau : Memoires sur sa vie tUterairc 
vrivee 4 vols., 1824, and, what Is of most importaHce, Memoires hiographiques, 
teraires^ct politiques dc Mirabeau ecriis par luMueme, par son pere.son onc!e, et 
i fits adootif, which was issued by M. Lucas dc Montigny in 8 vols., 

3 also Dumont, Souvenirs sur Mirabeau, 1832 ; Duval, Souvenirs sur Mirabeau, 
JO- Victor Hugo, Elude sur Mirabeau, 1834; Mirabeau's Jugendleben,mc&\au, 
Schneidewin, Mirabeau und seine Zeit, Leipsic, 1831 ; Mirabeau, a Li/e Uis- 
•u London 1848. The publication of the Correspotidance entre Mirabeau et le 
mie de ta jfarck. by Ad. Bacouit, 2 vols., 1851, marks .-m epoch In our exact 
owledge of Mirabeau and ids eareer. Tlie most useful modem books 
wSie, Us -Wrabeau, 1878, wlUch. however, chiefly treats of his father ^ 
cle; Ph. Plan, ITti Collaloraleur de Mirabeau. 1S<4, trcatiuff of 
•owing Infinite liglit on Mirabeau-s mode of work ; and, totl}, 11. Beyn^. 
rabeau et la Conslituanle, 1873. On Ids eloquence and the share his colMora 
s hud in his speeches, see Aulard, EAssembleeConstituante,!^^— 
ith see the curious brochure of his physician Cabanis, Journal de la 
U tarnortde Mirabeau, }*ari3, 1791. XVJ 6'Z ^ ' 
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MIEABEAU, ViCTOE Eiqxteti, Maequis de (1715- 
1789), Mmself a distinguished author and political econo- 
mist, but more famous as the father of the great Mirabeau, 
was born at Pertuis near the old chateau de hlirabeau on 
October 4, 1715. He was brought up very sternly by his 
father, and in 1729 joined the army. He took keenly to cam- 
paigning, but never rose above the rank of captain, owing 
to his being unable to get leave at court to buy a regiment. 
In 1737 he came into the family property on his father’s 
death, and spent some pleasant years till 1743 in literary 
companionsMp with his dear friends Vauvenargues and 
Lefranc de Pompignan, which might have continued had 
he not suddenly determined to marry — not for money, but 
for landed estates. The lady whose property he fancied was 
Marie Genevieve, daughter of a M. de Vassan, a brigadier in 
the army, and widow of the Marquis de Saulveboeuf, whom 
he married without previously seeing her on April 21, 1743. 
While in garrison at Bordeaux, Mirabeau had made the 
acquaintance of Montesquieu, which may have made him 
turn his thoughts to political speculations ; anyhow it was 
while at leisure after retiring from the army that he ^vrote 
his first work, his Testament Politique (1747), which 
demanded for the prosperity of France a return of the 
French noblesse to their old position in the Middle Ages. 
This work, Avritten under the influence of the feudal ideas 
impressed upon him by his fathei', was followed in 1750 
by a book on the Utilite des Ptats Proveiveiaux, full of 
really wise considerations for local self-government, Avhich 
was published anonymously, and had the honour of being 
attributed to Montesquieu himself. In 1756 hlirabeau 
made his first appearance as a political economist by 
the publication of his Ami des Hommes ou iraite de 
la population. This work has been often attributed to 
the influence, and in part even to the pen, of Quesnay, the 
founder of the economical school of the physiocrats, but 
was really written before the marquis had made the 
acquaintance of the physician of Madame de Pompadour. 
In 1760 he published his TMorie de I’Impdt, in which he 
attacked with aU the vehemence of his son the farmers- 
general of the taxes, who got him imprisoned for eight 
days at Vincennes, and then exiled to his counti-y estate at 
Bignon. At Bignon the school of the physiocrats was 
really established, and the marquis surrounded himself 
with devotees, and eventually in 1765 bought the Journal 
de V agineulture, du coimnerce, et des jinances, which became 
the organ [of the school. He was distinctly recog- 
nized as a leader of political thinkers by Prince Leopold 
of Tuscany, afterwards emperor, and by Gustavus TTT- 
of Sweden, who in 1772 sent him the grand cross of 
the order of Vasa. But the period of his happy literary 
life Avas over,- and his name Avas to be mixed up in 
a long scandalous laAvsuit. Naturally his marriage 
had not been happy; he had separated from his Avife 
by mutual consent in 1762, and had, he believed, 
secured her safely in the provinces by a lettre de cachet, 
when in 1772 she suddenly appeared in Paris, and soon 
after commenced proceedings for a separation. The poor 
marquis did not know what to do ; his sons were a great 
trouble to him, and it was one of his OAvn daughters who 
had encouraged his Avife to take this step. Yet he was 
determined to keep the case quiet if possible for the sake of 
Madame de PaiUy, a Savuss lady Avhom he had loved since 
1756. But his Avife would not let him rest ; her plea was 
rejected in 1777, but she renewed her suit, and, though 
the great Mirabeau had pleaded his father’s case, was suc- 
cessful in 1781, when a decree of separation was pro- 
nounced. This trial had quite broken the health of the 
marquis, as well as his fortune; he sold his estate at 
Bi^on, and hired a house at Argenteuil, Avhere he lived 
quietly till his death on 'July 11, 1789. 


For the Avliole family of iliiubeau, the one book to refer to 
Louis de Lomenie’s Les Miraleau, 2 vols., 1878, and it is creatlvta 
be regretted that the talented author did not live to treat the 
of the great Mirabeau and his brother. See also Lucas de lion 
tigny’s ZUmoires de Mwaheau, and, for the marquis’s economical 
vieAVS, De la Vergne’s Econmnistes fran^is du, 18"“ sihcU. 

MIRAGE. See Light, vol. xiv. p. 600. 

MERAMON, Mighel, a Mexican soldier of . French 
extraction, was born in the city of Mexico, September 29 
1832, and shot along Avith the emperor 
Queretaro, June 19, 1867. IVhile still a student he helped 
to defend the military academy at Chapultepec against the 
forces of the United States; and, entering the army in 1852 
he rapidly came to the front during the civil Avars that dis- 
turbed the country. It was largely due to iliramon’s support 
of the ecclesiastical party against Alvarez and Comonfort 
that ZidoagaAvas raised to the presidency; and in 1859 he 
Avas called to succeed him in that ofiice. Decisively beaten 
hoAvever, by the Liberals, he fled the country in 1860, and 
spent some time in Europe earnestly advocating foreign 
intervention in Mexican affairs ; and when he returned it 
was as a partisan of Maximilian. His ability as a soldier 
was best shoAvn by his double defence of Puebla in 1856. 

MIRANDA, Feajicesco (1754-1816), was born at 
Santa Fd in Neiv Granada in 1754. He entered the army, 
and served against the English in the American War of 
Independence. The success of that Avar inspired him 
with a hope of being the Washington of his own country, 
and a belief that the independence of Spanish America 
Avould increase its material prosperity. With these vierra 
he began to scheme a revolution, but his schemeswere dis- 
covered and he had only just time to escape to the United 
States. Thence he AA'ent to England, AA'here he was intro- 
duced to Pitt, but chiefly lived Avith the leading members 
of the opposition — Fox, Sheridan, and Romilly. Finding 
no help in his revolutionary schemes, he travelled over the 
greater part of Europe, notably through Austria and 
Turkey, till he arrived at the court of Russia, Avliere 
he Avas Avarmly received, but from which he was dismissed, 
though Avith rich presents, at the demand of the Spanish 
ambassador, backed up by the envoy of France. The neAvs 
of the dispute betAveen England and Spain about Nootka 
Sound in 1790 recalled him to England, where he sarv 
a good deal of Pitt, Avho had determined to make use 
of him to “ insurge ” the Spanish colonies, but the peaceful 
arrangement of the dispute again destroyed his hopes. In 
April 1792 he went to Paris, Avith introductions to Pdtion 
and the leadipg Girondists, hoping that men who were work- 
ing so hard for their OAvn freedom might help his country- 
men in South America, France had too much to do in 
fighting for its OAvn freedom to help others ; but iMiranda s 
friends sent him to the front AAuth the rank of general 
of brigade. He distinguished himself under Dumouriez, 
was intrusted in February 1793 Avith the conduct of the 
siege of Maestricht, and commanded the left Aving of the 
French army at the disastrous battle of Neerwinden. 
Although he had given notice of Dumouriez’s projected 
. treachery, he was put on his trial for treason on May i— 
He was unanimously acquitted, but Avas soon again throAvn 
into prison, and not released till after the 9th Thermidor. 
He again mingled in politics, and was sentenced to be 
deported after the struggle of Venddmiaire. Yet he escaped, 
and continued in Paris till the coup Jetat of Fructidor 
caused him finally to take refuge in England. He now 
found Pitt and Dundas once more ready to listen to bun, 
and the latter sent a special minute to Colonel Pioton, 
the governor of Trinidad, to assist General ilirandas 
schemes in every possible Avay ; but, as neither of them 
would or could give him substantial help, he, Avent to the 
United States, where President Adams gave himfair Avor s 
but nothing more. Once more he returned to England, 
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where Addington might have done something for him but 
for the signature of the peace of Amiens in 1802. At the 
peace, though in no way amnestied, he returned to Paris, 
but was promptly expelled by the First Consul, who was 
then eager to be on good terms with the court of Spain. 
Disappointed in further efforts to get assistance from 
England and the United States, he decided to make an 
attempt on his mvn responsibility and at his own expense. 
Aided by two American citizens. Colonel Smith and Mr 
Ogden, he equipped a small ship, the “Leander,” in 1806, 
and with the help of the English admiral Sir A. Cochrane 
made a landing near Cardcas, and proclaimed the Colombian 
republic. • He had some success, and would have had more 
had not a false report of peace between France and 
England caused the English admiral to mthdraw his 
support. At last in 1810 came his opportunity; the 
events in Spain which brought about the Peninsular 
War had divided the authorities in Spanish America, some 
of whom declared for Joseph Bonaparte, others for 
Ferdinand VII., while others again held to Charles IV. 
At this moment Miranda again landed, and had no difficulty 
in getting a large party together who declared a republic 
both in Venezuela and New Granada or Colombia. But 
iliranda’s desire that all the South American colonies should 
rise, and a federal republic be formed, awoke the selfish- 
ness and pride of individual provincial administrations, 
and thus weakened the cause, which further was believed to 
be hateful to heaven owing to a great earthquake on 
March 26, 1812. The comitof Monte Verde, the Bourbon 
governor, had little difficulty in defeating the dispirited 
forces of iliranda, and on July 26 the general capitulated 
on condition that he should be deported to the United 
States. The condition was not observed; Miranda was 
moved from dungeon to dungeon, and died in 1816 at Cadiz. 

There are allusions to Miranda’s early life in nearly all memoirs of 
the time, but they are not geneially very accurate. For his trial see 
Buchez et Eouv, Hisloire Parlcuicntaire, xxvii. 26-70. For his 
later life see Biggs, Eislorij of Miranda’s Attempt in South America, 
London, 1809 ; and Veggasi, Rcvolucion dc la Columbia. 

iHRANDOLA. See Pico. 

illRKHOND (1433-1498). Mohammed bin Khdwand- 
.shdh bin Mahmiid, commonly called MirkhwAnd or Mfrk- 
hawand, more familiar to Europeans imder the name of 
Mirkhond, was born in 1433, the son of a very pious and 
learned man who, although belonging to an old Bokhara 
family of Sayyids or direct descendants of the Prophet, 
lived and died in Balkh. From his early youth he applied 
himself to historical studies and literature in general. In 
Herdt, where he spent the greater part of his life, he gained 
the favour of that famous patron of letters, Mfr'Alfshfr 
(born 1440), who served his old school-fellow the reigning 
sultan Husain (who as the last of the Timdrides in Persia 
ascended the throne of Her At in 1468), first as keeper 
of the seal, afterwards as governor of JurjAn. At the 
request of this distinguished statesman and writer ^ 
Mirkhond began about 1474, in the quiet convent of 
KhilAsiyah, which his patron had founded in HerAt as a 
house of retreat for literary men of merit, his great work on 
universal history, the largest ever written in Persian, and 
to the present day an inexhaustible mine of information 
both to Eastern and Western scholars. It is named 
fiauzat-ussafd ji ssirat-^lanbid walmuluk walklmlafd or 
Garden of Purity on the Biography of Prophets, Kings, and 
Caliphs. That the author has made no attempt at a critical 
examination of historical traditions can scarcely be called a 
peculiar fault of Ms, since almost all Oriental wi-iters are 
equally deficient in sound criticism ; more censurable is his 

I ilir 'AlisWr not only excelled as poet both in Chaghatai, in 
which his epopees gained him the foremost rank among the classic 
writers in that ianguage, and in Persian, but composed an excellent 
tadhkirah or biography of contemporary Persian poets. 
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flowery and often bombastic style, but in spite of this draw- 
back, and although, in our own age, the discovery of older 
works on Asiatic history has diminished to some extent 
the_ value of Mirkhond’s Rauzat, it still maintains its hicrh 
position as one of the most marvellous achievements In 
literature from the pen of one man, and often elucidates, by 
valuable text-corrections, various readings, and important 
additions, those sources wMch have lately come to light. 
It comprises 'seven large volumes and a geographical aj)- 
pendix ; but internal evidence proves beyond doubt that the 
seventh volume, the history of the sultan Husain (1438- 
1505), together ivith a short account of some later events 
doAvn to 1523, cannot have been written by Mirkhond 
himself, who died in 1498. He may have compiled the 
preface, but the main portion of this volume is probably 
the work of Ms grandson, the equally renoivned historian 
KhwAndamfr (1475-1534), to whom also a part of the 
appendix must be ascribed. 

The following is a summary of the contents of the other six 
volumes. Vol. i. : Preface on the usefulness of historical studies, 
history of the creation, the patriarchs, prophets, and rulers of Israel 
down to Christ, and the Persian kings from the mythical times of 
the Peshdadians to the Arab conquest and the death of the last 
Sasanian Yazdajird III. in 30 a.h. (651 a.d.). Vol. ii. : Mohammed, 
Abubekr, ‘Omar, 'Othman, and 'All. Vol. iii. : The twelve imams 
and the Omayyad and'Abbasid caliphs down to 656 a.h. (1258 A.D.). 
Vol. iv.: The minor dynasties contemporary -ivith and subsequent to 
the 'Abbasids, down to 778 a.h. (1376 A.D.), the date of the over- 
throw oftheKm-dsbyTimur. Vol. V.: The Moghuls down to Timur’s 
time. Vol. vi.: Timur and his successors down to Sultan Husain’s 
accession in 873 a.h. (1468 a.d.). The best accounts of Mirkhond’s 
life are De Sacy’s “Notice sur Mirkhond” in his Mimoircs sur 
diverses antiquitis de la Perse, Paris, 1793 ; Jourdain’s “Notice de 
I’histoire imiverselle de hlirkhond ” in the Notices et Extraits, voL 
ix., Paris, 1812 (together with a translation of the preface, the history 
of the Ismailians, the conclusion of the sixth volume, and a portion 
of the appendix) ; Elliot, History of India, vol. iv. p. 127 sq . ; 
Morley, Descriptive Catalogue, London, 1854, p. 30 sq. ; Eieu, CaX. 
of Persian MSS. of the Brit. Mus., vol. i., London, 1879, p. 87 sq. 
Mirkhond’s patron, Mir'Alishir, to whom the Eauzat is dedicated, 
died three years after him (1501)^ 

Besides the lithographed editions of the whole work In folio, Bombay, 185D, and 
Teheran, 1852-5C, and a Turkish version, Constantinople, 1842, the following 
portions of Jlirkhond’s history have been published by European Orientalists: 
Early Kings of Persia, by D. Shea, London, 1832 (Oriental Translation Fund); 
Ellistoire de la dynastic des Sassanides^ by S, de Sacy (in the above'mentioned 
Meinoires)^ Uistoire des Sassanides (t&r/e Persan), by Jaubert, Paris, 1843; His- 
toriapriorum regum Persarum, Pers. and Lat., by Jenish, Vienna, 1782; Mirchondi 
historia Tahet’idarum, Pers. and Lat., by 2Iitscherlik, Gottingen, 1814, 2d ed., 
Berlin, 1819; Historia Samanidarum, Pers. and Lat., by "NVilken, Gottingei^ 
1808 ; Uistoire des Samanides, translated by Defr^mery, Paris, 1845; Historia 
Ghaznevida7'um, Pers. and Lat., by ^Yilken, Berlin, 1832; Geschkhte der SuUane aus 
dem Geschlechte Bujeh, Pers. and German, by Wilken, Berlin, 1835; followed by 
Erdmann’s Erlduterung und Ergdnzung, Kazan, 1836 ; Historia Seldschuckidatnim, 
ed. Vullers, Giessen, 1887, and a Geniian translation by the same; Histoire des 
Sultans du Kharezin, in Persian, by Defrdmery, Paris, 1842; History of the 
Ataheks of Syria and Persia, in Persian, by \V. Jlorley, London, 1848 ; Hisioi'ia 
Ghuridarum, Pers. and Lat., by Mitscherlik, Frankfort, 1818; Histoire des Sultans 
Ghurides, translated into French by Defre'mery, Paris, 1844; Vie de Bjenghiz-Khan, 
In Persian, by Jaubert, Paris, 1841 (see also extracts from the same 6th volume 
In French translation by Langlbs in vol. vi. of Notices et Extraits, Paris, 1799, 
p. 192 sq., and hy Hammer in Sur les origines Russes, St Petersburg, 1825, p. 
52 sq,)', “Tfmdr’s Expedition against Tuktamish Khdn,” Persian and Frencli, 
by Charmoy, in Mtmoires de VAcad. Impe'r. de St PRersbouvg, 1836, pp. 270-321 
and 441-J71. (H- 

MIKOPOLIE, a toivn of Eussia, situated in the govern- 
ment of Kursk, district of Suja, 83 miles south-west of 
Kursk and 25 miles from the Sumy railway station. It 
is supposed to have been founded in the 17th century, 
when it was fortified against the raids of Tartars. The 
fertility of the soil led to the settlement of large villages 
close by the fort, and the 10,800 inhabitants of this to^vn 
are still engaged mostly in agriculture. There is also an 
extensive manufacture of hoots. 

MIKEOE. It is only since the early part of the 16th 
century that mirrors have become articles of household 
furmture and decoration. Previous to that time — from the 
12th to the end of the 15th century — pocket mirrors or 
small hand mirrors carried at the girdle were indispensable 
adjuncts to ladies’ toilets. The pocket mirrors consisted 
of small circular plaques of polished metal fixed in a shaUow 
circular box, covered with a lid. Alirror cases were chiefly 
made of ivory, carved ivith relief representations of love 
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or domestic scenes, hunting, and games, and sometimes 
illustrations of popular poetry or rpmance. Gold and 
silver, enamels, ebony, and other costly materials were 
like'vvise used for mirror cases, on which were lavished the 
highest decorative efforts of art workmanship and costly 
jewelling. The mirrors worn at the girdle had no cover, 
but were furnished with a short handle. In 625 Pope 
Boniface IV. sent Queen Ethelberga of Northumbria a 
present of a silver mirror; and there is ample evidence 
that in early Anglo-Saxon times mirrors were well known 
in England. It is a remarkable fact that on many of the 
sculptured stones of Scotland, belonging probably to the 
7th, 8th, or 9th century, representations of mirrors, mirror 
cases, and combs occur. 

The method of backing glass mth thin sheets of metal 
for mirrors was well know in the Middle Ages at a time 
when steel and silver mirrors were almost exclusively 
employed. Vincent de Beauvais, writing about 1250, says 
that the mirror of glass and lead is the best of all “ quia 
vitrum propter transparentiam melius recipit radios.” It 
is know that small convex mirrors were commonly made 
in southern Germany before the beginning of the 16th 
century, and these continued to be in demand under the 
name of buU’s-eyes {Odiseiv-Augen) till comparatively 
modern times. They were made by blo\ving small globes 
of glass into which while still hot was passed through 
the pipe a mixture of tin, antimony, and resin or tar. 
"When the globe was entirely coated with the metallic com- 
pound and cooled it was cut into convex lenses, which of 
course formed small but well-defined images. It appears 
that attention was drawn to this method of making mirrors 
in Venice as early as 1317, in which year a “Magister de 
Alemania,” who knew how to work glass for mirrors, broke 
an agreement he had made to instruct three Venetians, 
leaving in their hands a large quantity of mixed alum and 
soot for which they could ^d no use. 

It was, however, in Venice that the making of glass 
mirrors on a commercial scale was first developed; and 
that enterprising republic enjoyed a rich and much-prized 
monopoly of the manufacture for about a century and a 
half. In 1507 two inhabitants of Murano, representing 
that they possessed the secret of making perfect mirrors 
of glass, a knowledge hitherto confined to one German glass- 
house, obtained an exclusive privilege of manufacturing 
mirrors for a period of twenty years. In 1564 the mirror- 
makers of Venice, who enjoyed peculiar privileges, formed 
themselves into a corporation. The products of the 
Murano glass-houses quickly supplanted the mirrors of 
polished metal, and a large and lucrative trade in Venetian 
glass mirrors spra;ng up. They were made from blo^vn 
cylinders of glass which were slit, flattened on a stone, 
carefully polished, the edges frequently bevelled, and the 
backs “silvered” by an amalgam. The glass was remarkably 
pure and uniform, the “ silvering ” bright, and the sheets 
sometimes of considerable dimensions. In the inventory 
of his efiects made on the death of the great French 
minister Colbert is enumerated a Venetian mirror 46 by 
26 inches, in a silver frame, valued at 8016 livres, while 
a picture by Kaphael is put cjo^vn at 3000 livres. 

The manufacture of glass mirrors, TOth the aid of Italian 
workmen, was practised in England by Sir Eobert Mansel 
early in the 17th century, and about 1670 the duke of 
Buckingham was concerned in a glass-work at Lambeth 
where flint glass was made for looking-glasses. These old 
English mirrors, with bevelled edges in the Venetian 
fashion, are still well known. 

The Venetians guarded with the utmost jealousy the 
secrets of their varied manufactures, and gave most excep- 
tional privileges to those engaged in such industries. By 
their statutes any glassmaker carrying his art into a 
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foreign state was ordered to return on the pain 6f 
imprisonment of his nearest relatives, and should he 
disobey the command emissaries were delegated to slav 
the contumacious subject. In face of such .a statute 
Colbert attempted in 1664, through the French ambassador 
in Venice, to get Venetian artists transported to Prance to 
develop the two great industries of mirror-making and 
point-lace working. The ambassador, the bishop of 
Bdziers, pointed out that to attempt to send the required 
artists was to , court the risk of being thro\vn into the 
Adriatic, and he further showed that Venice was selling to 
France mirrors to the value of 100,000 crowns and lace to 
three or four times that value. Notwithstanding these 
circumstances, however, twenty Venetian glass-mirror - 
makers were sent to France in 1665, and the manufacture 
was begun under the fostering care of Colbert in the 
Faubourg St Antoine, Paris. But previous to'this the art 
of blo\ving glass for mirrors had been actually practised at 
Tour-la-ViUe, near Cherbourg, by Eichard. Lucas, Sieurde 
Nehou, in 1653 ; and by the subsequent conibination of 
skill of both establishments French mirrors soon excelled 
in quality those of Venice. The art received a new impulse 
in France on the introduction of the making of plate glass, 
which was discovered in 1691. The St Gobain Glass 
Company attribute the discovery to Louis Lucas of Nehou, 
and over the door of the chapel of St Gobain they have 
placed an inscription in memory of “ Louis Lucas qui in- 
venta in 1691 le methode de couler les glaces et installa la 
manufacture en 1695 dans le chateau de Saint Gobain.” 

Manufacture . — The term “silvering," as applied to the forma- 
tion of a metallic coating on glass for giving it the properties of a 
mirror, was till quite recently a misnomer, seeing that till about 
1840 no silver was used in the process. Now, however, a large 
proportion of mirrors are made by depositing on the glass a coating 
of pure silver, and the old amalgamation process is comparatively 
little used. 

The process of amalgamation consists in applying a thin amalgam 
of tin and mercury to the surface of glass, which is done on a , 
perfectly flat and horizontal slab of stone bedded in a heavy, iron- 
bound wooden frame, with a gutter running round the outer edge. 
On the surface of this table, which must be perfectly smooth and 
level, is spread a sheet of thin tin-foil, somewhat larger than the glass 
to be operated on, and after all folds and creases have been com- 
pletely removed, by means of stroking aird beating with a covered 
wooden rubber, the process of “ quickening” the foil is commenced. 
A small quantity of mercury is rubbed lightly and quickly over the 
whole smface, and the scum of dust, impm'e tin, and mercury b 
taken off. Mercury is then poured upon the quickeiied foil, until 
there is a body of it sufficient to float the glass to be silvered (about 
I inch deep), and, the edge at one of the sides having been cleared 
of the scum peculiar to mercury, the glass (scrupulously cleaned 
simultaneously with the above operations) is slid from tliat side over 
the surface of the mercury. Weights are placed over the smiace 
until the greater part of the amalgamated mercury is pressed out, 
the table is then tilted diagonally, by means of dmnb-screws, and 
all superfluous mercury finds its way to the gutter. The glass 
is left twenty-four hours under weights ; it is then turned over 
’ silvered side up, and removed to a drainer with ineflning shelves, 
where by slow degrees, as it dries and hardens, it is brought to a 
vertical position, which in the case of large sheets may not be 
arrived at in less than a month. This process yields excellent 
results, producing a brilliant silver-white metallic lustre which is 
only subject to alteration by exposure to high temperatures, or ny 
contact TOth damp surfaces ; but the mercmdal vapours to ^ 
the workmen are exposed give rise to the most distressing and latai 
affections. . . , 

In 1835 Baron Liebig observed that, on heating aldehyde wit 
an ammoniacal solution of nitrate of silver, in a glass vessel, 
brilliant deposit of metallic silver was formed on the surface of 
glass. To this observation is due the modern process of silvermn 
glass. In practice the process was introduced about ISp ; ana 
is now carried on, with several modifications, in two distract way , 
called the hot and the cold process respectively. In the 
method there is employed a horizontal double-bottomed metal 
table, which is heated with steam to from 35° to 40° C. ^ The g a 
to be silvered is cleaned thoroughly with wet whiting, then wM ) 
with distilled water, and prepared for the silver ryith a sensitiz d 
solution of tin, which is well rinsed off immediately before 
removal to the silvering table. The table being raised ^ ^ 

proper temperature, the glass is laid, and the silvering solution 
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ouce poured over it, before the lieat of the table has time to dry 

glass. Tlio solution used is prepared 
as lollows : in half a litre ot distilled water 100 granuncs of 

nirrarA nr uiU/ntt . j... ai.*. ai _« . * i 


>*a.L,ui, uiiu # cl uiaauuus oi tartaric 
aciU dissolved in 30 gramiucs of water are mixed with tlio solution. 
About 2*5 litres are poured oyer the glass for each supciftcial metro 
to bo silvered. The metal immediately begins to cleposit on the 
glass, wliich is maintained at about 40® C. (104® F.), and in little 
nioro than half an hour a continuous coating of silver is formed, 
ihe silvered surlaco is then cleaned by very cautiously wiping with 
a very soft chainois rubber, and treated a second time witli a 
solution like the first, but containing a double quantity of tartaric 
acid. This solution is applied in two portions, and tliercaftcr the 
glass 13 once more carefully cleared of all unattaclied silver and 
refuse and removed to a side room for backing up. 

In silvering by the cold process advantage is taken of the power 
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i gi'cat teloscopo in tbo Paris Observatory. 

ordiiiaiy mirror silvering tlio following is tlio process rceoinmcndcd. 
by II. 15. Benratli. Two solutions aru prepared, tlio first of which 
contains the silver salt, and the second the sugar preparation. For 
the silver solution 800 grammes of iiltrato of silver and 1200 grammes 
of nitrate of ammonium are dissolved in 10 litres of water, and 1‘3 
kilos of pure caustic soda in 10 litres of water, and of each of these 
solutions 1 litre is added to 8 litres of water, which is allowed to 
rest till the sediment forma and then decanted. The second solu- 
tion — inverted sugar — is prepared by dissolving 150 grammes of loaf 
sugar witli 15 grammes of vinegar in 0*5 litre of water, and boiling 
the solution for half an hour. After cooling it is made up with water 
to 4200 cubic centimetres. The silvering is done on liorizontal 
tables in a well-li"hted and moderately heated apartment, and the 
glass Ls cleaned with scrupulous care. For each square coiitimotro 
of glass operated on 15 cubio eentimetres of the silver solution 
above desoribod arc measured out, and from 7 to 10 por cent, of 
tho solution of inverted sugar is added, both being quickly stirred to- 
fjotlier and poured rapidly and evenly over tho glass. Tho reduction 
immediately begins, and tho solution o.'chibits tints passing through 
rose, violet, and black, till in about seven minutes it again becomes 
transparent and tho deposit of inotal Ls complete. Tliis first deposit 
Ls oxtremely thin, and allows tho transmission of bluish rays. 
Tho exhausted solution witli tloating and unattaclied dust-liko 
granules of silver is carefully wiped oil’, tho silvered surface washed 
with distilled water and again treated with tho inLxod solutions to tho 
extent of lialf tho quantity used in tho first application. Tlio fmished 
surlaco is wiped and washed in tlio most thorougli manner, — for 
tho least trace of caustic soda loft would destroy tlio mirror. Tho 
further processes are tlie same in both methods of silvering. 

Tho deposit of silver on gla.ss is not so adherent and unalter- 
able under tho inlluonco of sunlight and sulpliurous fumes as 
tlio tin-mercury amalgam, and moreover real silvered glass has a 
slightly yellowish tinge. These defects have been overcome by a 
process introduced by M. Lenoir, wliicli consists of brusliiiig over 
the silvered surface with a dilute solution of cyanide of mercury, 
wliich instantaneously forming a kind of amalgam renders tho deposit 
at once much winter and more firmly adherent than before. To 
protect the thin metallic film from meclianical injury and tho 
chemical action of gases and vapours, it is coated witli shellac 
or copal varnish, over which when dry are applied two coatings of 
red-lead paint. 

Plalinum Mirrors . — A cheap process of preparing mirror gla.S3 Ls 
to some extent prosecuted in France, whereby a thin but very 
adherent deposit of platinum is formed on the glass. A solution of 
chlorido of platinum with a proportion of litharge and borate of 
lead dissolved in essential oil of spike is applied with a brusli to 
woll-clcancd glass, which is then placed on edge in a niulllo furnace, 
and tho platinum is thus burned in, forming an exceedingly thin 
but brilliant metallic backing having a somowliat groy lustre. It 
Ls used only for tho lids of cheap boxes, toys, ornajuentallettei-s, &c. 

Mwjic Mirrors . — Hand mirrors of metal are still in common use 
in Oriental countries, and especially in Japan and China they con- 
tinue to be the prevalent form of looking-glass. In the former 
country indeed bronze mirrors arc articles ot the greatest importance 
in the generally meagre furnishing of houses, and besides possess 
a religions significance. They liavc been known and used from 
• tho most remote period, mention of tlicni being found in Cliineso 
literature of the 9tli century. The (reputed) first made Japanc-so 
mirror, jircserved at Ise, is an object ol tho highest veneration in 
Japan, and an ancient mirror, connected with which is a tradition 
to tho efiect that is was given by the sun-goddess at the foundation 
of tho empire, is a principal article of the Japanese regalia. Tho 
mirrors of Japan vary in form and size, but in general tlicy con- 
sist of thin disks, from 3 to 12 inches in diameter, of speculum 
metal with handles cast in one piece. The polished face of the 
mirror is slightly convo.x in form, so that a rellectcd image is seen 


proportionately reduced in size; tho back of tho disk is occuTned 
With charactonstic Japanese oniaincntatiou and inscriptions in 
Dolcl rolicl, and its rim is also raised to tho back. Much attention 
has been attracted to these mirrors by a singular physiwil peculi- 
arity which in a few cases they are found to possess. These are 
knowii as magic mirrors from the fact that when a strong beam of 
liglit is icllectcd from their smooth and polished suriaco, and 
tiirowii oil a wliitc screen^ an image of the raised ornuinents and 
characters on the back of tho mirror is formed with more or less 
di3tinctncs.s in tho disk of light on tho screen. Tliis peculiarity has 
at no time been specially observed by the Japanese, but in China it 
attracted attention as early as tho lltli century, and mirrors 
possessed of this property sell among the Chinese at ten or 
oven twenty times tlio price souglit for tho ordinary noii-scnsitivo 
examples. Tho time e.xi)lanatioii of the magic mirror was first 
suggested by the Froneli physicist Person, wlio observed that 
the rellectiug surface of tile mirrors was not uniformly convex, 
the portions opposite relief surfaces being piano. Tliere- 
forc, as he says, “the rays rellectcd from the convex portion 
diverge and give but a feebly illuminated image, wliilo, on 
the contrary, tho rays rellected from the plane portions of the 
inirror proservo their parallolLsm, and appear on tho screen as an 
image by reason of their contrast with the feebler illumination of 
tho rest of tho disk." That such dillbrenccs of iilano in the mirror 
surface arise is an accidental circumstance due to tile niaiinor in 
which it is prepared, a process explained by Professors Ayrton and 
Perry, by whom ample details of the history, process of manu- 
facture, and composition of Oriental mirrors have been published. 
A preliminary operation in polishing tho surface consists of scoring 
the cast disk in every direction with a sharp tool. The thicker 
portions with relief ornament oll'er more resistance to tho pressuro 
of the tool than tho thin fiat portions, wliich tend to yield and form 
at first a concave surface, but this by the reaction of its elasticity 
rises afterwards and forms a slightly convex surface while tlio more 
rigid tliick portions are comiiarativoly little all'ected. This irregu- 
larity of surface is inconspicuous in ordinary light, and does not 
visibly distort images ; but when the mirror rullccts a bright light 
on a screen the unequal radiation renders the minute dill'ereiices of 
surface obvious. The ingenious theory of Poison has been estab- 
lished by experiments communicated by SI. Govi to the academy 
of Turin in 1864-05, and more recently by investigations of MM, 
Bertiii and Dubosq. See Annalcs do Ohiinic ot do Fhysiqtio (5th 
scr., vol. XX.). (J. PA.) 

Anciml Mirrors. 

Tho mirror of classical anti()uity (KdroTrrpoy, speculum) was 
a thin disk of bronze slightly convex on ono sido and polished, 
usually provided with a handle, sometimes mounted on a stand 
in tho form of a female figure (see CosTUMli, vol. vi. p. 453, 
fig. 1), sonictimes fixed inside a circular bronze case. Tho 
common size is that of an ordinary hand mirror. E.xamples 
largo enough to take in tho whole figure appear to have been 
rare. Slirrors of glass are mentioned, and tfioiigh none of them 
have been found their existence need not bo questioned altogether, 
since tho process of silvering occasionally employed on bronze mirrors 
suggests that an analogous process may have been applied to glass. 
But tho very largo number of mirrors still o.xisting from aiitiiiuity 
shows that bronze was tho regular material employed. The alloy 
known as speculum, producing a very bard metal with great reflecting 
power, is comparatively seldom mot with. Silver mirrors are men- 
tioned, but none have as yet boon found. 

The principal feature of ancient mirrors, especially those of 
Etruria, is tho design incised on tho back (see Etiiuiua, voL 
viii. p. 643). 'While twelve incised specinicns arc all that aru 
as yet known from Greece, the number fouiid_ in Etruria must 
be nearly a thousand. As a rule the subjects incised are 
taken from Greek mythology and legend, tlio^ names of the 
persons represented being frequently aifdcd in Etnisean letters 
and orthography. In most cases the stylo of drawing, the tjqies 
of tho figures, and the inaiinor of composing the groups are true 
to tho characteristics of Greek art. Some may have been im- 
ported from Grecco ; but the greater number appear to liavo been 
more or less faithfully imitated from such designs as occurred on 
the almost innumcrablo printed Greek vases which tho Etruscans 
obtained from Greece. Even where distinctly Etruscan figures are 
introduced, such as tho heroes .^Eliiis and Cailius Vibeiina on a 
mirror in the British Museum, Greek models are followed. The 
characteristics of Greek art hero referred to date from a little before 
400 n.c., and last for some time after. In this period would fall 
tile majority of the Etruscan mirrors, and to this periotl also belong 
tiic Greek incised mirrors, among which jnay be iiiontioned for tlieir 
beauty ono representing Isiucas and Corintfius, inscribul with their 
names (engraved, Monumonis (7rccs, 1873, pi. 3, published by the 
Association pour rencouragemeiit dcs Etudes Grec(iucs), and another 
in tho British Musouiu {Oozclta ArcJi., ii. pi. 27), on the back of 
wliich is a figure of Eros which has been silvered over. With this 
last-mentioned mirror was found the bronze case used to contain it, 
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on the back of which is a group of Aphrodite and Eros in repoussee. 
It was found in Crete. But most of the Greek mirrors and mirror- 
cases having artistic designs are from Corinth. One bears the name 
of the artist, ’AvoWas liroUi (engraved, Arch. Z&itung, 1862, pi. 
166, fig. 1). 

Archaic art (about 500 B.o.) is represented by a mirror in the 
British Museum from Sunium in Attica. The mirror itself is quite 
plain, but the stand is composed of a draped female figure, above 
whose head float two cupids. From Etruria there is a comparatively 
small number with archaic incised designs. It maybe concluded that 
the luxury of mirrors enriched with incised designs was not freely in- 
dulged before 400 b.o. in Etmria and never to any extent in Greece. 
A special centre of incised mirrors was the Latian town of Praeneste 
(Palestrina), and it is of interest in regard to some of the mirrors 
found there that they have inscriptions in early Latin. Artistically 
they have a purely Greek character. Plain mirrors are found 
wherever Greek and Roman civilization spread, and it may be seen 
from a specimen found in Cornwall, now in the British Museum, 
that the Celtic population of England had adopted the form and 
substance of the mirror from their conquerors. This specimen is 
enriched with a Celtic pattern incised. The shape of the handle 
testifies to native originality. Jlirrors were used in Greece, perhaps 
rarely, for divination, as appears, for example, from Pausanias (vii. 
21, 5), the method being to let the mirror down into a well by 
means of a string till it reuehed close to the surface of the water. 
When it was pulled up after a little it was expected to show the 
face of the sick person on whose behalf the ceremony was performed. 
This was at Patras. 

The principal publications on ancient mirrors are Gerhard, Etruskhche Spiegel, 
Berlin, 1843-G7, 4 vols., containing 430 plates; for the Greek mirrors, Mylonas, 
‘EWipriica KdTOTTTpo, Athens, 1876, and Bumont, Bullet, de Corresp. Hellen., 1877, 
p. 108 ; see also Friederichs, Kleinere Kunst und Industrie im Alterthum, Biissel- 
dorf, 1871, p. 18 sg.; and Marquardt and Jlommsen, Handbuch der rdmischen 
Alterthiimer, vii. pt. 2, p. 670. (A. S. II.) 

MIRZAPUR, a district in the North-Western Provinces 
of India, lying between 23° 51' 30" and 25° 31' N. lat., 
and between 82° 9' 15" and 83° 0' 36" E. long., is bounded 
on the N. by Jaunpur and Benares, on the E. by Shahdbfid 
and Lohdrdagd, on the S. by Sargujd state, and on the W. 
by Allahdbdd and Rewah state, and has an area of 5217 
square miles. It is crossed from east to west by the 
Vindhya and KAimur ranges. A central jungly plateau 
connects these, and separates the valley of the Ganges 
from that of the Son. 

The population in 1872 was 1,015,203 (males, 520,496; females, 
494,707), of whom 949,644 were Hindus, 64,809 Mohammedans, 
and 750 Christians. The non- Asiatic population numbered 623. 
Only three towns had a population exceeding 5000 : — Mirzapur, 
67,274; Chanar, 10,154; and Ahraura, 9091. Out of a Govern- 
ment-assessed area of 3048 square miles, 1313 are cultivated, 497 
cultivable waste, and 1238 uncultivable. The part of Mirzapur 
which lies north of the Vindhyas is very highly cultivated and 
thickly peopled, but the rest of the district consists largely of 
ravines and forests, with a very sparse population. Local manu- 
factures comprise carpets of a superior description, brass ware, and 
shellac. The East Indian Railway traverses the district, along the 
right bank of the Ganges, for a distance of 32 miles. The climate 
is slightly warmer and damper than that of districts farther north 
and east. The mean annual rainfall is 42 '7 inches. 

MfEZAPTJB, chief town and administrative headquarters 
of the above district, is situated on the south bank 
of the Ganges, 56 miles below Allahdbdd (25° 9' 43" N. 
lat., 82° 38' 10" E. long.). The population in 1872 was 
67,274, of whom 65,917 were Hindus and 11,053 Mo- 
hammedans. Up to quite recent years Mlrzdpur was 
the largest mart in upper India for grain and cotton ; but 
of late its commercial importance has rapidly decreased, 
owing to the establishment of through railway communica- 
tion with Bombay via Jabalpur, and the rise of Cawnpore 
to the position of a mercantile centre. The river front, 
lined with stone glidts or flights of stairs, and exhibiting 
numerous mosques, Hindu temples, and dwelling-houses of 
the wealthier merchants, with highly decorated facades and 
richly carved balconies and door-frames, is handsome ; but 
the interior of the town is mainly composed of mud huts. 
The manufacture of shellac gives employment to about four 
thousand persons ; brass ware and carpets are also made. 
The imports consist of grain, sugar, cloth, metals, fruit, 
spices, tobacco, lac, salt, and cotton ; the same articles, 
with manufactured lac-dye, shellac, and gU, are exported. 


MISDEMEAN OUR. The word misdemeanour wwi 

RusseU {On Crimes, vol. i. chap, iv.), “is applied to all tW 
crimes and offences for which the law has not provided 1 
particular name.” Stephen, in his Digest of th Cnmhal 
Law, adopts the following mode of distinguishing between 
misdemeanour and other crimes. “ Every crime is either 
treason, felony, or misdemeanour. Every crime which 
amounts to treason or felony is so denominated in the defini- 
tions of crimes hereinafter contained. All crimes not so 
denominated are naisderaeanours.” It is customary to speak 
of misdemeanour as implying a less degree of crime than 
felony (see Eelony). “ ilisdemeanours,” observes RuEsdl 
in the passage already cited, “have been sometimes termed 
misprisions ; indeed the word misprision, in its larger sense, 
is used to signify every considerable misdemeanour which 
has not a certain name given to it in the law, audit is said 
that a misprision is contained in every felony whatsoever, 
so that the offender may be prosecuted for misprision at the 
option of the crown.” Misprision, in a more restricted sense 
(or negative misprision), is the concealment of an offence. 
Positive misprisions are contempts or misdemeanours of a 
.public character, e.g., mal-administration of high ofiiciah, 
contempt of the sovereign or magistrates, &c. The rule 
as to punishment, when no express provision has been made 
by law, is that “ every person convicted of a misdemeanour 
is liable to fine and imprisonment without hard labour 
(both or either), and to be put under recognizances to keep 
the peace and be of good behaviour at the discretion of 
the court” (Stephen’s Digest, art. 22). By 28 i; 29 Viet, 
c. 67 prisoners convicted of misdemeanour and sentenced 
to hard labour shall be divided into two divisions, one of 
which shall be called the first division, and when a person 
convicted of misdemeanour. is sentenced to imprisonment 
without hard labour the court may order him to be treated 
as a first-class misdemeanant, who shall not be deemed 
a “ criminal prisoner ” within the meaning of that Act. 
The Prison Act, 1877 (§§ 40, 41), requires prisoners con- 
victed of sedition or seditious libel, or attached for contempt 
of court, to be treated as misdemeanants of the first class. 

In New York and some other States of the American 
Union the legislature has defined felony as any crime 
which is or may be punishable with death or imprisonment 
in a State prison, all other crimes being misdemeanours. 

MISHNAH. The Mishnak, in the most famihar apph- 
cation of the name, is the great collection of legal decisions 
by the ancient rabbis which forms in each Talmud the tex 
on which the Gemara rests, and so is the fundamen 
document of the oral law of the Jews. The question 
What is Mishnah? was asked, however, as early as the 
latter part of the 1st or the early part of the 2d century, 
though in a somewhat different sense and for a somewha 
different purpose.^ It will be answered in the course o 
this article in all its bearings. 

1. Name. — Rabbinic tradition has fixed the pointing 
Mishnah (HiB'D) by giving its status consti'uctus as 
Mishnath. Although the word Mishnah is not found m 
the Bible, it is no doubt a classical Hebrew term, signi- 
fying something closely akin to Mishneh (which term 
occurs more than once there), as may be seen on comparing 
Mihiah with Mihveh, Miknah with Mikneh, Ma alah wi 
Maaleh, and Mar' ah with Mai^eh, each two of which are, 
however they may vary in practical application, ujj 
questionably synonymous terms. The practical sigm 
cations of Mishnah are seven in number: — (1) 
tion, i.e., tradition i® as such it is the equivalent of 


^ See T. B., Kiddushint^i^a. * i,, Ae- 

^ The root Slianoh (tlj^), from which Mishnah is immeuiate y 

rived, is not merely, as is often thought, to team, to ° 

■repeat ; and it is in reality this last meaning wliich underlies tue 
former. 
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ScvT£p<o(7€ts^of Epiphamus,! the traditiones et Seurepwo-eis 
of Jerome, 2 the Seurepajcris of Justinian, ^ and the 
nnin!? (“the second to the law”) of the Arukh^-, (2) re- 
citation from memory, in contradistinction to reading from 
a book; 5 (3) study: as such it is the equivalent of 
Midriudi in the former part of its third signification ; (4) 
instruction : as such it is the equivalent of Midrasli in 
the latter part of its third signification;® (5) system, 
style,^ view, line of study and instruction : as such it is 
identical with the Talmudical Shiituh ; ^ (6) a paragraph 
of the Mishnahi it is invariably employed in this sense in 
the Babylonian Talmud, and is identical mth the word 
Halaldixih, used for the same purpose, in the Palestinian 
Talmud; and (7) the collection of the decisions of the 
whole “oral law,” i.e., the Midinah in the concrete sense. 
The word MishwjJi has three different plurals; — (1) the 
traditional Hishuiyoth for signification (7), formed on 
the analogy of 2Iikvaoth (not, as some think, on that of 
2[ikraoth or MidrashotlC ) ; (2) the correct, though ques- 
tioned, Mishniyyoth for signification (6), Lrmed on the 
analogy of Parshiyyoth from Farashah (or Parshali), not 
to speak of that of Mctasiyyoth from MiCaseh-, (3), the 
somewhat inelegant, but correct, Mishnoth,^ which also 
serves for signification (6). Significations (1), (2), (3), 
(4), and (5) have, however inconsistent it may appear 
when one takes into consideration their respective equi- 
valents, no plural whatever. So much for the Hebrew 
21ishnaJt. The Aramaic ilalhnitko mil be spoken of 
later. 

2. Contents and Nature . — The idishnah consists chiefly 
of Halakhah',^ there is, comparatively speaking, .little 
Ayadah to be found in it. It is not, however, as many 
think, either a commentary on the Halakhic portions of the 
Pentateuch, or on the ordinances of the Sopherijn, or on 
both together. It rather presupposes the knowledge of, 
and respect for, both the llosaic and the Sopheric laws, 
and it only discusses, and finally decides on, the best mode 
and manner of executing these. The discussions and 
eventual decisions to be found in the 2dishnah owe their 
existence principally to deep meditation on these two 
kinds of laws, notably on the former, by the rabbis of 
various ages, but chiefly by those who lived fifty years 
before and one hundred and fifty years after the rise of 
Christianity, the names of whom it faithfully gives, along 
with their respective discussions and decisions. There are 
but few cases to be found in the Ilishnak which would 
critically come under the denomination of an Halakhah le- 
Mosheh mis-Sinai, i.e., an explanation (of a law) as directly 

^ l[xrC3.,^v. ^KaTaypaniiarea!y),infme. Epiphanies was a native 
of Palestine, even it he was not, as some think, of Jesvish parentage. 
As a Pale.stinian miter on Jew.sh and semi-Jewish matters he must 
have Iiad a more than superficial knowledge of tlie Jewish traditions 
(the Mishnah, &c.). jVnd indeed, to judge from the account he gives 
of the various Jewish traditions (although the text of this account is 
extremely corrupt in every way), he was pretty well informed. For 
he tells as that the Jews have four kinds of traditions : — such as are 
ascribed to Moses (by whieh he no doubt means the IlalakJiah U- 
ilosMi mis-Sinai) ; such as are ascribed to the sons of AsmonEus 
(by which he means the Tekanolh, &e., of the BeOi Dino shet Hash- 
'/iW7iai; see T. '&.,'Abodah Zarah, 36&); such as are ascribed to B. 
'Akibah (the great teacher and martyr) ; and such as are ascribed to 
R. Andan, &c, (Rabbi Yehudah Hannasi). 

- In Isaiam, cap. viii. 11-15. 

^ JIov. cxlvi. (Ilfpl ‘Eppaiav) Ktip. d, in medio. 

■* Article HJiyD (first definition). 

^ Contrast Shanoh (ri3’^) with Karo (N“ljJ). 

“ See article Midbash, p. 285. 

’’ See Schillcr-Szine.s3y, Catalogue of Hebrew MSS, in the Mnoridge 
Unirersity Library, ii. p. 94. 

® See MS. Add. 464 (University Library, Cambridge), leaf 2836. 

® This word, derived from the root Halokh (ij^n), to go, is synony- 
mous v/ith Minhay (custom, practice) and Mishpat (rule), &c. 

w For the meaning of this term and the Agadic parts which are to 
be found in the Mishnah, see Midbash. 
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£ven by God to Moses, and in uninterrupted succession 
received from him by the rabbis. Several cases riven 
under this name in the 2Iishnah are not hona fide cases 
for the test of such an Halakhah is that it must never 
have been contested by any one.i® 

3. Ilethod. — A 2£ishnak, if genuine, never begins with 
a passage of the Pentateuch, and even comparatively 
seWom brings direct proof from or gives reference to it 
When there is any exception to this rule it will be found 
on close examination, either that such a paragraph belongs 
to a very early age (that of the Sopherim), or that it is to 
be found in another work of the “oral law,” and is simply 
copied in the Hishnah, or, what is more likely, that, if 
independent, it belongs to a very late age, or, finally, that 
the proof or the reference thus given is only a later addi- 
tion. One example of the true method of the 2Iishnah will, 
perhaps, better illustrate the foregoing statement than a 
sheet full of theorizing on the subject; and this one e.xample 
will the more surely sufiice because of its mixed (Mosaic 
and Sopheric) character. It is the very first paragraph of 
the whole 2Iishnah, and runs thus : “ From what time (of 
the day) does (may, should) one read the Slieiiui (‘the 
taking upon oneself the yoke of the heavenly kingdom ’) 
in the evening ? ” The Hishnah does not begin : One is 
in duty bound to read the Skemd in the evening, because 
it is written (Deut. vi. 7), “And when thou liest down.” 
For, in the first place, the law to read the Shemd evening 
and morning is not unquestionably Mosaic, as the words, 
“And thou .shalt talk of them, &c.,” do not refer to 
this passage of the law particularly, but rather to the 
words of the Pentateuch in general;^® and, secondly, it is 
needless to say that one is in duty bound to recite the 
Shemd twice a day, since every Jew readily acknowledges 
this duty and executes it, although it is not Mosaic. This 
duty of reading the Shemd, the grounds on which this 
duty rests, and how it is best fulfilled, are fully and 
ably discussed, developed, and finally settled in that 
part of the Talmud called Gemara,'^* — the business of 
which it is to discuss the words of the Hishnah and to 
show the sources of the tradition, and eventually the pas- 
sage in the Pentateuch (if on such the case rest) from 
which the respective disputants had derived their views, &c. 

4. Purpose. — ^Although it is a book containing Halakhic 
decisions, the Hishnah was never intended, as many think, 
to enable the reader thereof to decide from it immediately. 
This mistake is old and widely spread, — but a mistake 
nevertheless. The purpose of the 2Iishnah was and is 
simply to exhibit the development of the “oral law” 
and the view taken of this development by the rabbis of 
various times. For this reason one finds side by side 
with the opinions of the majority those also of the 
minority, which latter are very carefully given. But 
why, since these opinions of the minority can have no 
decisional effect! The Mishnah itself I^EduyyoihN i. 5) 

See R. Asher b. Yehiel (Harosh), HileMioth Mikvaoth (coming 
close after this Rabbi’s commentarj' on Niddah, in the printed editions 
of the Bab. Talmud), i. 1. 

>2 There are, however, at least sixteen such hona fide cases to be found 
in the works of the “oral law.” 

“ See T. B., Berakhoth, on Deut. xi. 19. 

“ Gemara, or Gemoro, signifies concretely discussion on and final 
settlement of the contents of the Mishnah, from gemar tfiQl), to study 
deeply, to eome to a final result ; which last signification is, to some 
extent, to be found also in the Hebrew root gamor {"101). Comyara 
T. B., Bobo Melsio, 33a, and Rashi, in loco. 

“ See T. B., Sotah, 22a. 

The word ni’IJl 1’ variously pointed: — 'Aduyoth, 'Ediyoth, and, as 
in the text, 'Edwjyoth, which last, if the name come from nnili 
because of the testimony of the witnesses on which this Massdduth 
chiefly rests, would be the only correct one. But it ought to be 
remarked that the Babylonian teachers must have spelled it 'Idiyyoth 
(best things), since its equivalent is given by them as Behirlo (or 
Behirolho). See T. B., BeraWioth, 27a and elsewhere. 
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answers this question : it is that the teacher or the judge 
of later ages may be thus enabled, if he have good grounds 
for taking a view different from that of the majority as 
given hundreds of years before, to reverse the old decision, 
by forming, on the strength of the example before, him, 
with others who agree -with him (or without them, if 
only one vote was wanted to reverse the majority) a fresh 
majority. Thus the Jewish “oral law” can never become 
ossified like the laws of the Medes and Persians. 

5. Language. — The Mishnah is, on the whole, witten 
in almost pure Hebrew; and even the originally non- 
Hebrew words (Aramaic, Greek, Latin, itc.) are so skil- 
fully Hebraized that they are a most creditable testimony 
to the linguistic powers both of many of the disputants 
mentioned in it, whose very words are in most cases given, 
and of the editor ^ or editors who revised them. 

6. Age and Authorship. — E. Yehudah Hannasi (the 
Prince), the reputed author (in reality only the principal 
and best among the editors) of the Mishnah, was born 
before the year 140 of the Christian era. His name was 
in full Yehudah b. Shime'on b. Gamlicl b. Shime'on b. 
Gamliel- b. Shime'on b. Hillel. On account of his holy 
living he was surnamed Eabbenu Hakkadosh, and on 
account of his great learning and authority he was called 
simply “Eabbi” (“ My TeacheP’ par exctllenci). Eabbi and 
his time, however, are no tenninus a quo for the composi- 
tion of the Mishnah. For, not to speak of many isolated 
Mishniyyoth which can be brought home to E. IMeir, to E. 
‘Akibah, to Hillel,^ to Yose b. Yo'ezer,'* and to others, even 
to the earlier Sopherim,^ we find that E. Yose b. ^lalaphta 
of the 1st century already quotes the beginning and end- 
ing of a whole Mishnic treatise {Kelim % and that in the 
same century (or very early in the 2d) another treatise 
consisting of early testimonies (^Eduyyoth was put into 
order. ^Moreover, although the phrases Mishnath Jt. 
EWezer h. Ya‘ahob^ and Mis/mafh E. ‘Alcibah^ do simply 
signify the systems, styles, and views of these two 
eminent teachers, there can be little doubt that they and 
others besides them, presided over colleges in which the 
whole Halakhic matter was systematically treated and 
regularly gone through. Hor are Eabbi and his time for 
the composition of the Mishnah a teivnimis ad quern, for the 
Mishnah was not brought to a close till a very long time 
afterwards. Not only did E. Hiyya Eabbah, E. Hosha'yah 
Eabbah, and Shime'on bar Kappara redact 2Iishnayolh,^^ 
but in the Mishnah before us notices are actually found 
which reach to the end of the 3d century, if not even later. 
The statement that Eabbi was the first to write down the 

^ The Hebrew spoken in the hou.se of the principal editor of the 
Mishnah was so correct that rabbis actually learnt the meaning of 
uncommon words of the Bible from the handmaidens of this house. 
See T. B., Rosh Hasshanahj 266. As for Kabbi himself, he was not 
merely a fine Hebrew scholar, but a line Greek scholar also. He was 
also a purist ; for in T. B. , Sotah, 496, he is reported to have exclaimed, 
“ Why .should any one speak in Palestine ‘ Sur.si’ ? Let him speak 
either Hebrew or Greek ! ” In using the word “ Sursi ” for “ Surith ” 
(Syriac), he no doubt makes a punning allusion to the mixed (cut-up) 
character of the language, corrupted from Hebrew, Chaldee, Persian, 
Greek, and Latin. 

- This was the teacher of St Paul. 

^ In addition to such well-known Agadic J/fs67Myyo</j as those which 
are distinctly ascribed in Aboth to Hillel, see Mishnah Kiddushin, iv. 
1; and contra.st it with the language and style of the Mishnah in 
general, and that of Massekhto Kiddushin in particular. 

^ Mishnah' Eduyyoth, viii. 4." 

® See Mishnah Ma'aser Sheni, v. 7; Sotah, v. 1, 2; Kega'im, xii. 
5, 6, 7, &c. ; though it cannot be said that these passages preserve 
the teaching of the Sopherim in their original purity. 

® See Mishnah Kelim, i'n fine. 

^ See T. B. , Berahhoth, 28a : “ It is handed down orally (Nin) that 
Eduyyoth\ias on that day (when B. El'azar b. 'Azaryah was installed 
as president) gone through,” i.e., redacted. 

® T. B., Yebamoth, 496. 

® Mishnah Synhedrin, iii. 4. 

See Koheleth JEtaibah on ii. 8 in medio. 


Mishnah is untrue, because the thing is impossible. For 
the two Talmuds, of which that of Babylonia was not 
finished before the 6th century (if then), know, certainly 
nothing of the writing down of the 2Iishnah. On the 
contrary, their language throughout presupposes the JAh/j. 
nah in their time to have been what its name indicates a 
repetition, _ i.e., a thing acquired by continual recitation 
because, like the other works of the “oral law” (Torai 
shebbe al peh), it yvas to be, and was, handed down orally.n 
As for the difficulty of keeping in memory such a stu- 
pendous and vast work as the Mishnah, it is sometimes 
forgotten in this controversy that memory was aided by 
a great variety of mneniotechnic means, such a.^ numbers 
and names of teachers, and by the existence of other works 
of the “oral law,” which, although they also were not 
written down, could be easily kept in memory because 
they rested on letters, words, and verses of the witten 
Pentateuch. Anyhow, there is ample evidence, both nega- 
tive and positive, that the 2Ivihnah as we now have it 
was not committed to writing in the times of Eabbi or 
for long afterwards. But it certainly does not follow 
that no merit is due to Eabbi in connexion with the 
Mishnah. His merit in connexion with it is great in 
every way. For (1) Eabbi was himself a link in the 
chain of tradition, since he had “received” from his 
own father and so on up to his ancestor Hillel and even 
higher; (2) he gave in the Mishnah his own decisions, 
in most cases in accordance with those of the famous E. 
Meir, which are thus in a great part secured to us ; (3) 
in giving his own decisions he preserved to us also a 
good many decisions of the teachers of the 2d century ; 
(4) in collecting all these decisions he anxiously ascertained 
the genuine formulas of the older Mishniyyoth (5) he 
did not merely rej^roduco the formulas which he esteemed 
the best, but discussed them anew in his own college, 
which was composed of men of the highest eminence, as 
is well known; (6) although he gave on the whole the 
very language of the teachers who preceded him, he 
gauged it, guarding it against the barbarisms which are 
so plentiful in the other works of the “ oral law " ; and (7) 
he scattered the Mishnah broadcast (though only by word 
of mouth) over all Palestine and Babylonia by means of 
the disciples who flocked to him from all parts of those 
coimtries. K the 2Iishnah, as it now exists, is not entirely 
his, it certainly belongs to him in a great measure and in 
more than one sense. 

7. Value and Appreciation. — ^^^Tiatever can be said in 
favour of the Agadah applies with equal if not greater 
force to the 2Iishnah, as the latter is a canonical and 
therefore more reliable work of the “oral law.” Tie 
Mishnah is one of the richest mines of archmology which 
the world possesses. But it waits yet for the master 
touch to break the spell which holds it bound. Great, 
however, as the value of the 2Iish7iah is, its popu- 
larity has never been steady, but has been continually 
fluctuating, and that for various reasons. Even Eabhi 
in his time had to appeal for due attention to it. YTiilst 
it was neglected in troublous times by the masses, who 
ran after the Agadah,'^^ which, besides being consoling, 
needed no particular study, it was, in prosperous times, 
neglected by the rabbis themselves through the study of 
the Bible and the Talmud.^^ And much more was this 

See particularly T. B., Bobo Metsio, 33a and 6 ; and compare 
also Baski, in loco. 

See T. Y., Mdaser Sheni, v. I; and compare the preceding note. 

^ See lIiBBASH, p. 285, note 14. , . 

B. Yohanan said, This Mishnah (Boraitho), that no study 
cel that of Gemara, was taught in the time of (and by) Rahhihimsp • 
Then the people went after Gemara and neglected the study of the jnsn- 
nah. Whereupon he again hade them ever run more after Mishnen 
than after Gemara. T. B., Bobo Metsi'o, 336, and Bashi, in loco. 
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the case when the Talmud had developed from a mere 
studious activity to two concrete works of large size. 

8. The, Ultimate, Writiiu/ Doimi of the Mislinah . — ^The 
troubles of the unha 2 :ipy Jews had multiplied everywhere. 
The masses, as already stated, preferred, in consequence of 
these troubles, the Ayaduh. But the number of the 
learned also diminished through these troubles day by day ; 
and the comparatively few that remained preferred more 
and more the Talmud (in Palestine the Palestinian and in 
Babylonia the Babylonian), which was a better field for 
the exercise of their ingenuity. The fate of the Mishuih 
would have been sealed had it not been ultimately 
written down. But the writing down of IlalaJchah en 
masse had been prohibited in early timesr Two considera- 
tions, however, ultimately removed all scruples. ( 1 ) It 
was a time to do something for God, even if by such doings 
His law was apparently destroyed.^ Let one (and a minor) 
law bo disregarded, . so that many (and higher) laws be 
IJreserved. The Jlalakholh of the Mishnah were numerous 
and the students few ; the power of tyranny increased and 
that of the memory decreased by reason of the persecution. 
(2) The language of the Mishnah, although pure, and in- 
deed purer than the language of several books of the Bible, 
was so concise and terse that it could not be understood 
without a commentary; and, therefore, even after being 
written down, it would virtually retain its oral character. 

9. Itecensions. — The Mishnah has three principal recen- 
sions: — ( 1 ) the as presented in the work standing 

by itself ; (2) that on which the Palestinian Talmud rests ; 
and (3) that of the Babylonian Talmud. The first-named 
and the last-named 2Iishnayoth have always been known 
as comifiete; the second, however, was supposed for 
several hundred years to be imperfect, lacking four 
Perakim in Uhabbath, two entire Massekhtoth in the Seder 
ifezikin, the whole of the Seder Ifodoshim, and by far the 
greater part of the Seder Tohoroth? But since 1869 this 
recension also has been known to have been always com- 
idete ; and it is to be found in its entirety in a MS. pur- 
chased in that year for the University Library of Cam- 
bridge (Add. 470. 1). Besides these three there are many 
minor recensions, touching, however, only isolated read- 
ings. These last are to be attributed chiefly to coj^yists. 
The origin of the difference between the principal recen- 
sions is to be sought in the following two facts : — ( 1 ) 
Eabbi had himself gone twice through the Mishuih and 
had himself considerably altered the wording of the text;^ 
and ( 2 ) his successors in early and late times had wilfully 
altered and corrected the original text. 

10. Divisions and Detailed Contents of the Mishnah. — The Mish- 
wih in all recensions is divided into six Salarim (orders), each of 
which contains a number of Massekhtoth* (treatises), which stand 
in conne.vion with one another. These are subdivided into Fcrakivi 
(chapters), and these again into Halakholh or Mishniyyolh (para- 
graphs called Mishnoth).^ The number of the Sedarim is six, 
that of the Massekhtoth sixty,® and tliat of the Perakim 523, or, 

* This is a somewhat inexact application of Ps. cxix. 120, but it has 
been more tliau once acted upon both in ancient and modern times by 
the Jews. Compare the explanation given in T. B., Berakhoth, 63o, 
and Menalwth, 99a. 

• Niddah is the only Mussekheth of this Seder of which three entire 
Perakim are to bo found in the printed editions. Compare Schillcr- 
Szinessy, Occasional Notices, &c., i. (Cambridge, 1878, 8vo) p. 8. 

® Sec T. B., Boho Metsio, 44a, and elsewhere. 

■* Wliether the word Massekheth comes from Masokh (l]Dlp, to pour 
into, to mix, &c.), or from Nasokh to pour, to mix, to weave, 

&c.), it signifies in either case here a mould, a form, a frame. Mas- 
sekheth has three several plurals : — (1) the common Massekhtoth (not 
Massikhtolh) ; (2) the less common Massekhoth tfiee M.S. Add. 470. 1, 
belonging to the University Library of Cambridge, leaf 69a and else- 
where) ; and (3) MassckUiyyoth (nPH^DD), see Midrush Rahbah on 
Canticles vi. 8, 9. Tlie Aramaic Massekhto (not Massikhto) has in the 
plural Massekholho, the use of which is, however, very uncommon. 

® Compare above, p. 503. 

® Compare Midrash' Itahhah on Canticles vi. 8, 9. 
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The following is a scheme 


with a fourth Perek to Bikkurim, 524.^ 
of the whole IDshnah.^ 

. •^g 7 P“\ture> preceded by the Treatise on Thanks- 

^vings ). (1) BeraHiot/i (blessings), in nine cha 7 )ter 3 : (2) Peak 

(Lev. XIX. 9, &C.), in eight chapters; (3) Demai (fruit, grain, 
&c., doubtful if tithed), in seven chapters ; (4) Kil’ayim (mixtures 
garments respectively), in nine chapters; 
(5) Shcbi ilh (year of release), in ten chapters ; (6) Teriimoth (gifts 
to the pnests), in eleven chapters ; (7) Ma'aser ShenD” (Deut. xiv. 
22-27), in five chapters ; (8) Ma'ascr Rishon, otherwise Ma’ascroth 
(Lcvitical tithes), in five chapters ; (9) JFTallah (Nuni. xv. 19-21) 
in four chapters; (10) Orlah (Lev. xi.x. 23), in three chapters; 
and (uyBikkurim (Deut. xxvi. 1-10), in three (commonly four) 
chapters. 

II. JIo'ed (on Festival Times). (1) Shabhath (Sabbatli), in 
twenty-four cliapters ; (2) 'Brubin (mixtures, i.e., ideal union of 
divided spaces), in ten chapters ; (3) Pesah (commonly Pesahim, 
i.e., Passover), in ten chapters ; (4) JCijipurini (commonly Ymna, 
j i.e., “the d.iy” [of atonement]), in eight chapters; (5) Shekalim 
' (Exod. XXX. 12-15), in eight chapters; (6) Suklcah (Lev. xxiii. 

34-43), in live chapters ; (7) Belsah (“an egg,” so called from the 
' beginning of tlic treatise; also YomToh, i.e., on work prohibited, 
or permitted, on festivals), in five chapters ; (8) Rosh IlassJumah 
: (on the various kinds of new year, as religious or civil, the king’s 
accession and coronation, ko,), in four chapters; (9) Tdaniyyoth 
(fast-days), in four cliapters ; (10) Mcyillah (reading of the book of 
Estlicr, other readings, &c.), in four chapters; (11) Hayiyah 
(festival-ofierings), in three cliapters; (12) Mashkin (so called from 
the bcgiiiniiig of the treatise, but commonly Md'ed JCaian, on work 
prohibited, or permitted, on the middle holidays of Passover and 
Tabernacles), in three cliapters. 

Ilf. NAsittii (Women). (1) Nashim (so called from the first 
distinctive word of tlie treatise, but commonly Ychamoth, on 
sisters-in-law, the Icvirate, &c.), in sixteen chapters; (2) Kethuboth 
(marriage-pacts, settlements, kc.), in thirteen chapters; (3) Nedarim 
(vows), ill eleven chapters; (4) Nazir (Num. vi. 2-21), in nine 
chaptci-s ; (5) Gitlin. (bills of divorcement and other bills), in nine 
chapters; (6) ATidfiiw/u’ii (betiothal and marriage), in four chapters; 
(7) Sola (mostly Sotah, Nuni. v. 12-31), in nine chapters. 

IV. Nezikim, commonly iVcsikw (Damages, ke.; see Exod. xxi., 
-xxii., &c.). (1) Nezilein (commonly Bobo Kammo, the Former 
Gate, in ten cliapters ; Boho Metsi'o, tlie Middle Gate, in ten 
chapters; and Bobo Bathro, the Last Gate, in ten chapters*^), in 
thirty chapters; (2) Synhedrin (courts of justice, &o.), in eleven 
chapters; (3) Makkolh (“forty stripes save one," Sc.j, in three 
cliaptcra ; (-4) ShehCotlt (oatlis, kc.), in eight chapters ; (5) 'Eduyyoth 
(testimonies) or 'Idiyyolh (chiofest or best things '“), in eight chap- 
ters ; (6) 'Abodah Zarah (idolatry), in five chapters ; (7) Aboth 
(see JflDliASH, p. 286), in five chapters; (8) Uorayoth (judicial 
errors, tcaeliiiigs, and decLsions), in three chapters. 

V. KonosillJl (Holy Tilings). (1) Zebahim*^ (sacrifices), in 
fourteen chapters ; (2) Menahoth (meat-oiferings), in thirteen 
chapters ; (3) Shihilath Ilullin (slaying animals for common food ; 
commonly JIullin, or common food), in twelve chapters ; (4) Be- 
khoroth (the first-born of beast and man), in nine chapters ; (5) 
'Arakhim, commonly Erachin (on valuations ; see Lev. xxvii. 
2-33), in nine cliapters ; (6) Temurah (Lev. ix. 10, 33), in seven 
chapters ; (7) Karcthoth, natKcritholh (sins the punishment of which 
is excision), in six chapters; (8) J/efto/i (Num. v. 6, 7), in si.x cliap- 
ters; (9) MiddoCh (description of the temple and its measurements ; 
see Midrash, p. 286), in five cliapters ; (10) Tamid (perpetual or 
daily sacrifice), in six (commonly arranged in seven) chapters ; (11) 
Kinnim {.sacrifices of birds), in three chapters. 

VI. Tonoito rii (Purifications). (l)/iclim. (impurities of vessels), 
in thirty chapters ; (2) Oholoth (Num. xix. 14-16, ko.), in eighteen 
chapters; (3) Neya'im (plague of leprosy in man, house, and 
garment), in fourteen chapters; (4) Parah (Hum. xix. 1-19), in 
twelve chapters ; (5) Pohoroth (euphemism for impurities), in ten 
chapters; (6) Mikmoth (religious baths), in ten chapters; (7) 
Niddah (Lev. xv. 19-33), in ten chapters ; (8) Makhshirim (liquids 

1 Others include, instead of a fourth Perek of Bikkurim, the Perch 
Babbi Mcir, i.e., the treatise “ On the Acquisition of the Law.” The 
origiu.lI Mishnah, however, had neither of these two Peraldm. 

0 In this scheme the Carabridgo MS. of the Mishnah is taken as 
the groundwork, while the variations in title, &c., are given from the 
common texts. _ ^ 

” Compare St Paul’s words, Eph. v. 20, euxapia-ToOi/Tes iravrore 
iirep irdorair. 

w On the apparent anomaly of Maascr Sheni preceding Maascr 
Rishon, see Scliiller-Szinessy’s Cataloyue of Hebrew MSS. in the 
Cainbridye University Library, vol, ii. p. 1, note 4. , , . . 

V In the Catnhridge MS. Add. 470. 1, Massekhlo Nezilyin is given 
correctly as one, containing thirty chapters. Compare T. B., Bobo 
Kammo, leaf 102a, 'Abodah Zarah, la, and Midrash Shemuel, v. 

See p. 503, note 16. 

Also known under Shehitath Kodoshim. 

XVI. — 64 
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predisposing for the contraction of impurities, Lev. xL 34), in six 
chapters ; (9) Zabint (Lev. xv. 2-33), in five cliapters; (10) Tebul 
Ybrn (Num. xix. 19), in four chapters ; (11) Yadayim (purification 
of the hands), in four chapters ; (12) 'OkoUin (stalks, peel, ic., of 
fruit), in three chapters. 

11. Editions. — ^The editions of the 2[ishnah, whether as a book 
by itself or as contained in the Babylonian Talmud, are too 
numerous to be mentioned here. Tlie cJitio princcps of the 
MisJinaJi, as a sefxirate book, appeared (with llaimoiiides’s com- 
mentary) at Naples in 1492 (see 3lAiMO.smE.s), and that as 
contained in the Babylonian Talmud at Venice in 1520-23, both 
in folio. As part of the Palestinian Talmud the Mishnah came 
out also at Veuice, in 1523-24, folio. This Talmud, however, 
being defective, its Jfishnah naturally is incomplete too (see 
p. 505) ; and it is, moreover, “ corrected ” by the scribe of 12S3-S9 
(see Schiller-Sziucssy, Occasional aVoJtccs, i:c., i. jip. 8, 11)- _ The 
syndics of the Universitj’ Press of Cambridge have tlierefore laid, the 
learned public under considerable obligations by publishing for the 
first time the complete original .Wishiuib on which the Palestinian 
Talniud rests, from the uuitiue 5IS. preserved in the University 
library.^ 

12. Traiislaiions. — There exist translations of the Mishnah in 
Latin, German, and English. (1) Tliere is a Latin translation by 
the brotliers Abendana (IL Ya'akob and 11. Yitsliak). The former 
was Haham (ffakham, i.c., chief rabbi) of the Sepharadim in 
England, and the latter was teacher of Hebrew and Rabbinic at 
Cambridge and Oxford successively. Both brothers, corrcsiwnd- 
cuts in lo60 of Buxtorf, were fine Hebrew and Latin scliolars (see 
Schiller-Szinessy, “The Abendanas,” in Jewish World of December 
5, 1879). This translation is preserved in the Cambridge Univer- 
sity Idbrary ilS. ilm. 1. 4-8." (2) The Abendanas’ version was 
before Surenhusius when he compiled, from old and new mate- 
rials, his Latin translation, which ajipeared (with the te.vt of the 
Mishnah and the translation also of the commentaries of ifai- 
monidesand “ Bertinoro")atAm3ter>.lam in lo9S-1703, folio. Tiie 
gre.at indebtedness of Surenhusius to the Abendanas is a fact either 
unknown to or ignored b)* * * the bibliographers,^ (3) A German 
translation by Rabo came out in German letters at Onolzbach in 
17G0-63, 4to. (4) The version last-named w.ts in the {wssession 
of the anonjTnous author of the translation, jiriuted in Rabbinic 
letters, in tlie Vienna edition of the MUhiuih with the commentary 
Kdph Mahaih, 1817-35, Svo. This author (or editor) silently 
“ used ’’ the work of his predecessor. (5) Both these translations 
were surpassed in Gennan diction, as well as in correctness of 
rendering, by that which came out in Hebrew square letters at 
Berlin in 1832-34, 4to, and which, no doubt, belongs to J. if. 
dost the historian. (6) The English translation which c.ame out at 
London in 1843, Svo, by De Sola and Raphael, extends only over 
eighteen treatises. 

13. Commentaries. — The comraent.rries on the Mishnah are 
almost as numerous as the editions, and cannot therefore be sjwci- 
ally enumerated here. The princi()al and the oldest, however, are 
the following. (1) The two Talmuds themselves, of which, at 
present,'* the Babylonian is the only (and that but compara- 
tively) perfect one, or at all events the more extensive of the two. 
It ought, however, to be stated, first, that the Pale,stiniau Talmud 
has Gemara on the whole order Zerdim, whilst the Babylonian 
has it on the first “ treatise ” only of that order (Bcrakholh), 
and, secondly, that the Gcmarath Shekalim in the Babylonian 
Talmud is only borrowed from the Palestinian Talmud. (2) The 
commentaries on Zerdim, Toharoth, &c., by Eabbenu Hai Gaon, 
who was the last, most learned, and in every way uobleat of the 
Geonim.® He flourished in the 10 th and 1 1th centuries. Partofthe 
commentaries (viz., that on Tolwroth)hns appeared in the collection 

* See Mr W. H. Lowe’s able edition of this grand work (The 
Mishnah on which the Palestinian Talmud rests, Cambridge, 1883, 
Svo). 

- According toPicciotto [Sketches of Anglo-Jeicish Jlistory, London, 
1875, Svo, p. 55), R Yitshak Abendana translated the Mishnah and 
its commentaries (Jfaimonides and “Bertinoro’’?) also into Spanish. 

® Surenhusius was also aided in his grand work hy the books and 
notes of Guisius (in Berakhoth, Peah, Pemai, KiVayim, ShebCilh, 
Terumoth, and jUaasen><h,i.-iii. 3), Schmid (in Shabbath nniX' Briibhi), 
Houting (Posh Hasshanah), Lund (Tdanith), Otho (Shekalim), 
"Wagenseil (Sotah), Cocceius (Maklxth), Fagius (Aboth), Arnoldi 
(Tainid), L’Empereur (Middoth), and Ghnanu (Zebahim and Kare- 
thoth). But without the Abendanas Surenhusius could never have 
commenced, much less executed, the great task he had before him. 

■* For the probability that the missing parts of the Palestini.an 
T.almud -(vill one day come to light somewhere in the East, see Schiller- 
Szinessy in the Academy, February 23, 1878 ; He-Chaluz, xi. ; and 
Steinschneider, Handschriften-Verzeichnisse der koniglichen BibliolheJ: 
zu Berlin, m, See. (1878, 4to), pi- 65, where a passage of Palestinian 
Gemara ot'Olajtsin is actually quoted. 

® He -was also a poet of no mean standing. See his Musar ITaskel 
(or Sassekhel), ed. princ. Fano, 1505 (?), 4to. 
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ic I'cde Gconim, ice. (Berlin, 1856, Svo\ (3', Ti,. . 
various treatises of the B. Talmud, and 
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the Mishnah, by Ibibbcnu Gerehom ileor Haggolah (the'*^:d'L°^r 
the Diasjiora,''^ jlouri.shed in the 10th and 11th ceaturi£s> F 
meuts of this commentary are incor[>orated in the ordinart- Tali^^j 
editions (e.y., p.darita, i'lb, ic.), but the greater port fies 
in manuscript m various libr.irics. (4) The com.mentairofRab’ ^ 
Ilananeel, who lived at Kairawau (iu Africa) in the lOth aa>' ll-i 
ceuturics. His commentary on the Talmud, and thus indirw-i- 
on the Mishnah, is now ’oeiug published in theVilnaeditioaofthi 
Babylonian Talmud.* (5) The commentarv of Rashi (oh. liosi in " 


those parts of the B. Talmud on which that “ prince of 
tators” wrote. Here ought to be mentioned also the 
cditio 2>rincqit of this commentary as far as the J/i>A;iaA is A- 
cemed, wliich apjteared at Leghorn in 1653-54, Svo. (6) 
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Rashbam; see Pesahim, 995, and Bobs Bathro, 29ci, ic.* asl 
Rabbenu Shcmay.ah b. Simhah of Vitri,® who interpreted the Jfn- 
stkhclh Middoth before Rash!, his grandfather (see Schiller-Szinesjr 
Catalogue of the Uthreic MSS’, pre-served in the University lihryy 
of Ciimbridgc, ii. p. 89). (7) The commenbity on the whale 

Mishnah by SI.tiiioxinES (y.r.). (S) The commentary by R. 

Abniham b. David of Posijuieres (ririyi) Rabad) oD.'£duyyoth (id 
editions of the B. Talmud), A'liiiii'in (with two other' conimsa- 
taries by ILabbeim Zerahyah ILilIevi and R. Asher b. Yelue!, Coa- 
staiitinoiile, 1751, folio), and on many other Mishniyycth of the onica 
Zerdim aud Tchoroth (in his “ strictures ” on ilaimonides, J/w.*.rA 
Torah, books Zerdim and Tohorah). (9) The commentary cf 
U. Shimshon of Sens (who, like the foregoiug, was a contemponry 
aud opponent of AlainumiJes) on the orders oi Zerdim (with supple- 
meiits taken from the works of the somewhat older K. Yitshak b. 
ilalkitsedek) aud Toboroth.'^ (10) The commentary by It, 3ieir cf 
Rotheuhurg (the celebrated captive of Rudolph of Hapsburgl; see 
under (13) below. (11) The comineutary by R, .\sher b. Yeikl 
(a disciple of the foregoiug, who died at Toledo in 1327) on mhty- 
one treatises of the oidt-rs i. ami vL (12) The comraentar)- oa the 
whole Mishnah, by Rabbenu ’Ohadyahdi Bertinoro (ilourishodia the 
15tU and 16th centuries), the editions of which are veiy auiaetctx 
(13) The commentary ou the whole Mishnah, by IL Yomiob Lip- 
m.ann Heller (fiourished iu ICth and 17th centun’es). Thisfaaiom 
te.acher, rabbi in some of the greatest congregations of the Js'Xi 
(Prague, Vladimir, and Cracow), incorjiorated much of the cca- 
mentary of R. iicir of Rotheuburg ; compare uuder (10). 

14. 'n'orks Subsidiary and .■luxilinnj fo the Mishnah.— 
m.ay be summed up under the word Mathnitho. Mathnitho hckln. 
ostensibly the Aramaic equivalent of the Hebrew Mishnah; in 
reality, however, it signifies and comprises, not merely every- 
thiug whieh is uiideretood under that name, but also AennVlJ 
(in full, Mathnitho Boraitlio), i.c., four other works of the ora! 
law, aud many literary notices of Mishnio aud pre-llishnio timte 
besides, which are scattered throughout the Talmuds ami other 
early Rabbinic works. . „ 

The first of these is Tosephto. As its name indicates, Tcscp.ds 
is “Adviition," i.c., to the canonical Mishnah. Ml Bishr.m 
teachers from time immemorial, notably E. ‘--Vkibah and B. 
Yclmdah Hauuasi, left out, wheu they taught Mishnah, a larra 
mass of kindred aud e-xjilanatory matter, which they only 
occasionally and supplemeutarily mentioned, i.c., when absolutely 
wanted. ’I'ho chief collectiou of this additional matter, notmcer- 
jwrated in the system of the canonical Mishnah, is called Tesepm 
in Hebrew aud Tosephto (or Tosiphla as some less correctly write U) 
in Aramaic. The Animaiu singular aud the Hebrew plural occor 
already iu the Talmuds and Midrashiin.^^ Tosephto shares mr 
the Mishnah, which it enlarges and explains, the number of orucK 
and" ti'eatises, but not that of chajiters, of which it has only ^o-. 
Tile oldest collection of To.sephtic matter, even as the 
collection of Mishuic matter, is duo to R. 'Akibah. But, wUpi 


® In the synod realled together hy Rabbenu (Jershom, among 
* ordinances” ivas also one that no Jew is allowed to marry more * 


one wire. . . -/-c i tba*- 

' His commentary on Pesahim appe.ared at Paris in IbGi., am 
oil Makkoth at Lcipsic iu 1876, both in Svo. . , 

® Tiiese emters (together with Rabbenu Meir .another son-m-la^ 
Rabbenu Ya'akob another grandson of Rasbi) are the first of - , 
called Tosaphists, whose activity continued do'wn to the earl) parr 
the 14th century. 

* Whether the commentary on Tamid printed under ’ 

together with that of R. Asher b. Yehiel on the same treatise ( o’ 
1725, 4to), is really his is still matter of dispute. , 

See T. Y., Shabbath, viii. 1, Ac. ; T. B., SynheJrin, S6a 
re ; Midrash Rabhah on Ecclesiastes v. 8 , ice. There '•****,., ^ 


where ; 


W60a/t on icciesiastes a . o, *.e. 

doubt that in some places the word NnSDIH ought to be tians i 
Tosephotho (i.c., as plural). 


f liis disciple B. Meir 

Tosephto^ as a work, was first sifted by another disciple E. Nehemvah • 
and just as E. Heir’s Mishnah was sifted again by an'd others’ 
after him, and was not written down before tlfe 6th century so 
was sifted again by E. Hiyya, E. Hosha'yah, and others 
Itl no^v?mW t “ entirety before the 6th century! 

laVer a°e ^ matter of a considerably 

it; merely of great help for understandinR 

the Mishnah, which is, in a certain sense, incomplete without it. 


mishnah 

Th^Veti ne^'^comiuptary. 


Iiilto. 


but for the precise and exact knowledge of Jewish"' archaioWard 

the PrlT-t®"’ there are m^y, for 

de “ught also to be mentioned MboCh 

AhM^ rr,^!nu''’ “? <loubt. roscp/do to the Mishnah oi 

Aboth. foscphto used to be printed till within the last forty years ^ 
as an appendux- to the Riph, i.c., the Hilekhoth Rah Alphes (a 
^ Talmud by E. Yitshak b. Ya'akob Al-Phesi, 
r Al-Phasi t c., of Fez, oh. 1103), whicli appeared first with this 
appendix at Venice, 1521-22, folio. Here,"however, it was not 
eaited cnticall} or printed with even ordinary care. But in the 
Vienna edition of the Babylonian Talmud (1860-72) it came out 
tor the first time, worthily after a MS. till then uncollated which 
IS preserved in the Court Libraiy. Dr Zuckermandel has since 
published It from the Erfurt and Vienna MSS., with collations.^ A 
Datin translation of Toscphto (with the Hebrew text) is to be found 
under the name of TosaplUa, in Blasius Ugolinus’s Thcsann^ 
Antiquitatiim Sacrarum (xvii.-xx.). It comprises, however, only 
the orders Zeraim, Moed, and Kodoshvn^ and came out at Venice 
in the years 1755-57, folio. 

_ The second of these pieces of literature is MekMUo. This word 
IS the Aranmic equivalent of the Hebrew Middah (measure), and 
hence signifies mould, fonn, i.e., of Scriptural exegesis, notably of 
Pentateuch. As such it might, of course 
stand for any kind of commentaiy on any book of tlie Pentateuch, 
and have been composed by any one. And we find, indeed, that 


- — • itxLAA a new UO 

Ihe best and cheanost pTUHnno ...ni, "Y m loiio. 

Wp.-cp nacci T?®® , ®““mns with commentaries are those bv 


507 

Ail these are in folio. 


Weiss (1865) and Priedniann (1870), both pri7for;t"vien;;;rauS 


iKidSII 

ddfieult of aU comrnenTaTsTn ttfe Scri'ptures?have‘Len £n time 
mmemoiial known under the name of Siphro {i.e., the BookT* 
anil ^ commentary are also called Torath Kohanim 

uu- the Talmud already as Siphro 

debc Rab. Ihis latter exnression Ims Ipd iiior,,, 


ir 7 7 ■,! 7 — xiiiu we nuu, inueeu, tnat 

MekhiUo signified at one time a commentary on the books Exodus 
Leviticus, umbers, and Deuteronomy, either by R. Yishma'el or by 
K. Akibah,3 at pother time a commentary on Exodus, by R. 
Shimpn b. Yohai,^ and at another time again a commentary on the 
last four books of Moses, by (Shime'on) Ben 'Azzai.= MekhiUo 
now, however, means a commentary on the greater part of Exodus 
peribed to R. Yishma'el (nourished in the 1st century) ; although! 
in reality, this teacher cannot have been the author of the book, 
Meing that his name is more than seventy times mentioned in it. 
The reason why the ancients called the book by his name is, no 
doubt, because the first words of the real work are Amur Rabbi 
Tishmciel. Like the other works of the “ oral law,” Mckhilto was 
not written down before the 6th century, a fact w'hich accounts 
also, in part at least, for the loss of several portions of this com- 
mentary, which, at present, only extends from xii. 1 to xxv. 3, 
with several gaps between. That Mckhilto was once fuller than it 
is now we know, not only from a statement made by Mairaonides 
and others, but from a MS. (Add. 394. 1, in the University Library 
of Cambridp, leaf 405), where an extract is given by a Franco- 
German author of the 12th or 13th century. The Talmud knows 
the name MekhiUo, and actually quotes Boraitholh (non-canonical 
Mishniyyolh) which are to be found in our book ; and yet the 
existing Mckhilto can scarcely have been known to the teachers of 
the Talmud. Mckhilto is by some called Midrash and by others 
Mishnah; both names are in a certain sense correct. It ia Mid- 
rash in substance, inasmuch as it contains exegesis, and in form, 
inasmuch, as it is subdivided into Parshiyyoth and follows the order 
of the Scriptural verses. But it is Mishnah in substance, inas- 
much as it not only deals with the groundwork of the Mishnah, 
but consists of Boraithoth (non-canonical hdishniyyoth), and in 
form, inasmuch as it is, like the canonical Mishnah, divided into 
Massekhtoth. These latter are nine in number, and are called re- 
spectively (1) DephislM (with 18 Parshiyyoth and 1 Pelhihlo or 
introduction), (2) Beshallah (with 6 Parshiyyoth and 1 Pclhihto), 
(3) Deshirctha (with 10 Parshiyyoth), (4) Vayyassa' (with 6 Par- 
shiyyotK), (5) 'Amalek (with 2 Parshiyyoth), (6) Yilhro (with 2 
Parshiyyoth), (7) Bahodesh (with 11 Parshiyyoth), (8) Nezikin and 
Kasqjo (with 20 Parshiyyoth), and (9) Shabbetho (with 2 Par- 
shiyyoth — 1 in the pericope Ki thissa and 1 in that of Vayyakhcl). 
Mckhilto was published first at Constantinople in 1515, under 
the name of Sepher Ilammckhilto, and in 1545 at Venice as Mid- 
rash Hamnukhilto., In 1712 it appeared at Amsterdam with a 
commentary. In 1744 it appeared again at Venice with a Latin 
translation by Blasius Ugolinus ( Thes. Antiq. Sacr., xiv.). In 1801 
it appeared at Leghorn with a different commentary. In 1844 it 


^ That on the order Zerdim came oat at Vilna in 1799, 4to; but 
. in its entirety it came only out between 1837, 1841, and. 1871, folio. 
- Issued at Pasewalk and Treves from 1877 to 1882, 8vo. 

3 See Maimonides’s preface to the Mishneh Torah. 

* See Nahmanides’s commentary on the Pentateuch (on Gen. xlix. 31). 
® Sea Yuhasin Hasshalcm (ed. Filipowski, Loudon and Edinburgh, 
1857. 8vo),’p. 30, col. 2. 


an • 1 ij. . — uiicauy ab olVfiro 

„fi nr • expression has led many great men (anioii" 

tfRlbyA^'b°”i^-fi ^ "‘“‘•‘“‘■ship of this commentary 

to Rab (Abba Ankho, a nephew and disciple of E. Hivya) But 

extreme, as the book h, so far as 
foimpd substance go, both older and later than Eab, paradoxical 
as this statement may appear. It is older in its orimn and in 
1°^ Jiot merely do all the anonymous BoraiUioth which 
aie to be found in it belong to R. Yehudah b. ll'ai, a teacher 

ot «io 1st century, but one of the sons of Rabbi (of the 2d 

century) had actually taught another rabbi two-thirds of a third 
i.e two-ninths of this work.= It is later than Eab, for in it are 
authority and several “ results ” of much later date 
than tha t of this great Babylonian teacher. 1“ The fact is, the word 
^b in the phrase Siphro debe Rab is not a proper name at all 
but simply stands for “teacher,” and debe Rab thus signifies “of 
a school, a term used for any teacher and any school ot any time. 
Although most of the Boraitholh which it contains are as old as 
the 1st centuiy, this book as such cannot have been written down 
earlier than the 6th, in accordance uitli the treatment in tliis 
respect, of all tlie other Halakhic works of the “ oral law.” Siphro 
although it bears on the pericopes and verses of Leviticus, and is 
on account of this fact by many called a Midrash, is in reality 
a name borne out by the nature of its contents, which 
are mostly Mishnic, and sometimes represent actual canonical 
Mishniyyoth. Siphro exhibits a curious conglomeration of matter 
It opens with the “Rules of the Interpretation of Scripture,” 
ascribed to R. Yishma'el, — a Boraiilio which, although important 
m Itself, is not more important for this than for any other com- 
mentary on the Pentateuch. And this conglomerate nature show.s 
“°*'® strikingly in form ; for Siphro contains as forms 
of division Bibbiirim, Mckhilto, Parshiyyoth (some of which mean 
pericopes, whilst others mean chapters), Peralpim, and Piskoth. 

All this points, of course, to various divisions of the book made at 
various times. Whilst none of these divisions can bo later than 
the 12th century,^2 tjjg earliest is at least as old as the 2d, and belongs 
perhaps to the Ist.'^ Siphro is chiefly of importance for the under- 
standing of the Mishnah of the orders Kodoshini and Tohoroth (which 
were, no doubt, the earliest Mishniyyoth put into “order”) ; but, 
whilst it is a sure help for the Mishnah, tlmMishnah is no sure help 
for it : Sipthro is a genuine specimen of the “oral law,” inasmuch 
as it cannot be mastered without a teacher. Owing to the difliculty 
of understanding it, Siqihro has not been often studied, and conse- 
quently not often printed. The edilio princeps is of 1545 ; the 
second edition with the commentary Korban Aharon is of 1609-11, 
both at Venice. The third edition with the just-named commen- 
tary is of 1702, and came out at Dessau. The fourth edition, with 
a Latin translation, is to be found in Blasius Ugolinus’s Thesaurus 
Antiquitatum Saa-ancm, kc., Venice, 1744 (vol. xiv.). All these 
are in folio. The fifth edition, with the commentary 'Azarath 
Kohanim (vol. i.), appeared at Vilna, 1845, 4to. Tlie sixth edition, 
with the commentary 'Asirith Haephah, appeared at Lemberg, 

1848, folio. The seventh edition, with the commentaiy Ilallorah 
Veham-Milsvah, appeared at Bucharest, 1860, 4to. 'I'ho eighth 
edition, with the commentary of E. Abraham b. David of Pos- 
quieres, &c., appeared at Vienna, 1862 ; and the ninth edition, 
with the commentary by E. Shimshon of Sens, appeared at AVar- 
saw, 1866, both in folio. 

The fourth of these pieces of literature is Siphcrc. Sipherc, or Siphere. 
Siphera debe Rab, which in earlier times certainly included the 
oldest Rabbinic commentaries on Exodus, Huinbers, and Deu- 
teronomy (and perhaps also that on Leviticus), means now the 
oldest Rabbinic commentary on the last two books of Jloses only. 


® See T. B., Berakhoth, 185, and Rashi, in loco. The Siphro said 
here to have been studied by Benaiah the son of Jehoi.ada may well 
have been our Leviticus, though of course it cannot have been the 
Siphro with which we are here concerned. 

7 Ibid. 

* Preface to Mishneh Torah. 

® See T. B., Kiddushin, 33o. 

See the jiericope Kedoshim, vi. 

** Its original foimder (R. Yehudah b. ll'ai) identifies Mishnah and 
Midrash, T. B., Kiddushin, 49a. 

They were known to R. Abraham b. David (Rabad). 

“ T. B., Kiddushin, 33a. 
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Boraitho. 


M I S - 

Both hooks ara divided into Pislcoth (paragraphs), of which Siplurc 
on Niuubers has 161, whilst that on Deuteronomy has 357. The 
ancient division into Boraithoth cannot now bo accurately 
traced. The work commences now at Numbers v. 1, and goes to- 
the end of Deuteronomy. Tho passages anonymously given in 
Siplicre are ascribed by the Babylonian Talmud ^ to K. Shimo'on b. 
Yohai, the favourite disciple of E. 'Akibah, and tho reputed author 
of tlio Zoluir. But althougii ho is no doubt tho virtmal author of 
Sq^ltere, seeing that most Boraithoth whicli are to bo found therein 
are his, ho cannot be, technically speaking, its author. For, in tho 
first place, ho is not only repeatedly named in tho book, but several 
times actually contradicted by others ; and, secondly, thero are 
several passages, anonymously given, in the book, which can only 
he tho result of “Talmudic” study, and must bo consenueutly pos- 
terior to tho composition of tho Talmud. Tho fact is tliat Sqihcre, 
like the other works of tho “oral law,” was not written down 
before tho 6th century. It ought to bo mentioned here that tho 
rabbis of the 11th, 12th, and 13th centuries, and even somewhat 
later, speak also of another Siphere which they variously designate 
as Siphere Panim Sheni, Siphere slid Panim Shciii, Siphere Bemid- 
bar Sinai, Siphere Zutla, and Fip/iere simply. To judge from tho 
extracts which have come down to us, that work must not only 
have been of much later date, but also of far less value than the work 
in our hands. Siphere appeared for ti>o first time in 1 515, and with 
a Latin translation by Blasius Ugolinus, in his Thesaurus, kc. 
(vol. XV.), in 1741, — both at Venice, and in folio. Tho third 
edition appeared at Hamburg in 1789, and tho fourth at Sulzbaeh 
in 1802, both in 4to. Tho fifth edition, with the commentary Zera 
Abraluim, appeared in two volumes, of which the first was printed at 
Dyhernfurt in 1811 and tho second at Eadawcll in 1820, both in 
folio. Tho sixth and best edition is that of Friedmann (Vienna, 
1864), and tho seventh is that of Lemberg, 1866, both in 8vo. 

Thero is also a fifth piece of Jlishnic literature known specially 
by tho name Boraitho. Besides tho Boraithoth constituting 
Tosephto, Mekhilto, Siphro, and Siphere, there are hundreds of 
other Boraithoth to bo found scattered about in both Talmuds. 
These are, however, mere fragments of tho vast Jlishnayoth (entire 
Mishnio works-) composed by Bar Kappara, R.abbi Hiyya, and 
hundreds of other teachers, which in' course of time "must have 
perisheiL Thero is, however, enough left of tho Jfishnak, canonical 
and uon-canonical, to prove the correctness of tho cabbalistic 
remark that Mishnah is the equivalent of Neshanah (soul). This 
is no mere trilling based on tlio fact that tho two words (riJB'O, 
HDB'J) accidentally consist of tho same letters ; it is riithcr an 
enunciation of an intrinsic truth : what tho soul {Ncshaniah) is to 
the body, the Mishnah is to Mo'saisin. Tho soul gives life to the 
body, ami tho Mishnah gives life to tho Pentateuch. For tho letter 
killeth, but tho spirit giveth life ! (S. M. S.-S.) 

SnSKOLCZ, capital of the Cis-Tisian county of Borsod, 
Hungary (4S° 6' H. lat., 20° dO' E. long.), is picturesquely 
situated in a valley watered by the Szinva, 90 miles north- 
east from Budapest, wdth which, as also with Debreczen 
and Kassa (Kaschau), it is directly connected by railway. 
Sliskolcz is one of tho most thriving provincial towns in 
the kingdom, and has many fine buildings, including Roman 
Catholic, Greek Catholic, Lutheran, and Calvinist churches 
and schools, a Minorite convent, synagogue, Hungarian 
theatre, hospital, royal and circuit courts of law, salt and 
tax offices, and the administrative bureaus for the county. 
There are manufactories of smiff, porcelain, boots and shoes, 
and prepared-leather, and both steam and water mills. The 
trade is chiefly in grain, wheateu flour, wine, fruit, cattle, 
hides, honey, wax, and the agricultural products of the 
neighbourhood. The great fairs, held five times a year, 
are much resorted to by strangers from a distance. Hot 
far from the town are stone quarries and iron mines. At 
the end of 1880 the (civil) population amounted to 24,343, 
of whom the majority were Magyars by nationality. 

During the 16th and 17th centuries Miskolcz suffered much from 
the desolating hordes of Ottomans who then ravaged tho country, 
as also from the troops of various Transylvanian princes and leaders, 
especially those of George Rdkoezy and Emeric Tbkolyi. In 1781, 
1843, and 1847 it was devastated by fire, and on the 30th August 
1878 a great portion of the town was laid in ruins by a terrific storm. 
(See Hungauy, vol. xii. p. 374.) 

illSREPRESENTATIOH. See Ekaud. 


Synhedrin, 86c£. 

^ According to T. B., Magigah, 14a, there existed at one time no 
less than six or seven hundred Mishnah orders. 
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IMISSiLL,^ the book containing the liturgy, or office of 
the mass, of the Latin Church. This name {e.ff., Missale 
Gothicum, Francorum, Gallicanum Vetus) began to super- 
sede the older word Sacmvientanj (Sacramentarium, Liber 
Sacramentorum) from about the middle of the 8th centmy. 
At that period the books so designated contained merely 
the fixed canon of the mass or consecration prayer 
(actionem, precem canonicam, canonem actionis), and the 
variable collects, secret® or orationes super oblata, prefaces 
and post-communions for each fast, vigil, festival, or feria 
of tho ecclesiastical year ; for a due celebration of the 
Eucharist they required accordingly to be supplemented by 
other books, such as tlie Aniijshomirium, afterwards called 
the Graduale, containing tho proper antiphons (introits), 
responsories (graduals), tracts, sequences, offertories, com- 
munions, and other portions of tho communion service 
designed to be sung by tho schola or choir, and the Lection- 
arium {p\:Epistolariumaxi.AEvanyelistariui)C)\'nbh. thejiroper 
lessons. Mterwards missals began to be prepared contain- 
ing more or less fully the antiphons and lessons as well as 
tho prayers proper to the various days, and these were called 
missidia jslenaria. All modern missals are of this last de- 
scription. The Missale Itomaiiiim ex decreto SS. Concilii 
Tridenlini resliiutum, now in almost exclusive use through- 
out all the churches of the Latin obedience, owes its present 
form to tho council of Trent, which among its other tasks 
undertook the preparation of a correct and uniform liturgy, 
and entrusted the work to a committee of its members. This 
committee had not completed its labours when the council 
rose, but the pope was instructed to receive its report 
when ready and to act upon it. The “ reformed missal ” 
accordingly was promulgated by Pius V. on July 14, 1570, 
and its universal use enjoined on all branches of the Catholic 
Church, tho only exceptions allowed being in the case of 
churches having local and independent liturgies which 
had been kept in unbroken use for at least two centuries.^ 
It has subsequently undergone slight revisions under 
Clement VIH. (1C04) and Urban VIII._(1634) ; and various 
new masses, both obligatory and permissive, universal and 
local, liave been added by the competent authority. 
iUthough the Roman is very much larger in bulk than any 
other liturgy, it need hardly bo explained that the com- 
!. rauniou oifico to which it relates is not in itself inordinately 
long. By much the greateir part of it is contained in the 
“ordinary” and “canon” of tho mass, usually placed 
about the middle of tho missal, and occupies, though in 
largo type, only a few pages in any printed copy. ■ The 
work owes its bulk and complexity to two cu-cumstances. 
On the one hand, in the celebration of the sacrifice of the 
mass i.)ractically nothing is left to the impulse or discretion 
of tho olficiating priest; everytliiug — what he is to say, 
tho tone and gestures with which he is to say it, the cut 
and colour of tho robe he is to wear — is carefully prescribed 
either in the general rubrics prefixed tp the text, or in the 
running rubrics which accompany it.^ On the other hand, 
the Roman, like all the Western liturgies, is distinguished 


^ Missalis (sc., liber), Missale, from Missa ; see vol. viii. p. 652. 

■* The English miss.-il consequently continued to be used by English 
Catholics until tow.ards the end of tho 17th century, wheu it w-is 
superseded by the Homan through Jesuit influence. The Gallicau 
litui-gy held its ground until much more recently, but has now suc- 
cumbed under the Dltramontanism of the bishops. , 

® In all the older liturgies' the comparative absence of rubrics is 
conspicuous and sometimes perple-xiug. It is very noticeable ^ ® 
Roman Sacrainentaries, but the want is to some extent supplied by 
the very detailed directions for a high pontifical mass in the viwious 
texts of the Ordo Bomanus mentioned below. That there was no 
absolutely fixed set of rubrics in use in France during the 8th century 
is shown by the fact that each priest was required to write out au 
account of his own practice (“libellum onlinis”) and present it for 
approbation to the bishop in Lent (see Baluze, Cap. Beg. Franc., i. 
824, quoted in Smith’s Diet, of Chr. Antig., ii. 1521). 



MISSAL 


from those of the Eastern Church by its flexibility. 
Partly by conscious efiort, no doubt, but, iwtly also by 
happy accident, a -well-marked distinctive character has 
been given in one or all of the above-mentioned respects 
to the office for each ecclesiastical season, for each fast or 
festival of the year-, almost for each day of the week; and 
provision has also been made of a suitable communion ser- 
vice for many of the special and extraordinaryoccasions both 
of public and of private life. This richness of variety is seen 
not only in the collects but also in the lessons and antiphonal 
parts of the service, passages of Scripture in the selection and 
collocation of which an exquisite delicacy of religious and 
esthetic instinct has been for the most part strikingly shown. 

The different parts of the Eoman communion oflice are 
not all of the same antiquity. Its essential and character- 
istic features are most easily caught, and their rationale 
best understood, by reference to the earliest Saci-amentaries 
(particularly the Gregorian, -svhich was avowedly the basis 
of the labours of the Tridentine committee), to the 
Gregorian Antiphoiiary, and to the oldest redaction of the 
Ordo Bomanus?- The account of the mass (qualiter klissa 
Eomana celebratur) as given by the Sacramentarium 
Greyorianum is to the effect that there is in the first place 
“ the Introit according to the time, whether for a festival 
or for a common day; thereafter Kyrie Eleison. (In 
addition to this Gloria in Excelsis Deo is said if a bishop 
be [the celebrant), though only on Sundays aud festivals; 
but a priest is by no means to say it, except only at 
Eastertide. 'When there is a litany (quando letania agitur) 
neither Gloria in Excelsis nor Alleluia is sung.) After- | 
wards the Oratio is said, ivhereupon follows the Apostoltcs, 
also the Gradual and Allehda. Afterwards the Gospel is 
read. Then comes the Offertorium,- and the Oratio super 
ollata is said.” Then follow the Su7'suni Corda, the Pre- 
face, Canon, Lord's Prayer and “embolism” (i/xfioXia-iJixx. 
or insertion, Lihera nos, Domine), given at full length 
2 rrecisely as they still occur in the Roman missal. 

In every liturgy of all the five groups a passage similar 
to this occurs, beginning wth Sursum Corda, followed 
by a Preface and the recitation of the Sanctus or 
Angelic Hymn. The “canon" or consecration prayer, 
which in all of them comes immediately after, invariably 
contains our Lord's words of institution, and (except in the 
Nestorian liturgy) concludes with the Lord’s Prayer and 
“ embolism.” But within this framework there are certain 
differences of arrangement, furnishing marks by which the 
various groups of liturgies can be classified (see vol. xiv. 
j). 709 s^.). Thus it is distinctive of the liturgy of 
Jerusalem that the “great intercession” for the quick and 
the dead follows the words of institution and an Epiklesis 
(ETTiKhTjais Tov TTVEu/AaTos dyiov) or petition for the descent 
of the Holy Spirit upon the gifts ; in the Alexandrian the 
“ great intercession ” has its place in the Preface ; in the 
East Syrian it comes between the words of restitution and 
the Ejnklesis ; in the Ephesine it comes before the Preface ; 
while in the Roman it is divided into two, the commemora- 
tion of the living being before, and that of the dead after, 
the words of institution. Other distinctive features of the 
Roman liturgy are (1) the position of the “ Pax ” after the 
consecration, and not as in all the other liturgies at a very 
early stage of the service, before the Preface even ; and 
(2) the absence of the Epiklesis common to all the others,® 

* For the genealogical relationships of the Eoman -(vith other 
liturgies, the reader is referred to the article Lirnnoy (vol. xiv. 706 
sj.), where some account is also given of the three Sacramentaries. 
For the doctrines involved in the “sacrifice of the mass,’’ see 
EtrcmvBisT, vol. viii. p. 650 sq. 

- Some editions do not mention the Offertory here. 

J This -was one of the points discussed at the council of Florence, 
and Cardinal Bessarion for a time succeeded in persuading the Greets 
to give up the Epiklesis. 
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The words of its “canonical prayer” are of unknown 
antiquity ; they are found in the extant manuscripts of the 
Sacramento/rimii Gelasicumm^ and were already old and of 
forgotten authorship iuthe time of Gregory the Great, who, 
in a letter to John, bishop of Syracuse {BegUtr. Epist,, vii! 
64:), speaks of it as “ the prayer composed by a ‘scholastic’ ” 
(jirecem quam^ scholasticus composuerat). The same 
letter is interesting as containing Gregory’s defence, on the 
ground of ancient use, of certain parts of the Roman ritual 
to which the bishop of Syracuse had taken e.xception as 
merely borrowed from Constantinople. Thus we learn 
that, while at Constantinojile the Kyrie Eleison was said by 
all simultaneously, it was the Roman custom for the clergy 
to repeat the words first and for the people to respond, 
Ghriste Eleisoji being also repeated an equal number of 
times. Again, tbe Lord's Prayer was said immediately 
after the consecration aloud by all the people among the 
Greeks, but at Rome by the jfriest alone. 

The somewhat meagre and imjjerfect liturgical details 
furnished by the Sacranwitanum Gregorianum are sujrple- 
mented in a very full and interesting manner by the succes- 
sive texts of the Ordo Romanus, the first of which dates 
I from about tbe year 730. The ritual they enjoin is that 
for a pontifical high mass in Rome itself ; but the differences 
to be observed by a priest “quando in statione facit missas” 
are comparatively slight. Subjoined is a precis of Ordo 
Romanus I. 

It is first of all explained that Eome has seven ecclesiastical 
regions, each -with its proper deacons, subdeacons, and acolytes. 
Each region has its own day of the week for high ecclesiastical 
functions, which are celebrated by each in rotation, [This accounts 
for the Static ad S. Mariam Majorem, ad S. Cruceiu in Jerusalem, 
ad S. Petrura, &c., prefixed to most of the masses in the Gregorian 
Sacranmitary, and still retained in the “ Proprium de Tempore” of 
the Eoman missal.] The regulations for the assembling and 
marshalling of the procession by which the pontiff is met and tlien 
escorted to the appointed station are minutely given, as well as for 
the' adjustment of his vestments “ut bene sedeant,’’ when the 
sacristy has been reached. He does not leave the sacristy until the 
Introit has been begun by the choir in the church. Before the 
Gloria he takes his stand at the altar, and after the Kyrie Eleison 
has been sung (tlie number of times is left to Ids discretion) he 
begins the Gloria in Excelsis, which is taken up by the choir. Dur- 
ing the singing he faces eastward; at its close he turns round for a 
moment to say “ Pax vobis,” and forthwith proceeds to the Oratio.^ 
This finished, all seat themselves in order while the subdcacon 
ascends the ambo aud reads [the Epistle\. After he has done, the 
cantor with his book (cantatorio) ascends and gives out the response 
{Besponsum ) with the Alleluia and Traclus in addition if the season 
calls for either. The deacon then silently kisses the feet of the 
pontiff and receives Ills blessing in the words “ Dominus sit in corde 
tuo et in labiis tuis." Preceded by acolytes -with lighted candles 
and subdeacons burning incense, he ascends the ambo, where he reads 
the Gospel. At the close, with the words “Pa.\- tibi” and 
“Dominus vobiscum,” the pontiff,® after another Oratio, descends 
to the “ senatorium " accompanied by certain of the inferior clergy, 
and receives in order the oblations of the rulers (oblationes priuci- 
jrmn), the archdeacon %yho follows taking their “amulas” of wine 
and pouring them into a larger vessel; similar offerings are received 
from the other ranks and classes present, including the women. 
This concluded, the pontiff and archdeacon wash their hands, the 
offerings being meanwhile arranged by the subdeacons on the altar, 
and water, supplied by the leader of tbe choir (arcbiparaplionista), 
being mingled with the ivine. During this ceremony the sehola 
have been engaged in singing the Offertorium-, when all is ready the 
pontiff signs to them to stop, and enters upon tlie Preface, the sub- 
deacons giving the responses. At the Angelic Hymn {Sanctas) all 
kneel and continue kneeling, except the pontiff, who rises alone 
and begins the Canon. At the words “per quern lia;c omnia ’’ the 
archdeacon lifts the cup -with the oblates, and at “ Pax Domini sit 
semper vobiscum ” he gives the peace to the clergy in their order, 
aud to the laity. The pontiff then breaks off a particle from the 
consecrated bread and lays it upon the altar; the rest he places on 
the paten held by the deaton. It is then distributed wiiile Agnus 
Eei is sung. The pontiff in communicating puts the particle into 
the cup, saying, ‘ ‘ Fiat commixtio et consecratio corporis et sanguinis 
Domini nostri Jesu Christi accipientibus nobis in vitam tetemam. 
Those present communicate in t heir order under this species also. 

Quam coUectam dicunt, Ord. Pom. II. 

® After singing “ Credo in unum Deum, Ord. Pom. II. 
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As the pontiff descends into the senatorium to give the communion, 
the schola begins the communion Antiphon, and continues singing 
the Psalm until, all the people having communicated, they receive 
the sign to begin the Gloria, after which, the verse having been 
again repeated, they stop. The celebrant, then, facing eastward, 
offers the Oratio ad Complmidum, which being finished the arch- 
deacon says to the people, “ Ite, missa est,” they responding with 
“Deo gratias.” 

To complete our idea of the Roman communion office as it 
was prior to the end of the 8 th century we must now turn to 
the Gregorian Antiphonarius sive Gradatalis Liber ordinatus 
per circidum. anni, which as its name implies contains those 
variable portions of the mass which were intended to be 
sung by the schola or choir. It gives for each day for 
which a proper mass is provided — (1) the Antiphona (Anti- 
phona ad Introitum) and Psalmus j (2) the Responsorium 
and Versus, with its Alleluia and Versus ; (3) the 
Offertorium and Versus ; (4) the Communio and Psalmus. 
Some explanation of each of these terms is necessary; (1) 
The word Antiphon, (avrl^owov, Old English Antefn, 
English Anthem) in its ecclesiastical use has reference 
to the very ancient practice of relieving the voices of the 
singers by dividing the work between alternate choirs. In 
one of its most usual meanings it has the special significa- 
tion of a sentence (usually scriptural) constantly sung by 
one choir between the verses of a psalm or hymn sung by 
another. According to the Roman liturgiologists it was 
Pope Celestine who enjoined that the Psalms of David 
should be sung (in rotation, one presumes) antiphonally 
before mass j in process of time the antiphon came to be 
sung at the beginning and end only, and the psalm itself 
was reduced to a single verse. In the days of Gregory 
the Great the introit appears to have been sung precisely 
as at present, — that is to say, after the antiphon (proper 
and par excellence), the Psalmus with its Qloria, then the 
antiphon again. (2) The Besponsonum, like the Greek 
antiphon, derives its name from the responsive manner of 
singing. As introduced between the epistle and gospel it 
was probably at first a comparatively long passage, usually 
an entire psalm or canticle, originally given oyt by the 
cantor from the steps from which the epistle had been 
read (hence the later name Graduale), the response being 
taken up by the whole choir. (3) The Offertorium and 
Gommunio correspond to the “hymn from the book of 
Psalms ” mentioned by early authorities (see, for example, 
Augustine, Betr., ii. 11 ; Ap. Const., viii. 13) as sung 
before the oblation and also while that which had been 
offered was being distributed to the people. A very 
intimate connexion between these four parts of the choral 
service can generally be observed ; thus, taking the first 
Sunday in the ecclesiastical year, we find both in the 
Antipho'tvary and in the modern Missal that the antiphon 
is Ps. XXV. 1-3, the psalmus Ps. xxv. 4, the responsorium 
(graduale) and versus Ps. xxv. 3 and xxv. 4, the offertorium 
and versus Ps. xxv. 1—3 and Ps. xxv. 5. The communio 
is Ps. Ixxxv. 12, one of the verses of the responsorium 
being Ps. Ixxxv. 7. In the selection of the introits there 
are also traces of a certain rotation of the psalms in the 
Psalter having been observed. 

The first pages of the modern Roman missal are occupied 
with the Calendar and a variety of explanations relating 
to the year and its parts, and the manner of determin- 
ing the movable feasts. The general rubrics {Rubrics 
Generates Missalis) follow, explaining what are the various 
kinds of mass which xmay be celebrated, prescribing the 
hours of celebration, the kind and colour of vestments to 
be used, and the ritual to be followed (ritus _celebrandi 
missam), and giving directions as to what is to be done in 
case of various defects or imperfections which may arise. 
The Prseparatio ad Missam, which comes next, is a short 
manual of devotion containing psalms, hymns, and prayers 
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to be used as opportunity may occur before and after 
celebration. Next 'comes the proper of the season 
(Proprium Missarum de Tempore), occupying more than 
half of the entire volume. It contains the proper introit 
collect (one or more), epistle, gradual (tract or sequence)’ 
gospel, offertory, secreta (one or. more), communion, and 
post-communion for every Sunday of the year, and’ also 
for the festivals and ferias connected with the ecclesiastical 
seasons, as well as the offices peculiar to the ember days 
Holy Week, Easter, and Whitsuntide. Between the office 
for Holy Saturday and that for Easter Sunday the ordinary 
of the mass (firdo Missx), mth the solemn and proper pre- 
faces for the year, and the canon of the mass are inserted. 
The proper of the season is followed by the proper of the 
saints (Proprium Sanctorum), containing Avhat is special 
to each saint’s day in the order of the calendar, and by the 
Commune Sanctomm, containing such offices as the com- 
mon of one martyr and bishop, the common of onemiartyr 
not a bishop, the common of many martyrs in paschal time 
the common of many martyrs out of paschal time, and the 
like. A variety of masses to be used at the feast of the 
dedication of a church, of masses for the dead, and of votive 
masses (as for the sick, f or i^ersons journeying, for bridegroom 
and bride) follow, and also certain benedictions. Most 
missals have an appendix also containing certain local 
masses of saints to be celebrated “ ex indulto apostohco.” 

Masses fall into two great subdivisions.: — (1) ordinary or 
regular (secundum ordinem officii), celebrated according 
to the regular rotation of fast and feast, vigil and feria, in 
the calendar ; ( 2 ) extraordinary or occasional (extra ordinem 
officii), being either “ votive ” or “ for the dead,” and from 
the nature of the case having no definite time prescribed 
for them. Eestival masses are either double, half-double,- 
or simple, an ordinary Sunday mass being a half-double. 
The difference depends on the number of collects and, 
secret® ; on a double only one of each is offered, on a half- 
double there are two or three, and on a simple there may 
be as many as five, or even seven, of each. Any mass 
may be either high (missa solennis) or low (missa private). 
The distinction depends upon the number of officiating 
clergy, certain differences of practice as to what is pro- 
nounced aloud and what inaudibly, the use or absence of 
incense, certain gestures, and the like. Sohtary masses 
are forbidden 3 there must be at least an acolyte to give 
the responses. The vestments prescribed for the priest are 
the amice, alb, cingulum or girdle, maniple, stole, and 
chasuble '(planeta) 3 see Costujmb, voI. vi. j}. 462.' There 
are certain distinctions of course for a bishop or abbot. The 
colour of the vestments and of the drapery of the altar varies 
according to the day, being either white, red, green, violet, 
or black. This last custom does not go much further back 
than Innocent III., who explains the symbolism intended. 

Subjoined is an account of the manner of celebrating 
high mass according to the rite at present in force. 

1. The priest who is to celebrate, having previously confessed (if 
necessary) and having finished matins and lauds, is to seek leisure 
for private prayer (lasting) and to use as he has opportunity the 
“ prayers before mass ” already referred to. How the robing in the, 
sacristy is next to be gone about is minutely prescribed, and prayers - 
are given to be used as each, article is put on. The sacramental 
elements having previously been placed on the altar or on a credence 
table, the celebrant enters the church and takes his stand before 
the lowest step of the altar, having the deacon on his right and the 
subdeacon on his left. After invoking the Trinity (In nomine 
Patris, &c.) he repeats alternately with those who are with him the 

psalm “ Judica me, Deus,” which is preceded in the usual way by an 

antiphon (Introibo ad altare Dei), and followed also by the Glona 
and Antiphon.^ The versicle “Adjutorium nostrum,” with its 

^ This antiphon is not to be confounded with the Antiphona ad 
Introitum further on. This use of the 43d Psalm goes as far b-ick at 
least as the end of the 11th century, being mentioned by Micrologus 
(1080). It is omitted in masses for the dead and during Holy Week. 
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response “Qui feoit,” is followed by the “ Confiteor,”i said alter- 
nately by tho priest and by the attendants, who in turn respond with 
the prayer for divine forgiveness, “ Jilisoreatur.” The priest then 
gives the absolution (“ Induigentiam "), and after tho versiclcs and 
responses beginning “ Deus, tu con versus” ho audibly says, 
“Oretnus,” aud ascending to tho altar silently offers two short 
wayers, one asking for forgiveness and liberty of access through 
Christ, and another indulgence for himself “ through the merits of 
thy saints whoso relics are here.” . Itecoiving the thurible from tho 
deacon ho incenses tho altar, and is thereafter himself incensed by 
the deacon. Ho then reads tho Introit, which is also sung by tho 
choir ; tho “ Jffyrio Eleison " is then said, after which the words 
“ Gloria in Excolsis " - are sung by tho celebrant and the rest of tho 
hymn completed by tho choir, 

2. Kissing tho altar, and turning to the people with the formula 
" Dominus vobisenm,” tho celebrant proceeds with tho collect or col- 
lects proper to tho season or day, which are read secretly. Tho 
opistlo for tho day is then road by tho subdeacon, and is followed 
by tho gradual, tract, alleluia, or seq^uonce, according to the time.* 
This finished, the deacon places tho book of tho gospels on tho 
altar, aud tho celebrant blesses the incense. Tho deacon kneels 
before the altar and offers tho prayer “Munda cor meum,” after- 
wards takes the book from tiio .altar, and kneeling before tho 
celebrant asks his blessing, which ho receives with the words 
" Dominus sit in cordo tuo." Having kissed tho hand of tho priest, 
ho goes accompanied by acolytes with incense and lighted candles 
to tliu pulpit, and with a “ Dominus vobiscum" and minutely pre- 
scribed crossings and inconsings gives out and reads the gospel for tho 
day, at tho close of which “ Laus tibi, Christo ” is said, and the book 
is brought to tho celebrant and kissed with tho words “ Per evan- 
gelica dicta deleantur nostra dclicta. ” Tho celebrant then standing 
at tile middle of the altar sings tho words “ Credo in unum Deum,” 
aud tho rest of tho Nieeuo creed is sung by tho choir.* 

3. With “Dominus vobiscum” and “Oremus” tho celebrant 
proceeds to read tho Offertory, which is also sung by tho choir. 
This finished ho receives tho paton with tho host from tho deacon, 
and after offering tho host with tho prayer beginning “Suscipe, 
Sancto Pater" places it upon the corporal. Tho deacon then 
ministers wine aud tho subdeacon water, aud before the celebrant 
mixes tho water with tho wine ho blesses it in tho prayer “ Deus 
uui humanaj." Ho then takes tho chalice, and having offered it 
Q‘ Olforimus tibi, Domino ”) places it uiion the corporal and covers 
it with tho pall, Slightly bowing ovor tho altar, ho then offers tho 
prayer “In spiritu liumilitatis,” and, lifting up his eyes aud 
stretching out his bauds, proceeds witli “ Veni sauctificator.” 
After blessing tho inconso (“ Per intercessionem beati Michaclis 
archangeli”) ho takes tho thurible from the deacon and incenses tho 
bread and wine and altar, aud is afterwards himself incensed as well 
as tho others in their order. Nest going to tho ejiistle side of tho 
altar ho washes his fingers as he recites tho verses of tho 26th Psalm 
beginning “ Lavabo.” Returning and bowing before the middle of 
the altar, with joined hands he says, “Suscipe, sanctaTrinitas,” then 
turning himself towards tho people he raises his voice a littlo and 
says, “Orate, fratres" (“that my sacrifice and yours may bo 
acceptablo to God tiio Father Almighty”), tiio response to which 
is “Suseipiat Dominus sacriliciura do manibus tuis,” &c. 
He thon recites tho secret prayer or prayers, and at tho end 
says, with an audible voice, “Per omnia sieoula sieculorum” 
(if. “Amen"). 

•1. Again saluting with a “ Dominus vobiscum,” ho lifts up his 
hands and goes on to the “ Sursum Corda ” and the rest of tho Pre- 
face. A different intonation is given for each of tho prefaces.® At 
the Sanctus the handbell is rung. If there is a clioir tho Sanctus 
is sung while tho celebrant goes on with tho Canon.® After the 
words of consecration of tho wafer, which are said “secretly, dis- 
tinctly, and attentively,” the celebrant kneels and adores tho 
host, rising elevates it, and replacing it on the corporal again 

* A form very similar to tho present is given by Micrologus, and it 
is foreshadowed even in liturgical literature of the 8th century. 

' During Lent and Advent, and in masses for tho dead, this is 
omitted. In low masses it is of course said, not sung (if it is to bo 
said). It may bo added that this early position of the Qloriu in 
ExccUis is one of tho features distinguishing Roman from Bphesino 
use. 

® Tiio tract is peculiar to certain occasions, especially of a mournful 
nature, and is sung by a single voice. By a sequence is understood a 
more or less metrical composition, not in tlie words of Scripture, having 
a speci,al bearing on tho festiv.al of the day. See, for e.v.'imple, tho 
sequence, “ Lauda Sion Salvatorem,” on Corpus Christi day. 

* On certain days the Credo is omitted. 

® Now eleven ; they were at one time much more numerous. 

® Tlio approved usage appears to bo in that case that it is sung as 
lar .as “ Hosanna in Excelais ” before tho elevation, and “ Benedictus 
qui venit ” is reserved till afterwards. In Franco it was a very com- 
mon custom, made general for a time at tho request of Louis XII., to 
sing “ 0 salutaris hostia ” at the elevation. 
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adores it (tho bell meanwhile being rung).^ The same v!tn 
observed when the chalice is consecrated. Immediately before the 
Lords Prayer, at the words “per ipsum et cum ipso et in ipso " 
tho sign of the cross is made three times over tho chalice with the 
host, and towards tho close of tho “emholisni” the fraetiou of tho 
host takes place. After tho words “ Pax Domini sit semper vobis- 
cum the emission of tho particle into tho cup takes place with 
tho words “Hmc commixtio et consecratio,” See. The celebrant 
then says tho Agnus Dei three times. 

6. lYhilo the choir sings tho Agnus Dei and the Communion, tho 
celebrant proceeds, still “ secrete,” with tho remainder of tho office 
winch though printed as part of tho canon is more conveniently 
called tho Communion and Post-communion. After tho prayer for 
the pMce and unity of the church (“Domino Jesu Christe, qui 
dixisti he salutes the deacon with the kiss of peace, saying, “ Pax 
toeuin” ; tho subdeacon is saluted in like manner, and then convoys 
the “ pax ” to the rest of tho clergy who may be assisting. The cele- 
brant then communicates under both species with suitable prayers 
and actions, and afterwards administers tho sacrament to the other 
communicants if there be any. Then while tho wine is poured into 
tho cup for tho first ablution ho says, “ Quod ore sumpsimus " ; 
having taken it ho says, “ Corpus tuum, Domine.” After the second 
ablution hegoes to tho book and reads the Communion. Then turn- 
ing to the people with “ Dominus vobiscum ” he reads the Post- 
communion (one or more); turning once more to tile congregation ho 
uses tho old dismissal formula “ Dominus vobiscum ” (iJ. Et cum 
spiritu tuo), and “ Ite, missa est ” [or “ Benedicamus Domino,” in 
those masses from which “Gloria in Excelsis” has been omitted] 
(It. Deo Gratias). Bowing down before tlie altar he oifers tho prayer 
“Placeat tibi, sancta Triuitas,” then turning round ho makes the 
sign of the cross over the congregation with tlie words of the 
benediction (“ Bonedicat”).® Ho then reads tho passage from tlie 
gospel of John beginning with “In principio erat Verbum,” or 
else the proper gospel of the day.® (J. S. BL.) 

MISSIONS. The history of Christian missions may, 
for practical purposes, be best divided into three chief 
periods — (1) the primitive, (2) tho mediasval, and (3) 
the modern. None of these periods can be neglected, for 
they have an intimate connexion with each other, and 
illustrate the activity respectively of individuals, of the 
church in her corporate capacity, and of societies. 

1. The Primitive Period. 

Christian missions had their origin in the example and 
the command of our Lord Himself (Matt, xxviii. 19); and 
the unparalleled boldness on the part of the Founder of 
Christianity, which dared to anticipate for the Christian 
faith a succession of efforts which should never cease to 
cause its propagation to be undertaken as “a distinct 
and direct work,” has been justified by the voice of history.^® 
Whereas other religions have spread from country to 
country as component parts of popular opinion, have 
travelled with migration or conquest, have passed in the 
train of things and by the usual channels of communica- 
tion, the first foundations of the church had hardly been 
laid before individual missionary activity marked the life 
of each one of the circle of the apostles. 

Of the actual details of their labours we have been per- 
mitted to know but little. Three only of the immediate 
followers of the Saviour have any conspicuous jilace in the 
apostolic records, and the most illustrious in the wdiole 
domain of missionary activity, St Paul, did not belong 
to the original twelve. His activity took tho form of 
journeys and voyages, chiefly to large torvns, where his 
message found a point of contact either with the Jewish 
synagogue or the aspirations of the Gentile world. The 
result of his .labours and of those of his successors 


^ Tlio history of the practice of elevating the host is somewhat 
obscure. It seems to have arisen out of the custom of holding up tho 
oblations, as mentioned in tho Ordo Ilomanus (see above). Tlio 
elevation of tho host, as at present practised, was first enjoined by 
Pope Honorius III. Tho use of tho handbell at the elevation is still 
later, and was first made general by Gregory XL 
® The benediction is omitted in masses for tho dead. 

® Tho reading of tho passage from John on days which had not a 
proper gospel was first enjoined by Pius V. 

1® Davison, On Projjhecy, p. 278. 
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Avas that towards the middle of the 2d century the 
church had gradually extended its conquests through Asia 
Minor, Greece, Italy, southern Gaul, and northern Africa.^ 
Ecclesiastical history can tell but little of the church’s 
earliest teachers, and the infancy of many of the primitive 
congregations is wrapped in hopeless darkness. Whatever 
was effected was due to the, evangelizing labours of 
individual bishops and clergy, Avho occupied themselves “ in 
season and out of season,” and toiled zealously and 
effectively in the spread of the church, though leaving no 
record of their devotion. Amongst the most distinguished 
representatives of this individual activity in the 4th and 
5th centuries may be mentioned Ulfila, the “ apostle of 
the Goths,” about 325 ; Frumentius, a bishop of Abyssinia, 
about 327 ; Chrysostom, ivho founded at Constantinople 
in 404 A.D. an institution in ivhich Goths might be trained 
to preach the gospel to their own iieople f Valentinus, the 
“ apostle of Noricum,” about 440 ; and Honoratus, who from 
his monastic home in the islet of Lerins, about 410, sent 
forth numerous labourers to southerir and Avestern Gaul, 
to become the leading missionaries of their day among 
the masses of heathendom in the neighbourhood of Arles, 
Lyons, Troyes, Metz, and Nice. 

2. The Mediaeval Period. 

With the 5th century the church found a very different 
element proposed to her missionary energies and zeal. 
Her outposts of civilization had scarcely been planted Avhen 
she Avas confronted Avith numberless hordes Avhich had lortg 
been gathering afar off in their native Avilds, and Avhich 
were now precipitated over the entire face of Europe. 
Having for some time ceased to plead for toleration, and 
learnt to be aggressive, she not only stood the shock of 
change but girded herself for the difficult Avork of calming 
the agitated elements of society, of teaching the nations a 
higher faith than a savage form of nature Avorship, of 
purifying and refining their recklessness, independence, 
and micontroUable love of liberty, and fitting them to 
become members of an enlightened Christendom. 

(a) The Celtic Missionaries . — The first pioneers who went 
forth to engage in this difficidt enterprise came from the 
secluded Celtic churches of Ireland and the Scottish 
Highlands, Avhich, though almost forgotten amidst the 
desolating contest Avhich was breaking up the Roman Avorld, 
Avere no sooner founded than they sent forth “ armies of 
Scots” to pour back upon the Continent the gifts of 
civilization and the gospel. Of many who deserve 
mention in connexion Avith this period, the most prominent 
Avere — Columba, the founder of the famous monastery of 
Iona, and the evangelizer of the Albanian Scots and 
northern Piets ; Aidan, the apostle of Northumbria ; 
Columbanus, the apostle of the Burgundians of the Vosges ; 
Callich or Gallus, the evangelizer of north-eastern SAvitzer- 
land and Alemannia; Kilian, the apostle of Thuringia; 
and Trudpert, the martyr of the Black Forest. - The 
zeal of these singular men at the head of ardent disciples 
seemed to take the Avorld by storm. Travelling generally 
in companies, and carrying a simiffe outfit, these Celtic 
pioneers flung themselves on the Continent of Europe, and, 
not content Avith reproducing at Annegray or Luxeuil the 
AvilloAV or brusliAvood huts, the chapel and the round toAver, 
Avhich they had left behind in Derry or in the island of Hy, 
they braved the dangers of the northern seas, and pene- 
trated as far as the Faroes and even far distant Iceland.® 

(6) The English Missionaries. — Thus they laid the 
foundations, aAving the heathen tribes by their indomitable 
spirit of self-sacrifice and the sternness of their rule of life. 

1 Justin, Dial. c. 117; TertuU., Apol., 37; Id., Adv. dud., 7. 

^ Theodoret, H.E., v. 30. 

^ See A. W. Haddan, "Scots on the Continent,” Rpnains, p. 256. 
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But, marveUous as it was, their work lacked the eleraeJ 
of permanence ; and it became clear that if Europe was tJl 
be carried through the dissolution of the old soaetv and 
missionary operations consolidated', a more practical'systera 
must be devised and carried out. The men for this work 
Avere noAv ready. Restored to the commonwealth of nations 
by the labours of the foUoAvers of Augustine of Cauterhurv 
and the Celtic missionaries from Iona, the sons of the 
neAvly evangelized English churches Avere ready to go forth 
to the help of their Teutonic brothers in the German 
forests. The energy Avhich Avarriors Avere accustomed to 
put forth in their efforts to conquer Avas noAv “ exhibited in 
the enterprise of conversion and teaching " ^ by Wilfrid on 
the coast of Friesland,® by Willibrord in the neighbourhood 
of Utrecht,® by the ‘ martyr-brothers Ewald or HeAA-ald 
amongst the “old” or continental Saxons,^ by Swidbert 
the apostle of the tribes between the Ems and the Yssel 
by Adalbert, a prince of the royal house of Northumbria, 
in the regions north of Holland by Wursing, a native oi 
Friesland, , and one of the disciples of Willibrord, in the 
same region, and last, not least, by the famous Winfrid 
or Boniface, the “ apostle of Germany,” who Avent forth 
first to assist Willibrord at Utrecht, then to labour in 
Thuringia and Upper Hessia, then, with the aid of his 
Idnsmen Wunibald and Willibald, their sister Walpurga, 
and her thirty companions, to consolidate the Avork of 
earlier missionaries, and finally to. die a martyr on the 
shore of the Zuyder Zee. 

(c) Scandinaviaii 2[issiom. — Devoted, hoAveyer, as Avere 
the labours of Boniface and his' disciples, the battle Avas 
not yet nearly Avon. All that he and they and the emperor 
Charlemagne after them achieved for the fierce untutored 
Avorld of the 8th century seemed to have beeii done in vain 
when, in the 9th, “on the north and north-west the 
pagan Scandinavians -were hanging about every coast, and 
pouring in at every inlet ; when on the east the pagan 
Hungarians were swarming like locusts and devastating 
Europe from the Baltic to the Alps; Avhen on the south 
and south-east the Saracens were pressing on and on Avith 
their victorious hosts. It seemed then as if every pore of 
life were choked, and Christendom must be stifled and 
smothered in the fatal embrace.” ® But it Avas even now 
that one of the most intrepid oi missionary enterprises 
was undertaken, and the devoted Anskar AAmnt forth and 
proved himself a true apostle of Denmark and SAveden, 
sought out the Scandinavian viking in his native home and 
icy fiords, and, after persevering in the face of apparently 
insurmountable difficulties and hardships, handed on the 
torch of self-denying zeal to others, who “casting their 
bread on the waters ” suaa^, after the lapse of many years, 
the close of the monotonous tale of burning churches and 
pillaged monasteries, and taught the fierce Northman to 
lay aside his old habits of piracy, and gradually learn 
respect for civilized institutions. 

{d) Slavo 7 iic Missions. — Thus the “gospel of the 
kingdom ” was successively proclaimed to the Roman, the 
Celtic, the Teutonic, . and the Scandinavian Avorld. A 
contest still more stubborn remained with the Slavonic 
tribes, with their triple and many-headed divinities, their 
laowers of good and powers of evil, who could be approache 

only with fear and horror, - and propitiated only "i 

human sacrifices. Mission work commenced in Bulgaria 
during the - latter part of the 9th century ; then^ i 
extended to Moravia, where two Greek missionaries 
and Methodius — provided for the people a Slavonic Bi e 


■* Church, Gifts of Civilization, p. 330. 

Bede, iT.A?., V. 19. 

® “ Annul. Xantenses,” Pertz, Mon. Germ., it. 220. 
r Bede, Tf.JS:., V. 10. 

® See Lightfoot, Ancient and Modern Missions. 
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and a Slavonic Liturgy ; thence to Bohemia, and so 
onwards to the Scythian wilds and level steppes, where 
arose the Russian kingdom of Ruric the Northman, and 
where about the close of the 10th century the Eastern 
Church “ silently and almost unconsciously bore into the 
world her mightiest offspring.” i But, though the baptism 
of Vladimir and the flinging of the triple and many-headed 
idols into the waters of the Dnieper was a heavy blow to 
Slavonic idolatry, - mission work was carried on with but 
partial success ; and it taxed all the energies of Albrecht, 
bishop of Bremen, of Vicilin, bishop “of Oldenburg, of 
Bishop Otto of Bamberg the apostle of the Pomeranians, 
of Adalbert the martyr-apostle of Prussia, to spread the 
word in that country, in Lithuania, and in the territory of 
the Wends. It was not till 1168 that the gigantic four- 
headed image of Swantevit was destroyed at Arcona, 
the capital of the island of Riigen, and this Mona of 
Slavonic superstition was included in the advancing 
circle of Christian civilization. As late as 1230 human 
sacrifices were still being offered up in Brussia and 
Lithuania, and, in spite of aU the efforts of the Teutonic 
Knights to expel by force the last remains of heathenism 
from the face of Europe, idolatrous practices still lingered 
amongst the people, while in the districts inhabited 
by the Lapps, though successful missions had been 
inaugurated as early as 1335, Christianity cannot be said 
to have become the dominant religion till at least two 
centuries later. 

(e) Moslem 2lissiom . — Tlie mention of the order of the 
Teutonic Knights reminds us how the crusading spirit had 
affected Christendom, and exchanged the patience of a 
Boniface or an Anskar for the fiery zeal of the warrior of 
the crosi Still it is refreshing to notice how even now 
there was found the famous Raymond Lully to protest 
against propagandism by the sword, to urge on pope after 
pope the necessity of missions amongst the Moslems, and 
to seal his testimony with his blood outside the gates 
of Bugiah in northern Africa (June 30, 1315). Out 
of the crusades, however, arose other efforts to bear the 
banner of the cross into the lands of the East, and to 
develop the work w'hich Nestorian missionaries from 
Baghdad, Edessa, and Nisibis had already inaugurated 
along the Malabar coast, in the island of Ceylon, and 
in the neighbourhood of the Caspian Sea. In 1245 
the Roman pontiff sent two embassies, one to charge 
the Mongol warriors to desist from their desolating inroads 
into Europe, the other to attempt to wn them over to 
the Christian faith. The first, a party of four Dominicans, 
sought the commander-in-chief of the Mongol forces in 
Persia ; the second, consisting of Franciscans, made their 
way into Tartary, and sought to convert the successor 
of Oktai-Khan. Their exertions were seconded in 1253 
by the labours of another Franciscan whom Louis IX. of 
France sent forth from Cyprus,^ while in 1274 the 
celebrated traveller Marco Polo, accompanied by two 
learned Dominicans, visited the court of Kublai-Khan, 
and at the commencement of the 14th century two 
Franciscans penetrated as far as Peking, and kept alive a 
flickering spark of Christianity in the Tartar kingdom, 
even translating the New Testament and the Psalter into 
the Tartar language, and training youths for a native 
ministry.^ 

(/) Missions to India and tlie New World . — These ten- 
tative missions in the East were now to be supplemented by 
others on a larger scale. In 1486 the Cape of Good Hope 
was rounded by Dias, and in 1508 the foundations of the 

1 Stanley, Eastern, Church, p. 294. 

-Neaniler, vii. 69; Hakluyt, 171; Hue, i. 207. ,,,,,, ' 

Neauder, vii. 79; (lieseler, iv. 259, 260; Hardwick, Middle Ages, 
235-337. ■ ‘ 


Portuguese ineffan empire were laid by Albuquerque 
Columbus also in 1492 had landed on San Salvador and 
the voyages of the Venetian Cabot along the coast of North 
America opened up a new world to missionary enterprise. 
These bold discoverers had secured the countenance of the 
pope on the condition that wherever they might plant a 
flag they should be also zealous in promoting the extension 
of the Christian faith. Thus a grand opportunity was 
given to the churches of Portugal and Spain. But the 
zeal of the Portuguese, even when not choked by the risiim 
lust of wealth and territorial power, took too often a 
one-sided direction, repressing the Syrian Christians on 
the Malabar coast, and hiterfering with the Abyssinian 
Church,^ while the fanatic temper of the Spaniard, 
maddened by his prolonged conflict with the infidel at home, 
betrayed him into methods of propagating his faith which 
we cannot contemplate without a shudder, consigning, in 
Mexico and Peru, multitudes who would not renounce 
their heathen errors to indiscriminate massacre or abject 
slavery.^ Their only defender for many years was the 
famous Las Casas, who, having sojourned amongst them 
till 1516, has drawn a terrible picture of the oppression 
he strove in vain to prevent.® Some ste 2 )s indeed were 
taken for disseminating Christian principles, and the pope 
in granting territory to the cvwvns of Spain and Portugal 
had specially urged this duty, and had been instrumental 
in inducing a band of missionaries, chiefly of the mendicant 
orders, to go forth to this new mission field.'’ But the 
results were scanty. Only five bishoprics had been 
established by 1520, and the number of genuine con- 
verts was small. In settling, how-ever, his realm the 
conqueror of Me.xico evinced no little solicitude for the 
spiritual welfare of his charge ; and the labours of the 
devoted men whom he begged the emperor to send out 
were successful in banishing every vestige of the Aztec 
worshq^ from the Spanish settlements.® 

(ff) The Jesuit Missions.—lt rvas dming the period at 
which we have now arrived that the great organization of 
the Jesuits came into existence, and one of the first 
of Loyola’s associates, Francis Xavier, was also one of the 
greatest and most zealous missionaries of his or any other 
era. Encouraged by the joint co-operation of the pope 
and of John EH. of Portugal, and strongly tinged like 
Loyola with ideas of chivalry and self-devotion, he disem- 
barked at Goa on tlie 6th of May 1542, and before his 
death on the Isle of St John (Hiang-Shang), December 2, 
1552, be bad roused the European Christians of Goa to a 
new' life, laboured TOtb singular success amongst the Para- 
vars, a fisher caste near Cape Comorin, gathered many 
converts in the kingdom of Travancore, visited the island 
of Malacca, made his way to and founded a mission in 
Japan, thence revisited Goa, and impelled by the quenchless 
desire to unfurl the banner of the cross in China, had set 
out thither to fall a victim to malignant fever at the 
early age of forty-six, within sight of that vast eminro whose 
conversion had been the object of bis holy ambition. 

The immediate successor of Xavier, Antonio Criminalis, 
was regarded by the Jesuits as the first martyr of their 
society°(1562). Mattheo Ricci, an Italian by birth, was 
also an indefatigable missionary in China for twenty-seven 
years, w'hile the peculiar methods of unholy compromise 
with Brahmanism in India followed by Robert de’ Noblli 
drew dow the condemnatory briefs of pope after pope, and 
were fatal to the vitality of bis own and other missions. 


•* Geddes, History of the Church of Malalar, p. 4 ; Neale, Eastern 
'lurch, ii. 343. 

® Prescott, Conquest of itexico, i. 318, iii. 218. 

® Relaeioii dc la Deslruycion de las Jiulias, 

’’ Prescott, Mexico, iii. 218 B. 
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Other representatives of the same order worked with 
success in evangelizing the Spanish settlement of Paraguay 
in 1582, while their defeated foes the Huguenots sent 
forth under a French knight of ifalta a body of devoted 
men to attempt the formation of a Christian colony at Kio 
Janeiro. By the close of the 16th century the unflag- 
ging zeal of the Jesuits led to a more complete development 
and organization of the missionary system of the Homan 
Church. To give unity and solidity to the work of missions, 
a committee of cardinals was appointed under the name 
of the “ Congregatio de propaganda fide,” and to it was 
entrusted the entire management of the mission, conducted 
under the superintendence of the pope. The scheme origin- 
ated ivith Gregory XIIL, but was not fully organized till 
forty years afterwards, when Gregory XV. gave it plenary 
authority by a bull dated June 2, 1622. Gregory’s suc- 
cessor, Urban supplemented the establishment of the 
congregation by founding in connexion, with it a great 
missionary college, where Europeans might be trained for 
foreign labours, and natives might be educated to undertake 
mission work wherever new colonies were settled. At 
this college is the missionary printing-press of the Roman 
Church, and its library contains an unrivalled collection of 
literary treasures bearing on the particular work. From its 
walls have gone forth numbers of devoted men, who have 
proved themselves able to promote in a singular degree the 
enlargement of the boundaries of the church by means of 
material as well as sjm’itual forces. 

3. T/ie 2[oder>i Peiiod. 

This last period of missionary activity is distinguished 
in a special degree by the exertions of societies for the 
development of mission work. 

As contrasted with the colossal display of power on the 
part of the Chiuch of Rome, it must be allowed that the 
churches which in the 16th century broke oS from their 
allegiance to the Latin centre at first presented a great 
lack of anxiety for the extension of the gospel and the 
salvation of the heathen. The causes of this, however, are 
not far to seek. The isolation of the Teutonic churches 
from the vast system with which they had been bound up, 
the conflicts and troubles among themselves, the necessity 
of fixing their o-\vn principles and defining their OAvn rights, 
concentrated their attention upon themselves and their own 
home work, to the neglect of work abroad. 

Still the development of the maritime power of England, 
which the Portuguese and Spanish monarchies noted ■with 
fear and jealousy, was distinguished by a singular anxiety 
for the spread of the Christian faith. Edward VI. in his 
instructions to the navigators in Willoughby’s fleet, Cabot 
in those for the direction of the intended voyage to Cathay, 
good old Hakluyt, who promoted many voyages of dis- 
covery in addition to writing their history, agree with 
Sir Humphrey Gilbert’s chronicler that “the sowing of 
Christianity must be the chief intent of such as shall make 
any attempt at foreign discovery, or else whatever is builded 
upon other foundation shall never obtain happy success 
or continuance.” When on the last day of the year 1600 
Queen Elizabeth granted a charter to George, earl of 
Cumberland, and other “ adventimers,” to be a body- 
corporate by the name of “ The Governor and Company of 
ilerchants of London trading -with the East Indies,” the 
expressed recognition of higher duties than those of com- 
merce may by some be deemed a mere matter of form, 
and, to use the words of Bacon, “ what was first in God’s 
providence was but second in man’s appetite and intention.” 
Yet a keen sense of missionary duty marks many of the 
chronicles of English mariners. Notably was this the case 
■\dth the establishment of the first English colony in 
America, that of Virginia, by Sir Walter Raleigh. . The 
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philosopher Heriot, one of his colleagues, laboured for the 
conversion of the natives, amongst whom the first baptism 
is recorded to have taken place on August 13, 1587.1 
Raleigh himself presented as a parting gift to the Virtfinian 
Company the sum of £100 “ for the propagation of the 
Christian religion ” in that settlement.- When James I. 
granted letters patent for the occupation of Virginia it 
was directed that the “word and service of God be 
preached, planted, and used as well in the said colonies 
as also as much as might be among the savages borderinrf 
among them”; and the honoured names of Nicolas Ferrar 
John Ferrar, Dr Donne, and Sir John Sandys, a pupil of 
Hooker, are all found on the council by Avlfich the home 
management of the colony was conducted. 

In the year 1618 was published The True Honour of 
Navigation and Navigators, by John Wood, D.D., dedicated 
to Sir Thomas Smith, governor to the East India Company, 
and much about the same time appeared the well-known 
treatise of the famous Grotius, De Veritate Religionis 
Christianse, 'written for the express use of settlers in distant 
lands. The -wants, moreover, of the North American 
colonies did not escape the attention of Archbishop Laud 
dming his official connexion with them as bishop of 
London, and he was developing a plan for promoting a 
local episcopate there when his troubles began and his 
scheme was interrupted. During the Protectorate, in 
1649, an ordinance was 25assed for “the j^romoting and 
propagating of the gospel of Jesus Christ in New England” 
by the erection of a corporation, to be called by the name 
of the President and Society for the Propagation of the 
Gospel in New England, to receive and dispose of moneys 
for the purpose, and a general collection was ordered to bo 
made in all the parishes of England and Wales; and 
Cromwell himself desked a scheme for setting up a council 
for the Protestant religion, which should rival the Eoman 
Propaganda, and consist of seven councillors and' four 
secretaries for different provinces.^ On the restoration of 
the monarchy, through the influence of Richard Baxter 
■with Lord Chancellor Hyde, ,the charter already granted 
by CroniAvell was renewmd, and its 250wers were enlarged. 
For norv the corporation Avas styled “ The Pro 2 )agatiou of 
the Gospel in New England and the 25a.rts adjacent in 
America,” and its object -wms defined to be “not only to 
seek the outward welfare and prosperity of those colonies, 
but more es23ecially to endeavour the good and salvation of 
their immortal souls, and the publishing the most glorious 
gospel of Christ among them.” On the list of the 
corporation the first name is the earl of Clarendon, -while 
the Hon. Robert Boyle was appointed 2 n’esident. Amongst 
the most eminent of its missionaries -was the celebrated 
John Eliot, who, encouraged by Boyle, and assisted by him 
■with considerable sums of money, brought out the Bible in 
the Indian language in 1661-64, having revealed at the end 
of the Indian grammar -which he had composed the secret of 
his success ; “prayer and pains, through faith in Jesus Christ, 
will do anything.” Boyle displayed in other ways his zeal 
for the cause of missions. He contributed to the expense 
of printing and publishing at Oxford the four Gospels and 
the Acts of the Apostles in the Alalay language, and at his 
death left £5400 for the propagation of the gospel in 
heathen lands. 

The needs of the colonial church soon excited the attention 
of others also, and great efforts were made by Bishop 
Beveridge, Archbishop Wake, Archbishop Sharpe, Bishop 
Gibson, and afterwards by the 2 ihilosophic Bishop Berkeley, 
and Bishop Butler, the famous author of the Analogy, to 

^ Hakluyt, Voyages, iii. SIS. 

- Oldy, Life of Raleigh, p. 118. . , 

^ Xeale, History of Hew England, i. l>. 200 ; Biiruct, llislory of 
his oiDii Tinics, i. p. 132. 
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develop the colonial church and provide for the wants of thp I 18-H Trin!, ■ „ o . 

Indian tribes. In 1696 Dr Bray, at the request of the gover- Wesleyan Ladies’^Auxmai-y for Female Ed ' ti ip 

norandassembly Of Maryland, was selected by the bishop of ^ Ontd'steSa 

I^ndon as ecclesiastical commissary; and, havin" sold his isfo society. J''-''™) Foreign iinsions. 

money on credit, he sailed for Maryland ' Corai Mit’hinSyl^ind. 
in 1699, where he promoted, in various ways, the interests Isn.' 

■ot the chuich. Eeturning to England in 1700-1, and 0®“' 

•supported by all the weight of .Ircbbishop Tenison and ms. „ , 

Bishop Compton, he was graciously received by William HI f'T iii Jons. ^ ® 

"ii/rr" ti-e 

-Sr? "" ‘=OfP°'^ation by the name of the isil.' 

Society for the Propagation of the Gospel in Foreign }«??■ Nt>rmui scuooi society, 

xaiis on tile iotiot June 1701, I 855 . PiChbyterian Chu.ch in England Ford^^ 

With the establishment of this corporation the era of 185 g’ unL^If . 

the activity of societies for carrying out mission work may Christian vernacuiarldncarionVocietff^^^^ 
be said to commence, though the opening of the 18th Hsou “sy“^^^^ 

•century saw other movements set on foot for the same si'ssinn. 

object. Thus in 1705 Frederick IV. of Denmark founded cmia inlund'Misrio^'' femala Education among the Heathen 

•a mission on the Coromandel coast, and inaugurated the m?. Delhi I'ctMie iicdicaniission. 

labours of Ziegeiibalg, Schultze, knd Schwartf whose cipeTo^wn 

■devotion and success told with such remarkable reflex ' 

influence on the church at home. Again in 1731 the | 

Moiavians illustrated in a signal degree the growing Oiisinui sectssioii cimieh imliun tli.sion 

“WiBation.towtb the heathen. Driven 5 s«,. 

by persecution from Moravia^ hunted into mountain-caves j 

.-and forests, they Jiad scarcely secured a place of refuge in of Murica. 

SthYh.''t-S ofr°'\“ kI 

^vltu tlie spiiit of men banded for dann^ and rn^hteous society. 

deeds, they formed the heroic design, Ind vow°ed the isox Snilltd 

e.xecntion of it before God, of bearing the gospel to the society lor Indians. 

savage and perishing tribes of Greenland and the West isj-*- •ii“ptist’Mii.Smy'°Sn.°‘^ oiugniiissions. 

Indies, of whose condition report Lad brought a mournful Jm 

Tumour to their ears«^ And so, literally with ‘‘jipifchpr Missions of tlio Protestant Episcopal Clmich. 

hrpnrl nnr cPrit-k »» fliavr 4.1 ^ 4.1 « m • en'Uei I 881 . Board of Foreign Missions of the Presbyterian Church, 

Oreaci nor scrip, they went forth on their pilgrimage, and, 1837. Evangelical Lutlieran Foreign Missionary Society. 

incredible as it sounds, within ten years they had established 

imissions in the islands of the West Indies, in South 7843. Baptist Free Missionary Society. 

America, Surinam, Greenland, among 'the North American ISH 

vrOOCl Hope, and Ceylon.^ ISSO. Board of Foreign Missions of United Presbyterian Chuicb. 

Such were the preparations for the more general move- 
ments ciuring tiie last hundred years, and the manifesta- 1 Ami-rknn Me.Nican Associution. 
tion of missionary zeal on a scale to which it would be diffi- illdim" ii'Sn ““ aS 
•cult to find a parallel in Western Christianity. zSi?& society. 

The progress' that has been made may be best judged of (c) At the beginning of the present centiu-y tho total sum con- 
Irom consicleratiou of the folloiving details : — tributed for Protestant missions can hardly bo said to have 

(a) At the clo.se of tho last century there were only seven amounted to £50,000; in 1S82 the amount raised by Ui-itish con- 
missionary societies in o.xistence, properly so called. Of these tributions alone to foreign missions amounted to upwards of 
tliree only, the Society for the Propagation of the Gospel in ^hOflO, 000, = thus divided 

Foreign Parts, the Halle-Danish Society, and the Moravians, had Church of Engluml Missions £ 400,1135 

been at work for the greater part of the century whOst four the Joint Societies of Chmehmen ami None, m ormlsts I 53 , 3 t >0 

Church Missionary Soeiety, the Bap«st Missionary Society,’ the l?tmht™'ni^irS 

London Missionary Society, and the Dutch Society at Rotterdam, j Komau Catholic Societies I 0 ,QI 0 

■began tneir work only in its tenth decade. To-day these seven (ei) aVt tho same date it is calculated tliat tliero were about 5000 
have, in iiurojio and America alone, increased to upwards of heathen converts under instruction, not counting tlioso belonging 
-.seventy, and to those must be added, not only several independent to tlie Roman Catliolic missions. At tlie present day tlio converts 
Societies in the colonies, but ninnerous missionary associations on a from heathenism may be estimated certainly at no less than 
•smaller scale, the olfspnng of English and American societies. 1,800,000, a single year (1878) allowing an increase of about 60, 000. 

( 0 ) Ihe following chronological lists illustrate the growth of I (e) When the Society for the Propagation of the Gospel was 
imissiouary societies in Britain and tho United States : — I founded in 1701, there were probably not twenty clergymen of the 

ffreai Britain and Ireland. Church of England in foreign parts. The spiritual condition of 

’1C91. Christian Faith Society for the West Indies. Bie settlers in America and elsewhere was terrible iu tho e.xtremc, 

less. Society fur Promoting Christian Knowledge. I and no elfort was then made by the church to win over tlie heathen 

ilvSo' f“^,i’'f I'‘‘’i;-)Kation of the GospeUn Foreign Parts. to Christ. But now the position which the church holds iu the 

179-I>.’ BupTist Misshmary'soclcty.’”"^ " Brethren. British colonies and dependencies mid many parts of heathendom 

1795. London Mis 3 ionaiyS,,ciety. is recognized by all. In those regions ivhere the society labours. 

Society. | and which before it commenced its work were sjiiritually tho 

1179 ^ KeBglous'TractSlety “ "’'fste places ” of tho earth, there are, including the American 
1804.' British and Foreign Bible Society. Church (the first fruits of the society’s efibrts), 13S bishops, more 

'1803. London Society for Promoting Christianity among the Jews. than 5000 clergy, and upwards of 2,000,000 members of tlie 

1813. Wesleyan Missionary Society. ) ,.nniiiiiininn 

1817. General Baptist Missionary Society. communion. , , 

;i823. Colonial and Continental cimrcii Society. j The above tables sufficiently indicate how varied are the 

NaUo?ai%Me‘li"c“fofs"co^^^^^^ missionary agencies now at work, covering the Iieathen 

^ Holmes, J/ist. Sketches of the Missions of the United Brethren, ~ See Scott Robertson, Analysis of British Contributions to I'urenjn 
jj). 3; Grant, Bamplmi Lectures, p. 190. j Missions, 1883. 
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world witB. a network of mission outposts, whick -witliin 
the last century have won nearly two millions of converts 
to the Christian faith. 

The continuity of missionary enthusiasm maintained 
through the primitive, the medioeval, and the modern periods 
of the church’s history, operating at every critical epoch, 
and surviving after periods of stagnation and depression, 
is a very significant fact. It is true that other religions 
have been called missionary religions, and that one of them 
occupies the first place in the religious census of mankind.^ 
But the missionary activity of Buddhism is a thing of the 
past, and no characteristic rite distinguishing it has found its 
way into a second continent; while, as for Mohammedanism, 
the character of its teaching is too exact a reflexion of the 
race, time, place, and climate in which it arose to admit 
of its becoming universal.^ These and other religions of 
the far East may still maintain their hold over millions, but 
it must be admitted that their prospect of endurance in 
the presence of advancing Christianity is very small, and 
it is difficult to trace the slightest x^robability of their 
harmonizing with the intellectual, social, and moral progress 
of the modern world. With all its deficiencies, the Christian 
church has gained the “ nations of the future,” and whereas 
in the 3d century the projjortion of Christians to the 
whole human race was only that of one in a hundred and 
fifty, this has now been exchanged for one in five,® and it 
is indisputable that the progress of the human race at this 
moment is entirely identified with the spread of the 
influence of the nations of Christendom. 

Side by side with this continuity of missionary' zeal, 
a noticeable feature is the immense influence of individual 
energy and the subduing force of personal character. 
Around individuals penetrated with Christian zeal and self- 
denial has centred not merely the life, but the very 
existence, of primitive, medituval, and modern missions. 
What Ulfila was to the Gothic tribes, what Columba 
and his disciples were to the early Celtic missions, what 
Augustine or Aidan was to the British Isles, what Boni- 
face was to the churches of Germany and Anskar to 
those of Denmark and Sweden, that, on the discovery of a 
new world of missionary enterprise, was Xavier to India, 
Hans Egede to Greenland, Eliot to the Red Indians, 
Martyn to the church of Cawnpore, Marsden to the Maoris, 
Carey and Marshman to Burmah, Heber, Wilson, Milman, 
and Duff to India, Gray, Livingstone, Mackenzie, Steere, 
Callaway to Africa, Broughton to Australia, Patteson to 
Melanesia, Mountain and Feild to Newfoundland, Crowther 
to the Niger Territory, Brett to Guiana. At the most 
critical epochs such men have ever been raised up, and the 
reflex influence of their lives and self-denial has told upon 
the church at home, while apart from their influence the 
entire history of important portions of the world’s surface 
would have been altered. 

If from the agents themselves we turn to the work that 
has been accomplished it will not be disputed that the 
success of missions has been marked amongst rude and 
aboriginal tribes. What was true in the early missions 
has been found true in these latter times. The rude and 
barbarous northern peoples seemed to fall like “ full ripe 
fruit before the first breath of the gospel.” The Goths 
and the Vandals who poured do\vn upon the Roman empire 
were evangelized so silently and rapidly that only a fact 
here and there relating to their conversion has been 
preserved. Now this is exactly analogous to modern 
experience in the South Seas, America, and Africa. 
We must here content ourselves with a cursory survey 

^ Max iliiller, Chijis, iv. p. 265. 

- Newin.an, Grammar of Assent, p. 424. 

^ Lightfoot, Comparpi-i-e Progress of Ancient and Modern Missions, 
p. S. y . 
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of what missionary enterprise has accomplished in those 
regions and among the more civilized nations of Eastern 
Asia. 

The That missions have done much in these rcuons 

in suppressing cannibalism, human .sacrifices, and infanticiae 
humanizing the laws of war, and elevating the social condition of 
women, is a fact confirmed by the researches of Jleinicke, lYaitz 
Gerland, Oberlandcr, and even of Darwin.^ ’ , ’ 

In Australia work among the aborigines, wherever it has been 
zealously conducted, has been blessed with signal success. Aniou"st 
the Papuans the Moravian stations of Ebonezer in the distriet°of 
Wimniera, and Eamahyuck in that of Gippsland, can point to 
their little villages of 125 native Christian inhabitants, their 
cleanly houses, and their well-ordered churches. In the ^strict of 
South Adelaide, at Point JIacleay, the Scottish Presbyterian Mission 
has been similarly successful, while in New Zealand the native 
jiopulation was converted almost within a single generation. In the 
islands north and north-west of Australia the Dutch missionaries 
have been especially successful in the Minahassa (see Celebes), 
of whose 114,000 inhabitants more than 80,000 have been won 
over to the Christian faith, forming 195 communities with 125 
schools; and in southern Borneo, the Rhenish Jlission in the south 
and the Society for the Propagation of the Gospel in'the north have 
been enabled to establish themselves firmly, while the former 
society has also done a great work among the Battaks in Sumatra. 
Amongst the dark-coloured races of Polynesia missionary work has 
made great adv.ances through the labours of the London Missionary 
Soeiety, the Wesley ans, and the American Board. Making Tahiti 
its basis of operations, the first-named society has carried on 
missionary o])erations in" the islands of Australasia, Hervey, Samoa, 
Tokelau, and Ellice, while the American Board has witnessed 
cquiilly favourable results in the Sandwich Islands, and in Micronesia 
(Caroline, hlarshall, and Gilbert Islands) the agents of the Hawaiian 
Association arc actively at work under the direction of American 
missionaries. In Melanesia the Society for the Propagation of the- 
Gospel, the AVesleyuns, the London Missionary Society, and the 
Presbyterians are all actively engaged. The Eiji group stands out 
as one of the most promising centres of Christian civilization, and 
the governor. Sir A. Gordon, was enabled to report in 1879 that, out of 
a population of about 120,000,. 102,000 are now regular worshippers- 
in the churches, which number 800, while over 42,000 children are 
in attendance in 1534 Christian day schools. The Loyalty Inlands 
have been occupied partly by Roman Catholic missions and partly 
by the London hlissionary Society, while in the New Hebrides the 
missionaries of the Free Church of Scotland and of the Presby- 
terian churches of Canada, New Zealand, and Australia, in spite 
of many obstacles, the unhealthiuess of the climate, and the variety 
of the dialects spoken, have upwards of 3000 natives rcceiviug 
Christian teaching, 800 communicants, and 100 native teachers. 
On the islands of Banks, Santa Cruz, and Solomon, the English- 
Episcopal Church is achieving no little success, sending native youths- 
for nronths at a time to Norfolk I.riand to receive instruction, whence 
they return again in order to spread the knowledge of truth .at home. 
These islands will ever be famous in connexion with the' martyr 
death of the noble Bishopr Patteson. 

The Uncivilized Peoples of America . — The quiet humble labours 
of the Moravians have accom])lishcd much in Greenland and 
Labrador, whOst among the Indians of Canada and the people of 
Hudson’s Bay the Society for the Propagation of the Gospiel has- 
not laboured in vain, nor the Church hlissiouary Society in the 
dioceses of Rupertsland, Red River, Saskatchewan, and Moosouee. 
At Columbia, on the coast of the Pacific, a practical missionary genius 
named William Duncan has succeeded in civilizing a body of Indians- 
degraded by cannibalism, and at liis Metlakahtla mission stands 
at the head of a community of some thousand persons, which has ai 
larger church than is to be found* between there and San Francisco. 
Testimony to the value of the results achieved was borne in iS^o- 
by.Lord Dufferin, then goveraor-gener.al of Canada, who declared 
that he could hardly find words to express his astonishment at what 
he witnessed. Amongst the Indian tribes of the United States 
work is carried on by the Moi-avians, the American Board of Jlissions, 
the Presbyterians of the North and South, the Baptists, the Epis- 
copal Aletiiodists, and the Ame'rican Missionary Society ; and the- 
result is that 27,009 Indians, divided amongst the 171 communities- 
of different denominations (including the Roman Catholic) are in full 
membership with the church, and have 219 places of worship, 
besides 366 schools attended by about 12,222 Indian children. Ihoj 
Cherokees, the Choctaws, the Creeks, the Chickasaws, have. their 
own.cliurches, schools, and academies, and may compare favourably 
both intellectually and morally witli their white neighbours m 
Missouri, Arkansas, and Texas. ^ Amongst the negroes in the United- 
States more than 1000 places of worship have been built since the 
last .war, -lyhile the American Missionary Association alone lias- 
erccted 26 academies with about 6000 students, for the purpose ot 

s Ihid., pp. 98, 99.. 


■* See Christlieb, Foreign Missions, p. 88. 
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freed slaves to be teachers and missionaries. Amongst 
the In<lians on the Essequibo and Berbice in British Guiana, the 
missions of the Society for the Propagation of the Gospel have been 
rapidly extended, and noiv upwards of half the Indian population 
•are members of Christian churches. In the British West Indies, 
through the united labours of various missionary societies, out of 
1,000,000 inhabitants upwards of 248,000 are returned as regular 
members of the churches, 85,000 as communicants, while 78,600 
children receive instruction in 112-3 day schools, of which number 
about 45,000 belong to Jamaica. 

Passing to the southern promontory of South America, we find 
that the self-denying labours of Allen Gardiner are beginning to 
justify the devotion that prompted them. The London South 
American Missionary Society not only carries on its operations in 
the Ealkland Islands, where youths from Tierra del Fuego receive 
instruction, but has founded stations iu Tierra del Fuego itself, has 
xoused the natives of Patagonia from their spiritual deadiiess, and 
ias extended its labours even to the Indians in Brazil. 

Africa . — Here there are three great regions of missionary activity, 
—on the west coast, in the south, and in some parts of the east. 

The largest and most fruitful mission field in West Africa is 
•that of Sierra Leone, where at least seven-eighths of the people 
•are now Christians, though the first mission does not date further 
■back than the present century;’ and important results have also 
been obtained in Senegambia (on the Pongas), in Old Calabar, and 
In the republic of Liberia. On the Gold and Slave Coasts tlie 
/labours of English Wesleyan missionaries and of the North German 
missionary societies have been crowned with no small success, while 
•the Basel Society, which celebrated its jubilee in 1878, has extended 
its sphere of activity to Ashantee, tran.slatiiig the Scriptures into 
■the native languages, and changing primeval marshes into bright- 
fiookiug Christian villages. In the Yoruha lands the Church 
Missionary Society has 11 stations, 5994 Christians, and 1657 ' 
scholars, while on the Niger we are confronted with the interesting 
spectacle of negro preachers and tcacliers labouring under the 
•coloured Bishop Crowther, carrying on a work which within the 
last few years was consecrated by the blood of martyrs. 

South Africa has for some time been a centre of missionary 
•activity. Here thirteen British aud Continental associations have 
proved that all the South African races, Hottentots and Itaffres, 
Fingocs and Bechuanas, Bosutoa and Zulus, are capable of attaining 
a considerable degree of Christian civilization, and can not only be 
instructed in handicraft and agriculture, but trained as ministers 
aud teachers, A single instance of this is afforded in British 
Kaffraria by the Lovedale Institute of the Free Church of Scotland, 
where youths from all the above-mentioned tribes are taught along 
with Europeans, and every Sunday sixty students proclaim the 
gospel in the neighbouring villages. In tlie cause of mis.sion work 
here few ever laboured more zealously than the late Bbhop Gray, 
whose diocese, when first constituted, included the whole colony 
of the Cape, but whose successor has now for his suffragans the 
bishops of Grahamstown, Jfaritzhurg, St Helena, Bloemfontein, 
Zululand, St John’s, and Pretoria. 

Ea-st aud Ea.st Central Africa, so long neglected, is now being 
rapidly occupied by missionary enterprise. Here the island of 
Madagascar has been in great part evangelized, while on the island 
of Mauritius the Anglican Mission has developed pre-eminent 
results. On the mainland, the coast of Zanzibar calls for special 
notice. Here the little island of the same name has long been the 
seat of the Universities Mission to Central Africa, and the heroic 
Bishop Steere has not only erected a cathedral on the site of the 
former slave-market, but translated the New Testament into 
Sawahili, a language which can be understood by tiie tribes around 
the lakes, and even in Uganda. 

China . — “0 mighty fortre-ss ! when shall these impenetrable 
brazen gates of thine be broken through?” was the mournful 
exclamation of Valignani, the successor of Xavier, as he gazed in 
sadness at the mountains of China. Thoi words well express the 
incredible difficulties which this largest and most thickly peopled 
heatheu land in the world, irith its petrified constitution and 
■culture of three thousand years, presents in the w.ay of missionary 
effort. The countrj' itself, the people, their speech, their manners, 
.tiieir religion, their policy, seemed to unite in opposing an insuper- 
able barrier, but history has to record how efforts have been made 
by many bodies, aud at many times, to break it doivn. An early 
Nestorian Church established itself in the empire, but wa.s either 
uprooted, or died out in course of time. In the 16tli century the 
jMUits undertook the task, and in spite of the persecutions which 
■they have undergone the missions of the Roman Church, with their 
■numerous foreign clergy and their hosts of natives of different 
•ecclesiastical degrees, have attained no small measure of success. 
Before the country was really opened to foreigners by the treaty 
cf Tientsin, pioneers proceeded thither from America, and from 
the London Missionary Society. The labours of Dr Legge 
in translating and reducing to system the- Chinese classics are 
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well known. At the present day it is estimated that theri are 
upwards of 29 societies at work in the country, with .about *>50 
ordained missionaries and 63 fem.ale tcacliers, aud the number is 
constantly increasing. These societies, of wbieh tlie largest nro- 
portion belong to England, and the next largest to America,'supr“ort 
it Is estimated, 20 theological schools, 30 liiglier boariliim schools 
for hoys with 611 scholars, 38 for girls with 777 sclioIarsri77 day 
schools for boys with 4000 to 5000 pupils in attendance, 8-2 for -drls 
with 1307, while 16 missionary hospitals and 24 dispen.saries .are 
under the direction of medical missionaries, whose work in Ciiina lias 
been, recognized almost from the first as the source of the greatest 
blessing. The mission centres stud the e.ast coast from Hong Kong 
and Canton to the frontiers of Jlauchuria in the north ; thence 
they advance little by little every year into the interior, while as 
yet the western provinces are scarcely touched by missionary effort. 
The literary labours of the various societies liave been carried on 
with the utmost persevcr.ance ; and on the foundations laid by a 
Morrison and a Milne later toilers have been enabled to raise a 
superstructure of translations of various portions of the Bible, as 
wdl as various Christian books and religious and general periodicals 
which constitute a means of vast iinporlauce towards gradually 
gaining over this land of culture. At Peking ,a Russian mission 
has been labouring for more than one hundred and fifty years. 
The Society for the Propagation of the Gospel aud the Church 
Missionary Society have lately opened up new centres in this 
almost limitless country. “ 

Japan . — Of the missions in Japan it is as yet too early to fore- 
cast the future. The signing of tlie commercial treaties of 1854 
and 1858 with America and England was followed in 1859 by 
efforts on the part of the American cburches to extend a knowledge 
I of Christianity, and in these Bishop Williams, an accomplished 
Jap.anese scholar, proved himself a valuable leader and guide. 
Soon afterwards other societies found their way into the country, 
and in March 1872 tlie first Japanese coiiOTogation, of 11 converts, 
was constituted in Yokohama. M'^itiiin the last eight years these 
11 have increased to 1200, while the American missions have been 
supplemented by those of the Church Missionary Society and the 
Society for the Propagation of the Gospel. Nearly every mission 
has what may be called a high school for girls, and these institu- 
tions are very jiopular. Thousands of cojiies also of the Gospels 
have been circulated iu Japanese, aud reiiresentatives of nearly all 
the missions are engaged in translating tiic entire New Testament, 
whileaRusso-Greek mission ha.s established itself in the north, and 
is advancing steadOy, having already made about 3000 converts.^ 
Tlius, when it is considered that in the beginning of the 17th 
century the Japanese Goverumeut drove out the Portuguese aud 
massacred the native Catholic converts, and prohibited all C'liristiaus 
under pain of death from over setting foot in the country, an J when 
it is borne in mind that many of these old laws against Christianity 
have not yet been rejiealed aud that the old distrust of strangers is 
still plainly disceniiblo among the governing cla-sses, it is clear that, 
while there is much ground for hope, efi'ectual results can only be 
the work of time. 

India. — M’hat is tnie of China and Japan applies ivith tenfold 
force to India. Here the results achieved resemble those which were 
attained in the conflict between Christianity aud the religion of old 
pagan Rome, with its mass of time-honoured customs iiiterwoveu 
with the literature, institutions, and history of the empire. 
Against the influence of j/restige aud settled prejudice tJio wave of 
the gospel beat for centuries in vain. Slowly and gradually it was 
undermining the fabric, but no striking results were immediately 
visible. So also in India with the Hindu proper Christianity luis 
hitherto made inappreciable progress, while among the rude 
aboriginal or non-Aryan tribes its success has been remarkable. 
Independently of Roman Catholic mis.sious upwards of twenty-eight 
societies are earnestly engaged in the English mission field, and the 
following figures will give some idea of the progress that h.xs been 
made during the last twenty or thirty years. Iu British Iiidi.a, 
including Burmah and Cevlou, it is estimated that in 1852 there 
were 22,400 communicants and 128,000 native Cbristian-s young 
and old; in 1862 these bad increased to 49,681 commimicants and 
213,182 native Christians; iu 1872 there had been a further in- 
crease to 78,494 communicants and 313,363 native Christians, while 
in 1878 tlie latter figures rose to 460,000. BTien we look at the 
sliare that each of the societies has had in this increase, wc find 
that the Society for the Propagation of the Gosj/el and the Church 
3Iissionary Societj- together have since 1850 increased in member- 
ship from 61,442 to -upwards of 16-i,000; the London Missionary 
Society from 20,000 to upwards of 48,000 ; the Presbyterian 
missions of Scotland, England, Ireland, and America from £00 to 
10,000 ; the Basel mission in India from 1000 to 6805 ; the Kant^t 
mi^ionary societies (including the American as well .as the English) 
from 30,000 to 90,000 ; the live Lutheran societies from 3316 to 
about 42,000. In some places the progress m ade li-as been excep- 

= Tllc Itoman Catliolic Jlis-ion hail -tOl.-KO cuumts i.a CUna in latS, -.kith a 
yearly increase of about COOiI. 

J Cliriatlieb, Furdgn Missiuui. p. 'irrJ. 


1 See Llghtfoot, .Incieaf and ifodern J/luicm, p. 10. 
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tionally rapid. In Cuddapah, o.g., in tlic Telugu territory, the 
Society for tlie Propagation of the Gospel and the London Mission- 
ary Society labonred side by side for upwards of thirty years without 
winning over more than 200 converts. Then on a sudden there 
sprang up a revival among the non-caste population, and the 200 
became nearly 11,000. Among the Kols, after five years’ waiting, 
the Gossner missionaries baptized their first converts in 1850j now 
in the German and English stations together these amount to about 
40,000. Since the famine, however, inl878-79, the increase of new 
converts has been still more rapid, and the practical experience of 
the superiority of Christian pity to heathen selfishness and of the 
helplessness of their heathen deities, united with the effect produced 
by persistent missionary labour in past years, brought thousands 
into the fold of the church. Thus in the 'i'innevelly district, where 
the Church Missionary Society carries on its operations, upwards of 
11,000 heathens applied in 1878 to Bishop Sargent and his native 
clergy for instruction preparatory to baptism. In the same district, 
in connexion with the Society for the Propagation of the Gospel, 
between. July 1877 and the end of June 1878 upwards of 23,564 
persons betook themselves to Bishop Caldwell and his fellow- 
labourers for Christian teaching. Thus the English Church mis- 
sions in Tinnevelly and Eamnad received in little more than a year 
and a half an increase of 35,000 souls, ^ and the Propagation Society 
is now proclaiming the gospel in nearly six hundred and fifty 
villages in the Tinnevelly district, amongst not merely food-seeking 
“rice Christians ” but those who have had the courage to face severe 
persecution for joining the Christian church. Encouraging progress 
has also been made among the Santals and the Karens in Burmali 
and Pegu. Speaking generally', it may' be said that the largest 
proportion of native converts is in the south, in the presidency of 
iMauras ; next to southern India the most fruitful field is Burmali, 
where the Ameriean Baptist missions are carrying on a successful 
work among the Karens, while the Propagation Society has founded 
many schools on the Irawadi, and penetrated up to Rangoon, and 
beyond British territory to Mandalay; next in pointofnumbei-s stand 
Bengal and the North- West Provinces. Here the largest contingent 
is supplied by the missions in Chutid Na"pur, among the abonginal 
tribes of the Kols, while the Santal mission also presents many 
promising features. For the Punjab district and that of Sind, 
the Church Missionary Society has planted in Lahore a flourishing 
theological seminary for Christian Hindus, Sikhs, aud Mohammed- 
ans, and Christianity has advanced thence by way of Peshawar 
into Afghanistan and Kashmir. It thus appears that by far the 
greatest measure of success has been obtained amongst the aboriginal 
races and those who are either of low caste or of no caste at all, 
while the real strongholds of the Hindu religion and civilization 
still stand out like strong fortresses and defy the attempts of the 
besiegers. Still the disintegrating agency of contact with Christi- 
anity is working out its slow but sure results. “ Statistical facts,” 
writes Sir Bartle Frere, “ can in no way convey any adequate idea 
of the work done in any part of India. The effect is often enormous 
where there has not been a single avowed conversion. The teaching 
of Christianity amongst 160 millions of civilized industrious Hindus 
and Mohammedans in India is efl'ecting changes, moral, social, and 
political, which for extent and rapidity in efl'ect are far more extra- 
ordinary than any that have been witnessed in modern Europe.” 
“The number of actual converts to Christianity in India,” says 
Lord Lamence, ‘ ‘ does not by any means give an adequate result 
of missionary labours. There are thousands of persons scattered 
over India who from the knowledge they have acquired either 
directly or indirectly through dissemination of Christian truth 
and Christian principles have lost all belief in Hinduism and 
ilohaminedanism, and are in their conduct influenced by higher 
motives, who yet fear to make an open profession of the change 
in them lest they should be looked upon as outcasts and lepers 
by their own people.” To some such a negative result may at 
first sight appear discouraging ; but, read by the light of history, 
it marks a natural, almost a necessary, stage of transition from 
an ancient historical religion to Christianity. The Brahma Somaj 
is not the first instance where a system too vague and shadowy 
and too deficient in the elements of a permanent religion has 
filled the interval between the abandonment of the old and the 
acceptance of a new faith. The cultured classes amongst the 
Greeks and Romans experienced in their day, after the popular 
mythology had ceased to satisfy, a period of semi-scepticism before 
Christianity had secured its hold, ileantime in India the indirect 
agencies which are at work — the results of war and conquest, of 
European science and European literature, of the telegraph and 
the railway, the book and the newspaper, the college and the school, 
the change of laws hallowed by immemorial usage, the disregard of 
time-honoured prejudices, the very presence of Europeans in all 

E arts of the country — all these various influences are gradually 
_ ringing about results analogous to that to which Sir James Mack- 
intosh referred in a conversation with Henry hlartyn, when the 


^ Abstract of Church Missionary Society’s lieport for 1879, p. 13. 
’ Report of the Propagation Society for 1879, p. 31 sg. 


Oriental world was made Greek by the successors of Alexander in. 
order to make way for the religion of Christ. But when to these 
indirect influences-we add the effects of direct missionary instruc 
tion, of training schools like those of the Free Church of Scotland 
in Madras, of Bishop Sargent in Tinnevelly, of Bishop Cotton in 
the North-West Provinces, of Zenana missions now carried on on an 
extensive scale amongst tho female population, of the .numerous, 
missionary presses at work circulating thousands of copies of the 
Holy_ Scriptures and of Christian books, it^is obvious that, small 
and insignificant as these agencies may seem compared with tho 
magnitude of the work required to be done, there has been a 
great advance made during recent years. The present century 
of missions may favourably compare with tho primitive and 
medimval ages of the church, and the continuity of the missionary 
spirit operating, as we have seen, after long periods of stagnation 
and depression is the best guarantee of its ultimate and more com- 
plete success at the close ot the present epoch, during which, to use 
Karl Ritter’s expression, “almost aU the rivers of tho earth have 
begun to run in double currents, and nearly all tho seas and rivers 
have become the seas and rivers of civilization.” (6. P. M.) 

MISSISSIPPI. The territory drained by the Missis- 
sippi river and its tributaries includes the greater part 
of the United States of America lying between the A U p- 
ghany Mountains on the east and the Kocky Mountains 
on the west, and has an area (1,244,000 square miles) con- 
siderably larger than all central Europe. The central artery 
through avhich the drainage of this region passes is called 
the Mississippi river for about 1300 miles above its mouth. 
The name is then usurped by a tributary, while the main 



The Mississippi and its Tributaries. , 
stream becomes knoxvn as the Missouri. From its remote 
sources in the Rocky Mountains to the Gulf of Mexico 
the total length of the river is about 4200 miles. The 
other principal tributaries- are the Ohio, the Arkansas, and 
the Red River, but the Yazoo and the St Francis often 
make dangerous contributions in seasons of flood. 

The taUes given below exhibit the hydraulic futures 
.of the Mississippi and its principal, tributaries. 

Below the influx of the Ohio the Mississippi traverses, 
alluvial bottom lands liable to overflow in flood seasons- 
The soil is of inexhaustible fertility, producing large crops 
of corn in the northern portion, cotton in the middle d^ 
trict, and sugar, rice, and orange groves near, the mouth. 
These bottom lands, averaging about 40 miles in ■width, 
extend from north to south for a distance of 500 mil®, 
having a general southern slope of 8 inches to the mil^ 
The river winds through them in a devious course for 1100 
miles, occasionally on the east side washing bluffs from 100 
to 300 feet in height, but usually confined by banks of i 
own creation, which, as with all sediment-bearing 
of like character, are highest near the stream itself. _ T ® 
general lateral slope towards the foot hills is about 6 mchea 
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in 5000 feet, but the normal fall in the first mile is about 
7 feet. Thas apparently following a low ridge through the 
bottom lands, the tawny sea sweeps onward with great 
velocity, eroding its banks in the bends and rebuilding 
them on the points, now forming islands by its deposits, 
and now removing them as the direction of the flow is 
modified by the never-ending changes in progre.ss. Chief 
among such changes ls the formation of cut-offs. Two 
eroding bends gradually approach each other until the water 
forces a passage across the narrow neck. As the channel 
distance between these bends may be many miles, a cascade 
perhaps 5 or 6 feet in height is formed, and the torrent 
nishes through -with a roar audible for miles. The banks 
dissolve like sugar. In a single day the course of the river 
is changed, and steamboats pass where a few hours before 
the plough had been at work. The checking of the current 
at the upper and lower mouths of the abandoned channel 
soon obstructs them by deposit, and forms in a few years 
one of the characteristic crescent lakes which are so marked 
a feature on the maps. 
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The total area of the bottom lands is about 32,000 
square _ miles, of which only a narrow strip along’ the 
immediate banks of the main river and of its principal 
bayous and tributaries has even yet been brought under 
cultivation. A proper system of protection against overflow 
would throw open 2,500,000 acres of rich sugar land, 

7.000. 000 acres of the best cotton land in the world, and 

1.000. 000 acres of corn land of unsurpassed fertility. 

The %vork of embankment began in 1717, when the 

engineer De la Tour erected a dyke or levee 1 mile long to 
protect the infant city of New Orleans from overflow. 
Progress at first was slow. In 1770 the settlements 
extended only 30 miles above and 20 mUes below New 
Orleans ; but by 1828 the levee.s, although quite insufficient 
in dimensions, had become continuous nearly to the mouth 
of Red River. In 1850 a great impulse was given to 
systematic embankment by the U.S. Government, which 
gave over to the several States all unsold swamp and over- 
flowed lands mthin their limits to provide a fund for re- 
claiming the districts liable to inundation. The action 


Tributaries of the Imcer Mississippi. 


River. 

Distance 

from 

^louth. 

Elevation 
above Sea. 

WUlrh 

between 

Banks. 

Ran^e 
between 
IIIkU and 
Lqw Water. 

High Water 
Cross Section. 

Remarks. 

Missouri — 

Source 

Jllles. 

2,908 

2,821 

2,644 

1,894 

842 

F. ct. 
6,800? 
4,319 
2,845 
2,188 
1,065 
756 

Feet, 

Feet. 

Square Feet. 


Three Forks 




Area of l)asin, 518,000 srjiiare miles; rainfall, 20'9 
inches; annual dwcharge, 3Anr hillion.s [i.e., 

■ 3,780,600,000,000] cubic feet ; ratio between 

drainage and rainfall, iVV: niean discharge per 
second, 120,000 cubic feet. 


1,500 

1.500 

2.500 
3,000 

6 


Fort: TTnion 



Sioux City 




484 

20 

■ 


0 

381 

3'000 

35 


Upper Mississippi — 

1,330 

998 

1,680 

1,290 

670 


'] Area of basin, 169,000 square miles; rainfall, 35 ’2 

1 inches ; annual discharge, Sfg billions cubic 
[ feet; ratio between drainage and rainfall, iVa : 
mean discharge per second, 105,000 cubic feet. 

Sivnn River 

120 


... 


658 

1,200 

5,000 

5,000 

20 


Rock T.qlanrl 

310 

505 

16 

100,000 


0 

381 

35 

100,000 

Ohio — 

1,265 

975 

1,649 

1 Area of basin, 214,000 square miles; rainfall, 41'5 
! inches; annual discharge, 5 billions cubic fiet; 

1 ratio between drainage and rainfall, mean 


'699 

1,200 

45 

56,600 

Cincinnati 

515 

432 

42 


0 

275 

3,000 

'l50 

51 

150,000 

J discharge per secoi d, 158,000 cubic feet. 

Arkansas— 

1,514 

1,289 

992 

10,000 

3,672 




Bgp 1 w 

6 

30,000 

Aica of basin, 189,000 square miles; rainfall, 29’3 


1,658 

418 



inches; annual discharge, 2 billions cubic feet; 


522 

HK ! fl 

25 

76,600 

ratio between drainage and rainfall, ArV; naean 


250 

252 

BWSn 

35 

70,000 

discharge per second, 63,000 cubic feet 


0 

162 

Bk I fl 

45 

70,000 

J 

Red Pdvet — 

1,200 

820 

2,450 


8 

12,000 

Area of basin, 97,000 square mile.s; rainfall, 39 

( inches; anniml discharge, 1 A; billions cubic feet; 

1 ratio between drainage and rainfall, poV; mean 

J discharge per .second, 57,000 cubic feet. 


641 

... 


330 

380 

.54 

800 

25 

46,600 

Nouth 

0 


45 

40,000 


The Lotccr Mississippi, 



DihUnce 

from 

3fouth. 

Water 
Elevation 
above Sea. 

Fall per 
ilile. 

Width 

between 

Brinks. 

Lca-st I.oiv 
Water Depth 
upon the 
Bara. 

Range 
between 
High ami 
hitv Water. 

Area of Cross 
Section at 
High Water. 

Remarks. 


3ines. 

1,286 

1,270 

1,097 

1,076 

872 

Feet. 

416'0 

Feet. 

Feet. 

Feet. 

) 

Feet. 

Square Feet. 


Drainage area. 

St I-ouLs 

408-0 

322-0 

0-500 

0-497 


' 


H 


191,000 


1,244,000 square 
milc-s; rainfall, 30-4 


310-0 

0-571 


4,470 





inclie3;aiinualdis- 


221-0 

0 436 






charge (including 


647 

149-0 

0-320 



6-0 

f 

51-0 

44-3 

31-1 


199,000 


tliree outlet li.iy- 


378 

66-0 

0-309 


4,080 



f ou.s), 21^5 billions 


316 

49-5 

0-266 






of cubic feet ; ratio 


245 

33-9 

0-220 





200,000 


betivecn drainage 


193 

25-8 

0-150 




24-3 

11-4 

4-5 - 
2-3 

0-0 



and rainfall, fip, 


121 

15-2 

0-147 





• 199,000 


ni e.i n il ibcl) a rge pe r 
secon<i, 675,000 


37 

5-2 

0-119 


2.470 





17 

2-9 

0-115 







cubic feet. 

Gulf 

0 

0-0 

0-171 

... 


... 



































MISSISSIPPI 


520 - 

resulting from tliis caused alarm in Louisiana, for the great 
bottom lands above were believed to act as reservoirs to 
receive the highest flood wave ; and it was imagined that 
if they were closed by levees the lower country would 
be overwhelmed whenever the river in flood 'rose above 
its natural banks. The aid of the Government was in-. 
Yoked, and Congress immediately ordered the necessary 
investigations and surveys. This work was placed in 
charge of Captain (now General) Humphreys, and an 
elaborate report covering the results of ten years of investi- 
gation was published just after the outbreak of the civil 
war in 1861. The second, of the tables given above, and 
indeed most of the physical facts respecting the river, are 
quoted from this standard authority. 

To understand the figm-es of the table it should be noted 
that at the mouth of Red River, 316 miles above the passes, 
the water sinface at the lowest stage is only 5.^"0.feet above 
the level of the Gulf, where the mean tidal oscillation is 
about l.j^ feet. The river channel in this section is there- 
fore a freshwater lake, nearly •without islands, 2600 feet 
wide and 100 feet deep along the deepest line. At the 
flood stage the surface rises 50 feet at the mouth of Red 
River, but of course retains its level at the Gulf, thus giving 
the head necessary to force forward the increased volume 
of discharge. Above the mouth of Red River the case 
is essentially different. The width increases and the depth 
decreases; islands become numerous; the oscillation be- 
tween high and low water varies but little from 50 feet 
until the mouth of the Ohio is reached — a distance of 
about 800 miles. Hence the general slope in long distances 
is here nearly the same at all stages, and the discharge 
is regulated by the varying resistances of cross section, and 
by local changes in slope due to the passage of flood waves 
contributed by the different tributaries. The effect of 
these different physical conditions appears in the compara- 
tive -volumes which pass through the channel. At New 
Orleans the inaxijnum discharge hardly reaches 1,200,000 
cubic feet per second, and a rising river at high stages 
carries only about 100,000 cubic feet per second more than 
when falling at the same absolute level ; -while just below 
the mouth of the Ohio the maximum flood volume reaches 
1,400,000 cubic feet per second, and at some stages a 
rising river may carry one-third more water than when 
falling at the same absolute level. 

The percentage of sedimentary matter carried in suspen- 
sion by the water varies greatly at different times, but is 
certainly not dependent upon the stage above low water. 
It is chiefly determined by the tributary whence the water 
proceeds, but is also influenced by the caving of the banks, 
which is always excessive when the river is rapidly falling 
after the spring flood. In long periods the sedimentary 
matter is to the water by weight nearly as 1 to 1500, and 
by bulk as 1 to 2900. The amount held in suspension 
and annually contributed to the Gulf constitutes a j^rism 
1 mde square and 263 feet high. In addition to this 
amount a large volume, estimated at 1 mile square and 
27 feet high annually, is pushed by the current along the 
bottom and thus transported to the Gulf. 

The mean annual succession of stages for long periods 
is quite uniform, but so many exceptions are noted that 
no defimte prediction ca'n safely be made for any particular 
epoch. The river is usually lowest in October. It rises 
rapidly until checked by the freezing of the northern 
tributaries. It begins to rise again in February, and attains 
its highest point about the 1st of April After falling a few 
feet it again rises until, early in June, it attains nearly the 
same level as before. Alter this it rapidly recedes to low- 
water mark. As a rule the river is above mid-stage from 
January to August inclusive, and below that level for the 
remainder of the year. 


It has been established by measurement and observatio 
that the great bottom lands above Red River before the co 
struction of their levees did not serve as reservoirs T 
diminish the maximum wave which passed through 
Louisiana in great flood seasons. They had already become 
filled by local rains and by water escaping into them from 
the ilississippi through numerous bayous, so that at the 
date of highest water the discharge into the river near their 
southern borders was fully equal to the volume -(vhich the 
wave had lost in passing along their fronts. 

In fine, the investigations betiveen 1850 and 1860 estab- 
lished that no diversion of tributaries was possible ; that no 
reservoirs artificially constructed could keep back the sprini^ 
freshets which caused the floods ; tliat the making of cub 
offs, which had sometimes been advocated as a measiue of 
relief, so far from being beneficial, was in the highest decree 
injurious; that, while outlets within proper limits -(We 
theoretically advantageous, they were impracticable, from 
the lack of suitable sites ; and, finally', that levees properly 
constructed and judiciously placed Avould afford protection, 
to the entire alluvial region. 

During tho civil war (lSt)l-65) the artificial cmliaiikmenta 
were neglected ; but after its close large sums were expended bytlis 
St.atcs directly interested in repairing them. Tlie work was dona 
without concert unou defective plans, and a great Hood early in 
1871 inundated the country, causing terrible sullering and loss. 
Congress, then in session, passed an Act creating a commission of 
live engineers to determine and rejvort on the bc,st .system for tlie 
permanent reclamation of the entire alluvial region. Their report, 
rendered in 1S75, endorsed tlio conclusions of that of 1S61, and 
advoc.ati-d a general levee system on each bank. This system 
comprised — (1) a main embankment raised to sjiecified heights 
suilieient to restrain tho Hoods; and (2), where reasonable security 
.against caving requiretl considerable areas near the river to be 
thrown out, exterior levees of such a height as to exclude ordinary 
high -waters but to allow free jxassage to great floods, which as a 
rule only occur at intervals of live or six years. Tho back country 
would tiius bo securely protected, and a safe refuge tvonld be pro- 
vided for tho iuhabitauts and domestic animals living upon the 
portion subject to occasional overflow. An engineering organLa- 
tion was proposed for constructing and maintaining these levM, 
and a detailed topographical survey was recommended to determine 
thoir precise location. Congress promptly approved and ordered 
tho survey ; but strong opiiositiou on constitutional grounds was 
raised to the construction of tho lovccs by tho Government. 

lathe meantime compdaints began to be heard respecting the 
low-water navigation of the river below the mouth of the Ohio. 
Forty-three jilaecs above tlic mouth of Eed River afforded dcptlis 
of less than 10 feet, and thirteen places depths less than 5 feet, the 
aggregate length of such places being about 150 miles. A board 
of five army engineers, appointed in 1878 to consider a plan of 
relief, rejior'ted that 10 feet could probably be secured by uarror^ 
ing the wide places to about 3500 feet with hurdle work, brush 
ropes, or brush dykes designed to cause a deposit of sediment, 
and by pn-otccting caving banks, when necessary, liy such light and 
clieap) mattresses as exprorioneo should show to be best suited to tha 
woi-k. E.xperimeuts in these methods were soon begun upon the 
river above Cairo, and have since proved of decided benefit. 

In June 1879 Congress created a commission of seven members 
to mature plans to correct, prei-manentl}' determine, and deepen uie 
cliannel, to protect the banks of tho river, to improve and give 
safety to navigation, to prevent destructive floods, and to promote 
and facilitate cornmerce. Upi to 188-2 appropriations amounting 
to £1,285,000 were made to execute the pdans of this commission, 
but with provisos that none of the funds were to be Mpenue 
in repairing or building levees for tire protection of land 
overflow, altliougb such levees might bo constructed if 
to deepen tire channel and improve navigation. Acting mider t is 
authority, the commission have allotted considerable sums to 
existing breaks in the levees ; but their chief dependence is up 
contracting the channel at low water by' promoting lateral J 

and upon piroteeting the high-water banks against caving by nia 
brush, wire, &c., ballasted where necessary with stone,— snta a 
tially tho plans proposed by tlie army' board of 1873. . . 

The bare at the efllux of the passes at the mouth of tho Mississ pp 
have long been recognized as serious impediments to coinme i- 
The river naturally' discharges through three principial branclic^ 
south-west pass, the south pass, and the north-east pass, the i 
through two channels, the most northeni of which is Mlleil 
I’Outre. Tho ruling depth on tho several bare vanes 
discharge over them, which in turn is controlled by the 
advances of the passes. In the natural condition the gre 
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^eptli does not exceed 12 or 13 feet. Tlie first appropriation by 
■Congress to secure increased depth was made in 1837, and was e.x- 
pouded in an elaborate survey and in a system of dredging by 
buckets, but the plan of a ship canal was also discussed.- At the 
next appropriation, made in 1852, a board of olHcors, appointed 
by the war department, reeomraoiulod trying in succession — (1) 
stirring up the bottom by suitable macliinery, (2) dredging by 
buckets, (3) constructing parallel jetties 5 miles long at the 
south-west pass, to bo e.xtended as found necessary, (4) closing 
lateral outlets, and (5) constructing a ship canal. A depth of 18 
feet was secured by the first plan, and was maintained until the 
available funds were exhausted. Under the next appropriation 
<183(>) an abortive attempt was made to apply the plan of jetties 
to the south-west pass. This failed from defects in execution by 
the contractors, but a depth of 18 feet was finally secured by dredg- 
ing and scraping. The report of 18C1 discussed the subject of bar 
formation at length. Although it approved the plan of jetties and 
closure of outlete as correct in theory, the stirring up of the bottom 
by scrapers during the flood stages of the river (six months annually) 
was recommended by it as the most economical and least objection- 
able. After the war this recommendation was carried into effect 
for several ' years with improved machinery, giving at a moderate 
annual cost a depth at times reaching 20 feet at extreme low water, 
but experience indicated that not much more than 18 feet could be 
steadily maintained. This depth, entirely satisfactory at first, soon 
became insufficient to meet the growing demands of commerce, and 
in 1873 ^lajor Howell, tho engineer in charge, revived the pro- 
ject of a ship canal. The subject was discussed carefully by a board 
of army engineers, tho majority approving a ship canal. . In 1874 
Congress constituted a special board which, after visiting Europe 
and examining similar works of improvement there, reported 
in favour of constructing jetties at tho south pass, substantially 
upon the plan used by Mr Caland at tho mouth of the Meuse ; 
and in JIarch 1875 Captain J. B. Eads and associates were authorized 
by Congress to open by contract a broad and deep channel through 
tho south pass upon tho general plan proposed by this board. This 
contract called for “tho maintenance of a channel of 30 feet in depth 
and 350 feet in width for twenty years” by “the construction of 
thoroughly substantial and permanent works by which said channel 
may bo m.aintained for all time after their completion." The jetties 
were to be not less than 700 feet apart. The sum of £1,080,000 was 
to be jMiid for obtaining this channel, and £412,000 for maintaining 
it for twenty years. In addition, tho contractors were authorized to 
use any materials on the public lands suitable for and needed in the 
work. The south p.ass was 12-^ miles long. It liad an average width 
of 730 feet and a minimum interior channel depth of 29 feet. Tho 
distance from tho 30-foot curve inside tho mss across tho bar to 
tho 30-foot curve outside w;is 11,900 feet The minimum deirth at 
average flood tide on the bar was about 8 feet Tho discharge at 
tho mouth was about 57,000 cubic feet of water per second, trans- 
porting annually about 22 million cubic yards of sediment in sus- 
pension to the Gulf. A small island and shoal existed at the he.ad 
of the pass, the channel there having a minimum deptli of 17 feet. 
The work was begun on Juno 2, 1875, and has been so far success- 
ful that during tho year ending Juno 30, 1882, a channel was main- 
tained having a least depth of 30 feet between tho jetties and extend- 
ing through the bar. Its least width was 20 feet, the average 
being 105 feet. The 20-foot channel had a least width of 200 feet, 
except for a few days. In the pass itself tho 20-foot channel had 
a least width of 50 feet. A very powerful dredge-boat was at work 
between and beyond tho jetties 8,7 days, of which 51 were^devoted 
to tlio channel in the Gulf, A deepening of 6 feet has occurred 
in Pass a I’Outro near its head since 1875. Up to the present 
time the work has proved of great benefit to tho commerce of New 
Orleans. 

For further details, see Eiveb Engineeking. (H. L. A.) 

VL MISSISSIPPI,' one of the Southern States of the 
American Union, derives its name from the river which 
for more than 600 miles forms its western boundary 
between the 35th and 31st parallels of north latitude, 
separating it from Arkansas and Louisiana. The boundary 
with the latter State is continued along the 31st parallel, 
for 110 miles, to the Pearl river, and then down the Pearl 
to its mouth. The Gulf of Mexico, eastward from the 
jnouth of Pearl river, completes the southern boundary. 
•On tlie north tlic 35th parallel, from the IMississipju river 
■to the Tennessee, sejiarates the State from Tennessee, and 
the boundary then follows the latter river to the mouth 
of Bear Creek, in 3-1° -53' N. lat. and 88“ 15' W. long. 
The eastern boundary of the State, separating it from 
Alabama, follows a line drawm from the mouth of Bear 
■Creek about seven degrees west of south to what was 


“the north-western corner of Washington county oii.the 
Tombigbee,” and thence due south to the Gulf of Mexico. 
Ship, Horn, Cat, and Petit Bois Islands, and those nearer 
the shore, form a part of Mississippi. The extreme length 
of the State, north and south, is 330 miles, and its 
maximum breadth is 188 miles. Under the United States 
surveys, begun in 1803, the. State has been divided into 
townships and sections, except such parts as were at the 
first owned by individuals. The area of the State is given 
in the census reports for 1880 as 46,340 square miles. 

Topography . — There are no mountains in Mississippi, 
but a considerable difference of level exists between the 
continuously low, flat, alluvial region lying along and 
between the Mississippi and Yazoo rivers, called “the 
Bottom,” and nearly all the remainder of the State, which 
is classed as upland. The latter part, comprising five- 
sixths of the whole, is an undulating plateau whose general 
elevation above the water of the Gulf of Mexico increases 
to 150 feet -within a few miles of the coast, and varies 
elsewhere from 150 to 500 or 600 feet. Some exceptional 
ridges are probably 800 feet high. The streams of this 
region flow in valleys varying in width from a few hundred 
yards to several miles. The fall of each river is not great, 
and is quite uniform. Usually a considerable part of the 
valley of each larger stream is several feet above its present 
high water mark, and forms the “ hommock,” or “ second 
bottom ” lands. On some of the rivers the lowest part of 
the valley, subject to overflow, is several miles in width, 
and bears a resemblance to the Mississippi Bottom. 

Eidges or plateaus everywhere in the upland region 
divide the contiguous basins of creeks and rivers, descending 
more or less abruptly to their valley's. In the north-eastern 
part of the State, almost level prairies cover 'large areas 
overlying a Cretaceous formation called Rotten Limestone. 

A line of abrupt bluSs, extending southward from the 
north-west comer of the State, divides the upland region 
from the Bottom, where the general surface lies below 
the high-water level of the Mississippi river. A few low 
ridges, running north and south, and embracing about 
200,000 acres, are barely above high water. The culti- 
vated lands in the Bottom lie on these, and on the borders 
of the rivers and the numerous lakes and bayous, where 
the surface is slightly elevated. Low swamps or marshes, 
in which flourish large cypress trees (Taxodimi distichum), 
lie between the streams, and frequently receive the surface 
drainage from their banks. Large forest trees and dense 
cane-braLes {Anmdinana gigantea) occupy the drier 
ground. The Mississippi river is prevented from flooding 
the Bottom during high water by a system of levees or 
embankments built by a fund derived partly from taxation 
on the land and partly from the proceeds of the sale of 
public lands in the State classed as “ swamp lands,” which 
were given over for this purpose by Congress. The only com- 
pensation for the injury done when breaks in the levees 
(“crevasses”) occur is the deposit of alluvial matter left by 
the overflow, which adds to the productiveness of the 
already wonderfully fertile soil. The present levee system 
usually protects about one-fourth of the 4,000,000 acres 
in the Bottom. Many crescent-shaped lakes (“ cut-ofis ”) 
occur in the Bottom. Similar phenomena present them- 
selves in the channels of the other rivers having wide 
bottoms. 

The volume of water in the streams varies greatly during 
the year, and is usually largest between the months of 
.January and April. During high water all the larger 
streams are navigable by steamboats. These jjly upon tlie 
ilississippi, Tennessee, and Yazoo rivers throughout the 
whole year. The rivers flowing into the Gulf are much 
obstructed by sand-bars, and are chiefly used for floating 
logs to the saw-mills on the coast. 
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The best and only deep harbour on the coast is the well- 
protected roadstead inside of Ship Island. It has a depth 
of 27 feet, a firm clay bottom, and is readily accessible to 
lighters from the shallower harbours along the coast. 

Olimacc . — Near the watera of tUo Gulf of Jlexieo tho climato ia 
much milder than in tho northern parts of tho State. On tho 
southern borders the teuiperaturo rarely falls to32°rahr.,ore.xcccd3 
95°, the annual mean being about 68°. Tho orange, lemon, 
almond, banana, and olive can bo grown ■without protection. In 
tho latitude of Vicksburg the tenipci-aturo ranges from 93° to 20°, 
very rarely lower ; tho annual mean is 65°. T1)0 range in tho 

northern part of tho State is from 98° to 15°, or rarely 10°, and tlie 
annual mean ia 61°. Tho first and last hoar-frosts occur, in tho 
central parts of tho State, usually in the latter parts of October and 
March. The ground is seldom froson to tho depth of 3 inches, and 
only for a few days at a time. Tho rainfall on tho coast is 60 to 65 
inches per annum, and at the northern boundary 50 inches. While 
about two-thirds of this precipitation occurs in winter and spring, 
a month seldom passes without several inches of rainfall. 

Land and sea breezes ia tho south, and variable winds elsewhere, 
make tho heat of summer tolerable. In hcalthfulness Mississippi 
compares favourably with other States. The average death-rate of 
thirteen States, variously situated, as given in the census of 1830, 
is 1‘38 per cent. ; that of Mississippi is 1T9 per cent. Where the 
sm-faco IS flat and poorly drained malarial fevers are prevalent during 
thoivarm season. Yellow fever has become cpidoimc after importa- 
tion, but strict quarantine has been successful in preventing it. 

Oeologij . — In accordance with an Act of tho legislature passed in 
1850, an agricultural and geological survey of tho State was begun, 
which continued, with interruptions, until 1871. Two reports have 
been published, one in 1854 and another in 1860. 

Tho geological structure of tho State is companitively simide, 
and closely related to that of the adjacent States. Tlie older 
formations are nearly all overlaid by deposits of the Quaternary 
period, which will bo described last. In tlie o.vtrcmo north- 
eastern portion are found tho oldest rocks in the State, — an e-v-' 
tension of the Subcarboniferous formation wliich underlies tho 
Warrior coal-fields of Alabama. Tho strata hero show some traces 
of tho upheaval which formed tho Appalachian mountain chain, 
whdso south-west termination is found in Alabama. When this 
chain formed the Atlantic mountain-border of tho continent, e.xce|>t- 
ing this north-east corner, Mississippi had not emerged from tho 
waters of tho ancient Gulf of Me.xico. As tho shore-lino of tho 
Gulf slowly receded southward and westward, the sediment at its 
bottom gradually came to tho surface, and constituted tlie Cretaceous 
and Tertiary formations of this and adjacent States. Wherever 
stratification is observed in these formations in Mississippi, it 
shows a dip west and south of 20 or 30 feet to tho mile. Tlie 
Cretaceous region includes, with tho e.xcoption of tho Subc.arboni- 
ferous, all that part of tho State eastward of a lino cutting tho 
Tennessee boundary in 89° 3' W. long., and drawn southward 
and eastward through tho towns of llipley, Pontotoc, and Stark- 
villo, crossing into Alabama in latitude 32° 45'. Four groups of 
Cretaceous strata have been determined in Mississippi, defined by 
lines having the same general direction as the one just described. 
Tho oldest, bordering the Subcarboniferous, is the Eutnw or 
Coffee group, characterized by bluish-black or reddish laminated 
clays, and yellow or grey sands, containing lignite and fossil resin. 
Westward and southward to tho city of Columbus is tho 
Tombigbee sand group, consisting chiefly of fine-grained micaceous 
sands of a greenish tint, with many marine fossils. Nc.xt in 
order, westward .and southward, is the Rotten Limestone group, 
made up of a material of great uniformity, — a soft chalky rocK, 
white or pale blue, composed chiefly of tenacious clay, and white 
carbonate of lime in minute crystals. Borings show tho total 
thickness of this group to bo about 1000 feet. Fossils are abundant, 
but species are few. The latest Cretaceous is tho Ripley group, 
lying west of tho northern p.art of the last-named group, and 
iharacterized by hard crystalline white limestones, and dark- 
coloured, micaceous, glauconitic marls, whoso marine fossils are 
admirably preserved. One hundred and eighty species Iiave been 
described. Tho total thickness of tho Cretaceous is about 2000 
feet. Deposits of the Terti.ary period form the basis of more than 
half the State, extending from the border of the Cretaceous west- 
ward nearly or quite to the Yazoo .and ilississippi Bottom, and 
southward to within a few miles' of tho Gulf, coast. Seven groups 
of the Tertiary strata have been distinguished. Beginning nearest 
the Cretaceous, the Flatwoods group ia characterized by grey or 
white clays, and a soil which responds poorly, to tillage. The 
Lagrange group, lying to the west of the last, is marked by grey 
claj's and sands, fossil plants, and beds of lignite or brown coal, 
sometimes 8 feet in thickness. The Buhrstone group, lying south- 
westward from the last, is characterized by beds of white siliceous 
-clays, and of silicifled shells, and sandy strata containing glauconite 
in valuable quantities. The Claiborne groirn lies south of tho 
last, and is slightly developed in Mississippi, !^4;.n'ell-marked in 


Alabama. Tho Jackson "roup, south-west of the last two i 
made up chiefly of soft yellowish limestones or marls coatainin* 
much clay, and sandy strata with glauconite.’ Zeu-’lodou bon« 
and other marine fossils are abundant. The Vicksbuig groim heq 
next in order south-westward, and is characterized by crvstallinp 
limestones and blue and white marls. Marine fossils are verv 
abundant. More than one hundred and thirty species have bem, 
ilctermiucd. The Grand Gulf group, showing a few fossil plants 
and no-marine fossils, extends southward from tho last to 
a few miles of the const. 


Tho oldest formation of tho Qiinternao' period is the “oran"e- 
sand” or “stratified drift,” which immediately overlies all tie- 
Cretaceous groups except tlie prairies of the Rotten Limestone 
and all tho Tertiary except the Flatwoods and Vicksburg groups 
and parts of tlio Jackson. Its depth varies from a ftw feet to over 
200 ieot, and it forms tho body of most of tho hills in tho State. 
Its materials are pebbles, clays, and sands of various colours from 
white to deep red, tinged with peroxide of iron, which sometimes 
cements the pebbles and sands into compact rocks. The sliapes of 
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these ferruginous sandstones are very fantastic, — tubes, j^olhw 
spheres, plates, &c., being common, Tho name stratified drilt is 
, used by the geologist of Alabama to indicate its connexion witti 
tho northern drift. The fossils are few, and in some cases probably 
derived from tho underlying formations. 'Well-worn piibbb’s •) 
amorphous quartz, agate, chalcedony, jasper, &c., are found in t 
stratified drift along the western side of the Tertiary legion 
the State, and from Columbus northward. “AVhile this 
tion is not well understood, it seems tolerably well 
that tho melting of tho groat glaciers of the north furmsheu t 
water which brought with it fragments of the rocks over 
it passed, and flowed into the Gulf with a current whicli i'.»- 
most rapid where tho pebbles were dropped, but overspreau 
remainder of tho State with a gentler flow, leaving saniis a 
clays " (E. A. Smith). The second Quaternary formation is 
Port Hudson, occurring within 20 miles of the Guff coast, 
ably outcropping occasionally in tho Mississippi Bottom. J I 
gravel, and sands, containing cypress stumps, 
mastodon bones, are characteristic. Tho loess or bliili , 

lies along the bluffs bordering tho - Bottom, nearly contmu j 
through the State. Its fine-grained, unstrotified silt 
remains of many terrestrial animals, including fifteen niamm. 
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Iho HUifucu nml sulwoil of iioiii-ly all tliu iiiilaiul ivkIoii of 
JliHai'i.simii, tho Hoiilliom (iiui liciiii' tlio uxcuptiou, in comimaoil of 
yollow loiuii 01' biiok^liiy 0011101111));,' no I'oaails, nnil hIiowIhk no 
fttmtilioaliua. Thu .soil ol tltu JtotUa Limcatonu ro^iou ia aiinilav iu 
guiiovnl miiko up, but is black, iiiiil ooiilaius muru linio iiiul 
clay, liuth arc log'iinluil us an imlonoiuloiit inpiooiis (luposit, pos- 
torior to the HtratUlcil ilrifl ami blud' foriiiatioiis, unil anterior 
to tho nlluviiiiu of the nrosent eiiooli. Tlio " socoml bottoms," 
probably, are later than lliu yellow loam, ami belong to the “terrueo 
epoch. The latest Ibrnmtioii, alluvium, is .strongly imirkeil, uml 
covers a large area in the Ya/.oo anil ilis-sis-siiipi lloltom, uml iiloim 
other .streams. ° 

Tho following are the eiiuivaloiits of the iMlsslssippl nroiina in 
Dana s Oculvj )/ » 1 o i 


Quuteriisry. 


Tertiary. 


(■•JlW Alluvium 

I VUe l.uiou uuil Im'K.s..,, 

y.sili rmllludauu 

tiiUo Drill, 


iIUil Kocelie 


t/lUKT. 

Mtilillu. 

biiwer.. 


(18i). 

Creluccous v 



Subenrboiilleruus 


UlUicr 

, bower 


...Alluvluiit. 

....Isium uutl loess. 
....I'uri lUubon. 
...SlriUllleil Urllt. 

I (inmil (Jiilt 
I Vlcksbuiy. 
j .IiiekMUi, 

( L'liilburiiu. 

1 llubr.vlotic, bnersitee. 
t |■|ul«•u«,lJ,. 

I ltl|iliiy. 

( Itolteii bliuestoiie. 

( I'otiiblgbeo. 

1 C'ollee. 

...ICeukuk. 


.Miiicrnls. — .Metallie ores are not I'oiiml in jMi.-..si.ssippi in paying 
(lliaiitities. The only valuable minerals are sumlatoues luiit lime- 
stones, marls, samls, liguitu or brown coal, ami lire-elays. None of 
these have been u.vtunalvcly brought into market. Potable water is 
fouiiil almost everywhere. Arte.siuii wells furnish it in the Uotteii 
Liiiiestuiio region, when bored into tho umlerlyilig Cotfeo strata. 

AltiiHrt.— Mis.si.ssippi alfonls perlnijis no species which are not 
found iu the neighbouring States. Tiiero are thirty or forty species 
of Mimmaliii, the most remarkable being the Amoriean opo.ssiim, 
still niiitu almmhint, Tho deer (b'erens etV<fi/tii(«i(s), black bear 
(ffrsns iimcricamn), wolves (t'nais fiipii.s and Litjntii amci'kanua), 
eatanioiint (Fclh coiicolvr), and wild-cat {Lynau ru/m) have niuoh 
deerca.sud in number, and may, like the bull'alo uml elk, uherlly 
beeunio extinct. About one hundred and lilty siieeies of birds 
are found during at least part of the year, itlany are seen only 
ill (runsitn, and about twenty .sjiecies from tho north spend tho 
winter here, Tho mocking bird (.t/iwin.v ^lolyijluttiin), tho most 
remurkablo songster, is very abundant. The wild turkey {ikUmjris 
ijitlUjHH'o) survives by virtue of its wary mid watchful ohaructor. 
Over fifty species of JUiililia have been found, prominent among 
which is the alligator (A. mis-n'iisipjikitiiLs), which attains a lengtli 
of fd or 15 feet, and is eimiiiiuii in the .soiitlierii river botlom.s. 
Tlio rattlesmike, muccmiiii, and copjiurhead, veiiomuns serpents, are 
occasiuiially fuuiid. About indf of the uixty-tlirce species of Huh 
ahoiimliiig in tlie fresh mid salt waters of tlio Stale mo valuable 
for food. The edthle oysters and crustaceans of the coast are 
reiinirkahly Hue. 

Flurii, — Originally nearly tho entire State was covered with a 
growth of forest trees of largo sir.o, mostly deciduous. Tho under- 
growth was kept down by iiiiiiiial bnrmiigs by the natives, and 
tho ground hecmiie carpeted with grasses and hurb.H, Over 1110 
iipocies of forest trees mo found ; many valimlilo ones are abundant, 
and Uiinr timber constitutes a large item in tho rcsyiirccs of the 
State. Of the 15 species of oak tlio most valiiahlo are tho livo-oiik 
Iq. vircim), found near the coast, mnl the white-oak {Q, (Mu), 
widely distributed. Tho cypress {TuxoUinm distichwn) is very 
abundant iu the bottoms. Varioiis speeics of hiekory, the chest- 
nut, black walnut, sweet gum, eueiimher tree, eotloiiwuod (/’opnfns 
(Icltoiilen), roll cedar, elms, holly, magnolias, iiiaple.s, ush, pyrsim- 
1110 ) 1 , sycamore, tupelo, mid niaiiy otheiu valuable for llieir timber, 
are idmiidmil mid of largo .size. T'ho loiig-lcavcd ]iiiio (f', aiisfrnfis) 
forms tho principal forest growth .south of lat. IW" 15'. It oltams 
a diameter of H or 5 feet, Inoi 11 tall mid shapely trunk, and its 
limber is uiisiirpasscd in tlio variety of its uses, 'riio censim reports 
estimate tlio iiiereliaiilable timbiT of tlii.s species now sliuiding in 
tile Slate at 18,1100,000,000 feet, board measure. The mnoiint eat 
in 1880 was 108,000,000 feet. The sliort-lcaved pine (/'. viilin), 
almost us valuable, is I'oiiiid in various part-s, the (pmntily now 
standing being estimated at 0,775,000,000 feet. 'I’lie total value 
of i)ii> piiiu timber of tho Stale is about §250,000,000, 

Ai/n'cullui-(i is tlio leading industry in Missis-sippi. Over 
:i()0,d00 of the jiopulatiim uro directly engaged iu the eullivatiou of 
-1,895,000 aores of land, Tho character of tho soil is varied, mid 
ail is productive, exco|it that in the Phitweeds region mid in tho 
district covered witli long-leaved iiiiio, wiieru only the valleys mo 
fertile. At least half tho Stale is uxcuptioiially fertile. Not more 
than oue-fourtli of tho itrablo hind Inis boon liroiiglit into eiiUi- 
valioii, mid two millions of acres of tlie bust lands in tlie State, 
lying in tho lloltom, might be nmde miiblo by |)roi)or drainage.^ 

Cotton is tlio chief agrieiiltiiral produet; in 1880 Mississippi 
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1879-80 muouiitod to 955,808 bales, worth §13,000,000. There 

r 1 " 'n’ 28,000,000 bushels, worth 

§3,000,000 1 u Indian corn, 21,310,800 bushels; of oats, 1,059.820 
bushels ; ol wheat, 218,890 bushels ; of rice, 1,718,950 lb. Small 
ipiautitioaof ryu, barloy, iuolasses, aiul tobacco, aiulubuuduutcvopa 
ot imtiUoua, yams, i^easc, and all gavdeu vcgotublcs, uiu auuuullY 
pioducod. 

Kruits of various kinds Hourisli iu nimiy parts of tho State, and, 
with early vegetables, me largely shipped to the iiortherii iimrkets 
lu spring and curly siiiiimei'i Tho value of the eottou crop is 
ahmit three times as great as that of all tho other produels of 
the soil, wliich mo suiiiotiiiies iiisullicieiit for homo eonsumptieii, 
Hconomienlly this specialization of iigrieiilliiro is to bo regretted; 
but successful uHorts are being made to diversily it by growing 
otlior crops to whioh the soil mid cliiiiiito mu coiiiilly well suited. 

Mitnii/uditres . — Tho iirineipal articles nmiiiilaelured me luiiiher, 
eottou mid woollen goods, cotton seed oil, mid agricultural imple- 
meut.s. 

Population.— I'hu iiiiiiiborofiiiliabitmits itceordiiig to the diH'ereiit 
census returns from 1850 is given iu tho following table ; 


Guusus. 

Totiit* 

Willie. 

Culuiireil. 

Density iier 
Ol). .Mile. 

IKAU 

(jua.wa 


iiie.sos 

DI-Oll 


7si,int 

353,1)10 

437, -JOl 

17 '07 

1.S70 


ilSI.AlU 

4 15, 0(10 

17'S 

18SO 


■171l,S71 
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Of the coloured iiopulatioii, iiioslly frecdiiioii mid their descend- 
ants, 1738 were Imlimm or half-brccds in 1880, mid about 80,000 
mulattues, Tlie wliites own nearly all the farms mid other real 
properly. Tho total proiierty valuation in tlie Stale deereu.sed 
trom §807,321,911 in 1880 to §209,197,315 in 1870, 011 account of 
tho losses iu war mid tlio liheratioii of tlie slaves, 'i'here Inis been, 
liowover, a rapid increase in tho hist doeiide. Tho towns in the 
State have siiiaU populations: in 1880 Vicksburg had 11, 8M in- 
habitants, Natchez 7068, mid Jackson, tlio Slate capital, 0201. 

Administration , — Tho three depai tmuiits, legislative, e.xouiitive, 
mid judiciary, arc similar to those of other States. Tho governor 
mid other executive olllcers me elected for four years. 'I’lio legis- 
lature, which meets biennially, is oomposod of forty senators, 
serving four years, mid one hundred and twenty reproseiitalivos, 
serving two years. These are apportioned to tho seveiity-rouv 
ceuiitie.s according to )i(>piilatioii, mid eleeted by tho people. Tlie 
judiciary oHicers, consi.stiiig of three justices of tho supreiiie court, 
twelve circuit judges, mid twelve clmiicollors, are appointed by tlie 
governor with tho consent of the senate. One iiltoniey-geiieriil 
mid twelve district attorneys are elected by the people, 'rlie Slate 
miiintiiiiis a piitiliu scliuol system, witli .separate seliuuls fur the two 
mces, costing in 1880 §330,701, besides a State university mid 
other seliools of Iiigli grade for each of tile races. 

Jlistory. — Missi.ssi[)pi was lirst vi.sitcd by Kiiropemis iu 1510, 
when tlie advciiturous cxpudilioii of Du Soto rcaehud its iiurtliurii 
parts. After tho disastrous teriiiiuutioii of this expedition 110 
oilier Kuropeiiiis visited this region miUl 1073, when .loliut mid 
I’iro Manpiutte descended the Mississippi to hit. 33“. In 1882 l.a 
Salle and Toiity duscoiided to tho iiioiitli of the river, mid 
claimed tho whole region drained by it for the king of Kniiice, 
giving it tile niiiiio I.oiiiaiaim. In 1899 the Hi’s! colonists reached 
tho coast of Mississippi, sent from France iiiidor llicrvillo. 
Seltlenumts were made on Ship Island and Cat Island, and upon 
tho luniiilmid on the eastern side of liiloxi liny, at Hay St Louis, 
mid at Mobile. Tho colony did not iirosncr, mid in 1712 Aiillioiiy 
Creziit olitaiiiod by charter from tlio king all the commercial 
privilegc.s of the lower itississipiii valley. Under his iiiainigoiiieiit 
the colony hiiigiiLslicd, mid in 1717 the lung acce))tod the surrender 
of liis cluirtor, mid granlcd another with more exioiidod privileges 
to tho " Wustorii Coiiipmiy,'' or “ Mississippi Scheme," with Joliii 
Law IIS dircetor-geiienil, mid Bienville as governor of the colony. 

«r I . ii • . ........k ,\\\ fill! \! 


near 1110 present city c. . -.11 

ooiupmiy hecmiiiiig bankrupt, iiuieli ombarra.s.suieut 111 the colony 
foHowod, and tronlilea also liegaii with tho natives. On Novemher 
28, 1729, tlie Nutcliez Indians suriiriscd mid iiiiirdered about 200 
of the wliilo male residents, mid iiiiido captives of about 500 
women mid obildroii iiiid iiogroes. A war followed, vc.sidtiiig iu Ijio 
destruoliou of the Natchez tribe. The represoiiliitives of __tlie 
“ AVestern Cemimiiy " roluriicd tlioir frmieliises to the king 111 li3i., 
tlie ininiliur of colonists mid slaves being then about 7000. _ Alter 
two unsucee.ssful emupm'giis against tlie Chieka.saw Indiana in the 
northern part of what is now Mississippi, Bioiivillu was superseHcu 
by tho iliiripiis do Vaiidreiiil in 17-I0. , , „ , 

By tliu treaty of I’uris, iu 1783, France ceded ail her possessions 
east of the Mississippi river to Kiiglmid, e.xcoptiiig tlie "J 

New Orleans, ceded to Spain. The British province of \\cst 



Plato VIL 


524 

Florida at first extended eastward from tbe Mississippi river along 
the Gulf coasts, with its northern limit at the 31st parallel of north 
latitude. Soon afterwards the northern bouudar}’ was fixed at a 
lino drawn eastward from the j)oiut where the Yazoo river unites 
with the Mississippi. 

Under .British rule the Natchez country, which had been deserted 
since the massacre of 1729, and the southern part of the present 
State of Jlissis.'jippi, rapidly filled with settlers, many of them 
emigrants from the Atlantic colonies. Cotton, indigo, and sugar 
were cultivated, and negro slaves continued to bo frcelv introduced. 
During the revolutionary war of the Atlantic colonies, West 
Florida, being fiir removed, remained undisturbed until 1779. Spain 
and England being then at war, Galvez, the governor of New 
Orleans, aided by sympathizers with the revolutionary colonists, 
took possession of the whole of West Florida for the king of Spain. 
At the peace of 1783 England acknowledged the 31st parallel as 
the southern boundary of the United States, and ceded We.st 
Florida to Spain. The district between the 31st parallel and the 
parallel through the mouth of the Yazoo was therefore claimed by 
the United States and by Spain, the latter being in posse-ssion. 
After tedious negotiations the latter power reliiupiishcd the district 
in March 1798, and Congress at once formed it into the ISlississippi 
Territory,” which extended from the Mis.si.ssippi river eastward 
between the two abovo-inontioned parallels of latitude to tho 
Chattahoochee river. 

The State of Georgia claimed as a part of its domain all of tho 
district cast of the JhssLssippi river, and between the Slat and 35th 
parallels. In 1802 it ceded its claims to tho Federal Government 
for eortaiu con.sidenitions, and in 1801 Congress extended the 
imits of tlio ilississippi Territory nortliward to tlie 35th nandlel. 
Nearly all of tho Territory was then owned by the native liidian.s. 
Tho Choctaws occupied tho southern part, ami tho Cluckasaws the 
northern part of what is now tho State of ilississippi. In 1812 
the United Statc.s troops occupied Spanish West Florida, and the 
district east of Pearl river and south of lat. 31“ was added to tho 
ilississippi Territory. Tho Territory was divided by tho present 
line between Al.ahama and ilissi.ssippi, and the State of .Mississippi 
admitted into tho Union in 1817. In 1830-32 the native tribes 
exchanged their lauds for others west of the ilississippi river ami 
were nearly all removed, and a rapid iullmc of settlers followed. 
In January 1801 the State seceded from tho Federal Union, and, 
joining tlio Southern Confederacy, furnished a largo number of 
troops during tho civil war. It wiis the field of many important 
campaigns, and sulfered great losses. Exhausted by the eoullict, 
andhara-ssod by processes of political reconstruction, tho Slate w.ns 
in a deplorable condition for several years. But within the last 
decade an era of prosperity commenced,* marked by a largo increaso 
in population and great activity in agricultural and other pursuits. 

LUeralure.—GaytmtS, IIlKory of Louls{an(f, Jtonottc, IKstonj of the Valley oj 
the iUssittiiipi, Xew Vork, I.S IS; ClalUonie, Missiiujipi <is a I'roeinee, Territory, 
and State, J.^ckson, 18S0; WnWoa, lyrieutture and Geotoyy o/ Jackiou, 
185-1; lIllKard, AyrlcuUun and Geoloyy of Mittissippi, .fackioii, ISCO; .Smith, 
Outline of the Oeoloyu of Alabama, lIoiitKomery, 1S8U; Wall, JIa/idbooi of it is- 
sissippi, Jackson, ISSi. (It. 11. F.) 

AIISSOLOtSTGHI, or Mesolongiii {MecroXoyywv), a city 
of Greece, the chief town of the nomarcliy of Acaniania 
and zEtolia, situated on the north side of the Gulf of 
Patras, about 7 miles from tho coast, in the midst of a 
shallow lagoon, ivith a population of 6324 in 1879, is 
notable for the siege of two months ivhich Alavrocordatos 
with a handful of men sustained in 1821 against a Turkish 
army 11,000 strong, and for the more famous defence of 
1S25-26 (see vol. xi. p. 125), Byron died there in 1824, 
and is commemorated by a cenotaph. 

MISSOURI, a Central State of the American Union, 
lying almost midway between the Atlantic and the Rocky 
Mountains, British America and the Gulf of Mexico. Its 
eastern boundary is thfe Mississippi, separating it from 
Illinois, Kentucky, and Tennessee. North and south its 
boundaries with Iowa and Arkansas respectively are 
mainly coincident with the parallels of 40° 30' and 36° 30' 
N. lat.; but a small peninsula between the Mississippi 
and St Frangois rivers stretches 34 miles farther south 
between Arkansas and Tennessee. The western border, 
with Nebraska, Kansas, and the Indian Territory, is 
nearly coincident with the course of the Missouri to the 
junction of that stream ivith the Kansas, and then follows 
the meridian of 17° 40' W. of Washington (94° 43' W. 
of Greenwich). The area of the State is 65,350 square 
miles, the extreme length from north to south 282 miles, 
the extreme width 348 miles. Missouri is divided , into 
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a northern and southern portion by the 
(lowing 400 miles in a generally easterly direetkn 
its junction with the Kansas to the point 12 miles ahn 
St Louis where it unites with the ilississippi. Northe ° 
Missouri has a surface broken and hilly, but not moim 
tainous. It is mainly prairie land, well watered by streaiM 
and fit for agriculture ; but there is a good deal of timber 
in the eastern parts, especially along the hold bluffs of tbe 
two great rivers. Southern, ilissoiui is almost equally 
divided between timber land in the east and prairie in 
the west. In its south-western portion rises the table-land 
of tlio Ozark hills (highest point 1600 feet above the sea) 
The Osage, the Gasconade, and other streams flow north- 
ward and eastward into tlio Missoim. The south-eastern 
lowlands form an undulating country, readily drained after 
rain, witli fertile ridges generally runnmg north and south 
occasional abrujit isolated hills, forests of oak, hiekory| 
elm, maple, ash, locust, willow, persimmon, pecan, chestnut 
and cherry trees, and in the lowest parts swamps and 
morasses. High rocky bluffs extend along the b nnVs of 
the Alississippi from the mouth of the ileramec river to 
Sto Genevieve, rising sometimes precipitously to the 
heiglit of 350 feet above the water, and low bottom lands 
with many lakes and lagoons extend from Ste Generieve 
to tho Arkansas border. Tho south-east corner of the 
State is 275 feet above the sea, the north-east corner 445 
feet, and the north-west corner 1000 feet. 

Climate . — Tho climate of Missouri, lying as it does far 
from the ocean and unprotected by mountain ranges, is 
one of extremes in heat and cold, moisture and drought. 
The Ozark range is high enough to iniluence.the climate 
locally, but not to affect that of the whole State. The 
mean summer temperatm-o for the ten years 1870-80 
ranged from 75° in the nortli-west of the State to 78“'o)n 
the south-east; but the thermometer has been known to rise 
to 104°. 'riic winter temperature averaged 33°’87 for 
tho whole State, varying from 2S°'5 in the north-west to 
39°‘5 in tho south-east. In some winters the temperature 
hardly falls to zero ; in others 20° below’ zero have been 
registered. Tho Mississijipi at St Louis freezes over once 
in four or five years ; but this is partly caused by the 
accumulations of floating ice coming down from the north. 
'Tlie river has closed as early as tho first week in December, 
and, again, has remained open until the last week in 
February. It is in cold seasons sometunes passable for 
the heaviest teams. The ■Missouri river is often closed 
during the whole winter.' The mean annual temperature 
of the State varies from 53° to 58°. The climate is, ou 
the whole, di-y ; for, in spite of the abundant i-ains, especi- 
ally in tho spring, evaporation is so rapid that the atmo- 
spliore is rarely overloaded with moistme.^ April is the 
driest month. Tho greatest amount of rain falls m the 
south-eastern part of the State. iVn unusual amount o^ 
fair w’eather, prevailing clearness of sky, general salubrity 
of soil and climate, are chief among the natural advantages 
of this great State. _ , 

Geology . — Tho stratified rocks of Missouri belong to e 
following divisions : — Quaternary, Tertiary, Carboniferous, 
Devonian, Silurian, and Ai'chaean. The Quaternary 
comprises the drift, 155 feet thick ; the bluff, 200 feet a ov 
the drift ; then the bottom prairie, 35 feet thick ; am o 
the surface the alluvium, 30 feet in thickness. ^ 

strata of sands, inarls, and himius form the alluvial bo om 
of the two great rivers of the State, and make up a sou e i ) 
light, and incomparably rich. Beneath the alluviimi is ou^^^ 
the bottom prairie, made up also of sands, clays, and vCo 
table moulds. This formation is found only in the bo 
lands of the Missouri and Mississippi' rivers, and m 
abundantly in those of the former., Numerous an 
preserved organic remains are found in the bottom pm 
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including the shells found in great quantities in the bluiF 
and remains of the mastodon and many trees and plants, 
^elow this formation, resting upon the drift, is the bluff, 
rius rests_ upon the ridges and river bluffs, and thus is 
topographically higher, although geologically lower, than 
tiio bottom prairie. It is composed chiefly of a grey 
siliceous marl, coloured sometimes to a deep brown or red 
by the stains of oxide of iron. This formation extends 
along the bluffs of the Missouri from Fort Union to its 
mouth, and is found capping those of the Mississippi from 
Dubuque to the mouth of the Ohio. It is sometimes 200 
feet thick; at St Joseph it is 140, at BooneviUe 100, at 
St Louis 50, in Marion county only 30 feet. This forma- 
tion has interesting fossils {Elephas primigmius, ifcc.). The 
drift, the lowest of the Quaternary system, appears in the 
altered drift, the boulder formation, made up laro-ely of the 
igneous and me tamorphic rocks, withrocks from thePalmozoic 
strata ujion which the others rest. Large boulders, five or 
six feet in diameter, are found, usually of granite or meta- 
morjihic sandstone; no fossils except a few logs in the altered 
drift have been found in this formation.* The Tertiary 
formation in Missouri is composed of clays, shales, iron 
ores, sandstone, and sand, and extends along the bluffs and 
bottoms of the south-east part of the State. Iron ore is 
found in this formation in great abundance ; sand of the 
best quality for glass-making and clays for pottery and 
stoneware also abound. Below the Tertiary bed are found 
rocks which strongly resemble Cretaceous beds found in 
other places in the United States. These strata are in such 
a state of irregularity and disturbance as to indicate the 
occurrence of some great movements after their deposition 
and before the formation of the Tertiary strata. The Upper 
Carboniferous system, or coal measures, made up of sand- 
stone, limestone, marl, coal, and iron ores, covers an area 
of more than 23,000 square miles in Missouri, occupying 
the Avestern and northern portions of the State, The supply 
of bituminous and cannel coals found here would seem to 
be Avell-nigh inexhaustible. In the Lower Carboniferous 
rock are found many varieties of limestone and sandstone. 
Among these are the Ujjper Archimedes Limestone, 200 
feet; Ferruginous Sandstone, 195 feet; Middle Archimedes 
Limestone, 50 feet ; St Louis Limestone, 250 feet. The 
Devonian system is represented by limestone in Marion, 
Halls, Pike, CallaAvay, Saline, and Ste Genevieve counties, 
among which occur the Chouteau Limestone, 85 feet ; 
Lithographic Limestone, 125 feet; Onondaga Limestone, 
100 feet. Of the Upper Silurian series are the folloAving 
formations; — LoAver Helderberg, 350 feet; Niagara Group, 
200 feet ; Cape Girardeau Limestone, 60 feet. Prominent 
among the LoAver Silurian formations are the Trenton 
Limestone, 360 feet; the Black River and Bird's Eye 
Limestone ; and the Magnesian series. The last-named 
series is valuable both in a scientific and an economic sense. 
It covers much of the southern and south-eastern portions 
of the State, and in it are found vast deposits of lead, 
zinc, copper, cobalt, iron ores, and marble. The Archa;an 
rocks occur beloAV the Silurian deposits, and contain siliceous 
and other slates in Avhich no fossils are found. The porphyry 
rocks of this formation also contain iron ores. 

Cbaf, — Tho exposed coal in Sfissoctri includes upper, Tniddle, and 
lower measures. In tho first are about 4 feet 'of coal, and the area 
of exposure is about 8400 square miles. Tho middle coal measures 
contain about 7 feet of eoah and cover an exposed area of about 
2000 square miles. The lower measures have five workable sea^, 
varyiim from 18 inches in thickness to 4-5 ftoti ^ko some thin 
seams of only a few inches. In 1880 656,304 bushels of bitu- 
minous coal were raised in thirty-five counUes of Missoun, t o 
value at tho pit mouth being $1,060,225 $642,7/2 were paid n 

wages to 2599 persons. The Missouri coal mines are easily worked. 

fj-oji . — ^The iron ores arc red haiinatite, red oxide, specular iron, 
broAvn haimatito or limonito, and clay ironstone, 
siliceous specular ores occur in the porphyries of tl c , 
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in character, free from sulphur and phosphoric 
T6 ^ny other yet developed m M ilsouri. 

^ u ““Gallic iron, and has few 

•deleterious substances. It is fine-giained, light bluish grey in 
colour. 1 ho ore of the Scotia iron banksmid Iron Ridge are much 
alike in appearance and character, being specular boulders imbedded 
in soft red na'inatito. In some of these boulders are cavities in 
which tho ore has taken botryoidal form, and upon these peroxide of 
lion crystallizations are so formed that a gorgeous show of prismatic 
colours IS presented. Tho above are tho chief deposits of iron ores 
but hmonites are found mostly in the southern parts of tho State! 
Ihe counties of Ste Genevieve, Madison, St Francois, Cape Girar- 
deau, Bollinger, AVayne, Stoddard, AFashington, Reynolds, Shan- 
non, Carter, and Ripley have tho greatest e.vposures of these ores, 
although they are found in many others. The supply of iron ores 
IS, indeed, practically inexhaustible. 

Zead . — Second only to iron among tho metals of Missouri is tho 
vast deposit of lead found in the southern parts of the State. The 
great disseminated lead region occupies about one-half of tho north- 
ern portion of Madison, and about as much of St Fraii 9 ois county. 
It is in the magnesian limestone that the largest quantities have 
been found. In Franklin county galena is found in abundance in 
ferruginous clay and coarse gravel. In the great mauiinotli minfl 
in AVashington county is a succession of caves in which millions of 
pounds of lead were found adhering to the sides and roofs. Tho 
central lead district of the State comprises the counties of Colo, 
Cooper, Moniteau, Morgan, Miller, Benton, Maries, Camden, and 
Osage ; the southern lead region the counties of Pulaski, Laclede, 
Texas, AVright, AYebster, Douglass, Ozark, and Christian. The 
western lead district includes the counties of Hickory, Dallas, Polk, 
St Clair, Cedar, and Dade ; tho south-western the counties of 
Jasper, Newton, Lawrence, Stone, Barry, and M ‘Donald. The 
two counties Jasper and Newton produce fully one-half of tho pig 
lead of Missouri. The lead mines of Granby are among tho host- 
known in tlie State, and millions of pounds of lead have been taken 
from these lands. 

Copper deposits have been found in several counties, chiefly in 
the south-westorn part of tho State. Zinc is found, in the shape of 
sulphuret and also silicate of zinc, in nearly all tlio lead mines in 
south-western Missouri. It has often occurred in such masses as 
seriously to hinder mining operations, and until very recent years, 
when railroad facilities have given tin’s ore a market, it ivas throivn 
aside as worthless. It is now an important and profitable adjunct 
of tho load mines of Missouri. Cobalt and nickel are found at hlino 
La Jlotto and in a few other places. Silver is found in small quan- 
tities in lead mines in JIadison county, combined with the lead. 

Clays for the manufacture of ordinary brick for building purposes 
and for fire-brick exist in quantities beyond computation, and 
kaolin has been found in a few places. Marble of various shades 
and qualities abounds in filissouri, and is an important item in its 
mineiul wealth. Limesloncs and sandstones suitable for building 
purposes are found in many parts of the State. 

AgricxiUierc. — Indian corn, wheat, oats, and tobacco are the staple 
products ; but cotton, hemp, and flax are also raised to some extent 
in the southern counties. The average yield of wheat to tho acre 
is 30 bushels, and that return is often [ar exceeded. No flour is 
of a higher quality or more in demand in foreign as well as home 
markets than that made from Missouri wheat. Indian corn is 
especially used in fattening live stock. Blue grass, timothy, red-top, 
and red and white clover grow luxuriantly, and favour stock-raising. 
In some parts of tho State pasturage can be had all the year round, 
and the cheapness of corn makes tho raising of pork, in particular, 
a very profitable business. AU varieties of fruit can bo very suc- 
cessfully cultivated. Tho more tender fruits, such as .apricots, nec- 
tarines, figs, and many ohoice kinds of grapes, grow hero as well as 
tho more northern fruits — tho apple, ^ the pear, the ^h® 

cherry Apples and peaches do well in all parts of tho State. Six 
native Varieties of grapes are found in luxunaut growth, and many 
cultivated varieties have been successfully introduced. No State, 
not even California, can hope ultimately to rival ilissouri m the 
production of both red and white wines. Sheep-raising has proved 
remunerative in tho southern counties chiefly, where the mild cli- 
mate the fine gi'.asses, and tho abundance of good water are especially 
favourable to this branch of agricultural mdustry. There are m 
klissouri, in round numbers, 10,000,000 acres of improved and 
13 000,000 of unimproved land, including 9,000,000 
land Tho cash value of the farms is estimated at 890,000,000. 

In 1880 there were on tho farms in tho State 66r,7r6 homes, 
192 027 mules and asses, 9020 oxen, 661,405 cows, 1,410,507 other 
cattle 1,411, 298sheep, and 4,553,123 swine. Jlissouri is the fourth 
maize-producing State of the Union ; it supp les more mne than 
any State except California, and is a rival of Kentucky, A irginia, 
Tennessee, and Maryland in tho culture of tobacco, which is a 
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staple in the rich counties in the northern central part of the 
State, bordering upon the Missouri river. jSTo State raises so 
many mules, asses, and hogs. The production of cereals in 1880 
was — corn, 202,485,723 bushels ; wheat, 24,966,627 bushels ; rye, 
535,426 bushels ; oats, 20,670,958 bushels; barley, 123,031 bushels; 
buckwheat, 57, 640 bushels. The production of tobacco for the same 
year was 12,015,657 D) from 15,521 acres, valued at §600,256. 
Three-fourths of this amount was raised in Chariton, Marion, 
Kandolph, Howard, Callaway, and Saline counties. 

Wild Animals. — Red-deer are found in every part of the State, 
especially in the thinly-settled and mountainous districts. V enison, 
indeed, in its season, is as cheap as good beef in the markets of St 
Louis. IVild turkeys are numerous in the swampy and mountainous 
districts, and are found in all parts of the State. Prairie chickens, 
or pinnated grouse, are found in the praiiie portion of Missouri, and 
are shipped in great numbers to Eastern markets. In aU parts of 
Missouri are found the quail or Virginia partridge, thousands of 
barrels of which are shipped from the State each season. The 
rabbit, a species of hare, is so common as to be considered a pest. 
The grey squirrel and the red fox-squirrel are also found in lar"e 
numbers all over the State. Black bass, perch, catfish, bufMo 
fish, suckers, and pike are the leading varieties of native fish. 

Manufactures. — In 1880 Missouri had about 20,000 manufactur- 
ing establishments, in which a capital of about §125,000,000 was 
employed. The products of these establishments were valued at 
upwards of §300,000,000. The leading manufacturing counties 
outside of the city of St Louis are Jackson, Buchanan, St Charles, 
Marion, Franklin, Greene, Cape Girardeau, Platte, Boone, and 
Lafayette ; but more than three-fourths of the manufactures are 
produced at St Louis, which is the fourth manufacturing city of 
the Union. The chief manufacture is that of flour, which employs 
about 900 mills, and is rapidly increasing. Twenty-four mills made 
in St Louis, in 1880, 2,142,949 barrels of flour, having a daily out- 
put of more than 11,000 barrels. St Louis millers and dealers 
sent in 1880 to Europe and South America 619,103 barrels of flour ; 
and at the world’s fairs at Paris, Vienna, and Philadelphia, Missouri 
flour received the first award. The iron industry, which stands second 
in importance, is yet only in its infancy, and St Louis seems destined 
to be one of the great centres of iron and steel manufacture. The 
amount of iron made in ilissouri in 1880, in twenty-two establish- 
ments employing 3139 hands, was 125,758 tons. St Louis made the 
same year 102,664 tons of pig-iron, steel, and roUed iron and blooms. 
The yearly values of a number of other industries are estimated as 
follows : — meat packing, §20,000,000 ; lumber, §10,000,000 ; bags 
and bagging, §7,000,000; saddlery, §7,000,000; oil, §6,000,000; 
printing and publishing, §5,500,000 ; furniture, §5,000,000 ; car- 
riages and waggons, §4,500,000 ; marble and stone, §4,000,000 ; 
tin, copper, and sheet-iron, §4,000,000 ; agricultural implements, 
§2,000,000. The manufacture of glass and glass-ware is carried on 
to a considerable extent, especially in St Louis. At Crystal City, 
on the Mississippi, 30 miles below St Louis, is a very large 
deposit of sand suitable for the manufacture of plate-glass, and a 
company has been organized and is now in successful operation, 
with a capital of .§1,000,000. ^ 

' Commerce. — ^The extensive commerce of Missouri centres at St 
Louis, between which city and the ports on the Mississippi and 
Missouri rivers steamboats are constantly plying. Railroad trans- 
portation has, in recent years, furnished superior and cheaper 
facilities for much of the trade which formerly depended upon the 
rivers. The trade in cotton especially has been greatly increased 
in ilissouri since 1870 by the use of railroad transportation, which 
has made St Louis one of the great cotton centres of the United 
States. Extensive cotton presses were built in St Louis in that 
year, and the receipts of cotton from the more southern States has 
increased rapidly — from 12,264 bales in 1869-70 to 457,563 bales in 
1879-80, Railroad connexions have made the interior portions 
of Arkansas and Texas more accessible to St Louis than to the 
southern ports of shipment, and the trade with the south-west, 
with the Indians, and mth Mexico is constantly increasing. In 1870 
St Louis was made by Act of Congress a port of entry to which 
foreign merchandise could be brought in bond. The value of the 
direct imports for the year ending 30th June 1882 was §1,934,342. 

Population. — Missouri is divided into 114 counties. The following 
table gives the number of inhabitants since 1850 : — 


Tear. 

stales. 

Females. 

Total. 

Density per 
square mile. 

1850 

357,832 

324,212 

68-2,044 

14-37 

1860 

622,201 

559,811 

1,182,012 

18-08 

1870 

896,347 

824,948 

1,721,295 

26-34 

1880 

1,127,187 

1,041,193 

2,168,380 

31-55 


In 1880 the foreign-bom residents numbered 211,578, or 9'7 per 
cent., of whom 109,974 were Germans and Scandinavians ; there 
were also 145,046 of African descent. The early settlers of the State 
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were French, and their descendants are stiU found in St% 

Ste Genevieve and a few other smaller towns. Many Gen^t 
recently settled in aU parts of the State, while English, IiisW ’ . 
and Swedes have also made Missouri their home in consl'i 
.numbers. The native American population is mostly dcSv' 
from immigrants from the States of Kentucky, Tennessee, 

Carolina, and Virginia. During recent years there has been a lar"e 
accession to the population from the eastern and north-western 
States; 

St Louis, the chief city of the Mississippi valley, situated 
upon the Mississippi river about 12 miles below' the mouth of the 
Missouri, has a population of 350,518 ; Kansas City, a thriving 
town on the western border, situated on the banks of the Slissourq 
has 55,785 ; St Joseph, in the north-west, has 32,431 ; Hannibal, 
in the north-east, has 11,074 ; and Jefferson City (the State capital), 
in the centre, has 5271. 

Education. — ^Missouri has a public school system of education 
first adopted in 1839. There are. district schools, elementary and 
ungraded ; city schools, graded, wth high school courses ; four 
.normal schools, and a State university. Free public schools for 
white and coloured children beriveen the ages of six and twenty 
years are required by law for every district in the State. Besides 
these public institutions supported by the State there are many 
private schools and colleges for both sexes. Chief among these are 
the St Louis University, ah institution managed by the Jesuits ; 
the College of Christian Brothers, also under the control of the 
Roman Catholics ; and Washington University, a non-sectarian en- 
dowed school, which has property estimated at §1,000,000, and 
more than 1300 students. The Baptists have a coUege at Liberty 
called William Jewell College ; the Congregationalists one at Spring- 
field called Drury College ; and the Methodists and Presbyteiians 
several colleges and seminaries. 

Mcligion. — ^The early settlers of Missouri were Roman Catholics, 
and in the river towns may be found to-day a largo number of that 
faith. The Baptists have 88,999 members, with 1385 churches ; 
the Methodists, 96,270 members and 918 churches ; the Protestant 
Episcopal Church, 25,000 members and 65 church buildings ; the 
Presbyterians, with their various branches, 34,628 members and 706 
churches. 

Administration.— '^h.& legislative power is vested in a body con- 
sisting of a senate and a house of representatives, which meets 
once in every two years, on the Wednesday after the first day of^ 
January next after the election of the members thereof. Member* 
of the legislature are paid a sum not to exceed §5 a day for th* 
first seventy days of the session, and after that not to exceed §1 9 
day for the remainder of the session. They are also allowed mil(|H 
age. The executive department consists of a governor, a lieiH 
tenant-governor, a secretary of state, a State auditor, StaH 
treasurer, an attorney-general, and a superintendent of publiM 
instruction ; these are all elected by the people. The supremSB 
e.xecutive power is vested in the governor, who is chosen for fou^B 
years, as also are the other members of this department. ThM 
governor has a qualified veto upon the acts of the legislatme, ancfl 
such other pow'ers as are common to that oflicer in the several 
States. The judicial power of the State is lodged in a supreni^B 
court, the St Louis court of appeals, circuit courts, criming® 
courts, probate courts, and municipal courts. All judicial office.^® 
are elected by the people. Judges of the supreme court are electe^| 
for ten years, those of the St Louis court of appeals for twelv^* 
years, those of the circuit courts for six years. Executive anjW 
judicial olficers are liable to impeachment by the house of reprtfM 
sentatives. All impeachment cases are tried by the senate. W: 

Every male citizen of the United States, and every male persor* 
of foreign birth who may have declared his intention to become 
citizen of the United States, according to law’, not less than onife^ 
year nor more than five years before he offers to vote, who is oveitS' 
the age of twenty-one years, is entitled to vote at all elections hm.j 
the people, if he has resided in the State one year immediateljM 
preceding the election at which he offers to vote, and has residec^;s 
in the county, city, or town where he shall offer to vote at leas p 5 
sixty days immediately preceding the election. ' _ (. 1 , 

' History. — On the 9th April 1682, the French voyager and dis-t 5 
coverer La Salle took possession of the country of Louisiana in the v 
name of the king of France. Its limits were quite indefinite, and in- I 'j 
eluded the present territory of Missouri (see Louisiana). The first i { 
settlements of Missouri were made in Ste Genevieve and at New V 
Bourbon, but uncertainty exists as to the e.xact date. By some | 
the year is fixed at 1763 ; by others, and by many traditions, as 
e.arly as 1735. St Louis w.'is settled by Pierre Laclede Liguest, a | 
native of France. The site was chosen in 1763, and in February | 
1764 Auguste Chouteau went at the order of Liguest to the spot f 
previously selected, and built a small village. For a long tune || 
the settlements were confined to the neighbourhood of tlie river, s 
On the 31st of October 1803 the Congress of the United States | 
passed an Act by which the president, was authorized to take | 
possession of the territory according to the treaty of Paris, and llie | 
formal transfer of Lower Louisiana was made on 20th December | 




111(1 Congress divided tlio territory into two portions. 

, , .-‘•*10 noi'thcrn part, commonly called Upper Louisiana, was taken 

lielOW .possession of in March 180-1. In June 1812 Missouri was organ- 
Tbis ■ iis a- Territory, with a governor and general assembly. *^rho 
tour governor (1813-1820) was William Clarke. In 1818 

Missouri .applied for admission to the Union as a State. Two 
years of bitter controversy followed, which convulsed the country 
and threatened the dissolution of the Union. This controvei-sy 
’followed a resolution introduced into Congi-ess which had in view 
•an anti-slavery resti-iction upon the admission of Missouri to. the 
Union. This wa3..at last settled by the adoption of the " Missouri 
compromise,” which forbade slavery in all that portion of the Louisi- 
..ana purcliaso lying north of 30° 30' except m Missouri, and on 
19th July 1820 Missouii was admitted to the Union. A conven- 
tion to frame a constitution had already been called, and the 
constitution then adopted remained without material change until 
1865. The first general assembly under the constitution met in 
•St Louis in September 1820, and Alexander M'Uair was chosen 
.governor in August. The seat of government was fixed at St 
Charles in 1820, and removed to Jeflerson City, the present State 
■capital, in 1826. 'fho first census of the State was taken in 1821, 
when the number of inhabitants was found to be 70,647, of whom 
11,254 were slaves. In the Black Hawk war in 1832, the Florida 
war in 1837, and the Mexican war in 1846 Missouri volunteer 
troops did their share of the work. In the troubles in Kansas, and 
. the bitter discussion upon the question of slavery, Missouri was 
deeply involved. A strong feeling in favour of secession showed 
itself in many parts of the State. Governor Jackson, in his 
•inaugural address on the 4th of January 1801, said that Missouri 
must stand by the slaveliolding States, whatever might bo their 
course. The election of a m.ijority of Union men, however, as 
•delegates to a convention called to consider the affairs of the 
jiatiou, showed that public sentiment was hostile to secession, and 
the convention adjourned without committing the State to the 
•secession party. United States troops were soon gathered at St 
Louis, and forces were also sent to Jefferson City, and to Holla. 
■Governor Jackson lied from the capital, and summoned all the 
State troops to moot him at Booncville. General Lyon defeated 
these troops, 17th June 1861, and soon most of the State was 
under the control of the United States forces. The State conven- 
tion was reassembled. This body declared vacant the offices of 
(governor, lieutonaut-governor, and secretary of state, and filled - 
•them by appointment. 'Lho seats of the members of the legislature 
were also declared vacant. Governor Jackson soon issued a pro- 
•clamatiou declaring the State out of the Union, and Confederate 
forces were assembled in largo numbers in the south-western part 
•of the State. General Lyou was killed at the battle of Wilson’s 
Creek near Springfield, and General Fremont, commanding the 
department of the west, decreed martial law throughout the State. 
For a year matters were favourable to the Confederates, and at the 
•opening of 1862 their troops held nearly half the State ; but in 
February a Federal force under General Curtis drove General Price 
into Arkansas. He returned in 1864, and overran a largo part of 
the State, but was finally forced to retreat, and but little further 
trouble arose in Missouri during the war. Missouri furnished to 
the United States army during the war 108,773 troops. In 1865 
a now constitution was adopted by the people. In 1869 the XV. 
Amendment to the United States constitution was adopted by a largo 
majority. In 1875 still another State constitution was drawn up 
by a convention called for that purpose, and ratified by the people, 
;and is now the fundamental law of the State. (SI. S. S.) 

MISTLETOE^ {Viscum album, L.), a species of Visetm, 
•of the family Loranthacex. The whole genus is parasitical, i 
•and seventy-six species have been described ; but only the 
mistletoe proper is a native of Europe. It forms an ever- 
green bush, about 4 feet in length, thickly crowded with 
(falsely) dichotomous branches and opposite leaves. The 
leaves are about 2 inches long, obovate-lanceolate, yellowish 
(green ; the dioecious flowers, which are small and nearly 
•of the same colour but yellower, appear in February and 
March ; the fruit, which when rijie is filled with a viscous 
•semitransparent pulp (whence birdlime is derived), is 
■almost always white, but there is said to be a variety with 
red fruit. The mistletoe is parasitic both on deciduous and 
■evergreen trees and shrubs, and “ it would be difficult to 

1 Greek i^la or if Jj,- lienee Latin viscum, It.alian vischio or visco, 
and French ciui. The English word is the Anglo-Saxon inisielian, 
Icelandic mislelteinn, in which tan or icinn me.ans ii twig, nwA. mistd 
may be associated either with mist in the sense of fog, gloom, because 
of the prominence of mistletoe in the dark season of the year, or with 
the same root in the sense of dung (from the character of the berries 
■or the supposed mode of propagation). 


say on what dicotyledonous trees it does not grow" 
(Loudon). In England it is most abundant on the apple 
tree, but rarely found on the oak. The fruit is eaten by 
most frugivorous birds, and through their agency, particu- 
larly that of the thrush (hence missel-thrush or mistle- 
thrush), the plant is propagated. (The Latin proverb has 
it that “Turdus malum sibi cacat”; but the sowing is 
really effected by the bird wiping its beak, to which the 
seeds adhere, against the bark of the tree on which it has 
alighted.) The growth of the plant is slow, and its dura- 
bility proportionately great, its death being determined 
pnerally by that of the tree on which it has established 
itself. See Loudon, Arboretvfln et Fruticetum Britannicum, 
vol. ii. p. 1021 (1838). The mistletoe so extensively used 
in England at Christmas tide is largely derived from the 
apple orchards of Normandy. 

Pliny (H. iV., xvi. 92-95; xxiv. 6) has a good deal to tell about 
the viscum, a deadly parasite, though slower in its action than ivy. 
He distinguislies three “genera.” “On the fir and larch grows 
v/hat is called stelis in Eubcca and hyphear in Arcadia.” Viscum, 
called dnjos hy2)hcar, is most plentiful on the esculent oak 
(quercus), but occurs also on the robur. Primus sijlvcstris, and 
terebinth. Hyphear is useful for fattening cattle if they are hardy 
enough to withstand the purgative effect it produces at first ; 
viscum is medicinally of value as an emollient, and in cases of 
tumour, ulcers, and the like; and ho also notes it “conceptum 
feeminarum adjiivare si omnino secum habeant.” Pliny is also our 
authority for the reverence in which the mistletoe when found 
growing on the robur was held by the Druids. The robur, he says, 
is their sacred tree, and whatever is found growing upon it they 
regard as sent from heaven and as the mark of a tree chosen by 
God. Such cases of parasitism are rare, and when they occur 
attract much attention (est autem id rarum admodum inventu et 
repertum magna religione petitur), particularly on the sixth (day 
of the) moon, with wTiicIi tneir months and years and, after the 
lapse of thirty years, their “ages ” begin. Calling it in their own 
language “all heal” (omnia sanantem), after their sacrifices and 
banquets have been duly prepared under the tree, they bring near 
two white bulls whose horns are then for the first time bound. 
The priest clothed with a white robe ascends the tree, cuts [the 
mistletoe] with a golden hook; it is caught in a white mantle. 
They then slay the victims, praying God to prosper His gift to them 
unto whom He has given it. Prepared as a draught, it is used as a 
cure for sterility and a remedy for poisons. 'I’lie mistletoe figuics 
also in Scandinavian legend as having furnished the material of 
the arrow with which Baldur (the sun-god) was slain by the blind 
god Hodor. Most probably this story had its origin in a particular 
theory as to the meaning of the word mistletoe. 

MITATJ (the Lettish Jelgava), a town of Bussia, capital 
of the government of CourlanL It is situated 27 miles 
by rail to the south-west of Kiga, on the right bank of the 
river Aa, in a fertile plain which rises only 12 feet above 
sea-level, and which probably has given its name to the town 
{Milte in der Aue). At high water the plain and sometimes 
also the town are inundated. Mitau is surrounded by a 
canal occupying the place of former fortifications. Another 
canal was dug through the town to provide it with water; 
but this now receives the sewage, and rvater is brought in 
cars from a distance of 3 miles. Though so near Eiga, 
Mitau has quite a different character. It has regular 
broad streets, bordered with the low pretty mansions of 
the German nobility -who reside at the capital of Courland 
either to enjoy the social amusements for which Mitau is 
renowned or to provide education to their children. Mitau 
is well provided avith educational institutions. A gym- 
nasium occupies a former palace of the dukes of Courland, 
and has a rich library; and there are about forty other 
schools. The town is also the seat of a society of art and 
literature, of a natural history society, which has- a good 
local museum, and of the Lettish Literary Society. The old 
castle of the dukes of Courland, avhich has witnessed so 
many conflicts, was destroyed by the Duke Biron, who 
erected in its place a spacious palace, now occupied by the 
governor and the courts. Slitau has 22,200 inhabitants, 
mainly Germans, but including also Jews (about GOOO), 
Letts (5000), and Eussians. Manufactures are few, those 
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of ■wrouglit-iron ware and of wlute 7 lead being the most im- 
portant. The river Aa brings Mitau in connexion with the 
trade of Riga, small vessels carrying goods to the amount 
of about £150,000 a year. 

Slitau is supposed to have been founded in 1266 by the grand- 
master Conrad ilandern. It has often changed its ruleis. In 
1345, when it was plundered by Lithuanians, it was already an 
important town. In 1561 it became the residence of the dukes of 
Oourland. During the 17th century it was thrice taken by tlic 
Swedes. Eussia annexed it with Courland in 1795. At the be- 

? inning of this century it was the residence of the count of 
rovence (afterwards Louis XVIII.). In 1812 it was taken by 
Napoleon I. 

jMITCHEL, ORJtSBY M'Kkiqht (1S10-18G2'), American 
general and writer on astronomj', was born in Union county, 
Kentucky, August 2S> 1810. He began life as a clerk, 
but, obtaining an appointment to a cadetship at West Point 
in 1825, he graduated there in 1829, and became assistant 
professor of mathematics in 1831. Subsequently he was 
called to the bar, but forsook law to become professor of 
mathematics and natural jihilosophy at Cincinnati college. 
There he established an observatory, of which ho became 
director. From 1859 to 1861 he was director of the 
Dudley observatory at Albany. . He took part in the war 
as brigadier-general of volunteers, and for his skill and 
rapidity in seizing certain important strategic points was 
on April 11, 1862, made major-general. He died of yellow 
fever at Beaufort, South Carolina, October 30, 1862. 
Besides making important improvements on several astrono- 
mical instruments, Mitchel was the author of several works 
on astronomy, the principal of which are The Planetary 
and Stellar Worlds (1848) and 2’he Orbs of Heaven (1851X 
See Memoir by Headley (1865). 

MITCHELL, Sir Thomas Livixgstoxe (1792-1855), 
Australian explorer, was a son of ^litchell of Craigend, 
Stirlingshire, where he was born, June 16, 1792. From 
1808 to the end of the Peninsular War he served in 
■Wellington’s army, and for his services received the medal 
and five clasps, and was raised to the rank of major. He 
was appointed to survey the battlefields of the Peninsula, 
and his map of the Lower Pyi’enees is still admired. In 
1827 he was appointed deputy surveyor-general, and after- 
wards surveyor-general, of Hew South Wales. Ho devoted 
himself to the exploration of Australia, making four 
expeditions for that purpose between 1831 and 1846. 
During these expeditions he discovered the Peel, the 
Hamoi, the Gwyder, and other rivers, traced the course 
of the Darling and Glenelg, and was the first to pene- 
trate into that portion of the country which he named 
Australia Felix. His last expedition was mainly devoted 
to the discovery of a route between Sydney and the Gulf 
of Carpentaria, and during the journey he- explored the 
Fitzroy Downs, and discovered the Balonne, Victoria, 
Warrego, and other streams. In 1838, while in England, 
Mitchell published the narrative of his first three journeys, 
Three Expeditions into the Interior of East Avstralia (2 
vols.). In 1839 he was knighted and made a D.C.L. of 
Oxford. During this visit he took ivith him some of the 
first specimens of gold and the first diamond found in the 
country. In 1848 the narrative of his second expedition 
was published in London, Joxmial of an Expedition into 
the Interior of Tropical Australia. In 1851 he was sent 
to report on the Bathurst gold-fields, and in 1853 he again 
visited England and patented bis boomerang propeller for 
steamers. He died at his residence at Darling Point, 
Sydney, October 5, 1855. 

Besides the above works, Mitchell wrote a book on Geographical 
and Military Surveying (1827), an Australian Geography, and a 
translation of the Lusiad of Canioens. 

MITE. Mites (Acarina) are minute creatures which 
form a large division of the Arachnida, distinguished by 


the absence of any constriction between the cephalothorax 
and abdomen. Linnaeus included all in the single 
Acari^. They are now divided into several families (mostlv 
containing numerous genera), " ^ 

viz., Tromhidiidfi (harvest 
mites), usually scarlet specks 
seen running on stones, grass, 

&c., in hot weather; Telra- 
nychi, which, although not 
bright red, are the red spider 
of our green-houses, and are 
distinguished by feet with 
knobbed hairs ; Bdellidx, 
long-snouted mites with an- 
tenniform palpi ; Cheyletidx 
(fig. 1), the so-called book 
mites, — ferocious, predatory 
little beings, quite uncon- '^■—Cheylctusjlakui/cr. 

nected with books ; Hydrachnidee, freshwater mites with 
swimming legs, mostly beautiful creatures of brilliant 
colours; Limnocaridx, crawling freshwater or mud mites;. 
Halicaridx, chiefly marine ; Gamasidx, hard-skinned brown, 
mites often parasitic on insects, and best known by the 
females, and young of both sexes, found on the common 
dung beetle (Geolrupes stercorarius ) ; Ixodidx, the true 
ticks, not to be confounded with the sheep-tick, &c., which 




Fio. 2 . — Leiosoma palmtcinclum •, nymph, 
are wingless flies ; Oribatidx, beetle mites, so called from 
their resemblance to minute beetles (these are never 
parasitic; they undergo transformations almo.st as strange 
as those of insects, many of the immature forms being 
quaint and beautiful, see fig. 2) ; Myobiadx, bizarre para- 
sites of the mouse, &c., with peculiar holding claws; 
Tyroglyphidx, the cheese mites; Analgidx, found on the 
feathers of birds ; Sarcoptidx, the itch mites ; Arctisconidx, 
the water bears ; Eemodicidx, found in the sebaceous 
follicles of the human nose, etc. ; and Phytoptidx, the gall 
mites, which attack the leaves of plants; making tiny gall- 
like excrescences. 

The sexes are distinct individuals; the reproduction is 
oviparous; the larva is almost always hexapod, though the 
later stages have eight legs; that answering to the. pupa of 
insects is active, and is called the nymph. The breathing 
in the first-named eleven families is tracheal, the position of 
the stigmata varying greatly; in the last-named sixfapuhes 
it is by the general body surface. H o heart or circulation of 
the blood is known to exist; the alimentary canal is usuallj 
somewhat on the insect type, but with cmcal prolongations 
to the stomach, the reproductive organs often more on the 
crustacean type. There is generally a single veiy^ larg® 
nerve-ganglion above the oesophagus, sending nerve-branches 
to the various parts. The legs have ordinarily five to 
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seven joints, rarely three; the feet are usually terminated 
by claws or suckers, or both, sometimes by bristles. The 
mandibles are generally large, oftenest chelate (like a 
lobster’s claw), sometimes style-like piercing organs, and 
of other forms. The maxillae vary much: they may be 
piercing or crushing organs, or may coalesce to form a 
maxillary lip; there is usually one pair of maxillary palpi, 
no others. Sometimes there is a lingua, and in the 
Gamaskhe a galea. Antennae are not found. 

writes are distributed all over the known world. They 
have been found in Franz-Josef’s Land and Spitzbergen 
and in the hottest tropical regions, as well as the temperate 
zones. Often very similar species come from all parts. 
They are numerous in amber of the Tertiary epoch. 

The best-known species are probably those which injure 
man or his works, viz., the itch mite, the cheese mite, the 
so-called harvest-bug, and the red spider. The dog-tick 
is also well known. 



Fig. 3. — Tlie Itch Mite {Sarcoptes 
After Jfeguin. 


The itch mite (Sarcopies scahiei, fig. 3) is a minute, almost 
circular, flattened, colourless creature, with skin covered 
with wavy wrinkles, and a number of triangular points 
arising from that of the back ; legs short, the two front 
pairs and the fourth pair in the male terminated by suckers 
on long stalks, the two hind 
pairs in the female and third 
pair in the male having long 
bristles instead. It is parasitic 
on human beings: the males 
and young remain chiefly on 
the surface of the skin, but 
are difficult to find; the female 
burrows under the scarf-skin, 
causing the intense itching 
of scabies by the action of 
her chelate mandibles as she 
eats her way. A small 
watery jmstule is raised near 
where the acarus has entered 
the skin, and others arise ; 
the creature is not found in , , 

the pustule, but at the further 
end of a short tunnel which may be half an inch long. The 
eggs are laid in the tunnel after the acarus has passed ; 
they hatch and multiply rapidly. The disease can be 
certainly cured ; the usual mode is to rub the whole body 
with sulphur ointment, which is best done after a warm 
bath, allow it to remain on all night, and wash ofi in the 
morning. This treatment should be repeated once or twice 
at intervals of a day or two. Other applications of sulphur, 
as sulphurous acid, sulphur vapour baths, <kc., are efficacious. 
All clothes which have touched the skin must be disinfected 
by lieat. The disease is highly contagious, hlost mammals 
have their peculiar varieties of itch mite. ’ 

The cheese mite {Tyroglyplms siro) is an elliptical, fat- 
bodied, colourless acarus with smooth skin and very long 
hairs. It breeds in thousands in old cheese, flour, grain, &c., 
and does much damage. There are numerous allied species; 
some belonging to the genus Glycipluigus are elegantly 
ornamented with plumes or leaf-like hairs. 

The red-spider (TelranycJvus telarins) attacks the leaves 
of plants or trees, and is a great pest in green-houses. It 
spins a slight web on the surface of the leaves, and lives in 
companies on the web ; it is of a rusty red or bro-wn. 

The harvest bugs, thought by some writers to be a 
species, and by them called Leplus autumnalis, are simply the 
larvae of several species of Trombidkm. They are predatory, 
but rviU attach themselves temporarily to the human skin, 
and produce the violent itching felt on the lower parts of 
the legs after walking through dry grass in autumn. On 
in.spection with a glass the creature may be seen as a 


minute scarlet point. A drop of benzine will probablv ret 
rid of the intruder. ^ 

The dog tick, like the harvest-bug, is not really parasitic 
on mammals, though it attaches itself temporarily; its 
ordinary food may probably be vegetable. (a. d. ii.) 

MITFOED, Maey Eussell (1786-1855), born at Aires^ 
ford, Hampshire, on the 16th of December 1786, retains 
an honourable place in English literature as the authoress 
of Our Village, a series of sketches of village scenes and 
characters unsurpassed in their kind, and after half a 
century of imitations as fresh as if they had been written 
yesterday. Washington Irving was Hiss Mitford’s literary 
model, but her work is thoroughly original and spontaneous, 
the free outflow of a singularly charming character. The 
shorte.st account of her life would be incomplete without a 
reference to the scapegrace father who was the centre of 
her affections, and the “only begetter” of all that is most, 
delightful and characteristic in her writing. Dr Mitford. 
first spent his wife’s fortune in a few years; then he spent 
also in a few years the greater part of .£20,000 which his 
daughter drew (in 1797, at the age of ten) as a prize in a 
lottery; then he lived, for most years of his life, on a 
small remnant of his fortune and the proceeds of his 
daughter’s literary industry. In the little village of Three 
Mile Cross, near Eeading, in a small cottage which Miss 
hEtford says was “a fine lesson in condensation,” the 
doctor was the stay, support, and admiration of all the 
loafers in the neighbourhood, while his daughter, who had 
called herself his mamma, and treated him as her little boy 
from the time when she was herself a little girl, found an 
unfailing charm in his “friskings,” and was the loving 
slave of all his good-humoured exactions. The father kept 
fre.sh in his daughter the keen delight in incongruities, 
the lively sympathy with self-willed vigorous individuality, 
and the womanly tolerance of its excess which inspire s» 
many of her sketches of character. The woman who lived 
in close attendance on such an “ awful dad,” refused all 
holiday invitations because he could not live without her, 
and worked incessantly for him, except when she broke off 
her work to read him the sporting newspapers, evidently 
wrote from the heart in her bright portraits of such 
characters as the Talking Lady, the Talking Gentleman, 
Joel Brent, Jack Eapley, Tom Cordery, Lizzy, Lucy, and 
Harriet. Her writing has all the charm of perfectly 
unaffected spontaneous humour, combined with quick wit 
and exquisite literary skill. She died January 10, 1855. 

Miss Jlitford’a youthful ambition was to be “ tho greatest English 
poetess,” and her first publications were poems in tho manner of 
Coleridge and Scott {^Miscellaneous Verses, 1810, of suflicient mark 
to be reviewed by Scott in the Quarterly ; Christine, a metrical tale, 
1811 ; Blanche, 1813). Later on she essayed writing plays {Julian, 
1823 ; The Foscari, 1826 ; Dramatic Scenes, 1827 ; liienzi, 1828 
Charles the First, 1828). But tho prose to which she was driven by 
domestic necessities has rarer qualities than her verso. 'The first 
series of Our Village sketches appeared in 1824, a .second in 1826, 
a third in 1828, a fourth in 1830, a fifth in 1832, and Bclford liegis, 
a novel in which the neighbourhood and society of Reading were 
idealized, in 1835. Her Jlecollectioiis of a Literary Life (1853) is 
a series oicauserics about her favourite books. Five volumes of her 
Life aiul Letters were published in 1870 and 1872, showing her to 
have been a delightful letter-writer ; two volumes of letters to her 
appeared in 1882. 

MITHEADATES, or, as it is often tvrongly spelt, 
Mithiudates (t.e., “ given by the god Mithras ”), was a 
favourite name of the Pontic kings in the third and second 
centuries b.c., and was also common in Persia and the 
neio-hbouring countries. The dynasty of Pontus was a 
Pemian family, claiming descent from the Achmmenidm, 
and the earliest of them known in history was satrap 
under the Persian empire. IVhen that empire was destroyed 
Mithradates U. made himself king of Pontus; and he and 
his successors gradually spread their power over a great 
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;part of Cappadocia and Paplilagonia. Several of them 
intermarried with the Seleucidai and other Greek roj’al 
families, and something of the Hellenic civilization was 
•engrafted on the native non-Hellenic character of the 
-kingdom. The names Mithradates, Pharnaces, and Ariobar- 
-zanes, all non-Hellenic, alternate in the family. Tho pro- 
vince of Phrygia was sold in the most scandalous way by 
the Eoman consul Aquillius to Mithradates Y., who died 
probably in 120 n.c. He was succeeded by his son 
Yiithradates Eupator, sixth of the name, one of those 
remarkable conquerors that arise from time to time in the 
East. He was a boy when his father died, and for seven 
years lived the wandering life of a hunter pursued by 
assassins. His courage, his wonderful bodily strength and 
size, his skill in the use of weapons, in riding, and in the 
chase, his speed of foot, his capacity for eating and drink- 
ing, and at the same time his quick and penetrating 
intellect, his wonderful mastery of twenty-two languages, — 
all these qualities are celebrated by the ancients to a degree 
which is almost incredible. With a surface gloss of Greek 
education, he united the subtlety, the superstition, and the 
obstinate endurance of an Oriental. He was a virtuoso, 
and collected curiosities and works of art; he assembled 
Greek men of letters round him; he gave j)ri 2 es to the 
greatest poets and the best eaters. He spent much of his 
time in practising magic arts, the interpretation of dreams, 
and other superstitious ceremonies; and it was believed 
that he had so saturated his body with poisons that none 
could injure him. He trusted no one; he murdered his 
nearest relations, his mother, his sons, the sister whom ho 
had married ; to prevent his harem from falling a trophy 
to his enemies he murdered all his concubines, and his 
most faithful followers were never safe. He once dis- 
appeared from his palace, no one knew whither, and 
returned after some mouths, having wandered over all Asia 
Minor in disguise. Except in the pages of romance or the 
tales of the Thousand and One JS'h/hts it would be difficult 
to find anything to rival the account given of Mithradates 
by the gravest of historians. These qualities fitted him to 
be the opponent of Eoman arms in -bsia Elinor, to be the 
champion of the East in its struggle against the destroying 
and yet civilizing power of the West. Ho resisted the 
Eomans for eighteen years, yet we can hardly credit him 
ufith much real generalshij) or organizing power. He 
could collect masses of men and hurl them against the 
Eoman legions; everything that boundless energy and 
boundless hatred could do.he did ; but the strength of his 
opposition to the Eomans lay in the fact that all the dislike 
inspired by Eome in the worst and most cruel time of her 
rule was arrayed on his side. 

jSTo direct collision took place between the Eomans and 
Mithradates for thirty-two years, though the republic took 
away Phrygia from him in 120 n.c., and several times 
thwarted his designs in Paphlagonia and Cappadocia. 
The rupture came about the time of the Social War. 
Mithradates, prompted, it is said, by envoys from the Italian 
allies, took advantage of the intestine struggles in Italy. 
War broke out in 88, on the ostensible cause of disputes 
about the kingdom of Bithjmia; Mithradates rapidly 
overran Galatia, Phrygia, and Asia, defeated the Eoman 
■armies, and made a general massacre of the Eomans 
xesident in Asia. He also sent large armies into European 
‘Greece, and his generals occupied Athens. But Sulla in 
•Greece and Fimbria in Asia defeated his armies in several 
battles ; the Greek cities were disgusted by his severity, 
and in 8-1 b.c. he concluded peace, abandoning all his con- 
quests, surrendering seventy ships, and pajung a fine of 
2000 talents. Murena invaded Pontus without any good 
reason in 83, but was defeated in 82. Difficulties con- 
stantly arose between the two adversaries, and in 74 a 
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general war broke out. :Mithradatas defeated Cotta, on 
of the Eoman consuls, at Chalcedon ; but Lucullus wor-ted 
him in several engagements, and drove him finally in%o 
B.C. to take refuge in Armenia with his son-in-law Tmanea 
After two great victories in G9 and GS, LucuUus was dis- 
concerted by mutiny among his troops and the defeat of 
his lieutenant Fabius (see vol. xv. p. 56). In 66 he was 
superseded by Pompey, who completely defeated both 
Mithradates and Tigranes. The former established him- 
self in G4 at_ Panticapmum, and was planning new 
campaigns against the Eomans when his own°troorB 
revolted, and, after vainly trying to poison himself, he 
ordered a Gallic mercenary to kill him. So perished' the 
greatest enemy that the Eomans had to encounter in Asia 
•Minor. His body was sent to Pompey, who buried it in 
the royal sepulchre at Sinope. 

MITHILVS was a Persian god whose worship spread 
over the Eoman world during the 2d and 3d centuries 
after Christ. His name is found in the oldest records of 
the East Aryan races. In the Eig-A''eda, Mitra, i.e., the 
friend, and Yaruna, t.e., Orpavos, are a pair of gods regularly 
a-ssociated : they denote the heaven of day and the heaven 
of night. Mithras is therefore by origin the god of the 
bright heaven and of day, clo-'sely related in conception to, 
and yet expressly distinguished from, the sun. In the 
develoi>ed Old Persian religion of Zoroaster Mithras retained 
a place; he was not one of the greatest gods, but was 
first of a triad which, while less pure embodiments of the 
divine nature, were more ea.sy for men to comprehend and 
to worship. The seventh month, which bears his name, and 
the sixteenth day of every month were sacred to Mithras; 
prayers were oifered to him at sunrise, at mid-day, and 
at sunset. When the Persians conquered Assyria and 
Babylonia their religion was much alfected by the worsliip 
of these more educated races. The worship of foreign 
deities was introduced, that of Persian deities was changed 
in character; and the gods were represented by iniages. 
The cultus of Mithras now became far more prominent, he 
was identified with the sun, and an elaborate ritual with 
the non-Aryan accompaniment of mysteries was established. 
This revolution had begun before Herodotus (i. 131) could 
identify ilithras with the Assyrian goddess ilylitta, and 
it became more thorough during the 4th century b.c. 

It is in this most developed form that we know the 
cultus of ilithras. The god of light becomes by a ready 
transition, which is made in the very oldest Aryan recortls, 
the god of purity, of moral goodness, of knowledge. There 
goes on in the world as a whole, and in the life of each 
man, a continual struggle between the power of good and 
the power of evil ; Mithras is always engaged in this con- 
test, and his religion teaches all, men and women alike, to 
aid in the battle. Yictory in this battle can be gained 
only by sacrifice and probation, and ilitliras is conceived 
as alwtrj's performing the mystic sacrifice through which 
the good will triumph. The human soul, which has been 
separated from the divine nature and has descended to 
earth, can reascend and attain union with God through a 
process of fasting and penance wluch is taught in the 
mysteries ; the sacrifice which is being always offered by 
Alithras makes this ascent and union jrossible. Thoso 
who were initiated in the mysteries of Alithras had to pass 
through a long probation, witli scourging, fasting, and 
ordeal by water, and were then admitted as soldiers fighting 
on behalf of Mithras. This was the lowest terrestrial 
grade, but there were still two others to attain, the Bim 
and the Lion, each involving fui'ther probation, before the 
soul could rise above the earth. It then ascended by the 
grades of Yulture, Ostrich, and Crow through the region 
of tether ; and then it strove to become piue fire through 
the grades of Gryphon, of Perses, and of the Sun. Finally 
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the soul attained complete union with the divine nature 
through the grades of Father Eagle, of Father Falcon, and 
of Father of Fathers. A holy cave on a hill was the 
central point in the worship; and the mystic. rites involved 
watching and fasting all night till sunrise brought the 
triumph of light. 

The worship of ilithras became known to the Romans 
through the Cilician pirates captured by Pompey about 70 
B.C. It gained a footing in Rome under Domitian, was 
regularly established by Trajan about 100 a.d., and by 
Commodus about 190. Finally the mysteries were pro- 
hibited and the holy cave destroyed in 378. Dedicatory 
inscriptions to Deo Soli Invicto Mitlirx, and votive reliefs 
of Roman work, are very common. The usual representa- 
tion shows ilithras in the mystic cave performing the 
mystic sacrifice; a young man in Oriental costume kneels 
with one knee on a prostrate bull, grasping the head and 
pulling it back with the left hand, while with the right he 
plunges his sword into its neck. A dog, a snake, and a 
scorpion drink the blood that flows from the bull ; a crow 
sits on the rock behind ilithras ; the figures of the sun 
and of the moon occupy the two sides of the relief. 

See Lajardc, Heclurclies sur le CuUe de Mithras. 

iUTRE. See Costctjie, vol. vi. p. 463 ; and Hxraudky, 
voL xi. p. 711. 

illTSCHERLICH, Eilhardt (1794-1863), was born 
January 7, 1794, at Neuende near Jever, in the grand- 
duchy of Oldenburg, where his father was pastor. He 
was educated at the gymnasium of Jever under the historian 
Schlosser. In 1811 he went to Heidelberg, where he 
devoted himself to philology, giving special attention to 
the Persian language. In 1813 he went to Paris, partly 
for study, partly with the view of obtaining permission to 
join a French embassy to Persia. The political events of 
1814 put an end to this scheme, and Hitscherlich returned 
to Germany. He then set to work on a history of the 
Ghurides and Kara-Chitayens, manuscript materials for 
which he found in the university library of Gottingen, and 
a portion of which he., published in 1815. StiU anxious 
to visit Persia, he resolved to study medicine in order that 
he might enjoy that freedom of travel usually allowed in 
the East to physicians. He began at Gottingen Avith the 
study of chemistry, and this so completely arrested his 
attention that he gave up the idea of the journey to Persia 
and the medical profession. In 1818 he went to Berlin, 
where he worked in the laboratory of Professor LinL He 
made analyses of phosphates and phosphites, arseniates and 
arsenites, confirming the observations of Berzelius as to 
their composition. In the course of these investigations 
he observed that corresponding phosphates and arseniates 
crystallized in the same form. 

This was the germ from which grew the theory of 
isomorphism. In order to follow out his discovery 
ilitscherlich set to work to learn crystallography. His 
teacher was a fellow student, Gustav Rose, to whose 
penetrating mind and profound knowledge of mineralogy 
have been due some of the most interesting developments 
and illustrations of the theory of isomorphism. Having 
measured the inclinations of the faces of a vast number of 
natural and artificial crystals, he established the princijiles 
of isomorphism very much as we now hold them. 

It is right that we should remember that ilitscherlich 
was not the first to notice the fact that two difierent sub- 
stances might have the same crystalline form, or that one 
element could partially replace another without great 
change of form. Rome de I’Isle in 1772 mentions nuxed 
vitriols containing variable proportions of iron and coi^per, 
and Leblanc in 1802 showed that the crystalline form 
remains the same although the proportions vary both in 
the case of these mixed vitriols and in that of mixed 
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alums. Vauquelin had already, in 1797, proved that 
alum might contain variable quantities of ammonia without 
any corresponding variation of crystalline form. 

The authority of Haiiy, who laid down as’one of his 
principles that each compound has its own crystalline form, 
for a time kept these observations in the background. 
Further cases were, however, observed. Wollaston (1812) 
accurately measured the angles of the rhombohedral 
carbonates, and proved that the forms of these minerals, 
although nearly the same, are not absolutely identical’. 
He showed that a similar close approximation to identity 
exists in the case of the vitriols. Fuchs in 1815 brought 
forward his theory of “ vicarious constituents.” Gay- 
Lussac proved that a crystal of common alum continues to 
grow when placed in a solution of ammonia alum, and 
cases of crystallized mixtures were pointed out by the 
French mineralogist Beudant. But notwithstanding these 
foreshadowings, of which we know, on the evidence of 
Gustav Rose, that Mitscherlich was wholly ignorant, there 
was at the time of which we are now speaking no trace of 
a theory, but merely isolated observations. The theory of 
isomorphism is the work of Mitscherhch. It was com- 
municated to the Berlin Academy on December 9, 1819. 

In that year Berzelius paid a visit to Berlin, and was so 
struck with ilitscherlich’s ability that he suggested him to 
the minister Altenstein as the most fitting successor to 
Klaproth in the chair of chemistry in that university. It 
is not surprising that this idea was not carried out. It 
. was only four years since Mitscherhch had begun to study 
chemistry; he had never lectured, nor had he published 
anything on the subject. 

Although Altenstein did not at that time carry out the 
proposal of Berzehus, he was so far impressed by it that 
he obtained for ilitscherlich a Government grant to enable 
him to continue his studies under Berzelius. 

In 1820 he went to Stockholm, where he worked for a 
year in Berzelius’s laboratory. In 1822 he was appointed 
extraordinary and in 1825 ordinary professor in Berlin. 
In the course of an investigation into the slight difierences 
discovered by Wollaston in the angles of the rhombohedra 
of the carbonates isomorphous with calc-spar, Mitscherhch 
observed that the angle in the case of calc-spar varied with 
the temperature. On extending his inquiry to other non- 
isotropic crystals he observed a similar variation, and was 
thus led, in 1825, to the discovery that non-isotropic 
crystals, when heated, expand unequally in the direction of 
dissimilar axes. In the following year he discovered the 
change, produced by change of temperature, in the direction 
of the optic axes of selenite. The discovery (also in 1826) 
that sulphur can be obtained in two absolutely distinct 
crystalline forms threw much light on the fact that the two 
minerals calc-spar and aragonite have the same composition 
but perfectly difierent forms. Other cases of this property, 
to which Mitscherhch gave the name of dimorphism, were 
arrived at not long after. 

In 1833 he made a series of careful determinations of 
the vapour densities of a large number of volatile substances, 
and proved that Gay-Lussac’s law as to the proportions 
by volume in which oxygen, nitrogen, hydrogen, and 
cUorine unite with one another holds generaUy for volatile 
elements, and that the simphcity of the relation of the 
volume of the compound to that of the component gases is 
also general. 

In pure chemistry Mitscherhch’s discoveries were mainly 
connected with isomorphism. 'Thus he obtained selenic 
acid in 1827, and showed the isomorphism of its salts w;th 
the sulphates, and examined nfith great care the manpnates 
and permanganates, showing their isomorphism wth the 
sulphates and with the perchlorates respectively. But he 
did much important work unconnected with this special 
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subject. We may in particular refer to bis discovery of 
the relation of benzene to benzoic acid, of nitro-behzene, 
and of a considerable number of the derivatives of benzene. 

In 1833 he published his Lehrbuch der Chemie, a 
student’s text-book of chemistry of the most thoroughly 
practical and yet rigidly scientific kind, from the study of 
which teachers of chemistry may still derive many a 
valuable hint. His interest in mineralogy led him to the 
study of the geology of volcanic regions, and he made 
frequent visits to the Eifel rvith a view to the discovery of 
a theory of volcanic action. He did not, however, publish 
any papers on the subject, but since his death his notes 
have been arranged and published by Dr Roth in the 
Memoirs of the Berlin Academy (1866). In December 
1861 symptoms of heart disease made their appearance, 
but he was able to carry on his academical work till 
December 1862. He died at Schoneberg near Berlin on 
28th August 1863. 

Mitscherlioh’s published papers are chiefly to he found in the 
Abhandlungcn of the Berlin Academy, in Poggendorffs Annalen, 
and in the Annalcs de Chimie et de Physique. The fourth edition 
of the Lehrbuch der Chemie was published in 1844 ; a fifth was 
begun in 185.5, but was not completed. (A. C. B.) 

MITYLENE, or Mytilekb. See Lesbos. 

MIZPAH and Mizpeh (f’SV*?) are Hebrew words 

for a “place of prospect,” or high commanding point. 
The cities of Palestine generally occupied such positions ; 
and so in the Old Testament we find several places bearing 
the name of “The Mizpah” (Mizpeh). Sometimes a 
determining genitive is added ; “ The Mizpeh of Gilead ” 
(Judg. xi. 29), “The Mizpeh of Moab” (1 Sam. xxii. 3). 

(1) The most famous of these places is that in Gilead, a noted 
sanctuary (Judg. si. 11 ; Hosea v. 1), claiming consecration from 
the sacrifice of Jacob (Gen. xsxi. 54) and the masseba or sacred 
stone erected by him (ver. 45). The narrative of Gen. xxxi. 45 sq. 
is somewhat obscure, and not aU from one hand. We gather, 
however, from it that another name of “ The Mizpah ” was Galeed, 
i.e., Gilead. Thus Mizpah, Mizpeh Gilead, Gilead (Hos. vi. 8), 
Eamath Mizpeh {i.e., the height of Mizpeh, Josh, xiiL 26), and 
Ramoth Gilead (the heirfits of Gilead), or simply The Ramah (2 
Kings viii. 28, 29), are almost universally taken to be one place. 
With this it agrees that Ramoth Gilead was a city of refuge, which 
oints to an early sanctity, Tlie place is prominent throughout the 
istory. It was the seat of Jephthah (Judg. xi.), the mourning for 
whose daughter probably gives us a glimpse into the ancient rites 
of a provincial sanctuary, the residence of one of Solomon’s officers 
(1 Kings iv. 13), and a hotly disputed frontier city in the Avars 
betAveen Syria and the house of Omri, before Avhich Ahab fell (1 
Kings x-xii.), and in Avhich the military revolt of Jehu Avas organized 
(2 Kings ix. ). Maspha Avas still a strong place in the Greek period, 
and Avas taken by Judas Maccabceus (1 Mac. v. 35). Eusebius knoAA's 
Ramoth as a place 15 miles AA'est of Philadelphia or Rabbah of 
Ammon. It is therefore commonly identified. Avith El-Salt, the 
modem capital of the Belkd ; but this cannot be said to be made 
out. (2) The Benjamite Slizpah or Slizpeh, also a sanctuary, is 
often named in the history of Samuel. It AA-as a border fortress of 
King Asa (1 Kings xv. 22), and the residence of Gedaliah as governor 
of JudKa after the fall of Jerusalem (Jer. xl.). Its old sanctity As-as 
still remembered in the Maccabee times, and from 1 Mac. iii. 46 Ave 
conclude that it commanded a vieAV of Jerusalem. The most prob- 
able identification is Avith the prominent hill-top of Neby SaiUAvil. 
There Avas (3) another Mizpeh in the Ioav country of Judah (Josh. 
XV. 38), and (4) a land or valley of Mizpeh (Josh. xi. 3, 8) under 
Mount Hermon. 

MHEilONICS, or artificial kelps to the memory, have 
been employed in a more or less systematic form from a 
very early period. Mnemonics (to nvqjJioviKov, sc. rexvqfia, 
or TrapdyyeXyaa) were muck cultivated by Greek sophists 
and philosophers, and are repeatedly referred to by Plato 
and ilristotle. In later times the invention Avas ascribed 
to the poet Simonides, ^ perhaps for no other reason than 
that the strength of his memory Avas famous. Cicero, who 
attaches considerable importance to the art, but more to 
the prijiciple of order as the best help to memory, speaks 


* Pliny, IT. A'., vii, 24. Cicero, De Or., ii. SO, mentions this belief 
Avithout coniniitting himself to it. 
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of Carneades (or perhaps Charmades) of Athens and M t 
dorus of Scepsis as distinguished examples of theii r 
Avell-ordered images to aid the memory. The latte ’ 
said by Pliiiy to have carried the art so far vt nihil\r\ 
iisdem verbis redderet auditicm. The Romans valued t 
helps as giving facility in public kpeaking. The metS 
used is described by the author of Met. ad Keren., iii ig 
24; see also Quintilian {Inst. Or., x. 1, 2), whose account i?' 
however, somewhat incomplete and obsem-e. In his tm 
the art had almost ceased to' be practised. The Greek and 
Roman system of mnemonics was founded on the use of 
mental places and signs or pictures. The thing to be re- 
membered. was localized in the imagination, and°associated 
with a symbol Avhich concretely represented what it was 
desired to retain in the memory, special care being taken 
that the symbols should be as vivid, pleasing, and impres- 
sive as possible. The most usual method Avas to choose 
a large house, of Avhich the apartments, Avails, Avindons, 
statues, furniture, ikc., were" severally associated AA-ith cer- 
tain names, phrases, events, or ideas, by means of symbolic 
pictures ; and to recall these it was only necessary to search 
over the apartments of the house, till the particular place 
was discovered where they had keen deposited hy the ima- 
gination. As the things to be remembered increased, new 
houses could be built, each set apart to a certain class of ' 
ideas or events, and these , houses Avere again constructed 
into a mnemonic^ toAvn.' In accordance Avith this system, 
if it were desired to fix an historic date in the memory it 
Avas localized in an imaginary toAvn divided into a certain 
number of districts, each Avith ten houses, each house with 
ten rooms, and each room with a hundred quadrates or 
memory-places, partly on the floor, partly on the four walls, 
partly on the roof. Thus, if it Avere desired to fix in the 
memory the date of the invention of printing (1436), an 
imaginary book, or some other symbol of printing, would 
be placed in the thirty-sixth quadrate or memory-place 
of the fourth room of the first house of the historic district 
of the toAvn. The success of the method depended largely 
on the poAver of the imagination to give the different houses, 
rooms, (fcc., characteristic varieties of aspect, and we may 
suppose that it Avas the effort to frame suitable images and 
places, giAung an adventitious interest to dry details, that 
constituted the real advantage of the system. Except that 
the rules of mnemonics are referred to by Martianus 
Capella, nothing further is known regarding the practice 
of the art until the 13th century, Avhen the system of the 
Romans Avas revived ,and a good many treatises AA'cre 
published on the subject. Among tbe voluminous AAvit- 
ings of Roger Bacon is a tractate De Arte Menioratm, 
which exists in' MS. at Oxford. Raymond Lully devoted 
special attention to mnemonics in connexion with his ar$ 
generalis. The first important modification of the method 
of the Romans was that invented by Conrad Celtes, 3' 
German poet, who, in his Epitoma in utramque Ciceronxs 
rhetoncam cum arte niemorativa nova (1492), instead of 
pfiaces made use of the letters of the alpihabet. Ahout- 
the end of the 15th century Petrus de Ravenna aAvakened 
such astonishment in Italy by his mnemonic feats that he 
was believed by many to be a necromancer. His Phom^ 
Artis Memorial, published at Venice in 1 491 in four volumes, 
went through as many as nine editions, the seventh appear- 
ing at Cologne in 1608. An impression equally great Avas- 
produced about tbe end of the 16th century by Lambert 
Schenkel, who taught mnemonics in France, Italy, aud 
Germany, and, although he Avas denounced as a sorcerer by 
the university of Louvain, published in 1593 hi.s tractate 
De Memoria at Douai Avith the sanction of that celebrated 
theological faculty. The most compilete account of his syv- 
tem is given in tAvo Avorks by liis pujjil hfartiii Sommer, pab" 
lished at Venice in 1619. Giordano Bruno, in comie.’uoa. 
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with his exposition of the ars ffeneralui of Lully, included* 
u, nicmovia technica in his treatise De Umbrits Idmrum. 

About the middle of the 17th century Winckelmann made 
known what he called the “ most fertile secret ” in mne- 
monics, namely the use of letters with figures so as to express 
numbers by words ; and the philosopher Leibnitsi adopted 
an alphabet very similar to that of Winckelmann in c6n- 
tiexion with his scheme for a form of writing common to all 
languages. _ Winckelmann’s method was modified and sup- 
plemented in regard to many details by Richard Grey, who 
published a Jfemoiia Technica in 1730. The principal 
part of Grey’s method is briefly this : “ To remember any- 
thing in history, chronology, geography, &c., a word is 
formed, the beginning whereof being the first syllable or 
syllables of the thing sought, doe.s, by frequent repetition, 
of course draw after it the latter part, which is so contrived 
as to give the answer. Thus, in history, the Deluge 
happened in the year before Christ two thousand three 
hundred forty-eight ; this is signified by the word Deleto/r, 
Del standing for Deluge and eiok for 2348.” To assist in 
retaining the mnemotiical words in the mcmoiy they were 
fonned into memorial lines. The vowel or consonant 
which Grey connected with a particular figure was chosen 
arbitrarily ; but in 1806 Feinaigle, a monk from Salem 
near Constance, began in Paris to expound a system 
•of mnemonics, one feature of which was to represent the 
numerical figures by letters chosen on account of some 
similarity to the figure to be represented or some accidental 
■connexion Avith it. This alphabet Avas supplemented by 
•a complicated .system of localities and signs, Avith the aim 
■of expressing, by a more vivid and impressive symbol, ideas 
AA’hich for Avant of this are apt to pass from the memory, 
and of establishing betAvecn ideas of the same group an 
intimate relation, so that the mention of the one Avould sug- 
gest the other. Feinaigle, Avho published a Notice sur la 
mnemonique at Paris in 1806, came to England in 1811, 
and in the folloAving year published 'Tlte New Art of 
Alemory. A simplified form of Fcinaigle’s method Avas 
published in 1823 by riim(i Paris, and the use of symbolic 
pictures Avas revived in connexion Avith the latter by a 
Pole, JazAvinsky, of Avhose system an account Avas pub- 
lished by J. Bern, under the title JUxposa General de la 
Aletliode Mnemonique Folonaise, pcr/ecltonnee d Paris, Paris, 
1839. Various other modifications of the systems of 
Feinaigle and Aimi Paris Avere advocated by subsequent 
innemonists, among them being the Phrenoty])ing or 
Brain-Printing method of BenioAVsky, the Phreno-JInemo- 
techny of Gouraud, and the Mnemotechnik of Carl Otto, 
a Dane. The more complicated mnemonic systems have 
fallen almost into complete disuse ; but methods founded 
chiefly on the laAvs of association have been taught Avith 
some success in Germany bjq among others, Kothe, Avho is 
the author of Leh-buch der Mnemonik, and JCatechismm 
<ler Geddehtnisskunst, both of Avhich have gpno through 
several editions; and in England by Dr. EdAA-ard Pick, 
Avhose Memonj and the liatiomil Means of Improving it 
has also obtained a Avide circulation. In certain eases 
mnemonical devices may be found of considerable service ; 
but all systems Avhich have aimed at completeness have 
been found rather to puzzle than aid the memory. The 
fullest history of mnemonics' is that given by J. C. F. von 
Aretin in his Systematinche Anleitimj zur Theorie nnd 
Praxis der Mnemonik, 1810. 

JIOA. Sec Dinounis. 

MOAB. Moab and Ammon (children of Lot) consti- 
tute along Avith Edom and Israel (children of Isaac) that 
group of four HebrcAv peoples Avhich in early antiquity had 
issued from the Syro-Arabian wilderness, and settled on 
the border of the cultivated country eastAvard of the great 
depression Avhich extends from the Gulf of Elath to the 
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Dead. Sea, and up the valley of the Jordan. Accordin-^ to 
the book of Genesis, they had come out of Mesopotamia 
and so Avere precursors of the larger Avave Avhich followed 
from the same quarter, forming the most southern outpost 
'of the Aramaan immigration into the lands of Canaan 
and Heth. Whether the HebreAvs Avere originally Aro- 
mreans is questionable, but it is certain that, like the 
Aramceans, they Avere distinct from the Canaanites, Avhose 
conquerors they Avere. Such Avas the relation of the old 
and neAv inhabitants, not only in Western Palestine after 
tho_ Israelite occupation, but also, and from a much earlier 
period, in Eastern Palestine, Avhere the aborigines Avere 
Amorites — that is, Canaanites— and Avhere the Bne Ammon 
and Moab and the Bne Isaac successively settled in their 
lands. 'The old population did not disappear before the 
conquerors, but continued to subsist among them. In 
a considerable district — nam'ely, in Gilead — the Amorites 
even remained unsubdued, and thus formed a gap, only 
imperfectly filled up by the Bne Ammon, betAveen the 
HebreAV line of immigration on the south and the Ara- 
maean line more to the north, — a gap Avhich did not begin 
to close until the historical period. From this district 
they even endeavoured, and Avith some success, as Avill be 
afterwards seen, to recover the territory Avhich had been 
taken from them in the south. But Avhere they Avere the 
subjects of the HebreAvs they constituted the basis of the 
population, the mainstock of the Avorking and trading 
classes. The extent of their influence over the conquerors 
may be judged from the fact that it Avas their speech 
Avhich gained the upper hand. The Moabites, and doubt- 
less also the Ammonites and Edomites, spoke the language 
of Canaan as avcII as the Israelites. They must have 
learned it from the Canaanites in the land eastAvard of 
Jordan, prior to the period at Avhich Jacob immigrated to 
and returned from Egypt. Our knoAvledge is extremely 
imperfect as regards other departments of the Canaanite 
influence ; but in religion it has left a noticeable trace in 
the cultus of Boal-Peor, Avhich Avas carried on in Moabite 
territory, but Avas certainly of Canaanite origin. 

Tile assumption that tlie change of hiiigu.Age avhs first brought 
about by tlie Isr.Aclites in the hind wiiich is called by proforeneo 
that of Canaan, is rendered untenable by the fact that the lloabitea 
also s2Joke Canaanitish. It is vain to urge against the identity of 
HebroAv and Canaanitish the distinction between Phoenieian and 
Hebrew ; for doubtless similar distinctions existed between the 
dialect of the Phtenician coast tOAVns and that of the Hivites, 
Amorites, and Can.ianites generally, wliose language the Hebrews 
borrowed. That the Aramieans of Damascus, who also w’ore com- 
pelled to mingle Avith the Hethites in the country of Avhicli they 
had taken possession, nevertheless retained their original tongue is 
to be explained by the circumstance that they continued to maintain 
direct relations with the mother-country of Mesopotamia, and more- 
over had greater internal cohesion. The designation Amorites, 
usually given in the Old Testament to the original inhabitants 
of Eastern Palestine, is substantially synonymous w-ith that of 
Camuinites, although not quite so comprehensive. The Palestine 
of tho Prc-Israelitic period, Avhieh in the Pentateuch is callcd_ the 
Land of Canaan, figures in Amos as the Land of tho Amorites. 
While, however, the former name is bestowed chielly upon that 
portion of the earlier poimlation which had remained unconquered, 
the latter is given to the portion against which the Israelites first 
directed their attack and in w-lioso territory they settled. , This took 
place in the mountain district, first to tho oast and afterwards to the 
west of Jordan. For this reason tho Amorites, as contrasted with 
tho Canaanites of tho cities of tho level country, are a highland 
race, like tho Hebrews themselves, but belong exclusively to tho 
irast. In the time of tho Biblical narrators, the Canaanites are still 
living hero and there in the land, but the Amorites have once lived 
where tho Isinelitcs now are. This explains tho fact that, Avliilo in 
ordinary pe.aceful circumstances tho Canaanites arc named as tho 
old inhabitants, the Amorites are immediately substituteil for them 
wherever Avar and conquest are spoken of. Sihon and Og, with 
Avhom JIoscs docs battle, are kings of tho Amorites ; in like manner 
it is Avith tho tAvelve kings of the Amorites that Joshua has to deal 
AvostAvard of the Jordan. The Amorites as an extinct race of course 
assume a half-mythical cb.aracter, and are represented as giants, tall 
as cedars and strong as o.aks. • 
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Just as Israel "svas the people of Jehovah, and Ammon 
the people of Milcom, Moab ^vas the people of Chemosh 
Num. xd. 29). The kingship of Chemosh was 
regarded as thoroughly national and political in its char- 
acter, but did not on that account exclude the institution 
of a human king, which existed in Moab much earlier than 
in Israel ; in the time of Moses the Moabites had a king, 
and the institution was even then an old one. The capitals 
of the kingdom were Ar-Moab and Kir-Moab, south from 
the Amon ; these were not, however, the constant residences 
of the kings, who continued to live in their native places, 
as, for example, Mesha in Dibon. Doubtless there were 
changes of dynasty, and traces exist of a powerful aristocracy 
(Ariele Moab ; 2 Sam. xxiii. 20). 

The land of the Moabites, the BalljA, is bounded north- 
ward and southward by Moimt Gilead and Wadi I-Ahsa, j 
westward and eastward by the Dead Sea and the Wilder- 
ness ; it is divided into two portions by the deep bed of 
the Amon, that to the north being the more level (Mishor), 
and that to the south being more broken up, and consti- j 
tuting the proper stronghold of the nation. The soil is 
peculiarly adaj)ted for shee^farming (2 Kings iii.) and the 
culture of the vine (Isa. xvi.).^ 

The historical importance of the Moabites lies whoUy in 
their contact with Israel, and we have no knowledge of 
them apart from this. After the Israelites had quitted 
Egypt and passed a nomadic life for about a generation in 
the neighbourhood of Kadesh, they migrated thence, still 
under the leadership of Moses, into northern Moab, dis- 
possessing the Amorites, who had made themselves masters 
of that district. The interval from Kadesh to the Arnon 
could be passed only by a good imderstanding with Edom, 
Moab, and Ammon, — a proof that the ethnical relationships, 
which at a later period were expressed only in legend, were 
at that time still living and practical. In all probability 
the Moabites called the Israelites to their aid ; they were 
not as yet aware that this little pastoral people was des- 
tined one day to become to them a greater danger than 
the Canaanites by whom they were threatened at the 
moment.- 

As the story of Balaam indicates, the Moabites would 
willingly have been rid of their cousins after their service 
had been rendered, but were unable to prevent them from 
settling in the land of Sihon. The migration of the tribes 
of Israel into Western Palestine, however, and the dissolu- 
tion of their warlike confederation soon afterwards made a 
restoration of the old frontiers possible. If King Eglon 
took tribute of Benjamin at Jericho, the territory betAveen 
Amon and Jordan must also have been subject to him, and 

1 There does not seem to have been any difference in this respect 
between the northern and southern portions ; instead of Heshbon, 
Sibmah, and Jaezer (Isa. svi.), the poet Hatim of Tay^yi, a little before 
Mohammed, names Maab and Zoar as the chief wine centres (Yakut, 
iv. 377, 19). 

- The facts as a rvhole are indubitable ; it cannot be an invention 
that the Israelites settled first in Kadesh, then in northern Moab, and 
thence passed into Palestine proper. The only doubtful point is 
whether the song in Num. sii. 27 sqq, is contemporary evidence 
of these events. It is certainly . not a forgery, but it is a ques- 
tion whether it really refers to the destruction of the kingdom of the 
Amorites at Heshbon. This reference rests entirely upon the words 

pn'D viDX which might very well be omitted as a mere gloss, 

in which case the song would naturally be understood as directed against 
the Moabites themselves ; it is in this last sense that it is taken by the 
author of Jer. xlviiL (Comp. E. Meyer in Stade’s Zcilschr. /. ATliche 
Wissaisch., 18S1, p. 129 sqq. ) As Israel got the better of the Amorites 
on the plain of Moab, so did H.adad king of the Edomites vanquish the 
Jlidianites on the “ field ” of Iiloab (Gen. xixvi. 35) ; this took place 
in Gideon’s time, as is borne out by the fact that between HaUad and 
the downfall of the ancient Edomite monarchy, i.e. to the period of 
D.avid there tvere four reigning princes. Contused recollections of a 
former settlement of the Midianites in northern Moab are seen in 
^I'.m. x-vii. I, 7 ; xxv. 18. , 
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Keuben must even then have lost his land, or at le -t 1,- 
liberty. It would appear that the Moabites next exten H 
their attacks to Mount Gilead,, giving their support to 
Ammonites, who, during the period of the judg^ were 
leading assailants. So close was the conne^on betw-J^ 
Moab and Ammon that the boundary between them vanish ° 
•for tbe narrators (Judges xi.). ' ^ 

Gilead' was delivered from the Ammonites hy Saul who 
at the same time waged a successful war against Moab • the 
fact is lightly touched upon in 1 Sam. :nv. 47, as h thh 
were a matter of course. The establishment of the mon- 
archy necessarily involved Israel in feuds with its neighbours 
and kin. The Moabites being the enemies of the Eraelite 
kingdom, David naturally sent his people for shelter thither 
when he had broken with Saul ; the incident is precisely 
analogous to what happened when he hhnself at a later 
period took refuge from Saul’s persecution in Philistine 
territoiy, and needs no explanation from the book of Buth. 
As soon as he ceased to be the king’s enemy by himself 
becoming king, his relations with Moab became precisely 
those of his predecessor. The war in which apparently 
casual circumstances involved him with Hanrm ben Kahash 
of Ammon really arose out of larger C9.uses, and thus spread 
to Moab and Edom as well , The end of, it rvas that all 
the three Hebrew nationalities were incorporated with the 
kingdom of Israel ; the youngest brother eclipsed and sub- 
dued his seniors, as Balaam had foreseen. Through the 
work of Saul and David the political system of Pdestine 
•was altogether changed: the smaller peoples were no longer 
a match for Israel, which established a decisive preponder- 
ance, and transformed what had hitherto been jealousy on 
the part of Moab and Ammon as well as of Edom into 
bitter hatred ; this hatred did not cease even after nothing 
but a religious shadow remained of what had once been the 
political supremacy of the people of Jehovah. 

The struggle -with Amm on which Da'vid began nltimately 
assumed larger dimensions, and brought the Aramreane 
also into the field against him. He was successful, indeed, 
against them also; and destroyed their most powerful 
kingdom ; but after his death they recovered themselves, 
and pressed steadily on from the borders of the wilderness 
towards the sea; at their head were those kings of Damascus 
who had established themselves on the ruins of Zoha. In 
presence of these enemies the already fading distinction 
between tbe ruling and the subject nationality within the 
kingdom of Israel now completely disappeared ; and even 
towai’ds the Canaanites outside the relations of the kings 
became friendly. It is in one instance expressly stated 
that the common danger threatening from the East had 
to do -with this (2 Sam. viii. 9 sqq.). But, conversely, it 
was natural that Ammon and Moab should make common 
cause -with the Aramceans ; such an attitude was suggested 
by geographical position and old connexions, but above 
all by their helpless fury against Israel. Both nationalities 
must have succeeded in emancipating themselves very soon 
after David’s death, and only now and then was some strong 
king of Israel able again to impose the yoke for a time, not 
upon the Ammonites indeed, but upon Moab. The first to do 
so was Omri, who garrisoned a number of their toivns and 
compelled the king to acknowledge Israel’s suxerainty by 
a yearly- tribute of sheep, — a-'state of matters which con- 
tinued until the death of Ahab ben Omri. But when that 
brave king feU in battle with the Aramceans at Bamoth 
Gilead (about 850 B.c.), Mesha of Dibon, then the ruler 
of Moab, seized the favourable oijportunity to make him- 
self and his people independent. In his famous inscription 
he tells how, through the wrath of Chemosh, the land had 
fallen into the enemy’s power and endured forty years of 
slavery , and how hy the grace of Chemosh the yoke is now 
broken and the Israelites ignoininiously- driven off. b* 
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tlic Bible we find only the curt statement that iloab 
rebeUed against Israel after the death of Ahab (2 Kings i.) 
on the other hand, there is a full narrative of a later attempt 
on the part of Joram ben Aliab to bring Mesha again 
into subjection an attempt which promised very well at 
first, but ultimately failed completely. Joram’s invasion 
took place not from the north but (probably very unex- 
pectedly to the enemy) from the frontier of Edom over 
the Wadi ’l-Misi ; he marched through Judah and Edom, 
mid the kings of those countries served as auxih'aries. 
He defeated a Moabite army on the frontier, penetrated 
into the country and laid it ivustej he laid siege to the 
fortress of- Kir-iloab so closely as to reduce it to great 
straits. But these straits seem to have filled the besieged 
with a despeiats courage, for the fortunes of war suddeMy 
changed. The Israelites were compelled to retire home- 
ward,^ a great iitath (of J ehovah) having come upon them, 
that is, a severe disaster having befallen them, which is 
not described, but, from the nature of the case, must have 
been a sudden surprise and defeat by the enemy.i 

As the Moabites owed their liberation from Israelite 
•supremacy to the battle of Eamah— that is, to the 
Aramieans — we accordingly find them (as well as the 
Ammonites) aftenvards always seconding the Aramaeans in 
continual border warfare against Gilead, in which they 
took cruel revenge on the Israelites. With what bitterness 
the latter in consequence were wont to speak of their 
hostile kinsfolk can he gathered from Gen. xix. 30 
the one trace of open malice in the story of the patriarchs, 
and all the more striking as it occurs in a narrative of 
which Lot is the hero and saint, which therefore in its 
present form is of Moabite origin, although perhaps it has 
a still older Canaanite nucleus. Of these border wars 
we learn but little, although from casual notices it can be 
seen (2 Kings xiii. 20; Amos i. 13; comp. 2 Kings v. 
2) that they were long kept up, although not quite 
uninterruptedly. But when at length the danger from 
the Aramaeans was removed for Israel by the inter- 
vention of the Assyrians, the hour of Moab’s subjection 
also came ; Jeroboam II. e.xtended his frontier over the 
eastern territory, as far as to the brook of the rvillows 
(Wadi ’l-.:yisJ). (Perhaps the song of Kum. xxl 27 sqq. 
has reference to these events.) A vivid picture of the 
confusion and anguish then prevalent in Moab has been 
preserved to us in the ancient proj^hecy of Isa. xv., xvi., 
which indeed would have greater historical value if we 
were able to tell precisely what in it depicts the present,i 
and what is prediction of the future.- 

This utterance of an older prophet was repeated some 
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- ^ Tlie narrative of Mesha in his inscription ha.s, strange to say, not 
unfrequcntly been regarded as parallel with 2 Kings iiL, and the con- 
clnsion been drawn that the Biblical narrative completely inverts the 
true state of the case, — it is difficult to see for what motives, for there 
is no braggadocio in 2 Kings iii. But it is perfectly clear that the 
narrative of 2 Kings iii. presupposes the revolt of Jlesha as an old 
affair ; while, on the other hand, Slesha’s story on the stele in the 
Louvre is a narrative of this very revolt and its immediate consequences ; 
it is accordingly to be regarded an parallel with 2 Kings i. 1, Elisha’s 
miracle in Wadi ’1-Ahsa (2 Kings iii. 16) is explained by the locality; 
Ahsa means a sandy ground with moist subsoil, where, by digging 
trenches, water is always obtainable. The (prob.ably compulsory) par- 
ticipation of the king of Edom in Joram’s expedition against Moab 
may perhaps be brought into connexion with the fact that the Moabites 
bunied to lime the bones of a king of Blom (Amos ii. 1). ■ 

- In tsa. XV. xvi. it is presupposed tliat the attack upon Moah has 
been made from the north,' at a time when Judah is a comparatively 
powerful kingdom, exercising .sovereignty over Edom also, and in a 
position to afford shelter to the fugitive Moabites, thus not being 
itself at war with them. These marks taken together can only apply 
to the period of Jeroboam II. and Uzziah. Hitzig will have it that 
Jonah ben Amittai wrote Isa. xv. xvi. ; but according to 2 Kings xiv, 
25 that prophet preached prosperity to Jeroboam, and not disaster 
to the .Mo.aliites. 


decenma later by the prophet Isaiah, vHth the addition of 
a clause adapting it to his time, to the efiect that the 
Assyrians would carry out in all its fulness the hitherto 
imperfectly-executed threat. The Assyrians actually sub-' 
jugated the Moabites, as well as the other small peoples of ' 
that re^on ; but the blow was apparently not so grave as 
I^iah had predicted. They lay more out of the way than ' 
their western neighbours, and perhaps their resistance to. 
the scourge of God was not so obstinate as to demand the 
sharpest measures. V^Tiat made it all the easier for them,, 
to reconcile themselves to the new situation was the fact 
Oiat the Israelites suffered much more severely than they. 
J rora these their deadly enemies they were henceforth for 
ever free. They did not on that accountj however, give up 
their old hatred,_ but merely transferred it from Israel to. 
Judah. The political annihilation of the nation only inten- 
sified in Jerusalem the belief in its religious prerogative, and 
against this belief the hostility of neighbours was aroused 
more keenly than ever. The deepest offence at the reli- 
gious exclusiveness of the people of Jud^a, which then 
first began to manifest itself, was, as is easily understood, ' 
taken by their nearest relatives, Edom and Moab. They- 
gave terrible expression to their feelings when the Chal-- 
daians urged them on like uncaged beasts of prey against 
the rebellious J ews ; and they joined loudly in the general 
chorus of malignant joy which was raised over the burning - 
of the temple and the ruin of the holy city.^ 

_ “Because Moab saith; Behold the house of Judah is 
like all the other nations, therefore do I open his land to . 
the Bne Kedem,” says the prophet Ezekiel (xxv. 8 sqq.). 
His threat against the Moabites as well as against the 
Edomites and Ammonites is that they shall fall before the- 
approach of the desert tribes. Probably in his day the-, 
tide of Arabian invasion was already slowly rising, and 
of course it had first to overtake the lands situated on the , 
desert border. At all events the Arab immigration into . 
this quarter began at an earlier date than is usually 
supposed ; it continued for centuries, and was so gradual 
that the previously -introduced AramEeizing process . 
could quietly go on alongside of it. The Edomites gave 
way before the pressure of the land-hungry nomads, and 
settled in the desolate country of Judah; the children of' 
Lot, on the other hand, appear to have amalgamated with 
them, — the Ammonites maintaining their individuality 
longer than the Moabites, who soon entirely disappeared. 

Israel and Moab had a common origin, and their early 
history was similar. The people of Jehovah on the one 
hand, the people of Chemosh on the other, had the same 
idea of the Godhead as head of the nation, and a like ■ 
patriotism derived from religious belief, — a patriotism 
capable of extraordinary efforts, and which has had no. 
parallel in the West either in ancient or in modern times. 
The mechanism of the theocracy also had much that w^ 
common to both nations ; in both the king figures as the 
deity's rejjresentative, priests and prophets as the organs 
through whom he makes his communications. But, with 
all this similarity, how different were the ultimate fates . 
of the two ! The history of the one loses itself obscurely 
and fruitlessly in the sand; that of the other issues in 
eternity. One reason for the difference (which, strangely 
enough, seems to have been felt not by the Israelites alone . 
but by the Moabites also) is obvious. Israel received no 
gentle treatment at the hands of the world; it had to carry 
continual conflict with foreign influences and hostile • 


on a 


^ Zeph. ii. 8 sy./ 2 Kings xxiv. 2, and Jer. xii. 9 sjy./ Ezek; xxv. 

8 S 57 . It need hardly he said that the Moabites shared the fate of all 
the Palestinian peoples when supremacy passed from the Assyrians 
to the Chaldajans, and that, notwith-standing their hatred of the Jews, 
they had no diltieiilty in seeking alliances with them, when occasions . 
arose on which they could be m.ade useful (Jer. xxviL 3). 
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'^jowers ; and this perpetual struggle 'with gods and men 
was not profitless, although the external catastrojihe was 
inevitable. Moab meantime remained settled on his lees, 
.nnd was not emptied from vessel to vessel (Jer. xlviii. 11), 
•and corrujjtion and decay were the result. This exjjlana- 
stion, however, does not carry us far, for other peoifies %vith 
.-fortunes as rude as those of Israel have yet failed to 
sittain historical importance, but have simply disappeared. 
'The service the prophets rendered at a critical time, by 
•raising the faith of Israel from the temporal to the eternal 
sphere, has already been spoken of in the article Israel. 

Sources.— Thet Old Testament (Eutli and Chronicles, however, 
being of no historical worth in this connexion), and the inscription 
of Mesha, on the stone of Dibqn, discovered in 1868, and now in' 
the Louvre. The Berlin Moabitica are valueless, — Scldottmann 
himself, the unshaken champion of their genuineness, conceding 
that they are mere seribbling, and do not even form words, much 
less sentences. The literature of the subject is to be found in the 
commentaries on the Old Testament books, and in those on the 
inscription of Mesha. (J. WE.) 

MO'ALLAKAT. Al-Mo'allakdt is the title of a group 
of seven longish Arabic poems, which have come dorvn to 
•us from the time before Islam. The name signifies “ the 
suspended” (pL), the traditional explanation being that 
these poems were hung up by the Ai’abs on or in the 
Ka'ba at Mecca. The oldest passage known to the ■writer 
where this is stated occurs in the ‘i7ctZ of the Spanish Arab, 
Ibn 'Abd-Rabbih (a.b. 861-940), Bfildk ed. vol. iii. p. 116 
sq. Wq read there ; “ The Arabs had such an interest in 
poetry, and valued it so highly, that they took seven long 
pieces selected from the ancient poetry, wrote them in gold 
on rolls (?) of Coptic cloth, and hung them up (^allakat) 
on the curtains which covered the Ka'ba. Hence we speak 
of ‘ the golden poem of Amraalkais,’ ‘ the golden poem of 
Zohair.’ The number of the golden poems is seven ; they 
are also called ‘ the suspended ’ {al-Mo''allakdt).” . Similar 
statements are frequent in later Arabic works. But against 
this Ave have the testimony of a contemporary of Ibn 'Abd- 
Rabbih, the grammarian Nahlids {oh. a.d. 949), who says 
in his commentary on the Mo'allakdt ; “As for the assertion 
that they rvere hung up in [«c] the Ka'ba, it is not knorvn 
to any of those Avho have handed doAvn ancient poems.” ^ 
This cautious scholar is unquestionably right in I'ejecting 
a story so utterly unauthenticated. The customs of the 
Arabs before Mohammed are pretty accurately knoAvn to 
us ; we have also a mass of information about the affairs 
of Mecca at the time Avhen the Prophet arose; but no trace 
of this or anything like it is found in really good and 
ancient authorities. We hear, indeed, of a Meccan hanging 
up a spoil of battle on the Ka'ba (Ibn HIshdm, ed. Wiis- 
tenfeld, p. 431). Less credible is the story of an important 
document being deposited in that sanctuary, for this looks 
like an instance of later usages being transferred to pre- 
Islamic times. , , But at all events this is quite a different 
thing from the hanging up of poetical manuscripts. To 
.account for the disappearance of the Mo'allakdt from the 
Ka'ba \ve are told, in a passage of late origin (De Sacy, 
-Ckrestom., ii. 480), that they were taken doAvn at the ca)> 
ture of Mecca by the Prophet. But in that case we should 
■expect some hint of the occurrence in the circumstantial 
biographies of the Prophet, and in the works on the history 
•of Mecca ; and ^ve find no such thing. That long poems 
were written at all at that remote period is iraq)robable in 
-the extreme. All that we knoAV of the diffusion of Arabic 
■poetry, even up to a time when the art of •writing had 
Ibecome far more general than it was before the spread of 
Islam, points exclusively to oral tradition. Moreover, it 
•Is quite inconceivable that there should have been either a 
^Id or a private individual of such acknowledged taste, 

1 Ernst Frenkel, -Iw-h'i/t/ttii’ Commentar ziir Mu' allaqa dcs Iviruul- 
<v.- rjiillc, 18;0', p. viii. ' 


or of such infiuence, as to bring about a consensus f 
opinion in favour of certain poems. Think of the mortl 
offence Avhich .the canonization of one poet must have a' ■ 
to his rivals and their tribes ! It was quite another tM in 
for an individual to give his oato private estimate of th“ 
respective merits of tAvo poets Avho had appealed to him as 
umpire ; or for a number of poets to appear at large gather 
ings, such as the fair of 'Okdz, as candidates for the place* 
of honour in. the es^mation of the throng which listened 
to their recitations. In short, this legend, so often retailed 
by later Arabs, and still more frequently by Europeans 
must be entirely rejected.^ ' The story is a pure fabrimtion 
based on the name “suspended.” The Avord was taken in 
its literal sense ; and as these poems .Aimre undoubtedly 
prized above all others in after times, the same opinion 
Avas attributed to “ the [ancient] Arabs,” Avho Avere suii- 
posed to have given effect to their verdict in the Avay 
already described. A someAvhat simpler version, also 
given by NaUrds in the passage already cited, is as fbUoivs ; 

“ Most of the Arabs were accustomed to meet at 'Okdz and 
recite verses ; then if the king Avas pleased with any poem, 
he said, ‘Hang it up, and preserve it among my treasures.’” 
But, not to mention other difficulties, there A\'as no king of 
all the Arabs ; and it is hardly probable that any Arabian 
king attended the fair at 'Okaz. The story that the poems 
Avere written in gold has evidently originated in, the name 
“the golden poems” (literally “the gilded”), a figurative ex-' 
pression for excellence. We must interpret the designation . 
“ suspended ” on the same principle. In all probaMty it 
means those (poems) Avhich have been raised, on account of 
their value, to a specially honourable position. Another 
derivative of the same root is 'ilk, “ precious thing.” ■ 

The selection of these seven poems can scarcely have 
been the work of the ancient Arabs at all. It is much 
more likely that Ave OAve it to some connoisseur of a later 
date. Noav Nahhiis says expressly in the same passage: 

“ The true vieAv of the matter is this : Avhen Hammdd 
arrdwiya (Hammdd the Rhapsodist) saAV how little men 
cared for poetry, he collected these seven pieces, urged 
people to study them,* and said to them : ‘ These are the 
[poems] of renoAATi.’ ” And this agrees Avith all our other 
information. Hammdd (who lived in the first three quar- 
ters of the 8th century a.d.) was- perhaps of all men the 
one who kneAV most Arabic poetry by heart. The recita- 
tion of poems Avas his profession. To such a rhapsodist 
the task of selection is in every Avay appropriate ; and it 
may be assumed that he is responsible also for the some- 
Avhat fantastic title of “the suspended.” , 

The collection of Hammdd appears to have consisted of 
the same seven poems Avhich are found in our modern 
editions, composed respectively by Amraalkais, Tarafa, 
Zohair, Labid, 'Antara, 'Amr ibn Kolthiim, and Hdi'ith 
ibn HiUiza. These are enumerated both by 'Ibn 'Abd- 
Rabbih, and, on the authority of the older philologists, by 
bTalihds ; and all subsequent commentators seem to follow 
them. We have, however, evidence of the existence, at 
a very early poeriod, of a sligh tty different, arrangement. 

Tavo of the foremost authorities in Ajabic poetry are Abu 
Obaida and Mofaddal, — men Avho for care and accuracy 
in prreserving the genuine text were far ahead of their much 
older contemporary Hammdd. Both of these inserted a 
poem by Hdbigha and one by A'shd in place of those of 
Antara and Hdrith ; ^ and, if o ur informant has expressed 

® Doubts had already been expressed by various Bcholars, when 
Hengstenberg — rigid conserrative as he was in tiieology — openl.V 
vllp, since ttien it has been controverted at length in 

r«61deke.s Beiirilffe zur Kemitnxss der Poesie der- alien Arabcr{S^^' 
over, 1S64), p. xvii. sr/q. Our highest authority on Arabic poo'r.v, 

1 roiessor Alihvaplt, concurs in tliis conclu.sion ; see his Ikmerkmujen ■ 
iilicr die Aechtlieit der ulicn arabischen ficdiclde (18721, p. 25 siq. ■ 

The passage is cited hv HbUleke, Beitrdtjr^ p, xx. bq. 
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this modified collection 
Mo allahat. Mofaddal employs, besides, the names “ the 
seven long [poems]” and “the necklaces.” This last be- 
^me afterwards a common title for the seven rjoem.s. 
Ihe comparison of songs to strings of pearls is a very apt 
■onCy from the nature of the Arabic poem, composed as it 
IS of separate loosely-connected parts. Hence it became 
■so^ popular that even in ordinary prose to speak in rhyth- 
mical form is called simply nazni, “ to string pearls ” 
Jicfaddal expressly opposes tbe vie\Y of those who did not 
•acknowledge the pre-eminence of the seven poets selected 
by him. This appears to bean attack on HammAd for 
including in his collection the works of two men who for 
poetic fame could certainly never enter the lists with 
^abigha and A'shd. It is pia'ma facie more likely that a 
later writer should have replaced the less famous poets by 
those who were universally placed in the first rank, than 
vice versa. Perhaps another fact is of some importance 
here., ^ammad, a Persian by descent, was a client of the 
.tlrab tribe, Bakr ibn ITdiL In the heathen period this 
tribe was much at war mth the closely-related tribe 
Taghlib. Now of all Arabic poems none was more famous 
than that in which 'Amr ibn Kolthdm celebrates in 
glowing terms the praises of his tribe Taghlib. If, 
therefore, Hammad’s collection embraced this {joem, it was 
very natural for him to gratify his patrons the Bakrites 
by placing alongside of it that of Hdrith — a Bakrite and 
■contemporary of ‘Amr — where he extols his own tribe and 
assails the Taghlibites mth bitter scorn. Such considera- 
tions did not affect Abii 'Obaida and ifofaddal. 

The authority of these men has so far prevailed that 
the poems of their favourites Ndbigha and A'shd often 
appear in the manuscripts, not indeed instead of those of 
‘Antara and Hdrith, but after the other seven. Thus we 
sometimes read of nine llo'allakdt. The first author in 
whom the miter has observed this is the great philosophic 
historian Ibn Khaldun (.i.D. 1332-1406); he mentions 
instead of Hdrith the far more celebrated 'Alhama; 
■whether relying on ancient authority, or by an oversight, 
we cannot tell. In an excellent collection of forty-nine 
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long poems by Abii Zaid al-Korashf (date unknown) 
Alofaddal’s seven poets appear in the first class, “the 
necklaces;" but Ndbiglia and A'shd are each represented 
by a different piece from that usually reckoned among the 
ilo'allakdt. By this editor the name “golden poems,” 
which, as we have seen, sometimes occurs as a synonym of 
■“ ilo'allakit,” is applied to seven quite distinct songs.^ 
This uncertainty as to the selection and the titles may 
•serve as an additional proof that the “ suspension,” on the 
KaTia or anywhere else, is a fable. 

The lives of these seven (or nine) poets were spread 
■over a period of more tlian a hundred years. The earliest 
•of them, according to the common and jtrobably correct 
•opinion, was Amiiaalkais (pronounced also Imroolkais, 
' Imraalkais, Ac.), regarded by many as the most illustrious 
of ^Irabian poets. His exact date cannot be determined ; 
but probably tbe best part of his career fell -srithin the 
first half of the 6th century. He was a scion of the royal 
house of the tribe Kinda, which lost aU its power at the 
death of King Hdrith ibn ‘Amr in the year 529,^ The 
poet’s royal father, Hojr, by some accoimts a son of this 
Hiirith, was killed by Bedouins. The son led an adven- 
turous life as a refugee, now -ndth one tribe, now with 
another, and appears to have died young. The anecdotes 
related of him — which, however, are very untrustworthy 
in detail — as well as his poems, imply that the glorious 

^ See Noldeke, Beilrdge, xxi., and the catalogue of the AraUc 
•codd. in the British Museum, p. 480 sjy. 


27t, 


.S'ee Jciiarl’s Gesckidile de.r Pe.rser und Araler . 
Kijldeke (Leyden, 1879), p. 171. 
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memory of his house and the hatred it inspired were still 
comparatively fre.sh, and therefore recent 

nf ‘.^iR hurls defiance against thekinr^ 

of Hfra, /Lmr son of Jlundiur, who reigned from the 
summer of 5o4 tdl 568 or 569, and was afterwards slSn 
by our poet. Thu prince is also addressed by in 

Ins Ho allaka. Of (Taiiafa, who is said to have attained 
no great age, a few satirical verses have been preserved 
directed against this same king. This agrees tvith the 
fact that a grandson of the Ijmis ibn Klidlid, mentioned as 
a rich and influential man in Tarafa’s Mo'aUaka (v. 80 or 
81), figured at the time of the battle of Dhii Kdr, in which 
the tribe Bakr routed a Persian ariny. This battle faUs 
beriveen a.d. 604 and 610 (Noldeke’s ^Uari, p 311) 

The Mo'aUaka of ‘Ant.vba and that of ZoHAin contain 
allusions to the feuds of the kindred tribes- ‘Abs and 
Hfiobydn._ Famous as these contests were, their time cannot 
be ascerteined. But the date of the two poets can be approxi- 
mately determined from other data. Ka'b, son of Zohair 
composed first a satire, and then, in the year 630, a eulogy 
on the Prophet; another son, Bojair, had begun, some- 
what sooner, to celebrate Mohammed. ‘Antara kiUed the 
grandfather of the Ahnaf ibn Kais who died at an advanced 
age in a.d. 686 or 687 ; he outlived ‘AbdaUdh ibn Simma, 
^ose brother Doraid was a very old man when he feU in 
battle against the Prophet (early in a.d. 630) ; and he had 
communications with Ward, whose son, the poet ‘Orwa,may 
perhaps have survived the flight of Mohammed to Medina. 
From all these indications we may place the productive 
ppiod of both poets in the end of the 6th century. The 
historical background of ‘Antara’s Mo'aUaka seems to lie 
somewhat earlier than that of Zohairis. 

To the same period appears to belong the poem of 
AdKjVMA, which, as we have seen, Ibn Khaldiin reckons 
amongst the Mo'allakdt. This too is certainly the date 
of KIbigha, who was one of the most distinguished of 
Arabic poets. For in the poem often reckoned as a 
ilo'aUaka, as in many others, he addresses himself to the 
above-named No'mdn, king of Hfra, who reigned in the 
tivo last decades of the 6th century. The .same king is 
mentioned as a contemporary in one of ‘Alkama’s poem.s. 

The poem of A'sha, which ilofaddal placed among the 
Mo'allakdt, contains an aUusion to the battle of Dhu Kdr 
(under the name “Battle of Hinw,” v. 62). This poet, 
not less famous than Ndbigha, Uved to comf)ose a poem 
in honour of Mohammed, and died not long before a.d. 
630. 

LabId is the only one of these poets who embraced Islam, 
His Mo'aUaka, however, like almost aU his other poetical 
works, belongs to the pagan period. He is said to have 
Uved tiU 661 or even later; certainly it is true of him, 
what is asserted with less likelihood of several others of 
these poets, that he lived to a ripe old age. 

We have already mentioned that the old Arabic poetry 
was transmitted not by manuscripts but simply through 
oral tradition. Many pieces, especially the shorter ones, 
may have owed their preservation to their hold on the 
popular memoiy. But, fortunately, there was a class of 
men who made it their special business to learn by rote, 
and repeat, the works either of a single poet or of several. 
The poets themselves used the services of such rhapso- 
dists {rdwis). The last representative of this 'class is 
Hammdd, the man who formed the collection of Mo'alla- 
kdt ; but he, at the same time, marks the transition from 

® See Noldeke’s Talari, pp. 170, 17'Z 

This evidence might be supplemented from a poem in Zoliair's 
name, whose author desciibes himself as a man of ninety yeaw, and 
in which the downfall of King No'mah of Ilfra ( a . d . 601, see TalAiri, 
p. 347) is spoken of .as a not very recent event. But the genuineness 
of this yroem te more than doubtful (see Alilwardt, op. cit. p. 64, and C. 

3. Lyall in the Acailemy, M,arch 13, 1880, p. 192). 

XVT.— 63 
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the xlapsc-disr to the critic and scholar, 
consider that more than a centniy — in some cases two 
ccnmn^iS — eiapsed. ceiore the poems were tised dt literary 
mem we mnst he prepared to mid that they have not ^ 
retained their original form tmaltered. The most faTonr- 
aole opinion of the rhapsodists wonid require tis to make 
allowance for cecasional mistakes; expressions would he 
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interchanged, the order of verses disarranged, passages ; 
omitted, and piohaoly p-orrions of dirierent poems pieced 
together. The locise stmcture of the ancient poems ren- 
dered them peculiarly liah-Ie to c-orruprions of this kind. 
But the fact is that Hammad in parricnlar dealt in the 
mcst arhitraiy fashion with the enormous qnaniiiy of 
pcetiy which he professed to know thononghly. He is 
even charged with falsincarions of ail sorts in this dejait- 
menh Of others, again — and notaoly of the great philolo- 
gist Khaiaf. " the Bed — it is credioly reported that they 
used their intimate knowledge of the style and langcage 
of the anrients to pass on whole p«oem5 of their own 
making as the prodtzerions of earlier anthorA The worst 
anticipations are only too completely connrmed by an 
examination of such pieces as are still preserved, as is 
shown mcst conclcsivelyinAMwardfs JyeTjeriv/.’z^er, already 
ated. The seven klo'allakat are indeed free from the sns- 
piclon of forgery, but even in them verses are frequently 
transposed; in all there are lacnns: and probably all 
contain verses which do not belong to them. Some of 
them have more than one introdccriom TMs is the case 
even with the poem of ‘Amr, although, as the finest pane- 
gyric of his very powerful trT&e, it must have had a wide 
circulation. The true introduction begins at v, 9 : before 
that we find another which certainly does not belong to 
this poem, and can hardly be the work of the same poet. 
'Amr lived in the desert regions near the lower Euphrates, 
under the Persian dominion ; whereas the author of v. S 
beasts of Ms carousals in several parts of Roman Syria, 
and in V. 1 he speaks of drinking wine from a place in 
Xorthem Syria. It is evident that all attempts to restore 
the original order, to fill up blanks, or to remove interpola- 
tions. can only be carried to a certain degree of probability 
at the best; there must always be a large subjective ele- 
ment in judgments on points of the kind. Still less can 
we hope to discover and rectify the minor changa, in single 
expressions or grammatical forms, which the text may have 
undergone before it was fixed in writing. It may be re- 
marked in this connexion that where any ancient song has 
been transmitted through two dirierent graminarical schools 
it generally appears in two considerabfy divergent forms, 
each having been taken down from the lips of a separate 
rawL Of secondary importance are the errors due to 
later copyists. Considerahle as these often are, we are, at 
least in many cases, better able to correct them. 

Even the masters of old Arabian poetry do not exhibit 
such eharacterisrie dirierences in their general manner and 
style as to leave in the mind a clear idea of their indivi- 
duality. A few distinct poetic types emeigi^ but the great 
majorify of these T>oets present a somewhat monotonous 
aspect to the "iVestem scholar, who indeed can at lest have 
but a very imperfect feeling for nuance-g of style in this field. 
But if we are thus unable to isolate the various constituent 
parts of this pcetical literature, and pass a critical opinion 
on each, we do get from this literature, as a whole, what 
is of far greater impc-rtance than an sstheric estimate of 
this or that parricular poet, viz. a poetic pficture of the 
whole life and acrivify of that remarkable peopile which, 
amid the endless agitation and endless sameness of its 
existence, and in an extremely inhospitable region, was 
preparing one of the mightiest revolutions in the history 
of the world. This collective impression is hardly impMred 
by the involnntarv alterations made bv the rawi= r nor is 


The critics of the 2d and 3d centuries a.h. rxLzm- 
mously^ ranked the p-c-ets of the heathen period above 
those of Islam ; and in that verdict we must concur. The 
older Mes! em p«c*ets were lor the most xart mere Epi^^o^p 
content, for better or worsA to borrow the stvie of their 
pagan predecessors. It is only naturaL therefore, that the 
seven t-est p>oems should have been selected from the pro- 
ductions of heathenism. But how these tarricular seven 
came to be fixed upc.n, it is dimcult to*decide. It is 
remarkable that people who knew thousands of such teems 
should have agreed as to the superiority of five, and onlv 
ditiered about two. Afo doubt the selecticn was ureaiiv 
innuenccd by the widely-established renutation cf certain 
poets, like Amiaaikais, Zohair, and Tarafa ; while in other 
eases single poems, such as that of Amr, src-cd in high 
repute for special reasons. SrilL even we, with a much 
narrower ranue of selection, should hardlv nick out these 
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finest. In all nrobahiSirv our choice 
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not light on a single one of them. The truth is, our 
mstheric ideal is essenrially dinerent from that of those 
old litt’trai'fur?. And, wMle we may certainly consider our 
own taste, formed on the model of the Greeks and the best 
of the mc-dems, to be on the whole purer than theirs, we 
must not forget that they had the advantage of perfect 
knowledge of the language and the suljecr-matter, and 
could thus perceive a multitude of beautinil and delicate 
touches, wMch we either miss entirely or realize with labo- 
rious cuort The world of the old .Arabian pqet lay at an 
infinite remove from outa His mental horizon was narrow; 
but within that horizon evety mmute detail was seized 
and designated with precision. Among the nomads, for 
example, the smalless point of the horse or camel that 
the eye can see has its importance ; the language has pre- 
cise and generally understood words for them ah, where 
ours has only technical temiA It is the same with all the 
physical properties of the animal — ^its paces, etc. Thus, 
when a poet faithfully described the exterior and the 
decortment of his camel, that was to his hearers — and the 
same is true of later critics — a genuine pleasure, because 
the descrintion conveyed to them a definite pictorial im- 
pression. But we do uot understand the demils of the 
picture; or, when at best with all the resources of tradition 
and natural history we have gained some tolerable compre- 
hension of them, the whole still leaves us indiuerent. A 
camel to us is simply not a p-oetical object ; and even a 
horse ceases to be ssiherically interesting — except perhaps 
to®a sportsman — ^when one is asked to go over his points 
in detaih For this reason we are apt to find a great part 
of TaraiVs ilo'allaka, and many parts of the p>oems ot 
Ammalkafy viewed as poetry, distasteful rather than 
interesting. More attractive axe the descriptions of the 
life and habits of wild aTiimHls in the desert, such as the 
wild ass and some species of ahtelojie, wMch the poets are 
fond of introducing (see, e.g., the Mo'ailaka of Labid). 
There are also many vivid sketches from nature to be met 
with, — ^nature, of course^ as seen in the veiy monotonous 
Arabian Iaudscap>e. ilonoiony, indeed, is a predominant 
characteristic of this p>oetry. "When one first reads poems 
where the bard begins by bedding tears over the scarcely 
perceptible traces of the dwelling of his beloved in years 
gone by, one’s sympathy is aroused. But when poem after 
p>oem is found to commence with the same scene, and pos- 
sibly with almost the same words, the emotion is somewhat 
damp^ed. kfo doubt such occurrences must really have 
been very common in the nomad life ; nevertheless the 
suspicion becomes at last irresistible that lor the most 
Tgari all this is pure fiction. Xor can we be sure that the 
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[loots are always to bo taken an senettx when they describe 
tlioso carousals, and other adventures in peace and war, of 
which they love to boast. They arc probably more serious 
in the narratives of their love experiences : these are often 
very highly coloured, and yet are always pervaded by a 
certain natural refinement, which is too often wanting in the 
later orotic poetry of the Moslems. But there, too, our enjoy- 
ment is frequently marred by minute and even prosy de- 
scriptions of the physical charms of the object of alFection, 

The lyrical and even the more rhetorical passages of the 
poems make in general a deeper impression upon us tlian 
the descriptive portions, to which they owe their distinctive 
character, and which are often intimately blended with the 
former. When those old Arabs are really moved by love, 
or rage, or grief, when personal or tribal vanity vents itself 
in immoderate boasting, invective, or banter, then they 
strike chords that thrill our breasts. In those passages 
whore genuine luiman feeling is stirred, they also display 
far greater individuality than in the more conventional 
descriptions. Especially affecting arc the numerous pass- 
ages or complete poems which mourn over the beloved 
and venerated dead. Their sober practical philosophy too, 
as it is presented in the Mo'allaka of Zohair and in many 
of Labfd's poems, is really impressive. 

The Mo'allakdt are highly characteristic specimens of this 
poetry. They exhibit nearly all its merits as well as most 
of its defects. Amongst its merits wo ought, perhaps, to 
include the unfailing regularity of the verso. That a people 
living under such extremely simple conditions should have 
cultivated a purely quantitative metre, so euphonious and 
so rigorously adhered to, is a fact worthy of our highest 
admiration. It is one evidence of that sense of measure 
and fixed form which is, in otlicr directions also, a marked 
feature in the life and spcccli of the Arabs. The mere fact 
that in their verses they give so much attention to elegance 
of expression deserves commendation. Amongst the defects 
of this poetry wo must emphasize the loose connexion 
between the separate iwrts. We require a poem, like any 
other work of art, to be a compact unity ; the Arabs and 
many other Orientals lay all the stress on the details. In 
the Mo'allaka of T^rafa, for instance, after the poet has 
spoken long enough about his beloved, ho starts off in this 
fashion ; “ But I banish care when it comes near with a ” — 
she-camel of such and sucli qualities, and then proceeds 
to give a description of his riding-camel. Equally abrupt 
transitions occur in almost all these poems, generally more 
than once in the same poem. In many cases a sort of unity 
is preserved by making the different sections represent so 
many scenes from the life of the poet or from the common 
life of the Bedouins; but even then there is something 
unsatisfactory in the want of real connexion. It docs not 
mend matters much when the poet keeps up a merely 
mechanical transition; as, for example, when ho speaks 
first of his camel, then with the words “it is as swft as a 
wild ass which,” ckc., passes to a description of that animal, 
and again proceeds, “ or as swift as an ostrich which,” <fcc., 
in order to introduce the ostrich. 

This loose structure of the poems explains the fact that 
from a very early period particular pieces were culled from 
larger works and recited by themselves. For the town- 
Arabs of later times this procedure was especially convenient. 
For them the wild ass or ory.x-antclope liad little attraction ; 
and on the camel they bestowed about as much notice as 
we do on our dray-horses and waggons. But the love and 
hate, the pride and scorn, the fierce lust of revenge and the 
wailing grief, the bravery and the gaiety, which breathed 
through the old Bedouin songs, had an intense fascination 
for them. We see that their attitude towards that poetry 
had in some degree approximated to our own. Hence it is 
that some anthologies from the old poetry, made by men 
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of learning and ability, with an eye to contenniorary tastes 
arc on the whole much more pleasing to us than the com- 
plete poems themselve,s. This is eminently true of the 
excellent collection edited by Abu Tammain, himself a con- 
siderable poet (first lialf of tlie 9th century), under the 
title “ Hainfisa" (\'-aIour). This collection, which, however 
embraces many pieces of the Moslem period, is certainly 
fitted to give a European a rather too favourable idea (If 
ancient Arabic poetry. Whoever wi.shes really to know 
that poetry— and without this knowledge it is impossiblo 

to understand the Arabs themselves or their Iangna"e 

must betake himself to those wliieh, like the Jlo'allakiirand 
others, have been preserved more or le.ss in their integrity. 

The Mo'idl.akiit have been repeatedly jirintcd, sonamtedy and 
collectively, both in the 'WT'-st and the East, -'eneraily with an 
I Arabic commentary. A good commentary by a competent Enrope.in 
i.s .a real desideratum. A work of this kind would do more for the 
umlcrstniidiii" of tho poems than any poetical translation, which 
must ftiw.ays lail in rendering these definite concrete e.vpressions of 
tho Anabs for which we possess neither tho idea nor tho image. A 
translation must cither be a mere paraphraso or else substitute some- 
thing utterly vague. (Til. N.) 

MOBILE, a city and port of entry of the United States, 
the caiiital of hlobilo county, and, thougli not the capital, 
the largest city of Alabama, lies MO miles ea-st of Now 
Orleans, on a sandy plain on tho west bank of ifobilo 
river, ono of the arms of tho Alabama. Tlic inunicipal 
boundary inchulcs an area about C miles long by 2 
or 3 in breadth ; but, excluding tho suburban villa.s 
scattered about tho nearer liills, tho portion occupied hy 
tho buildings of tho city proper is not more than a mile 
square. In tho matter of paving and slmdo tho stroet.s 
arc generally good, and Government Street especially, 
with its fine oak trees and gardens, forni.s an attractive 
promenade. Be.sides tho spacious granite building erected 
in 1859 to accommodate tho Custom-lIou.se, tho Post Oiliee, 
and tho United States courts, tho principal edifices are the 
Roman Catliolic catliedral of tlio Inimacnlnto Conception 
(1833), Christ Church (Episcopal) (1837), tho City IIo.s- 
pital (1830), the United States Marino Hospital (183G), 
the Providence Infirmary, tho conjoint market-honso ami 
municipal buildings. Barton Academy (occupied by the 
high schools), and the Alabama Medical College (founded 
in 1859). About G miles out, at Spring Hill, is the 
Jesuit College of St Joseph, establislied by Bishop Portier 
in 1832. As a commercial centre Mobile is in some re- 
spects very favourably situated. It is tho only port of 
Alabama; tho estuary on which it stands is tho outlet for 
several navigable rivers ; and it is tho seaward tenniim.s 
of the Jfobilo and Ohio railroad, tho ifobilo and Jlont- 
gomcry, and the Grand Trunk. But, on the other hand, 
it lies 25 miles from the coast; the lagoon-liko bay cut 
off from tho Gulf of Jfcxico by the narrow isthmus of 
Mobile Point is extremely shallow; and in 1879 no ves.sel 
drawing more than 13 feet could load and unload in 
the harbour with safety. Since 1827, it is true, various 
works have been undertaken to inqirovo the approache.s : 
tho Choctaw Pa-ss and tho Dog River Bar, which liad 
formerly a depth of little more than 5 and 8 feet 
re.spcctively, were deepened to 17 feet hy 1882 ; but 
Mobile will not take rank a.s a .satisfactory ocean p(ut till 
the scheme (now in operation) for con.strueting a wide 
channel more than 20 feet deep right through tlie b.ay has 
been fully carried out. The cost of tho nece.s.sary works 
being beyond the power botli of tho city and State, Con- 
gress has granted $270,000 for tho purpo.so of widening 
the channel to 200 feet, and deepening it to 23 feet. A 
private company, (istabli.shed in 187G, hn,s built a Iireak- 
water in the bay, and greatly increrused die .siifety of the 
harbour. For tho yeans between 18;)5 and 18.59^ tho 
average value of exports and imports wa.s ro.-pectively 
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623,419,266 and 6711420 ; tke follo'wing figures for recent 
years show a considerable decline on the total : — 


Years ending in 
June 

Exports. 

Imports. 

1877 

$12,784,171 

$643,404 

1878 

9,493,306 

1,148,442 

1879 

6,219,813 

544,628 

ISSO 

' . 7,188,740 

425,519 

1881 

6,595,140 

671,252 

1S82 

3,258,605 

39A573 


In cotton, which forms the staple export, the falling off is par- 
ticularly noticeable, 632,308 bales being the average for 1855 to 
1859, and 365,945, 392,319, and 265,040 hales the quantities for 
1879, 1880, and 1881. A great deal of what comes to the 3Iobile 
market is sent to Hew Orleans for shipment, partly that it may 
obtain a higher price as “ Orleans" cotton. Lumber shingles, 
turpentine and rosin, fish and oysters, and coal, are also important 
items, bat do not make in the aggregate so much as half the value 
of the cotton. Among the local industrial establishments are 
several spinning-mUls, breweries, cooperages, shipbuilding yards, 
foundries, and sash and door works. The market gardeners of the 
outskirts produce a large quantity of cabbages, potatoes, water- 
melons, tomatoes, &c., to supply the cities of the western and 
northern States (value in 1879, §112,520 ; 1880, .$174,483 ; 1881, 
$159,706; 1882, .$367,194; 1883, estimated $700,000). Though 
in 1820 it had no more than 2672 inhabitants, Alobile had 31,255 
in 18S0 ; the figures for the intermediate decades being 3194 (1830), 
12,672 (1840), 20,515 (1850), 29,258 (1860), and 32,034 (1870). 

Founded as a fort by Lemojme dTherrulle (do Bienville) in 1702, 
lIobBe continued to be the capital of the colony of Louisiana till 
1723, when this rank was transferred to Hew Orleans. The site 
selected by Lemo^me was probably about 20 miles abovo the pre- 
sent position, which was first occupied after the floods of 1711. 
By the Treaty of Paris, 1763, ilobile aiul part of Louisiana were 
ceded to Britain ; but in 1780 the fort (now Fort Ch.arlottc) w.as 
captured by the Spanish general Galvez, and in 1783 it was recog- 
nized as Spanish along rvith other British possessions on the Gulf 
of Mexico. General Wilkinson, ex-governor of Louisiana, recovered 
the town for Louisiana in 1813, and in 1819, though its population 
did not exceed 2500, it was incorporated as a city. In 1864-85 
Mobile and the neighbourhood was the scone of important military 
and naval engagements. The Confederates had surrounded the city 
by three lines of defensive works, but the defeat of their fleet by 
Admiral Farragut, and the capture of Fort ilorgan, Spanish Fort, 
and Fort Blakelly, led to its immediate evacuation. As a municipal 
corporation, Alobile had got. into such financial difficulties by 1879 
that its city charter was repealed, and a board of commissioners 
established for the liquidation of its debt of $2,497,856, 

MOBIUS, August I’eedina>’X) (1790-1868), astronomer 
and mathematician, was born at Schulpforta, ISTovember 
17, 1790. At Leipsic, Gottingen, and Halle be studied 
for four years, ultimately devoting himself to mathematics 
and astronomy. In 1815 be settled at Leipsic as privat- 
docent, and the next year became extraordinary professor 
of astronomy in connexion with the university. Later 
be was chosen director of the university observatory, 
which was erected (1818-21) under bis superintendence. 
In 1844 be was elected ordinary professor of higher 
mechanics and astronomy, a position which he held till 
his death, September 26, 1868. His doctor’s dissertation, 
De computandis occultationihus jixarum per planetas 
(Leipsic, 1815), established his reputation as a theoretical 
astronomer. Die Hauptsdtze der Astronomie (1836), Die 
Eleinente der Mechanilc des Himmels (1843), may be noted 
amongst his other purely astronomical pubheations. Of' 
more general interest, however, are ■ his labours in pure 
mathematics, which appear for the most part in Crelle’s 
Journal from 1828 to 1858. These papers are chiefly 
geometrical, many of them being developments and appli- 
cations of the methods laid down in his great work, Der 
Darycentidsche Galcul (Leipsic, 1827), which, as the name 
implies, is based upon the properties of the mean point or 
■centre of mass. Any point in a plane (or in space) can be 
represented as the mean point of three (or four) fixed 
points by giving to thebe' proper weights or coefficient,— 
an obvious principle which leads in the hands of Mobius 
To what no doubt is tne chief novel feature of the work, a 
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system of homogeneous coordinates. Besides this ho 
ever, the work abounds in suggestions and foreshadowin^s 
of some of the most striking discoveries in more recent 
times — such, for example, as are contained in Grassmann’s 
Avsdehnuiujslehre and Hamilton’s Quatemiom. He must 
be regarded as one of the leaders in the introduction of 
the powerful methods of modem geometry that have been 
developed so extensively of late by Von Standt, Cremona, 
and others.^ ^ 

MOCHA, a town of Yemen on the coast of the Bed Sea 
in E. long. 43’ 20', N. lat. 13’ 19'. The point of the coast 
where ilochfi, lies appears to have owed early import- 
ance to its good anchorage, for the Muza of the Periplus 
(Geoff. Gr. Min., i. 273 sqq.), a great seat of the Bed Sea 
trade in antiquity, seems to be identical with the modem 
Miiza' (Yfikiit, iv. 680; Niebuhr, Desc. de VArahie, p. 195), 
a few miles inland from Mocha. MochA itself is a modern 
town, which rose with the coffee trade into short-lived pros- 
perity. The French expedition of 1709 foimd it a place of 
some 10,000 inhabitants, and its importance had increased 
half a century later, when Niebuhr visited it. The chief 
trade was then rvith British India. Lord Valencia in 1806. 
still found the town to present an imposing aspect, -with its 
I two castles, minarets, and lofty buildings ; but the popula- 
tion had sunk to 5000. The internal disorders of Arabia 
and the efforts of Alohammed Ali to make the coffee trade 
again pass through India accelerated its fall, and the place 
is now a mere village. Mochd. never produced coffee, and 
lies indeed in a quite sterile plain ; the Emopean name of 
^lochd coflee is derived from the shipment of coffee there. 
The patron saint, Sheikh Shadali, was; according to legend, 
the founder of the city and father of the coffee trade. 

MOCKING-BIRD, or. Moce-Bird (as Charleton, Bay, 
and Catesby wrote its name), the Minim polyghttm of 
modern ornithologists, and the well-knoum representative 
of an American group of birds usually placed among the 
Thkushes (pv.), Turdidre, though often regarded as 
forming a distinct section of that Family, diflering by 
having the tarsus scutellate in front, wMie the typical 
Thrushes have it covered by a single horny plate. The 
Mocking-bird inhabits the greater part of the United 
States, being in the north only a summer-visitant; but, 

! though breeding yearly in New. England, is not conunon 
there, and migrates to the south in 'u-inter, passing that 
season in the Gulf States and Mexico. It appears to be less 
numerous on the western side of the AUeghanies, though 
found in suitable localities across the continent to the 
Pacific coast, but not farther northwai’d than Wisconsin, 
and it is said to be common in' Kansas. Audubon states 
that the Mocking-birds which are resident all the year round 
in Louisiana attack their travelled brethren on the return 
of the latter from the north in autumn. The names of 
the species, both English and scientific, have been bestowed 
from its capacity of successfully imitating the cry of many 
other birds, to say nothing of other sounds, in addition to 
uttering notes of its own which possess a varied range and 
liquid fulness of tone that are unequalled, according to its 
admirers, even by those of the Nightexgale (q.v.). This 
opinion may perhaps be correct; but, from the nature 
of the case, a satisfactory judgment can scarcely be pro- 
nounced, since a comparison of the voice of the two 
songsters can only be made from memoiy, and that is of 
course affected by associations of ideas which would pre- 
clude a fair estimate. To hear either bird at its best it 
must he at liberty ; and the bringing together of captive 
examples, unless it could be done with so many of each 
species as to ensure an honest trial, would be of little avail 
Plain in plumage, being greyish-brown above and dull 
white below, while its quills are dingy black, variegated 
with white, there is little about the Mocking-bird’s appear- 
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ance beyond its graceful form to recommend it; but the 
lively gesticulations it exhibits are veiy attractive, and 
therein its European rival in melody is far surpassed, for 
the cock-bird mounts aloft in rapid circling flight, and, 
alighting on a conspicuous perch, pours forth his ever- 
changing song to the delight of all listeners ; while Iris 
actions in attendance on his mate are playfully demonstra- 
tive and equally interest the observer. The Mocking-bird 
is moreover of familiar habits, haunting the neighbourhood 
of houses, and is therefore a general favourite. The nest 
is placed vdth little regard to concealment, and is not dis- 
tinguished by much care in its construction. The eggs, 
from three to six in number, are of a pale bluish-green, 
blotched and spotted with light yellowish-brorra. They, 
as well as the y'oimg, are much sought after by snakes, but 
the parents are often successful in repelling these deadly 
enemies, and are always ready to wage war against any 
intruder on their precincts, be it man, cat, or hawk. Their 
food is various, consisting of berries, seeds, and insects. 

Some twelve or fourteen other species of Minins liave been recog- 
nized, mostly from South America ; but J/. orpheus seems to be 
common to some of the Greater Antilles, and M. hilli is peculiar to 
Jamaica, while the Bahamas have a local race in M. bahamciisis. 
The so-called Mountain Mocking-bird {Orcoscopies monlanus) is a 
foian not veiy distant from Mimus ; but, according to Mr. Ridgway, 
it inhabits exclusively the plains overgromi with Artemisia of the 
interior tableland of Horth America, and is not at all imitative in 
its notes, so that it is an instance of a misnomer. Of the various 
other genera allied to Mivws, those known in the United States as 
Threshers, and belonging to the genus Harporhynchxis — of which 
six or eight species are found in JTorth Amei'ica, and are very 
Thrush-like in their habits — must be mentioned ; but there is only 
room here to dwell on the Cat-bird {Galcoscoples carolinensis), which 
is nearly as accomplished an imitator of sounds as its more cele- 
brated relative, with at the same time peculiar notes of its own, 
from one of which it has gained its popular name. The sooty -grey 
colom' that, deepening into blackish-brown on the crown aud 
quills, pervades the whole of its plumage — the lower tail-coverts, 
which are of a deep chestnut, excepted — renders it a conspicuous 
object ; and though, for some reason or other, far from being a 
favourite, it is always willing when undisturbed -to become intimate 
with men’s abodes. It has a much wider range on the American 
continent than the 3Iocking-bird, and is one of the few species that 
are resident in Bermuda, while on more than one occasion it is 
said to have appeared in Europe. 

The name Mocking-bird, or more frequently Slock-Uightingale, 
is in England occasionally given to some of the 'Waiiuleks (j.v.), 
especially the Blackcap {Sylvia alricapilla], and the Sedge-bird 
{Acroccphalas schcenobxnus). In India and Australia the same 
name is sometimes applied to other species. (A. Jf.) 

MODEbTA, one of the principal cities of Northern Italy, 
formerly the capital of a duchy, and still the chief towm 
of a province and the seat of an archbishop, is situated in 
the open country in the south side of the valley of the Po, 
between the Secchia to the west and the Panaro to the east. 
By rail it is 31 miles E.S.E. of Parma, 24 W.N.W. of 
Bologna, and 37 S. of Mantua. The observatory stands 
135 feet above the level of the sea, in 44° 38' 52" N. lat. 
and 10° 55' 42" E. long. Dismantled since 1816, and. now 
largely converted into promenades, the fortifications still 
give the city an irregular pentagonal contour, modified at 
the north-west corner by the addition of a citadel also penta- 
gonal. Within this circuit there are various open areas — 
the spacious Piazza d’Armi in front of the citadel, the 
2 )ublic gardens in the north-east of the city, the Piazza 
Grande in front of the cathedral, and the Piazza Beale to 
the south of the pjalace. The iEmilian Way crosses obliquely 
right through the heart of the city, from the Bologna Gate in 
the east teS that of Sant’ Agostino in the west. Commenced 
by the countess Matilda in 1099, after the designs of 
Lanfranc, and consecrated in 1184, the cathedral (St 
Geminian’s) is a low but handsome building, with a lofty 
crypt, three eastern apses, and a fajade still ^ireserying SOTie 
cimious sculptures of the 12th and - 15th centuries. The 
bell-tower, named La Ghirlandina from the bronze garland 
surrounding the weathercock, is lined with white marble. 


and is 315 feet high; in the basement maybe seen the 
wooden bucket captured by the Modenese from the Bo- 
lognese in the afltray at Zappolino (1325), and rendered 
famous by Tassoni’s Secc/ua Eapiia. Of the other churches- 
in Modena, San Pietro has terra-cottas by the local artist 
BegareUi, and S. Agostino (now S. ilichele) contains the 
tomb of Sigonius and the tombstone of Mm-atori. The old 
ducal palace, begun by Duke Francis I. in 1635 from the 
designs of Avanzini, and finished by Francis Ferdinand V.,. 
is an e.xtensive marble building, and now contains the 
library {Bib. Palatiiia, see vol. xiv. p. 530), picture-gallery,, 
and museum, ilany of the best pictures in the ducal 
collection were sold in the ISth century, and found their 
way to Dresden. The valuable J/asco Lajndario in a 
building near Porta Sant’ Agostino is well known to the 
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classical antiquary through Cavedoni’s Dkhiaraziom^ deyli 
antichi marmi Udodenesi (1828), and the supj)loment.s in the 
Memoirs of the Academy, vol. ix., ikc. Ihc uniyer.sitj oF 
Modena, originally founded in 1 683 by. Francis II., is 
mainly a medical and legal school, but has also a faculty 
of 2 >hysical and mathematical science. ^It has about 
twenty-five professors, and from 200 to 250 students ; a 
library of 20,000 volumes, an observatory, botanical gar- 
dens, an ethnographical museum, Ac. The old academy 
of the JDissonanti, dating from 1684, was restored by 
Francis in 1814, and now' forms the fiourishing Boyal 
Academy of Science and Axt {Memoirs since 1833) and 
there are besides in the city an Italian Society of Science 
founded by Anton Mario Lorgna, an academy of line 
arts, a military coUege (1859), an important agricultural 
collet'e, and a lyceum and gymnasimu, both named after 
Muratori. In industrial enter 2 Jrise the hlodenese show but 
little activity, silk and linen goods and iron-wares being 
almost the only products of any note. Commerce is 
stimulated by a good position in the railwny sy.stem, ami 
by a canal which opens a water-way by the 1 aiiaro and 
the Po to the Adriatic. The pojmlation of the city was^ 
32,248 in 1861, and 30,854 in_IS71 ; that of the com- 
mune 35,512 in 1861, and 5S,05o in letsl. 

The Ducuy op 3Iodex.i., an independent sovereign state 
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(1452 to 1859), ultimately extended from the Po to the 
Mediterranean, and was bounded ISi. by Lombardy and the 
Papal States, E. by the Papal States and Tuscany, S. by 
Tuscany, Sardinia, and the ilediterrauean, and W. by 
Sardinia and the duchy of Parma, Its greatest length, 
from Porto -Yecchio, on its northern frontier towards Man- 
tua, to the outlet of the Parmignola torrent, on the Sardinian 
■frontier, was 841- miles; and its greatest width,_from the 
j)ass of Calama, on the Papal and Tuscan frontier, to the 
right banlc of the Enza, on the frontier of Parma, was 37 
miles. The area was 2371 square miles, of which three- 
fifths were mountainous. In 1855 the population was 
606,159. The duchy had six provinces — llodena, Reggio, 
Guastalla, Frignano, Garfagnana, Massa-Carrara. 

Jlocleiia is the ancient Mntina, wliich was annexed by the Romans 
along with the rest of the territory of the Boii. In 183 B.c. Mutina 
became the seat of a Roimm colony. During the civil wars Marcus 
Brutus held out within its walls against Pompeius in 78 b.c., and 
in 44 B.C. the place was defended by D. Brutus against M. Antony. 
The 4tii century found Mutina in a state of decay ; the ravages of 
Attila and the troubles of the Lombard period left it a ruined city 
in a Wiisted land. In the 8th century its exiles founded, at a dis- 
tance of 4 miles to the north-west, a new city, Citta Geminiaua (still 
represented by the village of Cittanova) ; but about the close of 
the 9th century Modena was restored and refortifled by its bishop, 
Laedoinus. When it began to build its cathedral (1099 A.n.) the 
•city was part of the possessions of the countess Matilda of Tuscany ; 
but when, in 1184, the edifice was consecrated by Lucius III., it 
wgs a free community. In the wars between Frederick II. and 
Gregory IX. it sided with the emperor, though ultimately the pajial 
party was strong enough to introduce confusion into its policy. In 
1288 Obizzo d’Este was recognized as lord of the city ; after the 
.death of his successor, Azzo YIII. (1308), it resumed its communal 
independence ; but by 1336 the Este family was again in power. 
•Constituted a duchy in 1452 in favour of Borso d’Estc, and enlarged 
and strengthened by Hercules II., it became the ducal residence on 
the incorporation of Ferrara with the States of the Church (1698). 
Francis I. (1629-1658) erected the citadel and commenced the palace, 
which was largely embellished by Francis II. Rinaldo (ob. 1737) 
was twice driven from his city by French invasion. To Francis III. 
.(1698-1780) the city was indebted for many of its public buildings. 
Hercules III. (1727-1803) saw his states transformed by the French 
into the Cispadine Republic, and, having refused the principality 
•of Breisgau and Ortenau, olferod him in compensation by the treaty 
■of Campo Formio, died an exile at Treviso. His only daughter, Maria 
Beatrice, married Ferdinand of Austria (son of Maria Theresa), and 
in 1814 their eldest son, Ferdinand, received back the Slati Sstensi. 
His rule was subservient to Austria, reactionary, and de.spotic. On 
The outbreak of the French Revolution of 1830, Francis IV. seemed for 
ai timodisposed to encourage the corresponding movement in Modena; 
but no sooner had the Austrian army put an end to the insurrection 
in Central Italy than he returned to his previous policy. Francis 
Ferdinand V., who succeeded in 1846, followed in the main his 
father’s example. Obliged to leave the city iu 1848, he was restored 
by the Austrians iu 1849 ; ten yeara later, on 20th August 18.59, 
the represenhitives of the Modenese, under the direction of Carlo 
Farini, declared their territory part of the kingdom of Italy, and 
their deeision was confirmed by the plebiscite of 1860. 

Natives of !Modena are Fallopius the anatomist, Tarquinia 
Jlolza, Sadoletius, Sigonius, Tassoni, and Cavedonithe archseologist ; 
the names of Zaccaria, Tiraboschi, and Muratori are associated with 
its library. Tirabosebi’s Bibliotheca Modciiensis, 6 vols., contains 
mn account of Ml the literary personages of the duchy. 

8ee Vedriani, Storia di ilodenn, leUii ; Tiraboschi, Mem, storiche modencsi, 
1703: Scharfcubei'g, (Icsch. des Ilerzogth. Modem, IS.iO; Orestc Baggi, Modena 
descritta, ISiiO; B;iralili. Slorla di Modena; Valilrighi, Diz. Storico, X-e., delte 
conlrade di Modena, 1879-SO ; Cresuellani, Guido di JJodcuu, 1S79 ; Galrani, Mem, 
.sloe, intorno la vita di Francesco IV., 4 vols. 

MODICA, a city of Italy, in the province of Syracuse 
in Sicily, 8 miles from the south coast, on the line of rail- 
way decreed in 1879 between Syracuse and Licata. It 
has increased its communal population from 30,547 in 1861 
to 41,231 in 1881, and is a well-built and flourishing place. 
Of note among the public buildings are the old castle on 
the rock, the medimval convent of the Franciscans, and the 
•churches of S. Maria del Carmine (1150) and S. Maria di 
Retlem — this last containing ruins of the ancient temifle 
■destroyed by the earthquake of 1693. Modica is the point 
from which the remarkable prehistoric tomb and dwelling- 
■caves of Yal d’Isiiica are usually visited. An early de- 
j[)endency of Syracuse, Motyca or ilutyca was in Cicero’s 
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da 3 -s a fairly important municipium. In modern times ii 
was held as a countship by the dukes of Alba. Placiiii 
Carafta has written a prolix history of the city, which iim\ 
be found in Grmvius, Thes. Ant. ti Hist. Itai’yol xii ' ' 
MOE, JoRGEX Exgebrexsen (1813-1882), Nm-weTin 
poet and comparative niythologist, was born at Hole hi 
Sigdal, Ringerike, Norway, on 22d April 1813, and entered 
the university of Christiania as a theological student at tliu 
age of seventeen. After leaving the university in 1839 he 
acted as tutor in various schools and families, and in 1845 
was appointed professor of theology in the Military School 
of Norway, which post he held until 1853, when ho became 
resident chaplain in his native parish of Sigdal. In 1863 he 
received the living of Bragernms, Drammen ; in 1870 that 
of Yest Aker, near Christiama ; and in 1875 the bishopric 
of Christiansand, where he died on 27th March 1882. 

Moo’s first publication was a volume of Norso “songs, ball, ids, 
and staves,” which appeared in 1840 ; it was followed in 1841 by 
the Norshc Folkc-evcntyr (Nonvegiau Popular Tales), which be bad 
collected along rvith his schoolfellow Asbjomsen. 'I'lie work axeitej 
such interest as a contribution to the study of comparative mytholo"y 
that in 1847 he was sent by the Government through Thcleinark 
and Soiteradal to increase his collection of stories. The second 
(enlarged) edition, with a preface by Moe, appeared in 1852. In 
1851 his I Bromlcn og i Tjcrnct (In the Well and in the Tarn), a 
delightful collection of prose stories for children, appeared, and it 
was followed in 1859 by a volume of poems entitled En lidetiJtikijnve 
(A Little Christmas Present). In 1877 he prepared a colleeled 
edition of his works in two volumes, the stories he had published 
along with Asbjbrnsen being excluded. Many of the Folkc-evodijr 
(Popular Tales from the Horse) were translated by Sir Gcoiga 
Dasent in 1859. 

MCESIA (in Greek Mysia, or, to distinguisk it from tlio 
country of the same name in Asia, Mysia in Europe), in 
ancient geography the territory immediately to the south of 
the Danube corresponding in the main to Servia and Bul- 
garia. It became a Roman province between 27 B.o. and 
6 A.D.,' probably about 16 b.c.^ In the time of Tiberius 
and Gains the province was under the same governor witli 
Macedonia and Achaia. It ivas divided by Domitian into 
two provinces, Mcesia Superior (Servia) and Mmsia Inferior 
(Bulgaria) ; and the same emperor completed the great 
military road along the fine of the Danube, increased the 
strength of the Roman forces in the country, and, by tlio 
conquest of Dacia, saved it fi’om the inroais by which it 
had been harassed from the time of Tiberius. The Goths 
invaded Mcesia in 250 a.d., and at last, in 395, a number 
of them, afterwards known as Mcesogoths, obtained per- 
mission to settle in the 24rovince. The Slavonians ami 
Bulgarians appear in the 7th centui'y. 

The boundary between Upper and Lower Jloesia was not iniarkcil, 
as Ptolemy (iii. 9, 10) states, by the river Cobrus or Ciabnis 
(Cibritza or Zibru), but, as may be inferred from an inscription (6125, 
O. Inscr. Lat., vol. iii. 2, additamentaji lay between Almus (Loni) 
and Ratiaria (Artcber). Upper Mcesia, or, as it was often c.ilh'd, 
Mocsia Prima, contained — Singidunum (Belgrade), hcadquartcis 
of Legio IV. Flavia, and in the 3d century a colonia ; Viuuuacium 
(Kostolatz), headquarttfrs of Leg. VII. Claud., and designated some- 
times municipium .^liiim, but more usually colonia (a rank bestowed 
on it by Gordianus) ; Bononia (Widin) ; Ratiaria, Avbicli, on the loss 
of Dacia, became the headquarters of Leg. XIII. gemiiw, and 
remained a large town till it was destroyed by Attila ; Eenicsiaiia 
(Mustapha Pasha Palanka), wliich has furnished iiiscriptioms belong- 
ing to the unidentified Ulpiana ; aud Naissus (Nissa or Ni-sh), the 
birthidace of Constantine the Great. Lower Mcesia (.Mcesia Sccuima) 
contained— Oescus (Colonia Ulpia, mod. Gigcn), headquarters, afier 
loss of Dacia, of Leg. V. JIaced. ; Novai (Sistova), at a late date a 
camp of Leg. I. Ital., and afterwards chief seat of Theodoric king 
of the Goths ; Nicopolis ad Istrum (Nikup), reallj’ on file latnis or 
Yantra, a memorial of Trajan’s victory over the Dacians ; Pri3tw 
(Rustchuk), Asamus (Nicopoli on the Osina), Darostoruia (Silistria), 
Odcssus (Varna), Tomi (Iviistondjc), Troesniis (Iglitza). 

Sue Roe.sler, Itomanhclie Stadien, 1871; I’lltziier, Geech. dtr IVim ‘'f’j.L' 
legioiieii, losl, mi. 152-101 ; llalin, lu Dltjchr. K. Ak. der Il’ia., “• ci., 
■Vieiili.1, ISOl, p. 22S. ... 

MOFFAT, a health resort of some note in Scotland, i.’ 
situated in Upper Annandale, Dumfriesshire, occiqying an 


* See A. W. Zuiiipt, Comtnentat. JCpigniph., ii. 253 ml- 
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agreeable position at the base of the Gallow Hill, G3 miles 
from Edinburgh, and 42 miles from Carlisle by railway, 
ihe Spa, which is 1^ miles above the town (525 feet 
above sea-leyel), is sulphureous witii some saline ingre- 
dients, and is used in gout, rheumatism, and dyspepsia. 
Population (1881) 2161 ; in the season about 4000. 

MOFFAT, Robeiit, D.D, (1795-1883), African mission- 
ary, was born at OrmLston, Haddingtonshire, Scotland, on 
21st December 1795, of humble parentage. Moffat learned 
the craft of gardening, but in 1814 offered himself to the 
London Missionary Society, who, in 1816, sent him out to 
South iVfrica. iifter spending a year in Namaqua Land, 
with the powerful and dreaded chief Africaner, whom he 
converted, Moffat returned to Cape Town in 1819, and 
married Miss Mary Smith, a remarkable woman and most 
helpful wife. In 1820 Moffat and his wife left the Cape 
and proceeded to Griqua Town, and ultimately settled at 
Kururnan, among the Bechuana tribes lying to the west of 
ihe Vaal river. Here he worked as a missionary till 1870, 
when he reluctantly returned finally to his native land. He 
made frequent journeys into the neighbouring regions, as 
far north as the Matabele country, to the south of the 
Eambesi. The results of these journeys he communicated 
to the Iloyal Geographical Society {Jour. R. Q. S., xxv. 
xxviii., and Froc. ii.), and when in England in 1842 he 
published his well-known Missionary Labours and Scenes 
in South Africa. Single-handed he translated the whole 
of the Bible into Bechuana. 'Wliile solicitous to turn the 
people to Christian belief and practice, hloffat was perhaps 
the first to take a broad view of the missionary function, 
•and to realize the importance of inducing the savage to 
adopt the arts of civilization. He himself was builder, 
carpenter, smith, gardener, farmer, all in one, and by pre- 
cept and example he succeeded in turning a horde of 
bloodthirsty savages into a “people appreciating and 
•cultivatihg the arts and habits of civilized life, with a 
written language of their own.” Now we find more or less 
Cliristianized communities extending from Kururnan to 
near the Zambesi. Moffat met with incredible discourage- 
ment and dangers at first, whicli he overcame by his strong 
faith, determination, and genial humour. It was largely 
■due to him that the work of Livingstone, his son-in-law, 
took the direction which it did. On his return to England, 
Moffat received a testimonial of about .£6000. He died 
-at Leigh, near Tunbridge Wells, 9th Aug. 1883. 

See Scenes and Services in South Africa, the Story of Moffat's 
Alissionarij Labours, Lomloii, 1876 ; and publications of the Loudon 
Jlissionaiy and the 13. and F. Bible Societies. 

MOGiLDOR, or Sulkah (Berber Tasurt), the most 
■southern seaport town on the Atlantic coast of Morocco, 
■and the capital of the province of Haha, stands from 10 
to 20 feet above high water on a projecting ridge of cal- 
careous sandstone in 31° 30' N. lat. and 10° 44’ W. long. 
In certain states of wind and sea it is turned almost into 
■an island, and a sea-wall protects the road to Saffi. The 
streets are regular and, for a Moorish town, broad and clean. 
Within the walls there are three distinct divisions ; the 
•citadels old and new with the government buildings; to 
the north-west the outer town with its spacioas markets 
in the centre ; and at the north-west corner the 3Iellah, 
•or Jews’ quarter. In the citadels the houses are fairly 
good, and considerable attention is paid to .sanitary matters. 
Water is brought from the Kseb, about li miles to the 
.south, by an aqueduct. 'Ihe prosperity of ilogador is due 
to its commerce ; only a few gardens break the barren- 
ness of the immediate vicinity. The harbour or roadstead, 
though apparently protected by the island and quarantine 
.station of Mogador, is extremely dangerous during west 
■ and south-west winds. Trade is carried on mainly with 
.Alarseilles, London, Gibraltar, and the Canaries, — the prin- 


cipal exports being almond.s, goat-skin.s, gums, olive oil 
and ostrich feathers, and the principal imports cotton goods 
(half of the total) and tea. The average value of the ex- 
ports for the five years 1877-1881 w.'is about A210,000, the 
imjiorts rather le.ss. Attention has been frequently directed 
to the value of Jlogador as a health resort, esiiecially for 
consumptive patients. The climate is remarkably steady : 
mean temperature of the hottest month 71-06, of coldest 
month 58'69. The annual rainfall is only 10 or 12 inche.-;, 
and the rainy days of winter and spring about 28. 'Dio 
sirocco is but rarely felt. The population is about 15,000 
(7000 Jews, about 150 foreigners). Jew.s, Protestants, 
and Homan Catholics have religious edifices in the town. 

A plate called ilogador i.s marked in the 1351 Poitiilan of the Lau- 
rentian Library, and the map in Hondins’s Ai/ns Minor shows the 
Maud of .Mogador/. Dometjador ; but the origin of the pre.seiit town 
is much more recent .Alogador was founded by Sultan ilohaiiimtd, 
and completed in 1770. TIic town received from the .Moors tiie 
name of Suerali (little picture), while the Portuguese called it after 
the shrine of Sidi ilogadul, which lies towards tlio .south half-way 
to tlie village of Diabat, and forms a striking landmark for .seamen. 
In 18-1-t the citadel was bombarded by the l''reneh. 

MOGHILEFF, a north-western government or province 
of the Rmssian empire, situated on the upper Dnieper, 
between the provinces of Vitebsk and Smolensk on the 
north and east, Tchernigoff and lilinsk on the south and 
west. In the north it is occupied by the watershed which 


separates the basins of the Dwina and the Dnieper, an 
undulating tract from 650 to 900 feet above the sea-lcVd, 
and covered nearly everywhere witli forc.st.s. This water- 
shed slopes gently to the soutli, tliat is, to the valley of 
the Dnieper, which enters the province from the north- 
east and flows west and afterwards due south. Tliu 
southern part of the province is flat and has much in com- 
mon with the Polyesie of the province of ilinsk ; it i.s, 
however, more habitable, the marshes lieing less extensive. 

The province i.s covered by the Tertkry form.itiou ; Dcvoiii.-m 
sandstone appears in the uortli, and Carboniforon.s limestones in tlio 
cast. Tlio .soil is mostly .sand, clay (brick-elay and potter's-cl.av are 
not uncommon), and peat-bogs, with a few patches of “ hlack- 
earth.” 'I'he climate is i-ude and wot, the average yearly tomi)era- 
turo at the Gorki meteorological observatory being -lO’-'l I’ahr. 
(l-i°-2 in January, and 63‘’-8 in July) ; cold nights in summer are 
often the cause of bad crops. 'I’lie province has about 1,1 '10,01)0 
inhabitants (947,625 in 1870), mo.stly White- Uu.s.iiaii.s (78 jier 
cent,), belonging to the Greek Church ; Jew.s are numerous (16 jier 
cent.) ; Polc.s, belonging mostly to the nobility, make only 3 ]icr 
cent of the population. Agriculture is the chief occujiation ; 
nearly one half (16 per cent.) of the surface of the iirovinec is under 
crop ; but, except after unasuallj’ goo<l harvwts, corn is imijorted, 
chiefly by the navigable channels of the Duicjicr and .Sozh. Thi-ru 
are many distilleries on the estates of landowners, and iviue-spirit 
is exported. The hemp culture is inqiortaut; hemp and hemp- 
seed oil are exported to Itiga. 'The firovincc lia.s one large pap-T. 
mill, a few iron and copjsir works, and minor manufactures. 

The province of .Moghilelf i.s divided into eleven districts, with 
the chief towns : Moghilelf (40,500 inhahilauts), Chamsy (4200), 
Tchcrikoir (3900), Gomel (13,030), Gorki, formerly the seat o_f an 
agricultural institute (5050), Klimovichi (4000), M.stislavl (6700), 
Orsha (5350), Rogaeliclf (7750), Staryi IJykholf (5200), and Syennu 
(2550), Of about 80 other municipal town.s, we name Shklolf 
(13,000 inhabitants), Diibrovka (7000), Kricbelf ( 1000). _ 

This province was inhabited in the 10th eentnry by the Kriviclu 
and Ihadimielii. Li the 14th century it Ix’cainc p.art ot Lithuania 
and afterward.s of Poland. Uii-ssia amiexcd it in 177'2. 

Mogiiilekf ox TIIK DxxEPEi!, a town of Ru.s.sia, capital 
of the province of same name. It i.s situated on both 
banks of tbe Dnieper, 40 miles south of the Onsha station 
of the railway between iloscow and V .ar-saw, A railway 
along the Dnieper will soon bring Jloghileff into railway 
communication with these capitals. 

Moghilelf is mentioned for the firot time in the lUh century 
as a de[>endency of the Vitebsk, or of tbe Mstislavl priucqjality. 
At the be'dnning of tlie 15tli century it bec.ame the j^r^ional 
property of the Polish kings. But it wa-s continually plundcrid 
■ — either by Jlusshnis, wiio attacked it .si.x times during the 
ICth century, or by Co.ssack.s, who plundered it three linics. In 
the 17tli cenUirv its inhabitont-s yvho Iwlonged to the Greek Church 
sulfcred mueii 'from the jiersecutions of the Union. la 1651 
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it surrendered to Kussia, but in 1661 the Kussian garrison jvas 
massacred by the inhabitants. In the. ISth.ceutuiy it was taken 
several times by Eussians and by Swedes, and in 1703 Peter I. 
ordered it to be destroyed by fire. It was anne.ved to Eussia in 
1772. Of 40,500 inhabitants two-tbii’dsare Jews and the remainder 
liiiite-Eussians, with a few Poles (2500). Its manufactures are 
without importance ; but one branch of trade, namely, the prepa- 
ration of skins, has maintained itself for many centuries. The 
commerce is mostly in the hands of Jews : corn, salt, sugar, and 
fish are brought from the south, whilst skins and manxilactured 
ware imported from Germany (partly by smugglers) are sent to the 
southern provinces. 

MO GHILEFF ox the Dxiestee {Mohilov), a district town 
of Eussia, situated in the province of Podolia, on the left 
hank of the Dniester, 87 miles easFsouth-east of Kamenets- 
Podolsk, and 43 miles from the Zhmerinka railw'ay junc- 
tion. It has 18,200 inhabitants, nearly one-half of whom 
are Jews ; the remainder are Little Eussians, Poles (1500), 
and a few Armenians. The Little-Eussian inhabitants of 
Moghileff carry on agricultoe, gardening, wine, and mul- 
berry culture. The Jeivs and Armenians are engaged in 
a brisk trade with Odessa, to which they send corn, wine, 
spirits, and timber, floated dowm from Galicia, as well as 
with the interior, to which they send manufactured wares 
imported from Austria. 

Moghileff, named in honour of the Moldavian hospodar Mohila, 
was founded by Count Potocki about the end of the 16th century. 
Owing to its situation on the highway from Moldavia to the Ukraine, 
at the passage across the Dnieper, it developed rapidly. For more 
than 150 years it was disputed by the Cossacks, the Poles, and the 
Turks. It remained in the hands, of the Poles, and w’as annexed 
to Eussia in 1795. The Crown purchased it from Count Potocki 
ill 1806. 

MOGILAS, Petrus (c. 1600-1647), metropolitan of 
Kieff from 1632, belonged to a noble Wallachian family, 
and was born about the year 1600. He studied for some 
time at the university of Paris, and flrst became a monk 
in 1625. He was the author of a Catechism (Kieff, 1645) 
and other minor works, but is principally celebrated for 
the Orthodox Confession, drawn up at his instance by the 
abbot Kosslowski of Kieff, approved at a provincial synod 
in 1640, and accepted by the patriarchs of Constantinople, 
Jerusalem, Alexandria, and Antioch in 1642-3, and by 
the synod of Jerusalem in 1672. See Greek Church, 
vol. xi. p. 158. 

There are numerous editions of the Confession in Eussian ; it has 
been edited in Greek and Latin by Panagiotes (Amsterdam, 1662), 
by Hofmann (Leipsic, 1695), and by Kimmel (Jena, 1843), and 
there is a German translation by Frisch (Frankfort, 1727). 

MOGUL, or Mughal, Jio, the Arabic and Persian 
form of the word Mongol, usually applied to the Mongol 
empire in India. See India, vol. xii. p. 793 sqq. 

MOHACS, a market town in the Trans-Danubian county 
of Baranya, Himgary, stands on the right bank of the west 
arm of tlie Danube, 25 miles east-south-east of P6cs (Fiinf- 
kirchen), with which it is connected by railway, 45° 58' N. 
lat., 18° 37' E. long. At Mohdes there are several churches 
and schools belonging both to the Eoman Catholics and 
the Calvinists, also the summer palace of the bishop of 
Pecs, a monastery, an old castle, and a station for steamers 
plying on the Danube, by w'hich means a considerable 
commerce in wine and the agiicultural produce of the 
neighbourhood is carried on with Budapest and Vienna. 
Hot far from Mohacs are coal mines, and the towu is an 
important coal dep6t of the Danubian Steam Navigation 
Company. 'Ihe population in 1880 was 12,047 (Magyars, 
Serbs, and Germans). 

Two great battles fought in the vicinity of the town mark the 
commencement and close of the Turkish dominion in Hungary. 
In the first, 29th August 1526, the Hungarian army under Louis 
II. was aniriliilated by the Ottoman forces led by Soliman the 
Magnificent (see vol. xii. p. 369). In the second, 12th August 
1687, the Austrians under Charles of Lorraine gained a great and 
decisive victory over the 'Turks, whose power was afterwards still 
further broken by Prirreo Eugeno of Savoy. 
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MOHAIE is the woolly hair of a variety of the coinmon.. 
or domestic goat inhabiting the regions of ibsiatic Tiukev 
of which Angora is the centre, whence the animal is known 
as the Angora Goat (see Goat, vol. x. p. 708). Goat’s 
hair has been known and used as a textile material in tlio 
East from the most remote periods; but neither the An-ronv 
goat nor its wool was known in 'Western Europe tilt in 
1655, the animal was described by the natmalist Tourne- 
fort. That textures of moliair were in use in England 
early in the 18th century is obvious from Pope’s allusio°n 

“ And, when she sees her friend in deep despair, 

Observes how much a chintz exceeds mohair.”’ 

Giving, however, to the jealous restrictions of the Turkish 
powmr, it was not till 1820 that mohair became a regular 
article of import into the United Kingdom. In that°year 
a few bales came into the market ; but so little rvas the ' 
material appreciated that it only realized lOd. per lb. In 
1870 average mohair fleece was selling at five times that 
price. From the small beginning of 1820 the imports, 
gradually waxed, and the trade received a very consider- 
able impetus through the introduction in ISS^ by Titus- 
Salt, of the analogous fibre alpiaca. The increasing demand 
for and value of mohair early stimulated endeavours to- 
acclimatize the Angora goat in other regions; but all 
Emopean attempts have failed, owing to humid, and un- 
genial climates. Li 1849 a flock was taken by Dr J. P. 
Davis to the United States of America, and since that 
time marly fresh drafts have been obtained and distributed 
to Virginia and various Southern States, and to California 
and Oregon in the west. In these high and dry regions 
the goats thrive; and the flocks in the Western States 
now number many thousands. The Angora gpat has also 
been introduced into the Cape of Good Hope vith much- 
success. The fii’st importation of mohair from the Cape,, 
made in 1862, amounted to 1036 Bb; and now about one- 
tenth of the total British supply is received from that 
soiuce. Mohair has also been received in England from 
goats reared successfully in Fiji, where they were first in- 
troduced in 1874, and there are also thriving flocks in- 
Australia. 

The trade in mohair bet\veen Asia Minor and we-stera TJuropo is- 
controlled in Constantinople. There upwards of twentj^ varieties 
of fleeces are distinguished according to the localities of their pro- 
duction, the richest and most lustrous qualities being produced in 
hilly and forest regions, while the fleeces from the open plains are 
comparatively kempy, coarse, and cottony. ' From the Lake Van 
district on the eastern borders of Asiatic Turkey a distinct and 
inferior variety of wool is obtained. It is known in commerce as 
Van mohair, and consists, to the extent of about 70 per cent, of white 
wool slightly streaked with black, with 30 per cent, of coloured red 
and black wool. At Konieh in the south, also, an inferior mohair 
knoini as Pelotons is produced, 80 per cent, of which is black and 
red, and the remainder white. The average weight of an Angora 
goat fleece ie from 5 to 6 lb. The finest quality of wool is obtained 
from the first clip, which is made in the second year of the animal. 
She-goats yield the best wool, after which come wethers, while 
the I'ams give the coarsest fleeces. Angora mohair is a brilliant 
white lusti'ous fibre, elastic and wiry in character, and devoid of 
felting properties. It attains the length of four or five inches, but 
the long fibre is mixed with an undergrowth of shorter wool, which 
in the spinning process is combed out as “ noils ” for separate use. 
It is a material of enormous durability, and, owing to its remarkable- 
elasticity, it is especially fitted for working into long piled fabrics, 
such as plush and imitation furs, or for use in braids and bindings, 
and in boot and other laces. It is largely used for makiiig.Utrccht 
velvet or furniture plush for the upholstering of railway carriages, 
&c., a trade cenriecl at Amiens. In the making of imitation seal- 
skins, and imitation beaver, otter, chinchilla, and other furs, and 
for carriage rugs generally, mohair is e.xtensively employed. Many 
dress fabrics of mixed mohair and alpaca, cotton, or silk are also- 
manufactured ; but ■with changes in fashion such materials are con- 
stantly changing in style, composition, and name. Jlohaif is also- 
used for makiug certain qualities of lace, and an imitation of ostrich 
feathers for use as tiimming has been made from the fibre. The 
imports of mohair into the United Kingdom during 1882 amounted 
to 16,859,771 lb, valued at £1,433,58-1, a quantity largely in excess- 
of the imports of any previous year. 
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MOHAMMEDANISM 


TJnder this head is given the history of Mohammed and 
his successors to the fall of the Eastern Caliphate, 4 vith a 
sketch of the institutions and civilization of the Moslem 
empire and an account of the Koran. The later history 


must be sought under the names of individual countries and 
dynasties. What falls to be said of the social and religious 
aspects of Islam in modern times will be given under the 
two great divisions of Sunnites arid SnihiES. 


PAET I— MOHAMMED AND 

"jV/TOHAMMEDi or MAHOMET, the founder of Islam, 
lyJL first appears in the full light of history with his 
Plight to Medina (The Hijra), a.d. 622; and this date, 
not that of his birth, has been fittingly chosen as the 
epoch of the Moslem Era. The beat-attested tradition- 
places his first appearance as a prophet in Mecca some 
twelve years earlier (circa 610). He was then forty years 
old : the forty must be taken as a round number, but as 
such is doubtless trustworthy. Thus the birth of Moham- 
med falls about 570 a.d.: it is said to have fallen in the 
year when AbrahA, the Abyssinian viceroy of Yemen, made 
the expedition against ilecca, mentioned in the Koran, 
when the. Arabs first saw the elephant and first suffered 
from smallpox.^ 

Arabia .it At the time of Mohammed’s birth and youth nothing 

0 likely than that the Arabs should presently 

hanim'ed triumphal entrance into the history of the 

' world as victors over the Greeks and Persians, Nowhere 
in the Peninsula was there an independent state of any 
considerable power and importance. At the beginning of 
.the 6 th century indeed the princes of Kinda had attempted 
to form a national kingdom, uniting in particular the 
tribes of central Arabia ; but this kingdom was nothing 
more than an epic prelude to the true history of the Arabs, 
which begins with Islam. After the fall of the Kindite 
dynasty, the old anarchy reigned again among the nomads 
of the Nejd and the HiJAz ; in all other quarters Greek or 
Persian influence predominated, extending from the frontier 
' deep into the interior by the aid of two vassal states — the 
kingdom of the Ghassanids in the Haurdn under Greek 
suzerainty, and that of the Lakhraids in Hlra and AnbAr 
under the Persian empire. The antagonism between By- 
zantium and Ctesiphon was reflected in the feuds of these 
Arab lordships; but indeed the rivalry of Greek and Persian 
exercised its influence even on the distant South of the 
Peninsula. Urged on by the Greeks, the Abyssinians had 
overthrown the Christian-hating realm of the Himyarites, 
the sunken remnant of the ancient might of the Saboeans 
(a.d. 526), the Persians had helped a native prince again 
to expel the Christians (circa 570), and since then the 
Persians had retained a footing in the land. Toward the 
close of the 6 th century, their direct and indirect influence 

r The name Jlobammad means in Arabic “ tlia praised,” and it has 
been supposed that this epithet was conferred on the Prophet after his 
mi-ssion to mark him out as tlie promised Paraciete. Tliis, however, 
is incorrect (Nbldeke, Oesclu d. Qoraus fGbtt. 1860j, p, 6, note 2 1 
Spieiiger, Icieit wid Lehre lUs J/., i. 155 sj.) Tlie name is found, 
.althoiigh it w,i 3 not common, among the heathen Arabs, Eenan has 
sliown it to occur on a Greek inscription of t!io early part of the 2d 
century of the Christian era (Boeckli, C. I. G., 4500), and Mohammed 
il)n Maslama of Medina, a contemporary of the Prophet, boro it as his 
orimnal name, as appears from the fact that his brother was called 
Malimud, it being a favourite practice to give to brothers variations of 
the same name, as Anas and MAnis, Sahl and Sohail, Mon.ibbih and 
Nobaih (Sprenger, i. 168, note 2). That Mohammed calls himself 
Ahmad, in sur, Ixi. 6, in order to adapt his name to a suppo.sed pro- 
phecy, proves nothing ; on the other hand, the men of Mecca, on occa- 
sion of a treaty with the Moslems, demanded that tlie Prophet should 
. not call himself messenger of God, but Mohammed ibii 'Abdallah, 
using his old familiar name; see J. AVellhausen, VaMdi’s KUab al- 
Magluizi in verkurzter deutscher Wiedcrgabe (Serb 1882), p, 257. 

- Noldeke, ut supra, pi 54 sq. 

3 Noldeke, Gescli. d. Perser wtd Araber cur Zeit der Sasaniden 
aus , . . Tabari iiberselzt (Leyden, 1879), pp. 205, 218. 


THE FIRST FOUR CALIPHS, 

in Arabia greatly surpassed that of the Greeks; and since 
the Kindites had fallen before the kings of Hira, it extended 
right through the Nejd into Yemen.'^ 

In the HijAz and western Nejd, the district from which 
Islam and the Arab empire took their beginning, Greeks 
and Persians, Ghassanids and Lakhmids, had not much 
influence ; the nomad tribes, and the few urban common- 
wealths that existed there, lived free from foreign interfer- 
ence, after the manner of their fathers. Mohammed’s city 
was Mecca, where the Baml KinAna had formed a settli Meccu. 
ment round the Ka'ba, the sanctuary of a number of con- 
federate tribes (AhAbfsh) belonging to that district. The 
feast annually observed in the days before the full moon of 
the month Dhd ’1-Hijja at Mecca and at ‘Arafa and Kozah in 
the vicinity, presented strong attractions for all inhabitants 
of the Hijdz, and grew into a great fair, at which the 
Meccans sold to the Bedouins the goods they imported 
from Syria. Feast and fair gave the city the prosperity 
which it shared rvith other cities which, like Mecca, had 
the advantage of lying near the meeting-place of the two 
great natural roads to Yemen — that from the north-west 
along the Red Sea coast, and that from the north-east fob 
lowing the line of the mountains that traverse the Nejd.'* 

By their trading journeys the Koraish® had acquired a 
knowledge of the world, especially of the Grmco-Syrian 
I world : the relative superiority of their culture raised them 
not only above the Bedouins, but above the agricultural 
population of such a city as Medina ; the art of reading 
and writing was pretty widely diflused among them. The 
Koraish within the city were the Band Ka‘b ibn Loay, 
those in the surrounding country Banii ‘Amir ibn Loay ; 
the townsmen proper were again subdivided into Motayj’a- 
bun and AhlAf — the latter were the new citizens, who were 
distinguished from the old settlers by the same name in 
other Arabian towns, as in TAif and Hira. The community 
was a mere confederation of neighbouring septs, each 
occupying its orvn quarter ; there was no magistracy, the 
toivn as such had no authority. All political action centred 
in the several septs and their heads ; if they held together 
against outsiders, this was due to interest and a sense of 
honour, a voluntary union strengthened by the presence 
of public opinion. In the time of Mohammed, the most 
numerous and wealthy sept was that of the Band Makbziim ; 
but that of the Baml ‘Abdshams was the most distinguished. 

The Band Omayya were the most powerful house of ‘Abd- 
shams ; their head, Abd Sofydn ibn Harb, exercised a de- 
cisive influence in the concerns of the whole community. 
Mohammed himself was of the Band HAshim; it is affirmed 
that these had formei-Iy enjoyed and claimed of right the 
position actually enjoyed by the Band Omayya, but this 
assertion seems to have had its origin in the claims to 
the Caliphate which the Hashimites (the house of ‘All and 
the 'AbbAsids) subs equently set up against the Omay>’ads.^ 

•* On the sUite of Arabia before Islam see Caussin de Percoral, Sssai 
sur r/iisioire des Arabes, vol. U.; Muir, Zi/e of Mah., voL i. 

’ Sl.irr al-Zahrdn, near Mecca, is accordingly said to have been the 
point at which the great emigration of tribes from Yemen parted into 
two streams, moving nortii-west and nortli-cast re.spectivcly, 

® Tlie Koraisb were tbe branch of Kindna settled In and about 
Mecca. They are called also Ghdlib and Fihr, but the last name i.s 
particularly applied to those of the Koraisb who did not live within 
the town. ■ ^ Sprenger^JoL iii. p. cxx. sq. 

f XVL -69 
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Mohauimed’s father, 'Abdalldh b. 'Abdalmottalib, did 
not live to see the son's birth, and Jus mother Amina 
died while lie was still a child. ^Mohammed was then 
cared for first, by his grandfather,- ‘Abdalmottalib, and 
after his death by his oldest ijaternal uncle, Abii Tfdib 
b. ‘Abdalmottalib. He was kindly treated, but shared 
the hardships of a numerous and very poor family ; he 
herded sheep and gathered wild berries in the desert. 
This is all that wo know of his youth (sur. xciii. 6), all 
else is legend, containing at most an occasional fragment 
of truth.^ 

It was, wo are told, in his twenty-fifth year that 
hlohainmed, on the recommendation of his uncle, entered 
the house and business of; a Avealthy widon* named Khadfja. 
Hor her he made commercial journey.s, thus learning to 
know part of Palestine and Syria, and jierhaps receiving, 
impressions which fructified in his soul.- By and by ho 
married the widow, who was much his senior ; ho was a 
shrewd man, with i)repo.ssessing countenance, fair of skin, 
and black-haired. The marriage was happy, and blessed 
with several children. The two son.s, however, died young; 
from the elder the father received the surname Abi'i '1- 
Kilsini. The most famous of the daughters was Fatima, 
who married her father’s cousin, ‘All b. Abl T'dlib. 

During his tnarried life with Khadfja, Mohammed came in 
contact with a religious movement which had laid hold on 
some thoughtful minds in iledina, Mecca, and Tdif- 
Mecca, as elsewhere, .iVrabian heathenism was a traditional 
form, of worship, cluetly conceutrated in great feasts at the 
holy places ; it was clung to because it had cofuo down 
from the fathers. The gods were many ; their importance 
was not due to the attributes ascribed to them, but to 
their connection with special circles in which they were 
worshipped. They were the patrons of septs ^ and tribes, 
and symbolized, so to speak, the holy unity which united 
the present and jJast members of these. Above them all 
stood iUldh, the highest and universal Ood.^ By him the 
holiest oaths were sworn; in his name {JJitiiiil/M AUdhummd) 
treaties and covenants were sealed ; the lower gods were 
not fit to be invoked in such cases, as they belonged to one 
party instead of standing over both. Tito enemy' was re- 
minded of iUIdh to deter him from inhuman outrage; 
enemy of Allah ('aduw Allah, Oeoajvyi'is) M-as the name of 
opprobrium for a villain. But, since Alldh ruled over all 

^ Tho tradition relate.s tliat as aii infant Jloluimiucd \va.s cutnistcd 
to a Bedouin fo.ster-niother, Ilalitna, who lirouglit biiu up among lier 
people, tlio Baud S.a'd b. Laith. Sprenger (i. 102 at/.) will have it that 
tins precise statement is also a fiction ; hut lie is probably wrong. It 
can hardly be disputed that Bedouin women were accustomed to suckle 
tlie children of townsfolk for wages, ami Moliammed’s “ milk-kinslup ” 
witli tlie Band S.a'd b. Laitli is coniinned by wlint happened at and 
after the battle of Ilouaiu. A nephew of JtohaHUued was also 
brought up among the Sa'd. Comp. Vu/ciili, ul siqira, pp. 3(51, 377 sj., 
431, note 1. 

2 He saw the mute witnesses of divine judgment,' tho rock-dwellings 
'of Hijr and tho De.ad Sea; perhaps, too, be was impressed by the 
figure of some venerable monk (Baln'ra legends). Comp. Ibu Hisliam, 
l>. 115 Sprenger, i. p. 178 sqq. 

^ Vdkidi, p. 360 : Idols were found in every house, .and homage 
was paid to them wlieu men went out or in to gain their blessing. Abu 
Bajiat made and sold them ; there was a lively trade in idols with tho 
Bedouins. 

■* The particular goils are .said to have been regarded as children of 
Alldh (D'n^5K ■'33). From snr. liii. 21, xxxvii. 149, it appears that 
tlie Meccans called their goddesses daughters of jUidU ; perh.aps 
it was their disputes with Mohammed that forced them to this view. 
At first, certainly, al-Ldt .and al-'Ozzil were names of tho wife of tho 
supreme god ; sexual dualism dominated in tlie oldest Arab idea of 
the godhead. It was Mohammed wfio first reduced the gods to 
Jinns — i.e. to subordinate demons and kobolds — as bo did not deny 
their existence, but only stripped off their divinity. To say that the 
oldest Arabs worshipped Jinns is .as unre<asonablo as to say that the)’ 
worshipped tlie devil ; for Islam degraded tho gods to Shaitdns as well 
as to Jiuiis. Superstition certainly played its part among tlie Arabs, 
but siiperstitiou is not religion. 


and impo,sed duties on all, it was not thought that one 
could enter into special relations with him. In worship 
he had tho last jilace, those gods being preferred who 
represented the interests of a specific circle, and fulfilled 
tlie private de.sires of tlieir tvorshippers.* Neither the fear 
of .-Ulfih,, however, nor reverence for the gods had much 
iniluence. The chief practical consecpience of the great 
feasts was tho observance of a truce in the holy months 
and this in course of time had become mainly an affair of 
pure practical convenience. In general, the disjiosition of 
the heathen Arabs, if it is at all truly reflected in their 
poetry, was profane in an unusual degree. Wine, the 
cha.se, gaming, and love on the one side ; vengeance, fWds, 
i-obbcry, and glory on tlm other, occupy all the thoughts of 
the old poet.s. Tlieir 7notlvc.s to noble deeds are honour 
and family feeling; they hardly name tlie gods, mucli 
less feel any need of them. The man .sets all his trust on 
himself ; he rides alone through the desert, his sword helps 
him in danger, no God stands by him, he commends his 
soul to no saint. His reckless egoism may expand to noble 
.self'-sacrifice for the family and the tribe ; hut in this 
heroism religious impulses have no part, there is nothing 
nij'stical in these hard, clear, and yet so passionate natures. 
The only vein of what -can in any sense .he called religious 
feeling appe.-u-s ivhen tlie volcano has burned itself out and 
the storm of life is over ; then, it may be, a wail is heard 
over the vanity of all the restless activity that is now 
spent.'’ It is very jiossiblo that religion meant more to tho 
sedentary Arabs than to the nomads, to whom almost all 
the ancient poetry belongs; but the difierence cannot have 
been great. 'I’lie ancient inhabitants of Mecca practised 
piety essentially as a trade, just as they do now ; their 
trade depended on.tlio feast, and its fair on the inviolability 
of the Haram and on the trace of the lioly months.^ 

The religion of tho Arabs before Mohammed was de-Ti 
crepit and efiete.* Many anecdotes and verses prove that 9- 
indifference and scolKng neglect of the gods was nothing 
uncommon. The need for a substitute for the lost religion 
was not very widely felt. But there were individuals who 
were not content with a negation, and sought a better re- 
ligion. Such were Oinayya b. Abi 'I-Salt in Tilif, Zaid b. 
'Amr in iiccca, Abii Kais b. Abl Anas, and Abii ‘Amir in 
ilediiia.’’ 'They were called Hanlfs, jirobably meaning 


’ V<diili, pp. 308, note 1, 370, note 1 ; Spri-iiger, iii. 467 sq., 612. 
M’liether the fea-st at Mecca was celeliratcd in honour of Allah before 
Mohauuueii, is very clouhtfiil. It would seem that Hoh.al w-as wor- 
siiipped in the Ka'ba (Ibu nishi'un, p. 97 sq.), and Kozah in ilozd-alifa- 
{VaJdili, 2). 42S); it is 2 >os.sible, however, that Allah stoo'l to Hobal 
amou;; tho Arah.s as El to Jahwo among the Hebrews. Ritual sacri- 
fices were generally 2 )resented to a god who had a proper iiaiue ; hut 
the trace of a religious rite which still survived in tlie ordinary killinff 
of beasts for food, jios&ihly consisted even before Jlohamuied in tlie 
invocation of the name of Allah (Sprenger, ii. 478, note 1; hut comp. 
P’uf.'idi, p. 160, note 1, p. 15S). 

’’ “Wp lia.steu towards an unknown goal, and foiget it in eating and 
drinking. We are sparrows and flies and worms, hut more daring 
than famishing wolvc.s. . . . My roots reach down to the de 2 }ths of the 
earth ; hut this Death spoils me of my yorrth, and of my soul he siroils 
mu arrd of niy body, and right soon he lays me in tho dust. I have 
urged my camel through every desert, wide-stretching and shimmering 
.with mirage ; and I have ridden iit tiie devouring host, reacliing after 
I tho honours of greedy ])erils, and I joined in the fray under every sky 
till I longed for tho howc-coininff instead of booty. But can 1, 
after Haritli’s death, and after the death of Hojr, the noble host — c.an 
I hoj'ie fora softer lot from the cliange of time, which doe.s not forget 
the hard mountains 1 I know that I must .soon bo trausti.xed by his 
kalon and tooth as befell my father and my.gr.andsire, not to forget him 
•that was slain at Kolab.” — Amraalkais, ed. Slaue, No. 10, p. 33; 
ed. Alilwardt, J7o. 5. 

^ See, on Arabian heathenism, Pococke, Specimen hist. Arahnm; 
Krehl, Rdiyion dcr vorislamiscJien Amber (Leip. 1863) ; Sprenger, 
i. 241 sq. • ® Vakidi, p. 293, note 1. 

See, for Omayya, Kitdh kl-Aghein'i, (Biildk ed.), iii. 1S6 sq.-; for 
Zaid, Ibn Hisliam, j). 143 sq. ; for Abii Ivais, id. 348 sq., 39 sq. ; and 
for Abii 'Amir, FaitiVfi, 2 il). 103, 101, 190, 410. 
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penitent^i' , men who strive to free themselves from sin,* 
Uiey did not constitute a regular sect, and had in fact no 
h-ved and organized views. They had, no doubt, inter- 
course with one another, but were not a close society; they 
thought more of their oivn souls than of propaganda : only 
in Medina they seem to have been more numerous. They 
rejected polytheism and acknowledged Alhlh, but not so 
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are so dominant in the older suras. A distinction 
must be drawn between the primitive impulses and the 
inatenal added later ; Mohammed did not get his leaven 
from the Jews, they only supplied him afterwards with 
meaL IS either in truth can Christianity be viewed as the 
proper source of Islam— Christianity, that is, in any of 


resignation (/sldwi) to his tvill ; their monotheism was most 
closely allied to the sense of •responsibility and of a comin" 
judgment; it stood opposed to the worldly ideas of the 
idolaters, and was an impulse to upright and sin-avoiding 
walk; ^ They were not theorhsts, but ascetics. It was the 


doubtless reached Islam, but in none 
of them did the idea of Judgment still stand as the central 
point of reh'gion ; the living sense of divine reality ruling 
over the life was half extingm'shed by the developments of 
theology. But in the Syro-Babylom’an desert, oS the lino 
of the church’s main advance, primitive forms of Chris- 


p^iidi. ideas of Law and Gospel g; the religion of Abra- tiai;!^, peXp; 

ham ) that hved again m them. They felt on the whole course of ehlircTi bislonrliorl lotf -l 
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. .. - They felt on the whole 

Icas attracted towaitls the developed forms of the religion of 
revelation; they rather sought after some new form; few of 
them attached themselves to existing religious communities, 

Mohammed, it would appear, came into connexion with 
these Hanifs through a cousi 

Naufal, who was one of them. Their doctrines found a 
fruitfid soil in his heart ; he was seized with a profound 
.sense of dependence on the omnipresent and omnipotent 
Lord, and of responsibility towards him. Following the 
example of old Znid b. ‘Amr, he now frequently withdrew 
for considerable periods to the solitude of the bare and 
desolate ilount Hird, and meditated there with prayer 
and ascetic exercises. For years, jjcrliaps, he went on in 
these 2 )urely individual exercises, without anything to di 
tinguish him essentially from the others who held similar 
views. But in him the Hanifite ideas lodged themselves 
in a natural temperament which had a sickly tendency to 
excitement and vision', and so produced a fermentation that 
ended in an e.xplosion.^ Thus he became a projihefc ; be 
felt himself constrained to leave the silent circle of ascetics 
and make a propaganda for the trutL In this resolve he 
uas unquestionably influenced by what be knew of the 
example of the Biblical prophets, perhaps also by the cir- 
cumstance that a longing after a new founder of religion 
was diffused among the Hanifs, and found support in some 
dim acquaintance with the Messianic hopes of the Jews. 

That Mohammed did not independently I’roduce his own 
ideas is indispnitable ; nor is it to be doubted that he de- 
rived them from the Hanifs. But what was the ultimate 
source of these first motions towards Islam i In general 
they are ascribed to a Jewish source. Jews were very 
numerous in Hijaz and Yemen, and had perfectly free 
intercouree with the Arabs, to whom they undoubtedly 
imparted a quantity of Biblical and religious material. 
Mohammed in particular was indebted to the Jews for 
almost all the stories and a great part of the laws of the 
Koran (laws of marriage, purity, etc.), and the theological 
language of Islam is full of Jewish words. But the ori- 
ginal and productive forces of Islam did not spring from 
Judaism, lea.st of all the ideas of the Judgment and of the 
inexorable demands set before the creature by his Creator, 

^ Sprenger (p. 3S sr/.) connects Hanif with ')3n, and exponnds it 

pier antiphrasin as lucus a non lucendo, on the ingenious fashion of 
A, Geiger. As ialiannuth = iaTmnnufis the technical name of such 
folitary ascetic practices as llohammed himself engaged in before hLs 
call, Hanif may be taken to mean a ',nv.ial}annifhy profession. The 
connexion between hanif and talymnuf is certain, and it seems equally 
certain that ialuinnuf as an eqnivalent of tahannutli comes not from 
Jyinfhiit fiom'hinth {forhinf), and means not to play the Hanif bnt to 
concern oneself with one’s sin, to Jinrge oneself of it. 

- It is disputed whether Itohammed was epileptic, cataleptic, hys- 
teric, or what not ; Sprenger seems to think that the answer to this 
medical qnestion is the key to the whole problem of Islam. It is 
certain that he liad a tendency to see visions, and snffered from fits 
vihich threv/ him for a time into'a savoon, vrithout loss of inner con- 
rcionsBeiS, 


course of chmch history had left untouched. To these belong 
on the one hand the Sabians (“ Baptists,” from pnh'), on the 
other the numerous anchorets of these regions. The con- 
nection of Islam with the Sabians appears from the fact 
that in Mecca and Thif its adherents were simply knotvn 
as Sabians.3 From them, however, were derived, it would 
seem, for the most part only externals, though the import- 
ance of these must on no account be undervalued. The 
deepest influence exercised on the Hanifs, and through 
theta on the Prophet, appears to have come from the an- 
chorite ascetics. How popular they were with the Arabs,, 
appears from the Bedouin poetry ; what power they exer- 
cised over the minds even of the heathen, is proved by 
various episodes in the history of Ghasscin and Hira ; how 
well the Arabs knew the difierence between them and the 
shaven clergy, is seen in the instructions of Abtihekr to the 
cominanders in the Syrian campaigns. It was not their 
doctrine that proved imjjressive, but the genuine earnest- 
ness of their consecrated Hfe, spent in preparation for the 
life to come, for the day of judgment, and forming the sharp- 
est contrast to the profanity of heathenism. Ascesis and 
meditation were the chief points with the Hanifs also, and 
they are sometimes called by the same name with the 
Christian monks.^ It can hardly be wrong to conclude 
that these nameless witnesses of the Gospel, umnentibned 
in church history, scattered the seed from which sjjrang 
the germ of Islam. 

'The tradition gives a telling story of the way in which Hohaia- 
Mohammed at length came to proclaim ojjenly what had med’s 
long been living. and working within him ; iu other words, 
how he became a prophet. Once, in the month of Rama- 
dan, while he repeated his pious exercises and meditations 
on Mount Hirfi, the angel Gabriel came to him by night 
as he slept, held a silken scroll before him and compelled 
him, though he could not read, to recite what stood ivritten 
it.^ This was the first descent of a passage of the 


on 


heavenly book, the soiuce of revelation from which Moses 
and Jesus and all prophets had dra^vn; and so Mohammed 
was called to be a prophet. The words with which Gabriel 
had summoned him to read, remained graven on his heart. 
They were the beginning of sur. xevi. — 

^ Ibn Hiaham (p. 835) relates that the Bami Jadhima announced , 
their conversion to Islam to Khilid in the words, “We are hecoroo 
Sabians.” Renan, .Eludes cf/tuiofro rel, (1363), p. 257, misunderstands 
this utterance. 

■* Abu 'Amir is as often called Rahib as Hanif. AU the accounts 
indicate that the Hanifs stood nearer to Christianity than to Judaism, 
not only in Taif but elsewhere. Interesting in the highest degree is a 
verse ascribed to Sakbr al-Ghay in the Hodhaiiian Poems, ed. Kose- 
garten 18, 11. A thundercloud is there described, the centre of which 
is an impenetraWe mass ; only on the outer fringe a restless motion is 
iliscemible. “Its fringes on the mountain-ridge (ai-ifaki) are like 
Christians celebrating a banquet when they have found a Hanif (and 
so run to and fro in the restlessness of glad eicitement).” 

® Of course any one can read in a vision. Tlie question dU.cu.ssed 
even by Moslems, as to whether the Prophet could read or not, has at 
least no place in this connexion. 
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“ Scad ! iiL tie aaine cf thyX.'ir'i, ^io creatc-i, crait&i Eian &dzi 
2. drop. Siai • for rhr Lord is ic ILisr Higii nha hath tar^r 

fc^c xicZi. aa^a .o ■ ■ r T*aat ac a act** roa d^av traZtr 

taar. traiketh ia •irlasio’::. •s’haa ha dreas thai La satScss for him- 
self ; to thj Lori they mast ail xetana"'’ 

"Wliiit- is here recorded is tlie commenceineii^ cot of 
Moiiaicnied's kro-srledge, 'bur of Ms propiisyicg. Teat 
the latter «us due to a risioa eapexiecced by Mm on a 
eight of the month Bamadaa (sur. xeviL 1, in 181) is 
certain, and it is at least rery possible that the form of 
the risioc tras goremed fay the tiaainonai conception of 
reTelation and prophecy ■nrhich hlohammed had learned to 
accept,- It is, of oonrse, nncerrain whether the words in 
which the angel called the Prophet are really contained in 
sur. xevh Certainly this stira is verr earlj-, and its con- 
tents are, indeed, the best expression of the original ideas 
of Islam. Man lives on content with himself, but he must 
one day rerum to his Creator and Lord, and give account 
to him This is in a sense the material principle of the 
oldest faith of Islam : the formal principle is the very pro- 
minent doctrine of revelation in writing copied from the 
heavenly faoox. 

IThen the angel left him — so the tradition runs on — 
Mohammed came to Khadija and recounted the occurrence 
to her in much distress ; he thought that he was possessed. 
She however comforted him, and connnned him in the belief 
that he had received a revelation and was called as a mes- 
senger of God. Yet his doubts returned, when there ensued 
a break in the revelation, and they reached a distressing 
height. He was often on the point of seeking death by 
casting himself down from Mount Hiri, It is nsnally 
assumed that this state of anguish lasted from two to three 
years. Then the angel is said to have suddenly appeared 
a second time ; he came to Khadija in great excitement 
and said : “TTrap me up ! wrap me up •” This, it must 
be explained, was done when he fell into one of his swoons : 
and on this occasion, as often thereafter, the revelation 
came daring an attack. Then was sent dotm siira irxiv. 
beginning avith the address — ‘*'0 thou enveloped one!'"’ 
Henceforth there was no interruption and no doubt ; the 
revelations followed without break, and the Prophet was 
assured of his vocation. 

That Mohammed did pass through many doubts and 
much distress before he reached this assurance, may well 
'be believed (sur. xciiL 3); but the g'stematic development 
of the doctrine of the fatra^ or intervai of from rwo to 
three years benreen the nrst and second revelation, belongs 
to a later stage of tradirion. It aTjj>ears that it was de- 
vised to dispose of the c-ontroversy whether Mohammed 
lived as a prophet in Mecca for ten or for twelve years ; 
perhaps, too, it was desired to solve another dimeulty — 
viz., whether sur. xevi. or sur, Ixxiv. svas the beginning 
of the revelation — in a sense that should do some justice to 
the rival claims of each.-' The tradition may also have 
been innttenced by the circnmstance that Mohammed, in 
the first three years of his mission, did not appear as a 
public preaeher,^ but only sought recruits for his own cause 
and the cause of Allah in pritute circles. Pitst, he gained 
the inmates of his own house, — his wife Khadija, his freed- 

1 H. Xk-i'velS, “De Ta'ciciis Kgli,” in FatriciTis, Cvi. pir.a!. V. T., 
iti foi, 5. 551 1/7. Cempare, in ti:s Kcien, capecially inr. IhitH. 6, 
“ We "Sill cease taee S3 to read that tioa mayesi forger nothing save 
--is: Goi •via.'’ Etefoao-nisgerogress is ziote'v&riby : — ^Isaisi’s lips 
sre toccied to pvrge titers cf sis (Iss. 'vL 7) ; Jeresdss’s are toscsed 
Ly -the Lord to pst His vrerd is ids rrostii (Jer. i. 3) ; Erekiel receiTes 
tie reveistton zs s roH of a bock -rriici ie iss to stitdlo-ar (Etek. iiL i). 

- See Spscsser is d’.ja.LT. Cr., ISoa, p. 173 oj.r Itiddeke^ op» cii.j 
Ci ST. Errald tiisks tiar tie vocatives at tie banning of ssr, Iiiiv. 
et:! Tvr^”. iseas sisrij — O less sleeper! Tils 'siisr is vrorthy of 
cosiideradis. Tie Uoslets esegetes tiorosgily sB-lersaa:d tie art 
cf ^visg to gettersl eipressioss of tie Koras specisc reieresoe to 
iitorieai events •niiri 'tiey isve titnuclves Invented to facihiate 
csegcds. ' lin Hishsta, p. 106 . 
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f man Zald h. Haritha, his cousin ‘All (of whcoe nurture £■= 
lp.i relieved Abu Talib, a psor man wirh maav childreM rn 
and finally Ms deares: friend AbufcMs b. Ai KohA 
The last named won for him several other adherent - 
‘Orhman b. 'Amin, Zocair b. ai-'Awwam, 'Abd al-Piahmin 
b. 'Anf, Sa'd b. Ai "iYakkas, Talha b. 'Ocaid AU-ii 
names ot noie in tne subsequent history of Islam. Soar 
there was a little community formed, whose members unit 
in. common exercises of prayer. 

To the Hanifs, especially to the family of Zaid b. 
their relatioii was mendiy ; they had the name of McM A 
in common, and there was hardly any diaerenee of orin- 
ciple to separate them. The personality of the tiJoi>iet 
had given an altogether new impulse to a movement MAcv 
in existence ; that was alL To found a new religon wl 
in no sense Mohammed's intention : what he sonant wts 
to secure among his people the recognidon of the old and 
the true. He preached it to the Arabs as Moses had before 
Mm preached to the Jews, and Jesus to Christians ; it ivas 
all one and the same religion as written in the heaveuiv 
book. ■ The dinerenees between the several religions of die 
book were not perceived by him till a much later lerioi 
It is not dlmcult to understand why Mohammed siosM 
in the first instance have riimed to those who were mesr 
readily accessible to him : but the nature of his mission did 
not sucer Mm to rest content ■with this : it compelled him 
to make j^'dblic proclamation of the truth. One of. his 
dependents, Arkam b. AM Axkam, ofered for this purpose 
his house, wMch stood close by the sanctuary, and thusthe 
Moslems obtained a convenient meeting-place within the 
town, instead of, as Mthsrto, being compelled to resort to 
ravines and solirarr places.’ Here Mohammed preached, 
and here tco it was that he received some converts to 
Islam, But he did not obtain any great results among the 
Meccans. Mhat he had to say "was already in substance 
familiar to them : all that -was new -was the eathuriasm 
■with wMch he proclaimed old trutk But this enthusiasm 
failed to make any impression on them ; they set him aside 
as a visioimiy, or as a t-cet, or simply as one possessed. 

In their eyes it ■was a fatal Saw that his supponers were 
drawn from the slave-class and the lower orders, and the 
tanks of the young: it would have been quite anomer 
matter if one of the rulers or elders had believed in hini- 
This circnmstance was a source of annoyance to the pro- 
phet himself ; in sur. Ixxx. we find him rebuked by Gcd 
for having repulsed in an unkind "way a blind beggar who 
had interrupted Mm as he was endeavouring to win over a 
man of inficence — an endeavour wMch proved of co avail 
This indirierence of the hfeccans embittered the mes- 
senger of God, and led bim to give to his preachiug a 
polemical character wMch it had not Mtheno popessei 
In the oldest suras we have monotheism in its positive and 
practicai form.* God is the all-powerful Lord and all-know- 
ing Judge of man ; he demands loyal seK-surrender and 
unoonditionai obedience: the service he requires is a senons 
life, characterized in particnlar by prayer, almsgiving, and 
temperance. That the worsMp of other gods beside Allah 
is excluded by these 'vie^ws, goes without saving; still r “ 


■^ It does E',; spjear tiEit Arksnfs koesa ■^■es of zhs niters _or 
isvlm to ■^Hia^ilobiEiEisd tEtc-tk aipsalf for rcfcge from _tis_ m- 

sny eridizcn thzz ha ever livid ia it. It ttzs sirDsl^ the 
house of the oldest T-lf-.n. Prsver ojatiacid to be caerei ■sithiap* 
imtil the coaversioa of 'Oamr, ■srho 


■as 'oc-!d eaoagh to c'zxsi Lte| 

KaTia itself, the esatre of heiihiaisia, as the ilosleai place of 
Coaip., Muir, ih p. 117 ; Spreagsr, L p. 434. 

^ tThat is Liiaat by practical lacaothelsta is most easily aaderriO" 
by reiereace to 3fatt. ■i^L 24 sj-t., x. 25 stt., and to lathers eip>^ 
tioa of the arst cotaanaihaeat ia the catechisms ; ii is the essence o. 
religioa. We do cot, of coarse, mean that this practical m-ta-twr 
is eapressed ia the Koiaa ■sita as mcch parity aad depth as as 
CostkI. 
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noteworthy that the sharp negations of monotheism ac- 
quired prominence only by degrees. It was in his indig- 
nation against the cold mockery with which he was met 
that Mohammed first assumed an attitude of hostility 
towards the worship of polytheism, while at the same time 
he gave much greater prominence to his own mission, just 
because it was not acknowledged. He now be"an to 
threaten the infidels with the judgment of God for their 
contempt of His message and His messenger ; he related 
to thwn the terrible punishments that in other cases had 
fallen on those who refused to hear the voice of their pro- 
phet, applying the old legends to the circumstances of the 
jiresent ivith such directness that it was superfluous ex- 
no-stility pressly to add the morals. This could not fail to irritate 
^ieccans, especially as after ail the new religion gained 
ground. What Mohammed attacked as ungodly and abom- 
juable were^ their holy things ; they were jealous for their 
gods and their fathers. Their attachment to the tradi- 
tional worship was the greater that the prosperity of their 
town rested upon it ; for they had not yet learned that the 
Ka*ba was no institution of heathenism. They found, how- 
ever, no other way to remove the public scandal than to 
approach Abh TAlib, the Prophet’s uncle and the head of 
his family, asking him to impose silence on the offender, 
or else to withdraw from him his protection. Abii T/tlib 
was not jiersonally convinced of Mohammed’s mission, but 
he did not choose to im])Ose conditions on the enjoyment 
of his protection. At length, however, when the Meccans 
adopted a_ threatening tone and said that he must either 
restrain his nephew from his injurious attacks, or openly 
take side for Mohammed and against them, he sent for his 
nephew, told him how things stood, and urged him not 
to involve tliem both in ruin, ifohammed was deeply 
moved ; he thought his uncle uished to get rid of him ; yet 
he could not and would not withdraw from the divinely- 
imposed necessity which impelled him to preach his con- 
victions. “Though they gave me the sun in my right 
hand,” lie said, “ and the moon in my left, to bring me 
back from my undertaking, yet will I not pause till the 
Lord carry my cause to victory, or till I die for it.” With 
this he hurst into tears, and turned to go away. But 
Abu Tdhb called him back and said : “ Go in peace, son of 
my brother, and say what thou wilt, for, by God, I will on 
no condition abandon thee.” 

The protection of his uncle did not relieve Mohammed 
from all manner of petty insults which he had to endure 
from his enemies from day to day ; but no one ventured to 
do him serious ham, for the family feud which this would 
necessarily have produced was not to he lightly incurred. 
Less fortunate than the Prophet, however, were such of 
his followers as occupied dependent positions, and had no 
family support; especially the converted bondmen and 
bondwomen, who found no consideration, and were often 
treated Avith actual cruelty. For some of these Abiibekr 
jiurchased freedom. There seem to have been no martyr-s, 
but the situation of many Moslems became so intolerable 
that they fled to Abyssinia. The Abyssinian CShristians 
were quite looked upon as their reh'gious kinsmen. 

A breach rvith one’s people is for the Arab a breach with 
God and the world ; he feels it like a living death. Mo- 
hammed, who remained in Mecca, naturally made every 
effort to heal the breach %vith his to-ivnsmen, and, as natur- 
ally, the latter met him half-way. He even went so far 
as to take the edge from his monotheism. Once, when 
the heads of the Kotaish were assembled at the Ka'ba, 
Mohammed, we are told, came to them and began to recite 
before them sur. hii.^ tVhen he came to the passage, 
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^ The authorities for tiiis are Ibn Sa'd, the secretary of Wdkidi, to 
wiioro we owe tiie preservatioa of Wdkidt’s materials for the Meccan 
period, and especially Tabari; comp. Muir, ii. 150 sjy. The common 


“ \Vhat think ye of al-Lat and al-'OzzA, and of Manat the 
third with them?” the devil put words in his mouth which 
^ wished to have by revelation from God— -viz 
These are the sublime Cranes,- whose intercession may 
be hoped for. _ The auditors were surprised and delighted 
by this recognition of their goddesses, and when Mohammed 
closed the sdra with the words, “So prostrate yourselves 
before Alldh and do service to him,” they all with one 
accord complied._ They then professed their satisfaction 
with his admissions, and declared themselves ready to 
recognize him. But the messenger of God went home dis- 
quieted. In the evening Gabriel came to him, and Mo- 
hammed repeated to him the siira ; whereupon the angel 
smd : “ What hast thou done? thou hast spoken in the ears 
of the people words that I never gave to thee.” Mohammed 
now fell into deep distress, fearing to he cast out from the 
sight of God. But the Lord took him back to His grace 
and raised him up again. He erased the diabolical verse 

and revealed the true reading, so that the words now ran 

“ mat think ye of al-Ldt and al-'Ozzd, and of Mandt tlie 
third ivith them ? The male [offspring] for you and the 
female for God ? That were an unjust division ! ” IVhen 
the new version reached the ears of the Jfeccans they 
compared it with the old, and saw that the Prophet had 
broken the peace again. So their enmity broke out again 
ivith fresh violence. 

_ It is generally and justly suspected that this compromise 
did not rest on a momentary inspiration of Satan, but was- 
the result of negotiations and protracted consideration. 
Nor was the breach so instantaneous as is represented ; 
the peace lasted more than one day. There is no doubt 
as^ to the fact itself. Every religion must make compro- 
mises to gain the masses. But for Mohammed the moment 
for this had not yet arrived ; later on he used the method 
of compromise with great effect. 

The news of the peace between Mohammed and the 
Meccans had recalled the fugitive Jloslems from Abyssinia;* 
on their return the actual state of affairs proved very 
different indeed from what they had been led to expect, 
and it was not long before a second emigration took place. 
By degrees as many as a hundred and one Moslems, mostly 
of the younger men, in little groups, had again migrated 
to Abyssinia, where they once more met with a friendly 
reception. Among them were Ja'far, the brother of 'All , 
and the Prophet’s daughter Eokayya, along with her hus- 
band ‘Othmdn b, ‘Affdn.^ 

Mohammed’s position was very considerably altered for 
the worse, both subjectively and in other respects, by his 
precipitate withdrawal from the compromise almost as soon 
as it had been made. He himself indeed, although long 
and salutarily humbled by the remembrance of his fall 
(sur. xvii. 75 5'?'?.), never abandoned faith in his vocation ; 
his followers also did not permit themselves to be led 


tradition ignores the fact itself, hut knows its result, the return of the 
Abyssinian fugitives. 

" “ al-'old,” fluo-sounding but perhaps meauinglesi 

words „ ctwas dnnkel zwar, 

DocU es klingt recht wuiulerbar." 

Comp. Xoldekc, ojp. cit., p. 80. Hobal, though tlio chief god of the 
Meccans, is not mentioned in the Koran either here or elsewhere. 
Perhaps as God of the Ka'ba he was already identified with Alldii by 
the Jleccans, or was so identified by Moliainmed, 

^ The date assigned is the month Rajah of the fifth year of the Call, 
corresponding to the eighth year before the Flight (a.d. 614 - 615 ). 
The compromise m ust have been made in the interval. The chronology 
of this period is of course in the highest degree uncertain, and the 
order of the events hard to ascertain. Thus it can_ scarcely be deter- 
mined whether the atove-mentioned scene with Abii Talib ought to be 
placed before or after the compromise, 

* 'Othmdn and Kokayya, however, members of the noble hoa.se of 
Omayya, soon returned, along with many others. The rest rcinamed 
in exile until the seventh year of the Flight. 
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^o«nd comfort fii the fact that at 
least the Jinns listened to him as bj- the -n-ay he chanted 
the Koran in the sacred grove of 2\akbhJ Ki the present 
circumstances it y,-as novr impossible for him to return into 
the toini, after having openly announced his intention of 
breaking inth it and joining another community. He did 
not venture to do so until, after lengthened negotiations 
he had assured himself of the protection of a leading citizen! 
Mot im b. Adf. Notwithstanding all that had happened 
he resolved, two months after the death of IChadtja. to enter 
upon a second marriage uith Sauda bint Zam'a, the widow 
of an Abyssinian emigrant. 

Chance soon afterwards brought to pass what fore- 
thought (on his journey to Tdif) had failed to accomplish. 
After haying given up the Meccans, Mohammed was wont 
to seek interviews with the Arabs who came to Mecca, 
Majanna, Dhii ’Wfajaz, and 'Okdz, for the purpose of taking 
part in the feasts and fairs, and to preach to them.- On 
one such occasion, in the third year before the Flight 
1 (a.d. 619-620), he fell in with a small company of citizens 
of Medina, who to his delight did not ridicule him. as was 
usually the case, but showed both aptness to understand 
and willingness to receive his doctrines. For this they 
had been previously prepared, alike by tlieir daily inter- 
course with the numerous Jews who lived in confederation 
Avith them in their town and neighbourhood, and by the 
connections which they had with the NaKatmans and 
Christian Arabs of the north. Hanifitism was remarkably 
widely diffused among them, and at the same time there 
were movements of expectation of a new religion, jierhaps 
eA’eu of an Arabian ^ilessiah, who should fomid it. Medina 
was the proper soil for Mohammed’s activity. It is singular 
that he owed such a discovery to accident. He entered 
into closer relations uith the pilgrims who had come from 
thence, and asked them to try to find out whether there 
Avas any likelihood of his being received in their toAvn. 
Tliey promised to do so, and to let him hear from them in 
the folloAving year. 

^At the jiilgrim feast of next year, accordingly, twelve 
citizens of iledina had a meeting Avith ilohammed,-^ and 
gaA-e him their pledge to have no god but Allah, to with- 
• hold their hands from what was not their oaati, to flee for- 
nication, not to kill -new-born infants, to shun slander, and 
to obey God’s messenger as far as was fairly to be asked.’ 
This is the so-called First Homage ou the 'Akaha.^ The 
twelve men now returned, as propagandists of Islam, to 
their homes Avith the injunction to let their master hear 
of the success of their efforts at the same place on the 
folloAving year... One of the Meccan ^Moslems, Jlos'ab b. 
'Omair, was sent along Avith or after them, in order to teach 
the people of iledina to read the Koran, and instruct them 
in the doctrines and practices of Islam. 

Islam spread very quickly on the new soil. It is easy 
to understand how his joj' strengthened the Prophet’s 
spirit to trj' a higher flight. As a symptom of his exalted 
frame we might well regard his famous night-journey to 
Jerusalem (sur. xvii. 1 ; vi. 2), if we could be sure that it 
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^ Sur. xlvi. 2S ; IxxU. 1. On the impossibility of bistorically fixing 
the date oftWs occarrence see NoMeke, op. cU., p. 101. 

- Huir (ii. ISl sj.) assumes, with good reason, that he had already 
done so during the time when he was living in the Shi'b Abi Tdlib, 
and assigns to this period the story that Ahii. lahab followed Iiim in 
this in order to counteract his preaching, and sow tares among the 
wheat. 

^ Sprenger (ii. 526) identifies this meeting with the first, which tra- 
dition distingnishes from it and places a year earlier. He is probably 
right. 

■* Afterwards, this was called the women's oath. It is a noteworthy 
snmniarj' of the features by which Islam is distinguished from 
heathenism. 

® On the 'Akaha compare ValHdi, pp. 417, 427, 429. It was a 
station between 'Arafa and hlina. 


belonged to this period.® The prophecv also of the final 
triumph of the Romans over the Persians (contained h! 
air. XXX. 1 Sfiq.) might very well pass for an expression of 
lus own ass^nce of victor}-, as at that time he still had .a 
feehng of sohdanty with the Christians. But the prophecv 
(the only one contained in the Koran) belongs, it Avoukl 
appear, to a much earlier date.’ 

Ah the Mecran festival of the last year before the FhVht 
(in March 622) there presented themselves among the k- 
p-ims from Medina seventy-three men and two women wlio 
had been converted to Islam. In the night after the day of 
the racrifice they again had an interA-iew Avith the Prophet 
on the Akaha ; Al-'Abbas, his unde, who after Abii Talib's 
death had become head of the Bapu Hashim, Avas also Second 
present. This is the so-called Second Homage on theHomnge. 
i^aba, at which Mohammed’s emigration to Medina was 
definitely settled. Al- Abbiis solemnh' transferred his 
nephew from under Ms oivn protection to that of the men 
from Medina, after these had promised a faithful discharge 
of the duties this involved. They swore to tb^ Prophet to 
guard him against all that they guarded their Avives and 
chiidreu from. He, on the other hand, promised thence- 
forward to consider himself ArhoUy as one of themselves, 
and to adhere to their societ}-. According to the tradition 
this remarkable scene was brought to a close by a sudden 
noise. 

The Meccans soon got Aidud of the affair, notwithstand- 
ing the secrecy Avith which it had been gone about, but 
Ibn Obay, _the leader of the Medina pilgrim caraA-an, whom 
they questioned next morning, was able irith good con- 
sdeace to declare that he knew nothing at all about it, as, 
being still a heathen, he had not been taken into the con- 
fidence of his Moslem comrades, and he had not observed 
their_ absence over night. The Meccans did not gain 
certainty as to what had occurred, until the men of Medina 
had left. They set out after them, but by this they gained 
nothing. They next tried, it is said, violently to prevent 
their own Moslems from migrating. After a considerable 
pause, they renewed the persecution of the adherents of 
the Prophet, compelling some to apostasy, and shutting up 
others in prison. But the measures they adopted were in 
no case effective, and at best served only to precipitate the 
crisis. A few days after the homage on the 'Akaha, 
Mohammed issued to his followers the formal command to 
emigrate. In the first month of the first year of theTkeemi- 
Flight (April 622) the emigration began ; Avitliin two Rmt'on- 
months some 1.50 persons had reached Medina. Apart 
from slaves, only a few were kept behind in Mecca.® 

Mohammed Mmself remained to the last in Jlecca, in the 
company of Ahiihekr and 'Ali. His reason for doing so is 
as obscure as the cause of his sudden flight. The e.xplaiia- 
tion offered of the latter is a plan laid by the Meccans for 
his assassination, in consequence of which he secretly 
Avithdrew along A\ith Ahiihekr. For two or three days the 
tAvo friends hid themselves in a cave of Mount Thaur, 
south from Mecca, till the pursuit should have passed 
over (sur. ix. 40). They then took the northward road 
and arrived safely in Medina on the 12th of Rahl' of the 
first year of the Ffight.® Meanwhile, 'Ali remained three 


® See Muir, ii. 219 Jjj. Sprenger, ii. 527 sqq. ; and on tlie otlici 
side, Holdeke, Koran, p. 102. 'The masni ivas afterwards called 
mdrCij (ascension), and, originally represented as a vision, came to ke 
regarded as an okjective tkongk instantaneous occurrence. 

I See on tke one kand Jlnir (ii. 22.3 fjy.) and Sprenger (ii. soq.), 
and on tke ether Koldeke (Qaran, p. 102 ; Tabari, p. 2PS). Tlio 
manner in n-kick Sprenger seeks to make tke prophecy a viiti’cfnii(n ez 
erenfu is unfair. 

s Ikn Hiskam, pp. 315 sq., 319 

5 Tke 12tli of RaW is, according to tradition, tke Prophet’s hirth- 
day, tke day of his arrival in Jfedina, and the day of kis death. Tt 
is certain that he died at mid-day on Monday the 12th of Rahf, hut 



nen 
’’ e- 


TSt 

omage 
I the 
'i.kaba. 


SIOHA^niED.] 


M 0 H A M M E D A N I S j\I 


Tradition lias it tliat Jie found comfort iii the fact that at 
least the Jinns listened to him as by the n-ay he chanted 
the Koran in the sacred grove of Kakhla.^ In the present 
circumstances it was now impossible for him to return into 
the town, after having openly announced his intention of 
breaking with it and joining another community. He did 
not venture to do so until, after lengthened negotiations, 
he had assured himself of the protection of a leading citmen’ 
^lot'im b. 'Adf. Notwithstanding all that had happened, 
he resolved, two months after the death of Ivhadija. to enter 
upon a second marriage vith Sauda bint Zam'a, the widow 
of an Abj’ssinian emigrant. 

Chance soon afterwards brought to pass what fore- 
thought (on his journey to Tdif) had failed to accomplish. 
After having given up the ^leccaus, Mohammed was wont 
to seek interviews with the Arabs who came to Mecca, 
Majatma, Dhri 'l-ifajaz, and 'Okdz, for the purpo.^e of taking 
part in the feasts and fairs, and to preach to them.- On 
one such occasion, in the third year before the Flight 
(a.i>. 619-620), he fell in with a small company of citizens 
of iledina, who to his delight did not ridicule him. as was 
usually the case, but showed both aptness to understand 
and ■nillingness to receive his doctrines. For this they 
had been previously prepared, alike by their daily inter- 
course with the numerous Jews who lived in confederation 
vrith them in their town and neighbonrhood, and by the 
connections which they had with the Nabataans and 
Christian Arabs of the north. Hanifitism was remarkably 
widely diffused among them, and at the same time there 
were movements of expectation of a new religion, perhaps 
even of an Arabian Jlessiah, who should found it. iledina 
was the proper soil for Jlohammed’s activity. It is singular 
that he owed such a discovery to accident. He entered 
into closer relations nith the pilgrims who had come from 
thence, and asked them to tiy to find out whether there 
was any likelihood of his being received in their town. 
Tliey promised to do so, and to let him hear from them in 
the following year. 

^At the pilgrim feast of next year, accordingly, twelve 
citizens of Medina had a meeting with iloliamraed,-^ and 
gave him their pledge to have no god but Allah, to with- 
hold their hands from what was not their own, to flee for- 
nication, not to kill -new-born infants, to shun slander, and 
to obey God’s messenger as far as was fairly to be asked.’ 
This is the so-called First Homage on the 'Ahaha.^ The 
twelve men now returned, as propagandists of Islam, to 
their homes with the injunction to let their master hear 
of the success of their efforts at the same place on the 
following year.. One of the Meccan iloslems, Mos'ab b. 
'Omair, was sent along with or after them, in order to teach 
the people of Itledina to read the Koran, and instruct them 
in the doctrines and practices of Islam. 

Islam spread very quickly on the new soil. It is easy 
to understand how his joy strengthened the Prophet’s 
spirit to tty' a higher flight. As a sjTnptoni of his exalted 
frame we might well regard his famous night-journey to 
Jerusalem (sur. xvii. 1 ; vi. 2), if we could be sure that it 

I Snr. ilri. 2S ; Ixxil 3. On the impossibilitv of bistoricalij- Bxiog 
the date of this occurrence see Kdldeke, op. eii., p. JOl. 

- hlnir (ii. ISl sq.) assumes, with good reason, that he had already 
done so during the time when he w.as bring in ttie Shi'b Abi Tabb, 
and assigns to this period the story th.at Abu Lahab followed him in 
this in (wder to counteract his preaching, and sow tares among the 

"^^^^prenger fii, o26} identifies this meeting with the first, which tra- 
dition dist?ngnishes from it and places a year earlier. He is probably 

Afterwards this was called the women’s oath. It is a noteworthy 
summary of the features by which Islam is distinguished from 

s On the 'Akaba compare Vakidi, pp. 437, 427, 429. It was a 
station betu-een ‘Arafa and hbna. 
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belonged to this period.^ The prophecy also of the final 
triumph of the Romans over the Persians (contained in 
siir. XXX. 1 sj?-) might very well pass for an expression of 
lus own assurance of victor}-, as at that time he still had c 
feeling of solidarity with the Christians, But the prophecy 
(the only one contained in the Koran) belongs, it would 
appear, to a much earlier date.” 

_ At. the Meccan festival of the last year before the Flight 
(in March 622) there presented themselves among the pil- 
grims from Medina seventy-three men and two women who 
had been converted to Islam. In the night after the day of 
the sacrifice they again had an interHew with the Prophet 
on the 'Alcaba ; Al-'Abbas, his uncle, who after Abit Talib's 
death had become head of the Bami Hashim, was also Second 
present. This is the so-called Second Homage on the Homage, 
k^kaba, at which Mohammed's emigration to Bfedina was 
definitely settled. Al- Abbas solemnly transferred his 
nephew from under liis own protection to that of the men 
from Medina, after these had promised a faithful discharge 
of the duties this involved. They swore to thp Prophet to 
guard him against all that they guarded their wives and 
children from. He, on the other hand, promised thence- 
forward to consider himself wholly as one of themselves, 
and to adhere to their societ}'. According to the tradition 
this remarkable scene was brought to a close by a sudden 
noise. 

The Meccans soon got wind of the affair, notwithstand- 
ing the secrecy with which it had been gone about, but 
Ibn Ohay, the leader of the Medina pilgrim caravan, whom 
they questioned next morning, was able with good con- 
science to declare that he knew nothing at all about it, as, 
being still a heathen, he had not been taken into the con- 
fidence of bis Moslem comrades, and he had not observed 
their absence over night. The Meccans did not gain 
certainty as to what had occurred, until the men of Medina 
had left. They set out after them, but by this they gained 
nothing. They next tried, it is said, violently to prevent 
their own Moslems from migrating. After a considerable 
pause, they renewed the persecution of the adherents of 
the Prophet, compelling some to apostasy, and shutting up 
others in prison. But the measures they adopted were in 
no case effective, and at best served only to precipitate the 
crisis. A few days after the homage on the 'Akaba, 
ilohammed issued to his followers the formal command to 
emigrate. In the first month of the first year of theTheemi- 
Fligbt (April 622) the emigration began; within twof?”^'°"- 
months some 1.50 persons had reached Medina. Apart 
from slaves, only a few were kept behind in ilecca.® 

Mohammed Hmself remained to the last in Jlecca, in the 
company of Abuhekr and 'Ah'. His reason for doing so is 
as obscure as the cause of his sudden flight. The explana- 
tion ofi'ered of the latter is a plan laid by the Meccans for 
his assassination, in consequence of which he secretly 
withdrew along wth Abubekr. For two or three days the 
two friends hid themselves in a cave of Mount Thaur, 
south from Mecca, till the pursuit should have passed 
over (sur. ix. 40). They then took the northward road 
and arrived safely in Medina on the 12 th of Babi' of the 
first year of the Flight." Meanwhile, 'All remained three 


® See Mnir, ii- 219 sqq. ; Sprenger, ii. 527 sqq. ; and on the other 
side, Koldeke, Koran, p. 102. The tnasrti was aftenv.nrds calleo 
■mfrdj (ascension), and, originally represented as a ririon, came to he 
regarded as an objective thongli instantaneous occurrence. 

^ See on the one hand Mnir (ii. 23Ssqq.) and Sprenger (ii B2,7 sqq.), 
and OB the ether A'oldehe (Qomn, p. 102 ; Tabari, p. 29S). Hie 
manner in which Sprenger seeks to make the prophecy a rnriani am ez 
erenfu is unfair. 

s IbnBisham, pp. 335sj., 319 -'5- _ 

3 The 12th of Rabi' is, according to tradition, the Prophet .s hirtSi- 
day the day of his arrival in Medina, and the day of his death. It 
is certain that be died at mid-day on Monday the 12th of Babf, but 
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K->'V. Moliammed tlms laid the foundations of Lis position in 
a Jnanner precisely similar to that wliicli Moses (Exod. 
xvin.) IS said to have followed ; and just as the Torah grew 
out of the decisions of Moses, so did the Stinria out of those 
ot Mohammed. It was perhaps in judicial and regulative 
activity, which he continued quietly to cariy on to the 
very end^ of his life, that his vocation chiefly lay. At all 
events his work in this direction was extremely beneficial 
if only because he was the creator of law and justice where 
previously there had been nothing blit violence, self-help, 
or at best voluntary arrangement. But the contents of 
his legislation also (if it can be called by such a name) 
marked a distinct advance upon what had been the iwevi- 
ous u.se and wont in Arabia. In particular, he made it 
lus special care to set a fence round the rights of iiropcrty, 
and to protect and raise the jilace of woman in marriage. 
Blood revenge he retained indeed, but completely altered 
Its character by reserving to himself the right of permitting 
It j in other words, the right of capital sentence. It need 
not be said that in many ways he availed himself of that 
which already existed, whether in the form of Arab usage 
or of Jewish law; he followed the latter, in particular, in 
hi.s laws relating to marriage. 

Religion. The new situation of affairs inevitably brought it about 
that religion was made a mere servant in the work of 
forming a commonwealth. Never has this service been 
better performed ; never has it been utilized with greater 
adroitne.ss as a means towards this end. In Mecca, Islam 
had originally been nothing more than the individual con- 
viction of Mohammed ; it was only after severe struggles 
that he went so far as to preach it, and even his preaching 
had no other aim than to create individual conviction in 
others. "Wliat he .said was of the simplest description — 
that people ought to believe in God and in judgment to 
come, that men ought to live their lives seriously and not 
waste them in follies, that one ought not to be high-minded 
or covetous, and so on. A community arose, it is true, 
even in hlecca, and was confirmed by the persecutions. 
There also religious meetings were held and social jirajmrs. 
;hit everything was still in a very fluid and rudimentary 
stage ; religion retained its inward character. It was not 
until the first two years after the Flight that it gradually 
lost this, and became, if not exclusively, yet to a very largo 
extent, a mere drill S3'.stem for the community.^ No god 
but the one God (M iliih ilia ’llAh) was the entire sum of 
their dogmatic, and less importance was attached to belief 
in it than to profession of it. It was the watchword and 
battle-cry. The prayers - took the form of military exer- 
cises ; they were imitated with the greatest precision by 
the congregation, after the example of the Imiim. The 
mosque was, in fact, the great exercising ground of Islam ; 
it was there that the ^Moslems acquired the esprit de corps 
and rigid discipline which distinguished their armies. 

Next to the monotheistic confession (tauhfd) and to 
jirayer (salAt) came almsgiving (zakdt, sadalfa) as a third 
imjiortant means by which Mohammed awakened and 
brought into action among hisfollowers the feeling of fellow- 
ship. The alms by and by grew to bo a sort of tithe, 'which 
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^ This is to bo vnderstootl im applying to the system ns a wliolc. 
Of course, tiiere nre nlw.tys iiidividtiais iviio break tliroiigb system ; 
1)ut tlie liistorie.'il pou'er of Mam rests iijjoii tlie system. To tlie 



pious forms of spcecli were tleninmicd. Cliaracteristio of tlio puritan- 
ism of tlie system is the proliibition of wine and of gaming, linst issucel 
fin tlie years immediately following tlie FJiglit, and llio contempt for 
jioetry. 

They were five in number — at sunrise, noon, afternoon, sunset, and 
late evening, Eacli prayer consisted originally of two, afterwards of 
four, ])rostratioiis. TJie ebief weekly public service (joni'a), with scr- 
jnon, was lield on Friday at mid-day, . 


afterwards became the basis of the Moslem fiscal system 
and .so at the same time the material foundation of the 
Moslem state. Religion received so practical a develop- 
ment that of alms nothing but the name remained, and 
the convenient fiction that the taxes had to be paid to God. 

Just in proportion to tlie closeness of the union inloln- 
wluch Islam brought its followers did its exclusivcueHsS''C''scd 
towards them that were ivithout increase. If in Mecca 
Mohammed in his relations to the otlier monotheistic reli- 
gions had observed the principle, “lie that is not against 
mo is for me,” in Medina his rule was “he that is not for 
me Ls against me." ''As circumstances were, ho had to ad-Tbo 
just matters chiefly with the Jews. Without any intention*^®'™' 
on their part, they liad lielped to j^repare the ground for 
him in Medina; he had great hopes from them, and atfirat 
treated them on no different footing from that of the Arab 
families which recognized liim. But as liis relation.s with 
the Alts and KJiazraj consolidated, those which he had 
with tlie Jews became less close. The conjunction of reli- 
gious with political authority, the devclojiment of civil 
polity out of religion, of the kingship from the prophetic 
function, was jirecisely wliat they objected to.® On tlie 
other hand, while the old polity of Medina, broken up and 
disorganized as it was, had no difficulty in tolerating 
foreign elements within its limits, the new political system 
created by Islam changed the situation, and rendered it 
necessary that these should be eitlier assimilated or c,x- 
pelled. 

Mohammed’s hostility to the Jews found expression, in 
the first instance, tlieoretieally more than practically,^ and 
especially in the care with wliicli he now differentiated 
certain important religious usages which he had taken over 
from Judaism, so that they became distinguishing marks 
between Islam and Mosaism. Tims, for example, he altered 
the direction of prayer (JCibla), which formerly used to bo 
towards Jerusalem, so that it now was towards Mecca; 
and for the fast on the 10th of Tisri (‘Asluirit) he sub- 
stituted that of the month of Ramadan.® In appointing 
Friday as the princijial day of public worship, he may also 
possibly liave had some polemical reference to the Jewish 
Sabbath. Of these alterations the greatest in positive 
importance is the transference of the ^ibla to Mecca. It 
symbolizes the completion of the Arabizing process which 
went on step by step with the cliango Islam underwent 
from being an individual to being a political religion. 1 ti 
substituting the Meccan Ka'ba for the sanctuary at Jeru- 
salem, Mohammed did not merely bid farewell to Judaism 
and assert his independence of it ; what he chiefly did wa.s 
to make a concession to heathenism, and bring about a 
nationalization of Islam, for the purpose of welding together 
the Arab tribes (Kabfi,il) into one community. Of similar 
significance was the institution of the feast of sacrifice (‘Id 
al-doh.i) on the day of the Meccan festival. The Moslems 
were to observe the latter as much as possible, even if they 
could not be actually present on the spot. 

Thus we have the five chief precejits of Islam — (1) Con- Prcccpu 
fession of the unity of God; (2) stated prayer ; (3) alms- 
giving ; (4) the fast of Ramadan ; (5) observance of the 
festival of Mecca. Capable of having deeper meanings 


^ Wiilo Isksm t]io cflect of uniting tlio Araks politically, nni. 
formity of religion in tlie case of the Jews had no such c/fect ; on the 
contrary, the mutual feuds and hatreds in which they indulged con- 
duced greatly to the advantage of the Jloslcms. The Jews, of course, 
recognised Mohammed's supremacy as a fact, hut they denied any Jegai 
title thereto as ari.sing from his prophetic oflice, 

^ Comp.are the well-known second siira, in which a long attack is 
made on Judaism. 

® A connection with the Cliristian fasts is usually alleged. It is 
possible that Cliristian influence may have to do with the long duration 
of the fasts, hut it cannot have anything to do with the selection of 
Hamadan ; for in the first years after the Flight, Ramadan fell not in 
Spring hut in December. 
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Jfoliammed thus laid the foundations of lus position in 
a inanner precisely similar to that which Moses (Exod. 
xviii.) is said to liavc followed ; and just as the Torah grew 
out of the decisions of Moses, so did the Sunria out of those 
of Mohammed. It was perhaps in judicial and regulative 
activity, which he continued quietly to carry on to the 
very end of his life, that his vocation chiefly lay. At all 
events his work in this direction was extremely beneficial, 
if only because he was the creator of law and justice where 
previously there had been nothing but violence, self-help, 
or at best voluntary arrangement. But the contents of 
his legislation also (if it can be called by such a name) 
marked a distinct advance upon what had been the previ- 
ous use and wont in Arabia. In particular, he made it 
his .special care to set a fence round the rights of property, 
and to protect and raise the place of woman in marriage. 
Blood revenge he retained indeed, but completely altered 
its character by reserving to himself the right of permitting 
it ; in other words, the right of capital sentence. It need 
not be said that in many ways he availed himself of that 
which already existed, whether in the form of Arab usage 
or of Jewish law ; he followed the latter, in jiarticuiar, in 
his laws relating to marriage. 

The new situation of affairs inevitably brought it about 
that religion was made a mere servant in the rvork of 
forming a commonwealth. Never has this service been 
better performed ; never has it been utilized with greater 
adroitne.ss as a means towards this end. In Mecca, Islam 
had originally been nothing more than the individual con- 
viction of ^lohammcd ; it was only after severe struggles 
that he went so far as to preach it, and even his preaching 
had no other aim than to create individual conviction in 
others. IVliat he said was of the simplest description — 
that people ought to believe in God and in judgment to 
come, that men ought to live their lives seriously and not 
waste them in follic.s, that one ought not to be high-minded 
or covetous, and so on. A community arose, it is true, 
even in Mecca, and was confirmed by the iiersecutions. 
There also religious meetings were held and social prayers. 
But everything was still in a very fluid and rudimentary 
stage ; religion retained its inward character. It was not 
until the first two years after the Flight that it gradually 
lost this, and became, if not exclusively, yet to a very large 
extent, a mere drill system for the community.^ No god 
but tlie one God (l/i iliih ilia ’llith) was the entire sum of 
their dogmatic, and less importance was attached to belief 
in it than to profession of it. It was the watchword and 
battle-cry. The prayers ” took tlie form of military exer- 
cises; they were imitated with the greatest iirecision by 
the congregation, after the example of the Im.-lm. The 
mosque was, in fact, the great exercising ground of Islam ; 
it was there that the >Ioslems acquired the de corps 
and rigid discipline which distinguished their armies. 

Next to the monotheistic confession (tauhid) and to 
jirayer (sal.-lt) came almsgiving (zakAt, sadaka) as a third 
important means by which ifohammcd awakened and 
brought into action among hisfollowers the feeling of fellow- 
ship. The alms by and by grew to bo a sort of tithe, winch 

3 TliiR is to bo understood «s applying to tlio system ns a whole. 
Of course, there nro nlw.tys individuals >vho break through system ; 
but the historienl power of Islam rests iijjon the system. To tlic 
system also helongs the spiritunl j.nrgon which Mohnmmcd introduced. 
]t was no longer perniisMble to say “ Good nionn'ng 1 ’ fim .siib.ihan), 
the iihitise now ran, “Peace be with tbee !” nnd on evory occasion 
pious forms of speecii were demanded. Cliaractoristic of tlio puritan- 
ism of tlie system is the probibition of wine and of gaming, lirst issued 
,jn tbe years immediately following tbc Fligbt, nnd Ibo contempt for 

* Tlicy were five in number— at .SHDrisc, noon, afternoon, sunset, and 
late evening. Eacli praver consisted originally of two, afterwards of 
four, prostrations. Tliecbicf weekly public service (jom'a), with ser- 
mon, was bcld on Friday at mid-day, • ^ 


afterwards became the_ ba.sis of the Moslem fiscal system 
and .so at the same time the material foundation of the 
Moslem state. Religion received so practical a dcveloi)- 
ment that of alms nothing but the name remained, and 
the convenient fiction that the taxes had to be paid to God. 

Just in proportion to tlie closeness of the union into In- 
which Islam brought its followers did its exclusiveness 
towards them that were wtliout increase. If in Mecca 
Mohammed in his relations to the otlier monotheistic reli- 
gions had observed the iirinciple, “lie that is not against 
me is for me,” in Medina his rule was “ he that is not for 
me is against me." "As circumstances were, ho had to ad- The 
just matters chiefly with the Jews, Without any intention 
on their part, they liad lielped to ])repare the ground for 
him in Medina ; he liad great hopes from them, and atfiret 
treated them on no different footing from that of the Arab 
families which recognized him. But as his relations with 
the Ans and Khazraj consolidated, those which he liad 
with the Jews became less close. The conjunction of reli- 
giop rvith political authority, the development of civil 
polity out of religion, of the kingship from the prophetic 
function, was precisely what they objected to.® On the 
other hand, while the old polity of Medina, broken up and 
di.sorganized as it was, had no difficulty in tolerating 
foreign elements -within its limits, the new political system 
created by Islam changed the situation, and rendered it 
necessary that these should be either assimilated or ex- 
pelled. 

Mohammed's hostility to the Jews found expression, in 
the first instance, theoretically more than practically,^ and 
especially in the care ivith ivhich he now differentiated 
certain imjiortant religious usages wliich he had taken over 
from Judaism, so tliat they became distinguishing marks 
between Islam and Mosaism. Thus, for example, he altered 
the direction of prayer (ICibla), whicli formerly used to bo 
towards Jerusalem, so that it now was towards Mecca; 
and for the fast on the 10th of Tisri ('Ashiird) he sub- 
stituted that of the month of Bamadan.® In appointing 
Friday as the principal day of public worship, he may also 
possibly liave had some polemical reference to the Jewsli 
Sabbath. Of tliese alterations the greatest in positive . 
imimrtance is the transference of the Kibla to Mecca. It 
symbolizes the completion of the Arabizing jmocess which 
wont on step by step with the change Islam underwent 
from being an individual to being a ])olitical religion. In 
substituting the Meccan Ka'ba for the sanctuary at Jeru- 
salem, Mohammed did not merely bid farewell to Judaism 
and assert his indcjiendencc of it • what he chiefly did was 
to make a concession to lieatlienism, and bring about a 
nationalization of I.slani, for the 2 nirpose of welding together 
the Arab tribes (Kabdil) into one community. Of similar 
significance was the institution of the feast of sacrifice (‘Id 
al-dohil) on the day of the Meccan fe.stiva]. The Mo-slcms 
were to observe the latter as mucli as jjossible, even ij thej- 
could "not bo actually present on the spot. 

Thus we have the five chief precepts of Islam — (1) Con- Precept* 
fession of the unity of God; (2) stated luaycr ; (3) alms- 
giving ; (4) the fast of Ramadan ; (H) observance of the 
festival of Mecca. Capable of liavin g deeper meanings 

» WHiile W.-im lind ttio effect of uniting tko Arabs pofilically, nni- 
formity of religion in tlie case of tlic Jews bad no sucb effect ; on tlie 
contrary, tlio niutnal feuds nnd liatreds in wliicli they indulged con- 
duced greatly to tbc advantage of tbo Mosicnis, Tlio Je^s•s, of connie, 
recognised Mobanimed's snjn cmacy ns n fact, but they denied any legid 
title thereto .ns ari.sing from bis prophetic oflice, 

•* Coinparo tbe well-known second sura, in wliicli a long attack is 
jnadc on Judaism. 

‘ A conn6ction with tbo CTiristian fasts is usnally alleged, it is 
possible that Cliristian influence may have to do with the long duration 
of the fasts, bnl it cannot have anything to do with the sek-ction of 
Ramadan ; for in the first years after the Flight, Ramadan fell not in 
Spring but in December. 
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by force to the rebels Ti\-ho showed unrrillingness to accept 
it. More literally than Clirist could Mohammed say of 
himself that he was come not to bring peace but a sword. 
Islam nns a standing declaration of war against idolaters. 

The holr The nearest object against which to direct the hoi}' war 
(jiliAd) was presented by the Meccans. Against them first 
did ifohammed bring into operation the new principle, that 
it is faith and not blood that separates and unites. Ac- 
cording to Arab notions it was a kind of high treason on 
his part to leave his native town in order to join a foreign 
society; on the part of the people of Medina it was an 
act of hostility to Mecca to receive liim among them. 
The Meccans would have been fully justified on their side 
in taking arms against the Jloslems, but they refrained, 
being too much at their ease, and shrinking besides from 
fratricidal war. It was the lifoslems who took the initia- 
tive; aggressiveness was in their blood. ^lohammed 
began with utilizing the favourable position of Medina, on 
a mountain spur near the great highway from Yemen to 
Syria, to intercept the ileccan caravans. Originally he 
sent forth only the Emigrants to take part in the eirpedi- 
_ tion.s, as the people of [Medina had pledged themselves to 
defend him only in the event of his being attacked ; soon, 
however, they also joined him. Mliat first induced them 
to do so was the prospect of booty ; afterwards it was im- 
jiossiblc to separate themsclvc.s, so great was the fusion of 
elements which had been quietl}- going on mthin the 
cnicible of Mam. 

The first plunder was taken in the month Rajab, A.n. 2 
(Autumn G‘2.3), in which circumstance was at once seen the 
advantage arising from the change of conscience brought 
about by the new religion ; for in Rajah feuds and plun- 
dering raids were held to be unlawful. Reljing upon the 
sacrcdnes.s of this month a caravan of Koraish was return- 
ing from Tjiif laden nith leather, wine, and raisins. But 
this did not prevent ^lohammed from sending out a band 
of Emigrants to surjjrise the caravan at Isaldila, between 
Taif and [Mecca ; his orders to this eflect were given in a 
document which was not to be unsealed until two days 
after the departure of the expedition. The plan was carried 
out, and the surprise was all the more successful, because 
the robbers gave themselves the outward semblance of 
j)iigrims : one ileccan was killed in the struggle. But 
the perfidy with which in this instance Jlohammed’s ad- 
vanced religious views enabled him to utilize for his own 
advantage the pious ciutom of the heathen roused in 
Medina itself such a storm of disapproval, that he found 
himself compelled to disavow his own tools. In Moham- 
medan tradition, the contents of the unambiguous document 
in which he ordered the surprise are usually falsified. 

Bittle of The Koraish still remained quiet ; another outrage had 

Bear. yet to come. In Ramadan A.H. 2 (December 623), the 
return of their great Syrian caravan was e.xpected, and 
iroharnmed resolved to lie in wait for it at Eedr, a favour- 
ite watering-place and caraping-ground, northward from 
iledina. Eor this purpose he set out thither in person 
along rvith 308 men ; but the leader of the caravan, the 
Omi^yad Abu Sofydn, got word of the plan and sent a 
messenger to Mecca with a reque-st for speedy help. Con- ' 
cem about their money and goods at last drove the Koraish 
to arms ; a very short interval found them, 900 strong, on 
the road to Bedr. By the way they received intelligence 
that the caravan had made a circuit to the west of Bedr, 
and was already in safety. Kevertheless they resolved, at 
the instance of the Makhzumit Abu Jahl, for the sake of 
their honour, to continue their march. MTien the Moslems 
first got touch of them at Bedr, they took them for the 
caravan ; their surprise on discovering the truth may be 
imagined. But, kept firm by the courage of their leader, 
they* resolved to face the superior numbers of the enemy. 


On the morning of Friday, the llth of Ramadan, the 
encounter took place. A number of duels were fought in 
the front, which were mostly decided in favour of the 
Jloslems. The hleccans at last gave up the fight, strictly 
speaking for no other cause than that they did not see any 
reason for carrying it on. They were reluctant to shed 
the blood of their kinsmen ; they were awestruck in pre- 
sence of the gloomy determination of their adversaries; 
who did know what they were fighting for, and were 
absolutely reckless of consequences. After a number of 
the noblest and oldest of the Koraish, including at last 
Abu Jahl, had fallen; those who remained took to flight. 

The number of the dead is said to have been as great as 
that of the prisoners. Two of the latter, whom he per- 
sonally hated, Mohammed caused to be put to death — 
Okba b. Abi Mo'ait and al-Nadr b. al-Harith. When 
the last named had perceived, from the Prophet’s malignant 
glance, the danger in which he stood, he implored an old 
friend of his among the iloslems for his intercession. This 
request being refused, al-Kadr said: “Had the Koraish 
taken thee prisoner, thou hadst not been put to death as 
long as I had lived to which the apologetic reply was : 

“I do not doubt it, but I am differently placed from thee, 
for Islam has made an end of the old relations.” To the 
remaining prisoners life was spared on payment by their 
kinsmen of a heavy ransom; but Mohammed is said to 
have afterwards reproached himself for having allowed 
considerations of earthly gain to keep him back from send- 
ing them all to hell as they deserved. 

The battle of Bedr is not only the most celebrated of Effect 
battles in the memory of Moslems ; it was really also of the 
great historical importance. It helped immensely 
strengthen Mohammed’s position. Thenceforward open 
opposition to him in Medina was impossible; families 
which had hitherto withdrawn themselves from his influ- 
ence were so thoroughly cowed by some atrocious murders 
carried out in obedience to his orders, that they went over 
to Islam. He was now in a position to proceed to break 
up the autonomy of the Jews. In the first instance, he 
addressed himself to the weak Banu Kainokii, demanding 
their acceptance of Islam ; on their refusal, he took the 
earliest opportunity that ofiered itself to declare war against 
them. After a short siege they were compelled to surren- 
der; and they might congratulate themselves that their old 
ally, Ibn Obay, was able to concuss the Prophet into sparing 
their lives, and contenting himself with their banishment 
from Medina. Soon aftenvards other blows were struck, 
in the shape of assassinations, by means of which Moham- 
med put out of the way several of the Jews whom he hated 
most, such as Ka'b b. al-Ashraf and Ibn Sonaina.* The 
state of fear to which the rest were reduced may readily 
be imagined ; they came to the Propihet and begged him 
to be propitious. If in other days their dislike had found 
somewhat public expression in all sorts of witticisms and 
scornful sayings, they were now at least modest and quiet, 
and kept their hatred to themselves. 

The Meccans also were very deeply impressed by the 
defeat inflicted on them by the Moslems. They saw clearly 
that" the blow must be avenged, and they took comprehen- 
sive measures for their campaign. After a year’s delay, 
their preparations being now complete, and their allies 

I The murderer of Ibn Sonaina was Jlohayj-isa b. Mas'ud, of -who^e 
elder brother, Howaisa, he had been a sworn allyi Howaisa struck the 
murderer in consequence, and reproached him with his treacherous 
ingratitude, saying that much of the fat in his body had come from 
the estate of the Jew. Mohayj-isa’s reply was : “If he who bade mo 
kill him were also to bid me kill thee, I should obey.' The brother, 
amaze<l, asked him if he was serious, and when the other ^sured him 
that he was, Howaisa exclaimed : “ By God, a religion which brin^it 
to this is a stupendous one,” and forthwith became a convert. The 
story (Val-idi, p. 98) is too characteristic to be passed over. ■ 
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by force to the rebels Ti\-ho showed unrrillingness to accept 
it. More literally than Clirist could Mohammed say of 
himself that he was come not to bring peace but a .sword. 
Islam n-as a standing declaration of war against idolaters. 

The holr The nearest object against which to direct the hol 3 ' war 
(jiliAd) was presented by the Meccans. Against them first 
did ilohammed bring into operation the new principle, that 
it is faith and not blood that separates and unites. Ac- 
cording to Arab notions it was a kind of high treason on 
his part to leave his native town in order to join a foreign 
society; on the part of the people of Medina it was an 
act of hostility’ to Mecca to receive liim among them. 
The Meccans would have been fully justified on their side 
in taking arms against the Jloslems, but they refrained, 
being too much at their ease, and shrinking besides from 
fratricidal war. It was the lifoslems who took the initia- 
tive; aggressiveness was in their blood. ^tlohammed 
began with utilizing the favourable position of ^Medina, on 
a mountain spur near the great highwaj" from Yemen to 
Syria, to intercept the ileccan caravans. Originally he 
sent forth onlj' the Emigrants to take part in the ejq)edi- 
_ tions, as the people of [Medina had pledged themselves to 
defend him onlj- in the event of his being attacked ; soon, 
however, they also joined him. IVliat first induced them 
to do so was the prospect of booty ; afterwards it was im- 
possible to separate themselvc.s, so great was the fusion of 
elements which had been quietl}- going on mthin the 
cnicible of I.slam. 

The first plunder was taken in the month Rajab, A.n. 2 
(Autumn 62.3), in which circumstance was at once seen the 
advantage arising from the change of conscience brought 
about bj' the new religion ; for in Rajah feuds and plun- 
dering raids were held to be unlawful. Rel)ing upon the 
sacredness of this month a caravan of Koraish was return- 
ing from T/iif laden uith leather, wine, and raisins. But 
this did not prevent ^lohammed from sending out a band 
of Emigrants to surjjrise the caravan at Isaldila, between 
Taif and [Mecca ; his orders to this effect were given in a 
document which was not to be unsealed until two days 
after the departure of the expedition. The plan was carried 
out, and the surprise was all the more successful, because 
the robbers gave themselves the outward semblance of 
j)iigrims ; one ileccan was killed in the struggle. But 
the perfidy with which in this instance Jlohammed’s ad- 
vanced religious views enabled him to utilize for his own 
advantage the pious custom of the heathen roused in 
Medina itself such a storm of disapproval, that he found 
himself compelled to disavow his own tools. In Moham- 
medan tradition, the contents of the unambiguous document 
in which he ordered the surprise are usually falsified. 

Bittle of The Koraish still remained quiet ; another outrage had 

Bear. yet to come. In Ramadan a.h. 2 (December 623), the 
return of their great Syrian caravan was e.xpected, and 
iroharnmed resolved to he in wait for it at Eedr, a favour- 
ite watering-place and caraping-ground, northward from 
iledina. Eor this purpose he set out thither in person 
along Avith 308 men ; but the leader of the caravan, the 
Omi^-yad Abu Sofydn, got word of the plan and sent a 
messenger to Mecca with a reque-st for speedy help. Con- 
cern about their money and goods at last drove the Koraish 
to arms ; a very short interval found them, 900 strong, on 
the road to Bedr. By the way they received inteihgence 
that the caravan had made a circuit to the west of Bedr, 
and was already in safety. Kevertheless they resolved, at 
the instance of the Makhzumit Abu Jahl, for the sake of 
their honour, to continue their march. MTien the [Moslems 
first got touch of them at Bedr, they took them for the 
caravan ; their surprise on discovering the truth may be 
imagined. But, kept firm by the courage of their leader, 
they* resolved to face the superior numbers of the enemy. 


On the morning of Friday, the llth of Ramadan, the 
encounter took place. A number of duels were fought in 
the front, which were mostly decided in favour of the 
Moslems. The [Meccans at last gave up the fight, strictly 
speaking for no other cause than that they did not see any 
reason for carrying it on. They were reluctant to shed 
the blood of their kinsmen ; they were awestruck in pre- 
sence of the gloomy determination of their adversaries; 
who did know what they were fighting for, and were 
absolutelj* reckless of consequences. After a number of 
the noblest and oldest of the Koraish, including at last 
Abii Jahl, had fallen[ those who remained took to flight. 

The munber of the dead is said to have been as great as 
that of the prisoners. Two of the latter, whom he per- 
sonally hated, Mohammed caused to be put to death — 
'Okba b. Abi Mo'ait and al-Nadr b. al-Harith. When 
the last named had perceived, from the Prophet’s malignant 
glance, the danger in which he stood, he implored an old 
friend of his among the iloslems for his intercession. This 
request being refused, al-Kadr said: “Had the Koraish 
taken thee prisoner, thou hadst not been put to death as 
long as I had lived to which the apologetic reply was : 

“I do not doubt it, but I am differently placed from thee, 
for Islam has made an end of the old relations.” To the 
remaining prisoners life was spared on payment by their 
kinsmen of a heavy ransom; but Mohammed is said to 
have afterwards reproached himself for having allowed 
considerations of earthly gain to keep him back from send- 
ing them all to hell as they deserved. 

The battle of Bedr is not only the most celebrated of Effect 
battles in the memory of Moslems ; it was really also of 
great historical importance. It helped immensely 
strengthen Mohammed’s position. Thenceforward open 
opposition to him in Medina was impossible; families 
which had hitherto withdrawn themselves from his influ- 
ence were so thoroughly cowed by some atrocious murders 
carried out in obedience to his orders, that they went over 
to Islam. He was now in a position to proceed to break 
up the autonomy of the Jews. In the first instance, he 
addressed himself to the weak Bami Kainoki, demanding 
their acceptance of Islam ; on their refusal, he took the 
earliest opportunity that ofiered itself to declare war against 
them. After a short siege thej' were compelled to surren- 
der; and they might congratulate themselves that their old 
ally, Ibn Obay, was able to concuss the Prophet into sparing 
their lives, and contenting himself with their banishment 
from [Medina. Soon afterwards other blows were struck, 
in the shape of assassinations, by means of which Moham- 
med put out of the way several of the Jews whom he hated 
most, such as Ka'b b. al-Ashraf and Ibn Sonaina.* The 
state of fear to which the rest were reduced may readily 
be imagined ; they came to the Prophet and begged him 
to be propitious. If in other days their dislike had found 
somewhat public expression in all sorts of witticisms and 
scornful savings, thej' were now at least modest and quiet, 
and kept their hatred to themselves. 

The Meccans also were very deeply impressed by the 
defeat inflicted on them by the Moslems. They saw clearly 
that" the blow must be avenged, and they took comprehen- 
sive measures for their campaign. After a year’s delay, 
their preparations being now complete, and their allies 

* The murderer of Xbn Sonaina was Jlohayyisa b. Mas'iid, of whose 
elder brother, Howaisa, he had been a sworn ally[ Howaisa struck the 
murderer in consequence, and reproached him with his treacherous 
ingratitude, sayiug that much of the fat in his body had come from 
the estate of the Jew. Mohayj-isa’s reply was : “If he who bade mo 
kill him were also to bid me kill thee, I should obey.' The brother, 
amazed, asked him if he was serious, and when the other Msured him 
that he was, Howaisa exclaimed : “ By God, a religion which brin^it 
to this is a stupendous one,” and forthwith became a convert. The 
story {Vakidi, p. 98) is too characteristic to be passed over. ■ 
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ivero driven in cliaius to the house of OsAma h. Zaitl 
wlienco on the following morning Moliammed caused tlicin 
to be brought one by one to the market-place of Medina 
and there executed. This continued till late in the even- 
ing. They were si.x or .seven hundred in number, and 
among (hem was the Nadirite Hoyay b. Akhtab, the 
author of the ^\nr of the Fosse, udio had left the ileccans 
to jom lus fortunes with those of the Koraiza. Bv 
acce]iting IslrCm the.se men could have saved their lives, 
blit they preferred death. No more magnificent martyrdom 
us known to history. The women and cliildrcn were sold 
into slavery; one young woman only, Banana, suffered the 
jienalty of death for having broken the licad of a ^foslcni 
with a millstone during the siege. B'ith joyous heart and 
smiling facQ she \rcnt to meet her death, never forgotten 
with whom .she wa.s when her name was called 
TJie Frophet selected for himself the fair Railidna, and 
married her, after having cau.sed lier to become a convert 
to I.^lam. 

^ Tim Bar of the Fosse was the last attack made by the 
l^raish upon Medina ; Moiiammed now began to take the 
offensive towards Jfccca. This he at first set about with 
extreme diplomacy, utilizing the festival, and the trace of 
God sub.-iisting at the time of the festival, for the purjiose 
of paying a visit to his native town. Although unsuccess- 
ful in^ 'winning to his side the neighbouring tribes of 
Bedouins, it rvas nevertheless with a considerable following 
(InOO men) that in Dhu ’l-ka'da a.h. G (-March G2S),i ho set 
out on^ his journey. In a dream he had had the kc}* of 
the Ka'ba delivered to him ; on the strength of this his 
followers believed finnly in the sacce.«s of the cxjicdition. 
But the Koraish were determined timt the prcte.xt of lul- 
grimago should not avail their advensaiy; they .summoned 
their nllic-s and fonned a cainji to the north of their town 
for the purpose of preventing the entrance of the -Moslems. 

Hod-vi. Mohammed wa.s forced to halt at Hodaibiya on the borders 
of tlm sacred territorv*, and it was in vain that by fair 
.spccchas he smght to obtain permi.ssion to make the 
circuit of the Ka'lm. He felt himself too weak to force 
his way, and accordingly [ircfetrcd to treat. }Vhilc the 
cnvoy.s wcrc passing to and fro, there suddenly arose an 
alann in the Jfoslem c.amp ; they apprehended a sudden 
act of treachery on the part of the Jlcccans. It was on 
this occasion that the famous Homage under the Tree took 
place, when Mohammed pledged his followers b}' striking 
hands that they would stand by liim and go to death for 
his sake. Some of the Korai.sh ajients witne.ssod the scene. 
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ImSma formula-'- In thy name. AlU- 

lomma! The Moslems murmured, but Mohammed 
yielded. He then went on to dictate ; “This is the treaty 
of peace between the apostle of God.” , . . Sohail anei 
protested ; to acknowledge Mohammed as the apostle of 
God, would be to declare himself his follower the de- 
signation ought to be simply Mohammed b. 'AbdalL-ih The 
-Moslems murmured louder than before, and refused to 
consent to the change. The heads of the two tribes of 
Medina Osaid b Hodair and Sa'd b. 'Obdda, held the 
hand of the scribe and declared that “Mohammed the 
apostle of God ” must be written, or the sword must de- 
cide. The Meccan representatives whispered to one 
another words of amazement at the spirit displayed bv 
the.se men. But Mohammed made a sign to the zealots 
w hold their peace, and again gave way (sur, xvii 110) 

The UTiting which now took shape ran as follou^ ;A 

< ® •' This is the treaty of peace concluded tik. 

m “’ll" h. 'Amr. -Fhey have agreed Weaty 

partj shall be secure, and neither shall injure the other; no secret 
.Image shall be inflicted, but uprightness and honour prevail be- 
twiit ns. U hosoever wishes to enter into treaty and covenant with 
.Mohaniintd can do so, and whosoever wishes to enter into treaty 
and covenant with the Koraish can do so. But if a Koraishite 
comes without permission of his guardian (Wall) to Mohammed, he 
shall ho delivered up ; hut if, on the other hand, one of Jlohammed’s 
^opZc comc3 to the Koraish he shall not be delivered up. This 
year 3rolmmmed ^vith his companions must Mrithdraw from us ®but 
next year he may come amongst us and remain for three days, 
yet witliout other weapons than those of a traveller, the swords 
remaining jn their sheaths.” 


his sake. Some of the Korai.sh agents witne-ssod the scene, 
and were immensely imjire.s.sed by it ; such an enthusiastic 
obedience as Mohammed received, such an ascendency over 
the minds of men as he exercised, they had never before 
conceived to be po.s.sible, and on their return they urged 
their people in the .sfronge.st way not to permit matters to 
conic to e.vtremities. The Koraish accordingly judged it 
be?.t to offer a bargain with Mohammed, the terms being 
that for tlii.s year he wa.s to withdraw, so that the Arabs 
might not say that he had forced an entrance, but that on 
the folhmng year he was to return and be permitted to 
remain three days u-ithin the sacred territory for the 
])urpose of sacrifice, -'Ifter .some discu.ssion Moiiammed 
accepted this proposal, although zealous JIo.slems detected 
a discreditable shortcoming in matters of faith, in so far as 
it involved turning hack uithin sight of the Ka'ba u-itbout 
being allowed to accompli.^^h the sacred circuit. lYhen the 
agreement was to be committed to uTiting, Mohammed 
dictated the words : “ In the name of AlMh, the merciful 
Rahman”;- but the ^Icccan plenipotentiary, Sohail b. 
'Amr, declared that he knew nothing about Rahmdn, and 

1 Niildehe, Tabari, p. 303, note 1 ; Vaiodi, p. 18. 

^ BahmAn is a name of God which Mohammed had taken from tlio i 
Jews and used with special preference. 


The first result of the treaty was that the Khozd'a de- 
clared for alliance u-ith Iiloliammed ; while, on the other 
hand, the Bekr b. Kin.dna joined themselves to the 
Koraisli. 

To compensate his followers for the apparent resultless- Warwitii 
ness of this e.xpedition, Mohammed immediately after 
their return led them out against the rich Jews of Khaibar 
(northwards from Jfedina), whither the Band Nadir had 
migrated, and from wliich place they had unceasingly 
stirred up opposition against the Prophet. Hitherto he 
had contented himself -with putting out of the way, by 
means of assassination, some of their leading men who 
seemed to him to be particularly dangerous, such as Abii 
Rdfi' and Yosair b. R.dzim,'^ but now he resorted to whole- 
sale measures. In Jloharram, a.h. 7 (May 628), he made 
his appearance before Khaibar with a powerful army ; in 
the plunder only those who bad taken part in the exjiedi- 
tion of Hodaibiya were to share, but many others besides 
accompanied them. The Jews, although aware of the 
hostility of Mohammed’s intentions, were nevertheless 
taken completely by surprise when one morning they saw 
him and his troops encamp before their strongholds. One 
of their leaders had given them the excellent advice not 
to shut tlieinseb'es up by families in their quarters, but to 
construct a common camp in the fields, otherwise they 
were likely to share the fate of their coreligionists in 
Medina. But they replied that their strongholds were of 
a different sort, perched on impregnable summits, and 
they remained shut up rrithin them. Thej' had neither 
discipline nor order, courage nor devotion. they were 
wanting in community of feeling, so also were they lacking 
in leaders. Their best man, Saldni b. jllishkdm, lay on a 
sick-bed •, his place was by no means supplied by Ein&na 
b. b. Abi ’l-Holjaik. BTien they suddenly became aware 
that they had been complete^ abandoned by their Arab 
allies, the Ghataf.An, their heart utterly failed them. BTien 
besieged in any of their citadels, they hardly ever waited 


3 The “ 118 ” is Temarkable, and sounds as if the treaty had been 
dictated by the Meccans. 

« rnkiW, pp. 170, 239. 
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ivcro driven in clmins to tlie house of Osiima b. Zaid, 
■whence on the follow-ing morning Mohammed caused tiicni 
to he brought one by one to the market-place of Jtedina, 
and tlierc executed. Tliis continued till late in the even- 
ing. They were six or seven hundred in number, and 
among them was the Nadivite Hoyay b. Akhtab, the 
author of the M nr of the h osse, who had left the Jleccans 
to join his fortunes with those of the KoraiMi. By 
acceiding Isltfm thc.se men could have saved their lives, 
but the}' preferred death. Xo more magnificent martjTdom 
is known to liistory. The women and children were sold 
into slar-eiy'; one young woman only, Banana, sufieredthe 
penalty of death for having broken the head of a Moslem 
with a mill.stone during the siege. "With jo 3 'ous heart and 
smiling face she went to meet her death, never forgotten 
bj' 'Aisha, with whom she was when her name was called. 
The Propliet selected for himself the fair Eathdna, and 
married her, after having cau.sed her to become a convert 
to I.slam. 

The Mar of the Fos.se was the la.st attack made by the 
Koraish upon Medina ; ^^ollammed now began to take the 
ofTen.sive towards ^fccca. Thi.s he at first set about ■with 
c.v'treme diplomacj', utilizing the festival, and the trace of 
God sub.-iisting at the time of the festival, for the purjmsc 
of paj'ing a visit to his native town. Although un.succcss- 
ful in 'U'inning to his .side the neighbouring tribes of 
Bedouins, it was nevertheless with a considerable following 
(1500 men) lliat in Dhu 'l-ka’da a.ii. G (^farch G2S),* he set 
out on his jounicy. In a <lream he had had the kej' of 
the Ka'ba delivered to him ; on the strength of this his 
followers believed finnly in the .succe.s.s of the cx])edition. 
But the Koraish were determined that the pretext of pil* 
griinage should not avail their adversary,' they summoned 
their allic,s and fonned a camp to the north of their town 
for the purpose of preventing the entrance of the Moslems. 
IIoAii- Mohammed was forced to halt at Horiaibij'a on the borders 
biya- of the .sacred territory, and it was in vain that by fair 
.speeche.s he .sought to obtain perini.s.sion to make the 
circuit of tlic Ka'l)a. He felt himself too weak to force 
hi.s way, and nccordingh' preferred to treat. Mliile the 
cnvoj'.s were pa-«sing to and fro, there snddenij' arose an 
alann in the Moslem camj) ; they a 2 ) 2 >rehcjjded a sudden 
act of trcacherj' on the 2 'art of the Jfcccan?. It was on 
thi.s occasion that the famous Homage under the Tree took 
place, when Mohammed jiledged his followens by striking 
Jiands that they would stand by liim and go to death for 
his sake. Some of the Korai.sh agents witno.ssed the scene, 
and were inimenselj' im 2 )re.s.sed bj' it ; such an enthusiastic 
obedience as Mohammed received, such an ascendency over 
the minds of men as he exercised, they had never before 
conceived to be po.wible, and on their return they urged 
their ])e 02 )lc in the sirongeM way not to permit matters to 
come to extremities. Tlie Koraish accordingly judged it 
best to offer a bargain with Mohammed, the terms being 
that for this j'car he was to u-ithdraw, so that the Arabs 
might not say that he had forced an entrance, hut that on 
the follou-ing year ho was to return and be permitted to 
remain three days vrithin the sacred territory for the 
])urpose of sacrifice. After some discu-ssion Mohammed 
accepted tliis proposal, although zealous Jloslcms detected 
a discreditable shortcoming in matters of faith, in so far as 
it involved turning back witliin sight of the Ka'ba u-itbont 
being allowed to accomplish the sacred circuit. lYhen the 
anreement was to be committed to uriting, Mohammed 
dTctated the words : “ In the name of All.-lh, the merciful 
Rahman";- but the Jfeccan plenipotentiarj', Sohail b. 
'Anir, declared that h e knew nothing about Rahmdn, and 

1 Nc/iaeke, Taiari, p. 303, note 1 ; Val-id!, p. 18. 

^ Rabmitn is a name of God which Jloliaranied had taken from the 
Jews and used with special preference. 
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insisted upon the customary formula— “In thy name AIM- 
homma!" The Moslems murmured, but Mohammed 
yielded. He then went on to dictate : “This is the treatj- 
of |ieace between the apostle of God.” . . . Sohail anew 
))rot'ested ; to acknowle%e Mohammed as the apostle of 
God, would he to declare himself his follower; the de- 
signation ought to he simply Mohammed b. 'Abdall.-ih. The 
Moslems murmured louder than before, and refused to 
consent to the change. The heads of the two tribes of 
Medina, Osaid b. Hodair and Sa'd b. 'Obdda, held the 
hand of the scribe and declared that “Mohammed the 
apostle of God ” must be written, or the sword must de- 
cide. The Meccan representatives whispered to one 
another words of amazement at the S 2 )irit displayed by 
these men. But Mohammed made a sign to the zealots 
to hold their peace, and again gave way (sur. xvii. 110). 

The writing which now took shape ran as follo-ws : — 

“In thy name, 0 God) This is the treaty of peace concluded Tlie 
by Mohammed b. 'Abdalhih and Sohail h. 'Amr. They have agreed treaty, 
to allow their .arms to rest for ten years. During this time each 
party sb.all be secure, and neither shall injure the other ; no secret 
diiniagc shaU be inflicted, bnt uprightness and honour prevail be- 
twixt us. MTiosoovcr wishes to enter into treaty and covenant with 
Mohammed can do so, and whosoever wishes to enter into treaty 
and covenant with the Koraisli can do so. Bnt if a Koraishite 
comes without permission'or his guardian CWalilto Mohainmed, he 
shall he delivered up; hut if, on the other hand, one of Mohammed's 
j people comes to the Koraish he shall not be delivered np. This 
I 3 'car Jloliammed with his companions must irithdraw from us,® but 
next year he may come amongst us and remain for three daj-s, 

I j'et without other weapons than those of a traveller, the swords 
remaining in their sheaths." 

The first result of the treaty was that the Kliozd'a de- 
clared for alliance •\vith Mohammed ; while, on the other 
hand, the Bckr b. Kin.dna joined themselves to the 
Komisli. 

To compensate his followers for the apparent resultless- Warwith 
ness of this expedition, Mohammed immediately after 
their return led them out against the rich Jews of Khaibar 
(northwards from Sledina), whither the Banff Nadir had 
migrated, and from wliich place they had unceasingly 
stirred up o 2 Ji)osition against the Prophet. Hitherto he 
had contented himself ■with putting out of the way, by 
means of assassination, some of their leading men ■who 
seemed to him to be particularly dangerous, such as Abu 
Rfffi' and Yosair b. Bffzim,'^ but now he resorted to whole- 
sale measures. In Jloharram, a.h. 7 (May 628), he made 
his appearance before Kbaibar ■with a powerful army ; in 
the plunder only those who had taken j^art in the ex 2 )edi- 
tion of Hoclaihij-a were to share, but many others besides 
accom 2 )anied them. The Jews, although aware of the 
hostilit}' of Jlohammed’s intentions, were nevertheless 
taken comidetely by surimise when one morning they sa^w 
him and his troops encamp before their strongholds. One 
of their leaders had given them the excellent advice not 
to slmt themselves up bj- families in their quarters, but to 
construct a common camp in the fields, otherwise they 
■were likely to share the fate of their coreligionists in 
Aledina. But they replied that their strongholds were of 
a different sort, perched on impregnable summits, and 
they remained shut up within them. They had neither 
discipline nor order, courage nor devotion. As they were 
wanting in community of feeling, so also ■were they lacking 
in leaders. Their best man, Saldm b. Mishkdm, lay on a 
sick-bed ; his idace was by no means suijplied by Kinffna 
b. b. Abi ’1-Hokaik. MTien they suddenly became aware 
that they had been completely abandoned by their Arab 
allies, the Ghataf.ffn, their heart utterly failed them. MTien 
besieged in any of their citadels, they hardlj^ ever waited 

® 'The “as” is remarkaWe, and sounds as if the tre,at}' had been 
dictated bj- the Meccans, 

* Vah'di, pp. 170, 230. 


O H A M M E D A N I S M 



MOHAJIJinD.] 

ites complained to the ' Prophet, ■n'ho eagerly seized the 
pretext for "war. In vain did the Meccans send Abu 
Sofydn to Medina to renew the truce; they could not 
move the Proi)hct from his purpose. In Eamadan, a.h. 8 
The ^ (Januarj' G30), he moved against Mecca rvith an army of 
renewed the Emigrants and the Defenders were 

' mustered the Aslam, Ghifdr, Mozaina, Johaina, and 
Ashja' ; the Solaira and the lihoza'a joined them on the 
wa 3 ^ The Bedouins were draum by the hope of booty; 
the Fazdrite ‘ 03 -aina was sorely vexed that he had left his 
Ghatafdn at home, not knoulng what was in ^dew, for 
Mohammed at first kept the aim of his expedition a secret. 
Some of the ileccan nobles must, however, have known 
it ; Maklirama b. Xaufal, for example, and the Prophet’s 
uncle, 'Abbds, did not await the cajjture of their city, but 
deserted to the enemy while he was still distant. Abii 
Sof 3 -dn, in particular, must have been in the secret; it 
appears that at Medina he received the promise that the 
holy city should be spared if it yielded pacifically, and 
that he pledged himself to do his best to jday into the 
hands of the Prophet.^ But before the populace it was 
necessary to keep up the appearance of a sudden sinprise, 
an inevitable submission to an unforeseen display of force. 
The same comedy was repeated afterwards at T^if ; the 
lieadmen treated with the Prophet without constilting the 
Tliakafites, and then contrived that the result of their 
policy should appear to be forced by the course of events. 
The Jfoslems were on the border of the holy land before 
the Meccans .suspected their approach ; then suddenly one 
night 10,000 fires were seen rising to heaven to the north- 
west of the holy city. In well-feigned surprise Abti Sofydn 
CojiQuest hastened to the hostile camp ; he returned uith the news 
of Mecca. the Moslems were at the gates, that an improvised 

resistance could effect nothing against their force ; the only 
wise course was a surrender — Mohammed had promised 
security to those who remained in their houses or threw 
away their weapons. The terrified Meccans had hardly 
any other course open to them than to follow this advice. 
And now the Jlo.slems entered the city from several sides 
at once, meeting only at one point with an easily quelled I 
resistance. Mohammed insisted that there should be no 
■violence ; he pledged the captains to avoid all bloodshed. 
Ten persons only were put to the ban, and of these one 
half were subsequently pardoned. He took all pains to 
preserve the sanctity of Mecca unimpaired, confirmed the 
rights and privileges therewith connected, and made it 
iJain that the' old cultus should not be less flourishing 
under Islam. The ceremonies were retained, save only 
that he abolished ail idols, both the domestic gods found 
in every house and the images in and round the Ka'ba. 
But every sanctuary outside of Mecca was destroyed, 
except such as Iiad a part in the celebration of the Feast, 
and so stood in connexion with the Ka'ba itself. Thus 
the Meccan worship gained a new and unique importance, 
klohammed’s reform did for Mecca what Josiah's did for 
Jemsalem.- 

The last step towards that identification of the Ka'ba 
rrith Islam, -which made it the religious centre of the 
iloslem world, was not taken till the followng year, when 
the famous Eenunciation (Bar.Va) of sur. ix. forbade the 
heathen to share in the Fea-st, which was henceforth to be 
a strictly Moslem ordinance, and at the same time abro- 
gated the peace of the holy months. A 3 W later (Dhii ’1- 
Ilijja, A.H. 10, March 632) he himself celebrated the Feast 
for the first time in the orthodox fashion, introducing 
eertain modifications on the traditional practice and 


✓ 

1 The tradition indeed i? silent, hnt Muir (iv. 120) is justified in 
drawng tins inference from the conrse of events. 

2 Snouck-Hurgronje, Jlei Mehluiansche Fcest, Leyden, 1S80. 
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reducing certain varieties of use to uniform rule In all 
this he professed to re-establish the true ancient u^e 
purged of heretical deviations from the example of 
Abraham, At the same time he remodelled the Calendar 
forbidding the occasional interpolation of a month as aii 
arbitrary and human invention, and establishing the true 
lunar year of twelve lunations. 

We return to the capture of Mecca. The submission of War 
the Koraish w-as followed by that of their nomad brethren with 
and allies. But the neighbouring Hawdzin, to w'hom‘^®^^- 
belonged also the Thakafite inhabitants of Tiif, assembled 
for battle with the Mo3lem.s. They camped in Autd-s 
between T^iif and Mecca. Mohammed advanced against 
them, and battle was joined in the valley of Honain. The 
Moslems v,'ere broken by the first charge of the foe; for a 
j moment the Prophet himself w’as in danger, till the Khazraj 
[ rallied round him, checked the onset of the Hawdzin, and 
J at length turned them to flight. A vast booty rewarded 
the victors ; for the Hawdzin had brought all their herds 
[ and non-combatants -with them and placed them in the 
rear, that they might feel what they were fighting for,^ 
Mohammed caused the pTe 3 " to be conveyed to the glen of 
.Ji'rdna, outside the north-west border of the Haram, a little 
W’ay off the great valley that descends from Tdif ; he him- 
self pressed on to Tdif itseK. Here, however, he failed in 
his object ; in a dream he saw a cock peck a hole in a- 
howl of cream that wus set before him, so that the con- 
tents ran out. After fourteen days he gave up the siege 
and marched to Ji'rdna to deal with the booty. He had 
deferred this task in the hope that the Haw’dzin w’ould be 
tempted to embrace Islam in order to recover their 
families and cattle. But as they stUl sent no ambassadors, 
he had to yield to the pressure of the Bedouins and divide 
the spoil. When it was too late, the messengers of the 
Hawdzin appeared to announce their conversion ; they 
had now to give up their herds, and content themselves 
that their wives and children were restored to them, 
through the mediation of the Prophet -adth their new 
masters. The Bedouins received compensation for what 
they gave up ; the Emigrants and Defenders gave up their 
captives freely. Altogether the men of Medina fared 
worst in the distribution of booty, though they had home 
the brunt of the conflict ; those who fared best were the 
nobles of Mecca, who had no share in the fight, hut whom 
Mohammed desired to conciliate by gifts (sur. ix. 60), 

The fall of Mecca reacted powerfully on the future Aggran- 
development of Islam. Again the saying came true : dizement 
victa viclons cejnt ; the victory of the Moslems over the 
Koraish shaped itself into a domination of the Koraish ' 
over the Moslems. For this the Prophet himself was to 
blame. In making Mecca the Jerusalem of Islam, he was 
ostensibly moved by reli^ous motives; but in reality 
Mohammed’s reh'gion had nothing to do -with the 
heathenish usages at the Ka'ba and the Great Feast. To 
represent Abraham as the founder of the ritual was merely 
a pious fraud. "What Mohammed actually sought, was to 
recommend Islam to Arabic prejudices by incorporating 
this fragment of heathenism, and at the same time he was 
influenced by his local patrioti-sm. Henceforth these 
local feelings became quite the mainspring of his conduct ; 
his attitude to the Koraish was determined entirely by 
the spirit of clannishness. Hence the extraordinary value 
be set on the conciliation of their chiefs ; one gains the 
impression that he cared more for this than for the con- 
version of all the rest of the world. He left to them all 
that they already had ; he gave them in addition whatever 
they asked, if only they would he his good friends. Ahii 
Sofydn was a great man alread;', but Mohammed hastened 

s Among them were relatives of the Proi)het’f foster-mother, Halima. 
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ites complained to the ' Prophet, M'ho eagerly seized the 
prete.’d; for M’ar. In vain did the Meccans send Abu 
Sofydn to Medina to renew the truce; they could not 
move the Prophet from his pu^ose. In Eamadan, a.h. 8 
The ^ (January' G30), he moved against Mecca with an army of 
renewed the Emigrants and the Defenders were 

■ mustered the Aslam, Ghifdr, Mozaina, Johaina, and 
Ashja' ; the Solaira and the idioza'a joined them on the 
wa}'. The Bedouins were drawn by the hope of booty; 
the Fazdrite 'Oyaina was sorely vexed that he had left his 
Ghatefdn at home, not knowing what was in view, for 
Mohammed at first kept the aim of his expedition a secret. 
Some of the Meccan nobles must, however, have known 
it ; Maldirama b. Xaufal, for example, and the Prophet’s 
uncle, ’Abbds, did not await the capture of their city, but 
deserted to the enemy while he was still distant. Abii 
Sofydn, in particular, must have been in the secret; it 
appears that at Medina he received the promise that the 
holy city should be spared if it yielded pacifically, and 
that he pledged himself to do his best to jjlay into the 
hands of the Prophet.^ But before the populace it was 
necessary to keep up the appearance of a sudden surprise, 
an inevitable submission to an unforeseen display of force. 
The same comedy was repeated aftenvards at Tdif ; the 
lieadmen treated with the Prophet without consiilting the 
Tliakafites, and then contrived that the result of their 
policy should appear to he forced by the course of events. 
The Jloslems were on the border of the holy land before 
the Meccans suspected their approach ; then suddenly one 
night 10,000 fires were seen rising to heaven to the north- 
west of the holy city. In well-feigned surprise Abu Sofydn 
Conquest hastened to the hostile camp ; he returned ttith the news 
of Mecca, the Moslems were at the gates, that an improvised 

resistance could efiect nothing against their force ; the only 
wise course was a surrender — Mohammed had promised 
security to those who remained in their houses or threw 
away their weapons. The terrified Meccans had hardly 
any other course open to them than to follow this advice. 
And now the Moslems entered the city from several sides 
at once, meeting only at one point nith an easily quelled 
resistance, ifohammed insisted that there should be no 
rfiolence ; he pledged the captains to avoid all bloodshed. 
Ten persons only were put to the ban, and of these one 
half were subsequently pardoned. He took all pains to 
preserve the sanctity of Mecca unimpaired, confirmed the 
rights and privileges thererath connected, and made it 
jJain that the' old cultus should not be less nourishing 
under Islam, The ceremom'es were retained, save only 
that he abolished all idols, both the domestic gods found 
in every house and the images in and round the Ifa'ba. 
But every sanctuary outside of Mecca was destroyed, 
except such as Iiad a part in the celebration of the Feast, 
and so stood in connexion with the Ka'ba itself. Thus 
the Meccan worship gained a new and unique importance. 
Jlohammed’s reform did for Mecca what Josiah’s did for 
Jerusalem.- 

The last step towards that identification of the Ka'ba 
rrith Islam, -which made it the religions centre of the 
iloslem world, was not taken till the following year, when 
the famous Renunciation (BarA’a) of sur. ix. forbade the 
heathen to share in the Feast, which was henceforth to be 
a strictly Moslem ordinance, and at the same time abro- 
gated the peace of the holy months. A 5 'ear later (Dhu ’1- 
Hijja, A.H, 10, March 632) he himself celebrated the Feast 
for the first time in the orthodox fashion, introducing 
certain modifications on the traditional practice and 


✓ 

1 The tradition indeed i? silent, -but Mnir (iv. 120) is jnstified in 
(Iraiving this inference from the conrse of events. 

® Snouck-Hurgronje, J/el Mehluwnsclie Fcesl, Leyden, 1880, 
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reducing certain varieties of use to uniform rule. In all 
this he professed to re-establish the true ancient n«e 
purged of heretical deviations from the example of 
Abraham. At the same time be remoSelled tbe Calendar 
forbidding the occasional interpolation of a month as an 
arbitrary and human invention, and establishing the true 
lunar year of twelve lunations. 

We return to the capture of Mecca. The submission of War 
the Koraish was followed by that of their nomad brethren with 
and allies. But the neighbouring Hawdzin, to whom'^^®.^*' 
belonged also the Thakafite inhabitants of Tdif, assembled 
for battle -with the Moslems. They camped in Autds 
between Tdif and Mecca. Mohammed advanced against 
them, and battle was joined in the valley of Honain. The 
Moslems were broken by the first charge of the foe; for a 
moment the Prophet himself was in danger, till the Khazraj 
rallied round him, checked the onset of the Hawdzin, and 
at length turned them to flight. A vast booty rewarded 
the victors ; for the Hawdzin had brought all their herds 
and non-combatants -with them and placed them in the 
rear, that they might feel what they were fighting for.^ 
Mohammed caused the prey to he conveyed to the glen of 
Ji'rdna, outside the north-west border of the Haram, a little 
way off the great valley that descends from Tdif ; he him- 
self pressed on to Tdif itseK, Here, however, he failed in 
I his object ; in a dream he saw a cock peck a hole in a- 
I bowl of cream that was set before him, so that the con- 
I tents ran out. After fourteen days he gave up the siege 
and marched to Ji'rdna to deal with the booty. He had 
[ deferred this task in the hope that the Hawdzin would he 
tempted to embrace Islam in order to recover their 
families and cattle. But as they still sent no ambassadors, 
he had to yield to the pressure of the Bedouins and divide 
the spoil. When it was too late, the messengers of the 
Hawdzin appeared to announce their conversion; they 
had now to give up their herds, and content themselves 
that their wives and children were restored to them, 
through the mediation of the Prophet with their new 
masters. The Bedouins received compensation for what 
they gave up ; the Emigrants and Defenders gave up their 
captives freely. Altogether the men of Medina fared 
worst in the distrihution of booty, though they had home 
the brunt of the conflict ; those who fared best were the 
nobles of Mecca, who had no share in the fight, hut whom 
Mohammed desired to conciliate by gifts (sur. ix. 60). 

The fall of Mecca reacted powerfully on the future Aggran- 
development of Islam. Again the saying came true ; dizement 
victa victores cepit / the victory of the Moslems over the 
Koraish shaped itself into a domination of the Koraish • 
over the Moslems. For this the Prophet himself was to 
blame. In making Mecca the Jerusalem of Islam, he was 
ostensibly moved by religious motives ; but in reality 
Mohammed's religion had nothing to do -with the 
heathenish usages at the Ka'ba and the Great Feast. To 
represent Abraham as the founder of the ritual was merely 
a pious fraud. IVhat Mohammed actually sought, was to 
recommend Islam to Arabic prejudices by incorporating 
this fragment of heathenism, and at the same time he was 
influenced by his local patriotism. Henceforth these 
local feelings became quite the mainspring of his conduct ; 
his attitude to the Koraish was determined entirely by 
the spirit of clannishness. Hence the extraordinary value 
he set on the conciliation of their chiefs ; one gains the 
impression that he cared more for this than for the con- 
version of all the rest of the world. He left to them all 
that they already had ; he gave them in addition whatever 
they asked, if only they would he his good friends. Abd 
Sofydn was a great man already, hut Mohammed hastened 

* Among them were relativeaof the Proi)hetV' foster-mother, Habma. 
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and added that Mohammed’s emissaries would presently 
appear to destroy the Rabba. The destruction took place 
accordingly, to the terror of the women and children, but 
without a single man raising his hand. 

The pilgrimage undertaken by Mohammed in the year 
10 (jMarch G32) was like a very triumph. All Arabia, 
apart from the vassals of Persia and Greece, lay at his feet. 
The greatest success of his life had been effected by sheer 
moral force without a stroke of the sword. But Arabia 
no longer sufficed him ; he had wider aims. In his last 

War years he began to extend, the holy war against the Greeks. 

Gre^fe Even on his return from Hodaibiya, he began to direct 
® envoys to several foreign potentates, with letters demand- 
ing their adhesion to Islam. One of these envoys was 
seized and beheaded in the Belk^ (the ancient Moab). 
Hence sprang the first cam 2 )aign against the Greeks, i.e. 
the Arabs who were subject to the Greek empire. The 
army directed against them was, however, entirely defeated 
at Mu’ta (Autumn 629)j Khdlid succeeded vith difficulty 
in ralljdng and leading back the broken remnant of the 
host. Hext summer the Nabatseans who visited the mar- 
ket of Jledina spread a rumour that the Emperor Heraclius 
was collecting a vast force to attack the Moslems ; and 
Mohammed set forth to meet him at the head of 30,000 
men, but got no farther than Tabuk, on the southern 
borders of ancient Edom, when the rumour was found to 
be false. The expedition, however, was not altogether 
fruitless, as it led to the submission of several small Jewish 
and Christian communities in the north of the Peninsula. 
Mohammed equipped a new expedition against the Greeks 
on his return from his “farewell pilgrimage,” and it was 

Death just ready to start when he died, on Monday, 8th June 

of Mo- 632. 

hammed, forming an estimate of one who has e.xercised so 
unexampled an influence on the history of the world, we 
shall do well to bear in mind the hint of Gibbon, that 
“ some reverence is surely due co the fame of heroes and 
the religion of nations.” The grounds on which Mohammed 
may be condemned are partly foxmd in his private life. 
Although on the whole, even after he had become ruler of 
all Arabia, he maintained the original poverty and simplicity 
of his establishment, never set store by money and estate, 
eating and drinking and soft clothing, strictly continued 
to fast and watch and pray after his first fashion, and that, 
too, plainly out of a heartfelt need and without any osten- 
tation, he nevertheless in one point at least used his supreme 
authority as prophet to make provision for the flesh. He 
claimed to be personally exempt from those restrictions in 
regard to the female sex which lay upon all other Jloslems, 
and, as is well knoum, he made very extensive application 
of this fundamental principle. This fact is quite rightly 
urged against him as a reproach'; even pious Moslems have 
been scandalised by it. At the same time, it is unnecessary 
to juffge him on this account more harshly than we do 
Charlemagne, the most Christian king of the Franks ; in 
any case we must not apply the standards of the present 
day to the circumstances of old Arabia. Of much weightier 
and indeed of crushing character is the accusation, that he 
did not really believe himself to be a prophet, but merely 
■ of set purj)ose played the part of one. For the first years 
of his activity indeed this charge is not now any longer 
maintained; it is universally granted that at that period 
his enthusiasm was genuine and real. But in Medina, we 
are told, he nsed his prophetic character simply as a pretext 
for the establishment of his power. It seems to the present 
vTiter that ipto this oj^inion there enter modern notions as 
to the separation between religion and the civil magistracy, 
which ought to be carefully kept out of sight. _ By any 
other instrumentality than that of a projffiet it would 
hardly have been possible to found the state of Medina ; 
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religion was the soul of the community. The founding of 
a religion and the forming of a state were not connerted 
in so merely external a way as is usually supposed ; on the 
contrary, the one was the natural and necessary consequence 
of the other. This must certainly be conceded, that, if we 
are to make any distinctions at all, Islam was far less rich 
in religious meaning than in social forces. The Koran is 
Mohammed’s weakest performance; the weight of his 
historical importance lies in his work at Medina and not 
in that at Mecca. And it is a fact that the politician in 
him outgrew the prophet more and more, and that in many 
cases where he assigned -spiritual motives he merely did so 
to give a fair appearance to acts that emanated from secular 
regards. In this respect it appears to us particularly 
objectionable that he gave out as revelations of God and 
placed in the Koran all sorts of regulations and orders of 
the day, which proceeded simply from his own deliberations 
or even in part were suggested to him by advisers from 
outside. At the same time the element of self-deception 
is not excluded even here ; he took for a message sent 
down from heaven everything which in his cataleptic fits 
passed through his mind, however close might be its agree- 
ment with his o-svn previously cherished thoughts. It was 
pardonable that he went on -svith the idea after he had 
once grasped it, that he blew upon the coals when the flame 
threatened to die out. It is less easy to free him from the 
reproach of perfidy and cruel vindictiveness. The surprise 
of Nakhla in the month Rajab (ordered by him, though he 
afterwards repudiated it), the numerous assassinations 
which he instigated, the execution of the 600 Jews at the 
close of the War of the Fosse, burden the Prophet heavily, 
and sufficiently explain the ividespread antipathy in which 
he is held. Yet even in this respect it is well not to forget 
the instance, already cited, of Charlemagne. It is precisely 
the man of vast aims who finds it most difficult to keep the 
beaten path. 

After the death of Mohammed arose the question who was 
to be his “representative” (lOialifa, Caliph). The choice lay 
■with the community of Medina ; so much was understood ; 
but whom were, they to choose? The natives of Medina 
believed themselves to be now once more masters in their 
own house, and wished to promote one of themselves. 

But the Emigrants asserted their opposing claims, and 
with success, having brought into the town a considerable 
number of outside Moslems,^ so as to terrorize the men of 
Medina, who besides were still divided into two parties. ' 

The Emigrants’ leading spirit was 'Omar; he did not, 
however, cause homage to be paid to himself but toAbubeln 
Abiibekr, the friend and father-in-law of the Prophet. Caliph. 

The affair would not have gone on so smoothly, had not Revolt 
the opportune defection of the Arabians put a stop to the ffi® 
inward schism which threatened. Islam suddenly found ™ 
itself once more limited to the community of Medina; 
only Mecca and Tilif remained true. The Bedouins were 
willing enough to pray, indeed, but less willing to pay taxes ; 
their defection, as might have been expected, was a political 
movement.® None the less was it a revolt from Islam, for 
here the political society and the religious are identical. 

A peculiar compliment to Mohammed was involved in the 
fact that the leaders of the rebellion in the various districts 
did not pose as princes and kings, but as prophets ; in this 
the secret of Islam’s success appeared to lie. 

Abubekr proved himself quite equal to the perilous 
situation. In the first place, he allowed the expedition 
against the Greeks, already arranged by Mohammed, quietly 
to set out, limiting himself for the time to the defence of 
Ikledina. On t he return of the army he proceeded to 

1 Compare Muir, iv. 263. 

- See Noldeke, SeitTage zur Kenntniss der Pocsie der alien Amber 
(1864), p. 89 sg. 
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and added that Mohammed’s emissaries would presently 
appear to destroy the Rabba. The destruction took place 
accordingly, to the terror of the women and children, but 
without a single man raising his hand. 

The pilgrimage undertaken by Mohammed in the 3 ’-ear 
10 (jMareh G32) was like a very triumph. All Arabia, 
apart from the vassals of Persia and Greece, lay at his feet. 
The greatest success of his life had been effected by sheer 
moral force without a stroke of the sword. But Arabia 
no longer sufficed him ; he had wider aims. In his last 

War j’ears he began to extend, the holy war against the Greeks. 

Gre^fe Even on his return from Hodaibiya, he began to direct 
® envoys to several foreign potentates, with letters demand- 
ing their adhesion to Islam. One of these envoys was 
seized and beheaded in the Belk^ (the ancient Moab). 
Hence sprang the first camiJaign against the Greeks, i.e. 
the Arabs who were subject to the Greek empire. The 
army directed against them was, however, entirely defeated 
at Mu’ta (Autumn 629); Khdlid succeeded vith difficulty 
in ralljdng and leading back the broken remnant of the 
host. Next summer the Nabatfeans who visited the mar- 
ket of Jledina spread a rumour that the Emperor Heraclius 
was collecting a vast force to attack the Moslems ; and 
Mohammed set forth to meet him at the head of 30,000 
men, but got no farther than Tabuk, on the southern 
borders of ancient Edom, when the rumour was found to 
be false. The expedition, however, was not altogether 
fruitless, as it led to the submission of several small Jewish 
and Christian communities in the north of the Peninsula. 
Mohammed equipped a new expedition against the Greeks 
on his return from his “farewell pilgrimage,” and it was 

Death just ready to start when he died, on Monda}', 8th June 

of Mo- 632. 

bammed, forming an estimate of one who has e.xercised so 
unexampled an influence on the history of the world, we 
shall do well to bear in mind the hint of Gibbon, that 
“ some reverence is surely due co the fame of heroes and 
the religion of nations.” The grounds on which Mohammed 
may be condemned are partly found in his private life. 
Although on the whole, even after he had become ruler of 
all Arabia, he maintained the original poverty and simplicity 
of his establishment, never set store by money and estate, 
eating and drinking and soft clothing, strictly continued 
to fast and watch and pray after his first fashion, and that, 
too, plainly out of a heartfelt need and without anj’ osten- 
tation, he nevertheless in one point at least used his supreme 
authority as prophet to make provision for the flesh. He 
claimed to be personally exempt from those restrictions in 
regard to the female sex which lay upon all other Moslems, 
and, as is well known, he made very extensive application 
of this fundamental principle. This fact is quite rightly 
urged against him as a reproach'; even pious Sloslems have 
been scandalised by it. At the same time, it is unnecessary 
to juffge him on this account more harshly than we do 
Charlemagne, the most Christian king of the Franks ; in 
any case we must not apply the standards of the present 
day to the circumstances of old Arabia. Of much weightier 
and indeed of crushing character is the accusation, that he 
did not really believe himself to be a prophet, but merely 
■ of set purpose plaj^ed the part of one. For the first jmars 
of his activity indeed this charge is not now any lohger 
maintained; it is universally granted that at that period 
his enthusiasm was genuine and real. But in Medina, we 
are told, he nsed his prophetic character simply as a pretext 
for the establishment of his power. It seems to the present 
vTiter that ipto this opinion there enter modem notions as 
to the separation between religion and the civil magistracy, 
which ought to be carefully kept out of sight. _ By any 
other instrumentality than that of a projffiet it would 
hardly have been possible to found the state of Medina ; 
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religion was the soul of the community. The founding of 
a religion and the forming of a state were not connerted 
in so merely external a way as is usually supposed ; on the 
contrary, the one was the natural and necessary consequence 
of the other. This must certainly be conceded, that, if we 
are to make any distinctions at all, Islam was far less rich 
in religious meaning than in social forces. The Koran is 
Mohammed’s weakest performance; the weight of his 
historical importance lies in his work at Medina and not 
in that at Mecca. And it is a fact that the politician in 
him outgrew the prophet more and more, and that in many 
cases where he assigned .spiritual motives he merely did so 
to give a fair appearance to acts that emanated from secular 
regards. In this respect it appears to us particularly 
objectionable that he gave out as revelations of God and 
placed in the Koran all sorts of regulations and orders of 
the day, which proceeded simply from his own deliberations 
or even in part were suggested to him by advisers from 
outside. At the same time the element of self-deception 
is not excluded even here; he took for a message sent 
down from heaven everything which in his cataleptic fits 
passed through his mind, however close might be its agree- 
ment with his o-svn previously cherished thoughts. It was 
pardonable that he went on -^vith the idea after he had 
once grasped it, that he blew upon the coals when the flame 
threatened to die out. It is less easy to free him from the 
reproach of perfidy and cruel vindictiveness. The surprise 
of Nakhla in the month Rajab (ordered by him, though he 
afterwards repudiated it), the numerous assassinations 
which he instigated, the execution of the 600 Jews at the 
close of the War of the Fosse, burden the Prophet heavily, 
a,pd sufficiently explain the ividespread antipathy in which 
he is held. Yet even in this respect it is well not to forget 
the instance, already cited, of Charlemagne. It is precisely 
the man of vast aims who finds it most difficult to keep the 
beaten path. 

After the death of Mohammed arose the question who was 
to be his “representative” (Khalifa, Caliph). The choice lay 
vrith the community of Medina ; so much was understood ; 
but whom were, they to choose? The natives of Medina 
believed themselves to be now once more masters in their 
own house, and wished to promote one of themselves. 

But the Emigrants asserted their opposing claims, and 
with success, having brought into the town a considerable 
number of outside Moslems,^ so as to terrorize the men of 
Medina, who besides were stUl divided into two parties. ' 

The Emigrants’ leading spirit was 'Omar; he did not, 
however, cause homage to be paid to himself but toAbubeki 
Abiibekr, the friend and father-in-law of the Prophet. Caliph. 

The affair would not have gone on so smoothly, had not Revolt 
the opportune defection of the Arabians put a stop to the ffi® 
inward schism which threatened. Islam suddenlj’’ found 
itself once more limited to the community of Medina; 

• only Mecca and Tilif remained true. The Bedouins were 
willing enough to pray, indeed, but less willing to pay taxes ; 
their defection, as might have been expected, was a political 
movement.^ None the less was it a revolt from Islam, for 
here the political society and the religious are identical. 

A peculiar compliment to Mohammed was involved in the 
fact that the leaders of the rebellion in the various districts 
did not pose as princes and kings, but as prophets ; in this 
the secret of Islam’s success appeared to lie. 

Abiibekr proved himself quite equal to the perilous 
situation. In the first place, he allowed the expedition 
against the Greeks, already arranged by Mohammed, quietly 
to set out, limiting himself for the time to the defence of 
Medina. On t he return of the army he proceeded to 

^ Compare Muir, iv. 263. 

® See Noldeke, SeUrdge sur Kenniniss der Pocsie der alien Amber 
(1864), p. 89 sg. 
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The fall of the Ojnayyads'was their work, and wth the 
Oma^ads^ fell the .Ajabian empire. The course of Islam’s 
political history during its first centuries is denoted by the 
removal of the capital from Damascus to Cufa, and from 
Cufa to Baghdad, the latter occup 3 'ing, approximately, the 
site of the ancient Ctesiphon. 

But wo must return to the period of Abiibekr. He died 
after a short reign, on 22d August G34, and as matter of 
course was succeeded by 'Omar. To 'Omar’s ten jmars’ 
Caliphate belong for the most part the great conquests, 
lie himself did not take the field, but remained in Medina ; 
he never, however, suffered the reins to slip from his grasp, 
so ' powerful was the influence'of his personality and the 
Moslem community of feeling. His political insight is 
showm by the circumstance that he endeavoured to limit 
the indefinite extension of Moslem conquest, and to main- 
tain and strengthen the national Arabian character of the 
commonwealth of Islam ; ^ also by his making it his fore- 
most task to promote law and order in its internal affairs. 
The sajung -with -which he began his reign rvill never grow 
antiquated ; “ By God, he that is weakest among you shall 
be in my sight the strongest, until I have vindicated for 
him his rights; but him that. is strongest -will I treat as 
the weakest, until he complies with the laws.” It would 
be impossible to give a better general definition of the 
function of the State. After the administration of justice 
he directed his organizing activitj', as the circumstances 
demanded, chiefly towards financial questions — thcincidence 
of taxation in the conquered territories,- and the applicor 
tion of the vast resources which poured into the treasury 
at Medina. It must not be brought against him as a 
personal reproach, that in dealing svith these he acted on 
the principle that the Aloslems were the chartered plun- 
derers of all the rest of the world. But he had to atone 
by his death for the fault of his system ; a workman at 
Cufa, driven to desperation by absurd fiscal oppressions, 
stabbed him in the mosque at Medina. He died in the 
beginning of November'644. 

Before bis deatli 'Omar bad nominated six of the leading 
Emigrants wbo should choose the Caliph from among them- 
selves — ‘Otlimdn, 'AJf, Zobair, Talha, Sa'd b. Abf Wakkil?> 
and 'Abd al-Eabmdn b. 'Auf. The last named declined to be 
candidate, and decided the election in favour of 'Otbindn b.' 
‘Affdn. Under this weak sovereign the government of Islam 
fell entirely into the hands of the Koraisb nobility. We 
have already seen that Mohammed biniself prepared the way 
for this transference ; Abhbekr and 'Omar likewise helped 
it ; the Emigrants Avere unanimous among themselves in 
thinking that the precedence and leadership belonged to 
them as of right. Thanlcs to the energy of Omar, they 
were successful in appropriating to themselves the succes- 
sion to the Prophet. They indeed rested the claims they j 
2 )ut forward in the undeniable priority of tbeir services to 
the faith, but they also appealed to their blood relationship | 
with tk Prophet, as a legitimation of their right to the 
inheritance; and the ties of blood connected them Avith j 
the ICoraish in general. In point of fact they felt a j 
greater solidarity Avith these than, for example, Avith the 
natives of MecUna; nature had not been expelled by 
faith.® The .supremacy of the Emigrants naturally fur- 
nished the means of transition to, the supremacy of the 

^ Ho soHglit to make the whole nation a gre.et host of God ; the 
Arabs were to he soldiers .and nothing else. They Avere forbidden to 
acquire landed estates in the conquered countries ; all land was either 
made state property or was restored to the old owners subject to n 
perpetual tribute wliicli provided pay on a splendid scjile for the army. 

- Noldefce, Tabari, 2i6. To 'Omar also is due tlie establishment of 
the Bra of the Flight. 

■ 3 Even in the list of the slain at tlie battle of Honain the Emig^iits 
are enumerated .along with the Meccans and Koraisb, and distinguished 
from the men of Medina. 
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Meccan aristocracy. 'OthmAn did all in his power to 
press forward this development of affairs. He belon-cd 
to the foremost family of Mecca, the Omajyads, and that 
he should favour his relations and the Koraish as a whole 
in every popible Avay, seemed to hint a matter of course! 
Every position of influence and emolument was assigned 
to them ; they themsekes boastingly called the important 
province of 'Inlk tlie garden of Koraish. In truth, the 
entire empire had become that garden. Nor Avas it 
unreasonable that from the secularization of Islam the 
chief advantage should be reaped by those Avho best kncAv 
the Avorld. Such Avere beyond all doubt the patricians of 
Mecca, and after them, those of p.-lif, peojile like lOiAlid b. 
al-Walid, 'Am.r b. al-‘As, 'Abdalidb b. Abi Sarh, Mogliira 
b. Sho'ba, and, above all, 'old Abii Sotyan nith his son 
Mo'dAviya, the governor of Syria. 

Against the rising tide of Avorldliness an opposition, Move- 
hoAvever, noAv began to ajipear. It Avas led by Avhat may 
be called the spiritual noblesse of Islam, Avhich, as dis- 
tinguished from the hereditary nobility of Mecca, might 
also be designated as the nobility of merit, consisting of 
the “Defenders,” and especially of the Emigrants Avho had 
lent themselves to the elevation of the Koraish, hut by no 
means Awtli the intention of alloAving themselves to be 
thereby effaced. The oiqiosition Avas headed by 'AU, 
Zobair, Talha, both as leading men among the Emigrants 
and as disappointed candidates for the Caliphate, Avho 
therefore Avere jealous of 'Othnidn. Their motives were 
purely selfish ; not God’s cause hut their OAvn, not 
rcli^on but pOAver and preferment, were Avhat they sought.-* 

Their party Avas a mixed one. To it belonged the men of 
realqnety, Avho suav Avith displeasure the promotion to tho 
first places in tho commonAvealth of the great lords avIio 
had actually done nothing for Islam, and had joined 
themselves to it only at the tAvelfth hour, Avhile those avIio 
had borne the burden and heat of the day were passed by. 

But tho majority Avere merely a band of men Avitliout 
views, whose aim Avas not a change of system but of 
persons, that they tliemselves might fatten in the vacant 
I)laces. EA’erywhere in the provinces there Avas agitation 
against the Caliph and his governors, except in Syria, AA’liere 
'Othmiln’s cousin, ilo'.AAviya b. Abi SofyAn, carried on a 
Arise and strong administration. The movement was most 
energetic in 'IrAly and in Egypt. Its ultimate aim Avas 
the deposition of 'OthmAn in favour of 'Alf, Avhose oaati 
services as Avell as his close relationship to the Prophet 
seemed to give him the best claim to the Caliphate. Even 
tlicn there Avere enthusiasts aaEo held him to be a sort of 
klessiali. 

The malcontents sought to gain their end by force. In 
bands they came from the proA'inces to Medina to concuss 
'OtlimAn into concession of their demands. From the 
Indus and Oxus to the Atlantic the Avorld Avas trembling 
before the armies of the Caliph, but in Medina he had 
no troops at hand. He propitiated the mutineers by 
concessions, but as soon as they had gone, he let matter.s 
resume their old course. Thus things Avent on from 
Avorse to tvorse. In the folloAving year (G5G) the Ie<adcrs 
of the rebels came once more from Egyi>t and 'Irak to 
Medina AAith a more numerous follGAAing ; and the Cali;)!! 
again tried his former plan of making promises AA-hich he 
did not intend to keep. But the rebels caught him in a 
flagrant breach of his AA'ord, and nOAv demanded his abdi- 
cation, besieging him in ]ii.s oaati house, Avherc he AA-as 

^ It Avas tlie Bailie opposition of tlie spiritual to tlie secular noliility 
that afterwards showed itself in tlie revolt of the sacred cities against 
the Omnyynds. TIio iiiovwncat triumphed witli the elevation of tho 
'Abhasids to the throne. But, that tho spiritual iiohility was /ighting 
not for principle but for personal advantage was as ajiparent in All s 
hostilities against Zobair and Talha as in that of the Abbasids against 
tlie followers of 'Ali. 
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Meccan aristocracy. 'OtlmiAn did all in Ms power to 
press forward this development of affairs. He bclon-rccl 
to the foremost family of Mecca, the 0maj7ads, and that 
he should favour his relations and the Koraish as a whole 
m every possible way, seemed to him a matter of course’. 
Every position of influence and emolument was assigned 
to thbm j they themselves boastingly ealled the important 
province of 'Irillj: the garden of Koraish. In truth, the 
entire empire had become that garden. Nor was it 
unreasonable that from the secularization of Islam the 
chief advantage should be reaped by those who best knew 
the world. Such %vere beyond all doubt the patricians of 
Mecca, and after them, those of T.Aif, people like lOiAlid b. 
al-Walid, lAmr b. al-'As, 'AbdallAh b. Abf Sarh, Moghira 
b. Sho'ba, and, above all, mid Abii SofjAn uuth his son 
Mo'jlwiya, the governor of Syria. 

Against the rising tide of worldliness an opposition, Move- 
how'ever, now began to appear. It was led by what may n'^nt 
be called the spiritual noblesse of Islam, which, as dis- 
tinguished from the hereditary nobility of Mecca, might 
also be designated as the nobility of merit, consisting of 
the “Defenders," and especially of the Emigrants who had 
lent themselves to the elevation of the Koraish, but by no 
means ■with the intention of allowng themselves to be 
thereby effaced. The opposition was headed by 'All, 
Zobair, Talha, both as leading men among the Emigrants 
and as disappointed candidates for the Caliphate, who 
therefore were jealous of 'OthmAn. Their motives were 
purely selfish ; not God’s cause but their own, not 
religion but power and preferment, were what they sought.'* 

Their party was a ini.\ed one. To it belonged the men of 
real .piety, who saw with disiffeasurc the promotion to tho 
first places in tho commonwealth of the great lords who 
had actually done nothing for Islam, and had joined 
themselves to it only at the twelfth hour, while those who 
had borne the burden and heat of the day were passed by. 

But tho majority were merely a band of men without 
views, whose aim was not a change of system but of 
persons, tliat they themselves might fatten in the vacant 
places. Everywhere in the provinces there was agitation 
against the Caliph and his governors, except in Syria, wliere 
'OthmAn’s cousin, Mo'Awiya b. Abi SofyAn, carried on a 
Arise and strong administration. The movement was most 
energetic in TrAk and in Egypt. Its ultimate aim Avas 
the deposition of 'OthmAn in favour of 'All, Avhose oaata 
services as Avell as his close relationship to the Prophet 
seemed to give him the best claim to the Caliphate. Even 
Uien there Avere enthusiasts Avho held him to be a sort of 
Messiah. 

The malcontents sought to gain their end by force. In 
bauds they came from the proA'inces to Medina to concuss 
‘OthmAn into concession of their demands. From the 
Indus and Oxus to tho Atlantic the Avorld Avas trembling 
before the armies of the Caliph, but in Medina he had 
no troops at hand. He propitiated the mutineers by 
concessions, but as soon as they had gone, he let matters 
resume their old course. Thus things went on from 
Avorse to Avorse. In the folloAving year (05G) the leaders 
of the rebels came once more from EgyjJt and TrAif to 
Medina with a more numerous following ; and the Calijfii 
again tried his former plan of making promises wliicJi he 
did not intend to keep. But the rebels caught him in a 
flagrant breach of his AAmrd, and noAV demanded his abdi- 
cation, besieging him in liis oaati house, Avherc he Avas 
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The fall of the Omayyads'was their work, and AAntb the 
Omayyads fell the -Aj’abian empire. The course of Islam’s 
political history during its first centuries is denoted by the 
removal of the caj)ital from Damascus to Cufa, and from 
Cufa to BaghdAd, the latter occupying, approximately, the 
site of the ancient Ctesiphon. 

But Avo must return to the period of Abdbekr. Ho died 
after a short reign, on 22d August G34, and as matter of 
course Avas succeeded by 'Omar. To 'Omar’s ten years’ 
Calipliate belong for the most i^art the great conquests. 
He himself did not take the field, but remained in Medina ; 
be never, hoAvever, suffered the reins to slip from his grasp, 
so • powerful was the influence'of his personality and the 
Moslem community of feeling. His political insiglit is 
shoAvn by the circumstance that he endeavoured to limit 
tlie indefinite extension of Moslem conquest, and to main- 
tain and strengthen the national Ai-abian character of the 
commonAvealtli of Islam also by bis making it bis fore- 
most task to promote law and order in its internal affairs. 
The saying with -Avhich be began bis reign Avill neA'or grow 
antiquated : “ By God, he that is Aveakest among you shall 
be in my sight the strongest, until I have vindicatctl for 
him his rights; but him that, is strongest Avill I treat as 
the weakest, until lie complies Avitli the laAvs.” It Avould 
be impossible to give a better general definition of the 
function of the State. After the administration of justice 
he directed his organizing activity, as tlie circumstances 
demanded, chiefly tou'ards financial questions — thcincidence 
of ta.xation in the conquered territories,^ and the applicor 
tion of the vast resources which poured into the treasury 
at Medina. It must not be brought against him as a 
personal reproach, that in dealing Avith these he acted on 
the principle that the Moslems Avero the chartered plun- 
derers of all the rest of the Avorld. But he liad to atone 
by his death for the fault of his system ; a Avorkman at 
Cufa, driven to desperation by absurd fiscal opjiressions, 
stabbed him in the mosque at Medina. He died in the 
beginning of November'644. 

Before his death 'Omar had nominated six of the leading 
Emigrants Avho should choose the Caliifii from among them- 
seHes — 'OthmAn, 'All, Zobair, Talha, Sa'd b. Abf Wakkli?, 
and ‘Abd al-EalimAn b. ‘Auf. The last named declined to be 
candidate, and decided the election in favour of 'OthmAn b.' 
'AffAn. Under this Aveak sovereign the government of Islam 
fell entirely into the hands of the Koraish nobility. We 
liave already seen that Mohammed himself prepared the Avay 
for this transference ; Abffbekr and ‘Omar likcAvise helped 
it ; the Emigrants Avere unanimous among themselves in 
thinking that the precedence and leadership belonged to j 
them as of right. Thanks to the energy of Omar, tliey 
were successful in appropriating to themselves the succes- | 
sion to the Prophet. They indeed rested the claims they 
2 rat forward in the undeniable priority of their services to 
the faith, but they also appealed to their blood relationship 
with th( Prophet, as a legitimation of their right to the 
inheritance; and the ties of blood connected them Avith 
the Koraish in general. In point of fact they felt a 
greater solidarity Avith these than, for example, Avith the 
natives of Medina; nature had not been expelled by 
faitb.3 The .supremacy of the Emigrants naturally fur- 
nished the means of transition to, the supremacy of the 

^ He sought to make the whole nation a great host of God ; the 
Arahs were to he soldiers .and nothing else. They were forbidden to 
acquire landed estates in the conquered countrie.s ; .all land avas either 
made state property or was restored to the old owners subject to a 
perpetual tribute which provided pay on a splendid scale for the army. 

= Niildehe, Tabari, 2i6. To 'Omar also is due tiie estahlishinent of 
tho Bra of the Flight. 

• 3 Even in tho list of the slain at the battle of Honain the Emigrants 
are enumerated along nitli the Meccans and Koniish, and distinguished 
from the men of Jledina. 


* It TOs tlie same opposition of the spiritua] to the secular nohiJity 
that afterw.ards showed itself in the revolt of the sacred cities against 
the Omayyads. Tho movement triumphed with the elevation of tho 
'Abbasids to the tlirone. But, that the spiritual nobility was lighting 
not for principle but for personal advantage was as ajiparent in All s 
hostilities against Zohair and Talha as in that of the Abbasids against 
the followers of 'Ail. 
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Tlie Caliph -^vas not moved ; threats prevailed over the 
obstinacy of the people of 'Ir/ik, and MoVindya repaired to 
Arabia in person, at the head of an army, to intimidate the 
inhabitants of Mecca and Medina. As may be supposed, 
the principal fomenters of the resistance in Arabia were 
the sons of the first Caliphs, 'Abd al-Eahmdn the son of 
Abiibekr, 'Abdalh-ih the son of 'Omar, and Hosain the 
son of 'Alf ; for, by submitting, they would have renounced 
all hope of being themselves chosen by the people. Another 
'Abdalliih, son of that Zobair who had been among the 
six candidates nominated at the death of 'Omar for the 
choice of the Jloslems, was also one of the warmest 
opponents of the pretensions of Mo'dvdya. All the efforts 
of the Caliph to win over these personages to his side 
having proved vain, he ordered them to be brought into 
the'’ mosque at Mecca, each between two soldiers ; then, 
having mounted the pulpit, ho called on the b}'standcrs to 
take the oath of allegiance to his son ; adding that 'Abd 
al-Ralunan, Hosain, and the two 'Abdaiidhs would raise no 
objection, lley, in their terror, did not utter a word, and 
the assembly took the oath. Then Mo'dwiya, without con- 
cerning himself further about the malcontents, returned to 
Damascus. 

■IMiile thus occupied at home, hfo'dwij-a did not neglect 
foreign affairs. 'Amr b. al-'As, governor of Egjqit, died 
A.Ti. 43 (a.d. 6G3-GG4), and was followed by several prefects 
in succession, under one of whom the general Mo'dwiya b. 
Hodaij undertook several expeditions into , the province 
of Africa. In the year 50 (a.d. G70) he advanced as 
far as Camunia, now Siisa, near which city he laid the 
foundations of the celebrated Kairawdn, and even went 
on to Sabaratha, a town situated near the seashore, and 
opposite to the island of C’rina. The emperor, Constantine 
IV., had sent thither thirty thousand Greek-s, who were 
beaten and compelled to re-embark in haste. Mo'dwij'a b. 
Hodag returned to Egj'pt after his victoiy, and the Caliph 
now considered the position of the Jloslems in Africa so 
strong, that he separated that province from EgJTJt, and 
appointed as governor of Africa '01>ba b. Ndfi', who per- 
manently established Ishirawdn, in a plain situated at a 
little distance from the first encampment of ilo'duiya b. 
Hodaij. According to some historians, the new city was 
completed a.h. o 5 ( a . v . G74-675). 

In the East the successes of the Moslems were still more 
brilliant. Ziydd, brother of Mo'/iwiya, as soon as he was 
appointed governor of 'Irak and Persia, sent an army into 
ICior/isiin. It advanced as far as the Oxus, crossed that 
river, and returned loaded ulth booty taken from the 
wandering Turkish tribes of Transoxiana. Bokh.^rd was 
occupied by a son of ZijYid, and Sa'd, son of the Caliph 
'Othm.'in, whom 3Io'il%viya had made governor of Khordsan, 
marched again-st Samarkand, a.ii. oG (a.d. G75-676). 
Other generals penetrated as far as the Indus, and over- 
ran and conquered Multdn, Kdbulistan, Mokrdn, and 
Sijistdn. 

In the North the Moslems were not less fortunate in 
their attacks on the Bj'zantine empire, ilo'duiya,^ while 
still only governor of Sjuna, had gained possession of 
Armenia, and had sent a fleet against Cj'prus, which, in 
conjunction with that of the governor of Egjqjt, had 
effected the conquest of that island. Encouraged by the 
result of tliis expedition, he gave the order for new incur- 
sions in the Mediterranean. His fleet of twelve hundred 
vessels invested the islands of Cos, Crete, and Rhodes. 
The famous Colossus of Rhodes was broken to pieces, and 
it is said that the bronze of which it was made was bought 
by a Jew' of Eme.sa, and formed a load for nine hundred 
and eighty camels. The Arabs even dared to threaten 
Constantinople, which owed its safety only to the Greek 
fire. Yazfd, the son of hfo'dwiya, took part in these 


expedirions, but with no great ardour, and in the year 58 
(A.D. 6/ /-678) Mo'dwiya concluded a thirty years’ peace 
with Constantine IV. Two years later, he died at Damas- 
cus, after a reign of nearly twenty years. He had been 
governor of Syria for the same length of time. Before his 
death, he sent for his son Yazfd, and having pointed out 
how he had smoothed down all difficulties for him, he 
advised him to .spare no effort to preserve the attachment 
of the S}'rians. He urged him also to keep a close watch 
on the actions of Hosain b. 'Alf, and of the other pre- 
tenders who had refused to take the oath of allegiance to 
him ; but he added that, should they rebel, Yazfd ought 
to treat them with clemency, and not to forget their illus- 
trious origin. By failing to act upon this wise advice, 

Yazfd rendered irreconcilable that formidable schism which, 
even at the present day, still divides the Moslem world, 
and which, at all periods, has been a source of calamity to 
Islam. 

2. Yazfd had not his father’s genius. Passionately Yazfd I. 
fond of pleasure, and carele.ss about religion, he bestowed 
more care on turning a pretty couplet than on consoli- 
dating the strength of his empire. During his short reign 
he committed three actions for which Moslems never 
pardoned his memory : the murder of Hosain, son of 'AU 
and grandson of the Prophet ; the pillage of Medina ; and 
the taking of the Ka'ba, the venerated temple of Mecca ; 
crimes which were not redeemed in the eyes of the people 
by a few fortunate expeditions on the part of his generals.^ 

Immediately on ascending the throne, in the month 
Rajab a.h. GO (April, a.d. G80), Yazfd sent a circular to all 
his prefects, with an official announcement of his father’s 
death, and an order to administer the oath of allegiance to 
their respective subjects. In particular, he charged the 
new prefect whom he appointed to Medina, his own cousin 
Walld b. 'Otba, to strike off the heads of Hosain son of 
'All, 'Abd al-Eahm!ln son of Abiibekr, 'Abdalldh son of 
'Omar, and 'Abdalldh son of Zobair, if they again refused 
to acknowledge him. Terrified at such a commission, 

Walid did not dare to act with rigour against Hosain and 
'AbdallAh b. Zobair, both of whom refused to take the 
oath, but allowed them to escape to Mecca. Yazfd 
immediately deprived him of his office, and appointed in 
his place 'Amr b. Sa'fd, already governor of Mecca. Once 
in the Holy City, 'Abdalliih b. Zobair thought himself in 
such perfect safety that he began to intrigue with the 
Meccans to have himself proclaimed Caliph in Arabia. 

At Cufa the news of the flight of Hosain produced great 
agitation among the partisans of the family of 'Alf, who 
were numerous there, and they sent several addresses to 
the grandson of the Prophet, inviting him to take refuge 
■with them, and promising to have him proclaimed Caliph 
in 'IrAk. Hosain, who knew the fickleness of the people 
of 'IrAk, hesitated to jdeld to their entreaties; but Ibn 
Zobair, who was desirous to get rid at all costs of so 
formidable a rival, persuaded him that he ought to go 
and put liimself at the head of the people of Irak, and 
enter on an open struggle with Yazfd. Hosain began by 
sending his cousin Moslim b. 'Akfl to Cufa, and from him 
he learned that many of the inhabitants of that city 
appeared really 'decided to support him. The prefect of 
Cufa, No'man b. Bashfr, though apprised of these^ pro- 
ceedings, did not choose to make them known to Yazfd, 
as he was reluctant to act with severity against a descend- 
ant of the Prophet. Information, however, reached the 
Caliph, who deprived No'mdn of his office, and ordered 


I Salam b. Ziyad invaded Sogdiana, and brought back immense 
lolvto Merv. In Africa 'Okba b. Nafi' invaded tlie whole coast of 
e Mediterranean as far as Morocco. On his return, however.riie 

II into an ambuscade laid by the Berbers, who killed.him and took 
airawan. 
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Tlie Caliph -^vas not moved ; threats prevailed over the 
obstinacy of the people of 'Ir/ik, and MoVindya repaired to 
Arabia in person, at the head of an army, to intimidate the 
inhabitants of Mecca and Medina. As may be supposed, 
the jmincipal fomenters of the resistance in Arabia were 
the sons of the first Caliphs, 'Abd al-Eahmdn the son of 
Abiibekr, 'Abdalh-ih the son of 'Omar, and Hosain the 
son of 'Alf ; for, by submitting, the}' would have renounced 
all hope of being themselves chosen by the people. Another 
'Abdalliih, son of that Zobair who had been among the 
six candidates nominated at the death of 'Omar for the 
choice of the Jloslems, was also one of the warmest 
opponents of the pretensions of Mo'dv'iya. All the efibrts 
of the Caliph to win over these personages to his side 
having proved vain, he ordered them to be brought into 
the'’ mosque at ifecca, each between two soldiers ; then, 
having mounted the pulpit, ho called on the b}'standcrs to 
take the oath of allegiance to his son ; adding that 'Abd 
al-Ealpnan, Hosain, and the two 'Abdalldhs would raise no 
objection, lley, in their terror, did not utter a word, and 
the assembly took the oath. Then Mo'dwiya, without con- 
cerning himself further about the malcontents, returned to 
Damascus. 

'IMiile thus occupied at home, Lfo'dwiya did not neglect 
foreign affairs. 'Amr b. al-'.^R, governor of Egjqit, died 
A.n. 43 (a.d. GG3-G64), and was followed by several prefects 
in succession, under one of whom the general Mo'dwiya b. 
Hodaij undertook several expeditions into , the province 
of Africa. In the year 50 (a.d. G70) he advanced as 
far as Camunia, now Susa, near which city he laid the 
foundations of the celebrated Kairawdn, and even went 
on to Sabaratlia, a town situated near the seashore, and 
opposite to the island of C’rina. The emperor, Constantine 
IV., had sent thither thirty thousand Greek-s, who were 
beaten and compelled to re-embark in haste. Mo'duijm b. 
Hodap retunied to Egj'pt after his victoiy, and the Caliph 
now considered the position of the [Moslems in Africa so 
strong, that he separated that province from Egj-pt, and 
appointed as governor of Africa '01>ba b. Ndfi', who per- 
manently established lyairawdn, in a plain situated at a 
little distance from the first encampment of hlo'dwiya b. 
Hodaij. According to some historians, the new city was 
completed a.h. o5(a.v. 074-675). 

In the East the successes of the Moslems were still more 
brilliant. Ziydd, brother of Mo'/in-iya, as soon as he was 
appointed governor of 'Irak and Persia, sent an army into 
ICior/isun. It advanced as far as the Oxus, crossed that 
river, and returned loaded ulth booty taken from the 
wandering Turkish tribes of Transoxiana. Bokh<4r4 was 
occupied by a son of ZijYid, and Sa'd, son of the Caliph 
'Othm.'in, whom Mo'4%riya had made gorernorof Khor^isan, 
marched agaiust Samarkand, a.ii. 5G (a.d. 675-676). 
Other generals penetrated as far as the Indus, and over- 
ran and conquered Multdn, Kdbulistan, [Mokrdn, and 
Sijistdn. 

In the North the Moslems were not less fortunate in 
their attacks on the Byzantine empire. Jlo'dviya,^ while 
still only governor of Sjuia, had gained possession of 
Armenia, and had sent a fleet against Cj'prus, which, in 
conjunction w'ith that of the governor of Egjqjt, had 
effected the conquest of that island. Encouraged by the 
result of tills expedition, he gave the order for new incur- 
sions in the Mediterranean. His fleet of twelve hundred 
vessels invested the islands of Cos, Crete, and E bodes. 
The famous Colossus of Ehodes was broken to pieces, and 
it is said that the bronze of which it was made was bought 
by a Jew of Eme.sa, and formed a load for nine hundred 
and eighty camels. The Arabs even dared to threaten 
Constantinople, which owed its safety only to the Greek 
fire. Yazfd, the son of Sfo'dwiya, took part in these 


expedihons,^but with no great ardour, and in the year 58 
(A.D. 6 //- 618 ) Moilwiya concluded a thirty years’ peace 
with Constantine IV. Two years later, he died at Damas- 
cus, after a reign of nearly twenty years. He had been 
governor of Syria for the same length of time. Before his 
death, he sent for his son Yazfd, and having pointed out 
how he had smoothed down all difiiculties for him, he 
advised him to .spare no efibrt to preserve the attachment 
of the S 3 'rians. He urged him also to keep a close watch 
on the actions of Hosain b. 'Alf, and of the other pre- 
tenders who had refused to take the oath of allegiance to 
him ; but he added that, should they rebel, Yazfd ought 
to treat them with clemency, and not to forget their illus- 
trious origin. By failing to act upon this wise advice, 

Yazfd rendered irreconcilable that formidable schism which, 
even at the present day, still divides the Moslem world, 
and which, at all periods, has been a source of calamity to 
Islam. 

2. Yazfd had not his father’s genius. Passionately Yazfd I. 
fond of pleasure, and carele.ss about religion, he bestowed 
more care on turning a pretty couplet than on consoli- 
dating the strength of his empire. During his short reign 
he committed three actions for which Moslems never 
pardoned his memory : the murder of Hosain, son of 'AE 
and grandson of the Prophet ; the pillage of Medina ; and 
the taking of the Ka'ba, the venerated temple of Mecca ; 
crimes which were not redeemed in the eyes of the people 
by a few fortunate expeditions on the part of his generals.^ 

Immediately on ascending the throne, in the month 
Eajab a.h. 60 (April, a.d. 680), Yazfd sent a circular to all 
his prefects, with an official announcement of his father’s 
death, and an order to administer the oath of allegiance to 
their respective subjects. In particular, he charged the 
new prefect whom he appointed to Medina, his own cousin 
WaUd b. 'Otba, to strike off the heads of Hosain son of 
'All, 'Abd al-Eahm!ln son of Abiibekr, 'Abdalldh son of 
'Omar, and 'Abdalldh son of Zobair, if they again refused 
to acknowledge him. Terrified at such a commission, 

Walid did not dare to act with rigour against Hosain and 
'Abdalldh b. Zobair, both of whom refused to take the 
oath, but allowed them to escape to Mecca. Yazfd 
immediately deprived him of his office, and appointed in 
his place 'Amr b. Sa'fd, already governor of Mecca. Once 
in the Holy City, 'Abdalldh b. Zobair thought himself in 
such perfect safety that he began to intrigue with the 
Meccans to have himself proclaimed Caliph in Arabia. 

At Cufa the news of the flight of Hosain produced great 
agitation among the partisans of the family of 'All, who 
were numerous there, and they sent several addresses to 
the grandson of the Prophet, inviting him to take refuge 
svith them, and promising to liave him proclaimed Caliph 
in 'Irdk- Hosain, who knew the fickleness of the people 
of 'Irdk, hesitated to jueld to their entreaties; but Ibn 
Zobair, who was desirous to get rid at all costs of so 
formidable a rival, persuaded him that he ought to go 
and put liimself at the head of the people of Irak, and 
enter on an open struggle with Yazfd. Hosain began by 
sending his cousin Moslim b. 'Akfl to Cufa, and from him 
he learned that many of the inhabitants of that city 
appeared really decided to supi^ort him. The prefect of 
Cufa, No'mdn b. Bashfr, though apprised of these^ pro- 
ceedings, did not choose to make them known to Yazfd, 
as he was reluctant to act with severity against a descend- 
ant of the Prophet. Information, however, reached the 
Caliph, who deprived No'mdn of his office, and ordered 

1 Salam b. Ziyad invaded Sogdiana, and brongbt back immense 
booty to Mcrr. In Africa 'Okba b. Nafi' invaded tlie whole coast of 
the Mediterranean as far as Morocco. On his return, .however, lie 
fell into an ambuscade laid by the Berbers, who killed.him and took 
Kairawan. 
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Hosain b. bTomair immediately offered the Caliphate to 
Ibn Zobair, on condition that he should grant a complete 
amnesty to all those who had taken part in the battle of 
Harra and in the siege of Jlecca. 'Abdalldh had the folly 
to refuse, and Hosain then returned to Damascus. 

IbnZo- Thus rid of his enemj', 'Abdallah caused the title of 
tair pro- Prince of the True 'Believers (Amfr al-mo’minfn) to be 
him— a title which 'Omar had already 
the Be- received, and which was afterwards adopted by aU the 
lievers. Caliphs. He sent one of his brothers, 'Obaid AllAh, to 
Medina, and chose as governor of Egypt 'Abd al-Eahmdn 
b. .Tahdam, who repaired to that province, and c-aused the 
authority of Ibn Zobair to be acknowledged there. At 
Basra and at Cufa, many of the inhabitants did not 
hesitate to acknowledge him, and received a Zobairite 
governor, while the ^^Arijites and the Shiites rose in 
revolt — the former at Basra under the leadership of Nd6’ 
b. Azrak, the latter at Cufa under that of Solaimdn b. 
Sorad — and expelled the Oma}' 3 ’ad governor, 'Obaid 
Allah b. Ziydd, who took refuge at Damascus, ilesopo- 
tamia soon followed the example of 'IrAk. Even in Syria, 
the population seemed disposed to forsake the cause of the 
Omaj’yads. The KhArijites and ifokhtAr b. Abf 'Obaid, 
who had supported Ibn Zobair, now repented of haHog 
laboured for the elevation of tWs pretender, and quitted 
Mecca. The son of Zobair, remaining thenceforth sole 
master of Mecca, occupied himself tranquilly in rebuilding 
the Ka'ba, which he restored on its ancient foundations. 
JIo’Awi- 3. It was in the midst of this break-up of his party 
Ti that, immediately after the death of Yazld, his eldest son, 
Mo'Auiya II., was elected Caliph at Damascus at the age of 
only seventeen or twenty. He was a young man of weak 
character, and imbued, it is said, with Shf'ite opinions. 
He felt himself incapable of ruling, and was contemplating 
abdication, when he died, after a reign of but forty days, 
by poison, as some say ; of the plague, as others assert. 
The Caliphate was immediately offered to 'OthmAn b. 
'Otba b. Abf SofyAn, cousin of ilo'Awiya II . ; for KhAlid, 
the second son of Yazfd, was only sixteen years old. 
'OthmAn b. 'Otba, however, ha\*ing made it a condition of 
his election that he should not be compelled to enter on 
any war, or to condemn any one to death, the choice fell 
at Damascus on Meru-An b. al-Hakam, a , descendant of 
Oraayya through his grandfather Abu ’l-'As, but on con- 
dition that he should marry Maisun, the widow of Yazfd, 
and should appoint Khalid, her son, as his successor. 

-Yfciwdn 4. MenvAn b, al-Hakam had been secretary to the 
b Caliph 'OthmAn, and governor of iMedina imder ilo'Awiya 
L Yazfd, on his accession to power, had dismissed him 
and put IValfd b. 'Otba in his place; but MerwAn had 
continued to live at Medina, and had been driven from it 
during the revolt of the year 63, and again in the following 
year, when 'Obaid AJlAh b. Zobair had taken possession 
of that city in the name of his brother. It might have 
been thought that ilerwAn would cherish a deep hatred 
of 'AbdallAh Ibn Zobair ; but he was an old man of sixty- 
two at the time of his election, and, dreading an unequal 
struggle, he was on the point of making his submission to 
the Meccan Caliph. The drooping courage of MerwAn was 
revived by his son '-Ibd al-Melik and by 'Obaid AUAh b. 
ZiyAd, and he resolved to try the chances of war. 

DahhAk b. Kais, governor of Damascus, had declared 
hiniseif on the side of Ibn Zobair, and had raised an army, 
princqjally from among the tribe of Kais. This tribe had 
taken offence because Mo'Awiya L and Yadd had chosen 
their wives from the Yem.enite tribe of Kalb, and, con- 
tinuing to resent their conduct, now refused to acknowledge 
KhAlid as the heir-presumptive of MerwAn. It was there- 
fore on the Yemenites that MerwAn had to depend for the 
suppression of DalAAk’s rebellion. The latter had an 
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army of nearly sixty thousand horsemen, while MerwAn 
could bring together only thirteen thousand infantry 
The two armies met at Maij RAhi^ a few miles from 
Damascus, and, after a series of combats which lasted for 
twenty days, ilerwAn’s troops gained a complete victory, 
and DahhAk was among the IdUed. The Syrian provinces 
hastened to acknowledge the conqueror, and MerwAn was 
able to turn his attention to Egypt, which, as will be 
remembered, had submitted to the Meccan. 'Abd al- 
'Aziz, a son of MerwAn, had already marched to Aila on 
the Red Sea, and was preparing to enter Egypt ; MerwAn 
joined him, and the Zobairite governor of Egypt, beaten 
by their united forces, was obliged to seek safety in flight. 
MerwAn made 'Abd al-'Azfz governor of the province. At 
the beginning of the year 65 (a.d. 684-685) MerwAn 
returned in haste to Syria; for, during his absence, a 
brother of Ibn Zobair, named Mos'ab, had invaded that 
province. MerwAn triumphed over Mo.s'ab ; but an army 
of four thousand men, which he had sent to the HijAz, 
and in which was HajjAj b. Yiisuf — ^then quite a young 
man, but who afterwards played so important a part under 
'Abd al - Melik — was cut to pieces. This defeat was 
redeemed by a victory gained by his generals, 'Obaid 
AllAh b. ZiyAd and Hosain b. Homair, at 'Ain al-Warda 
over a small army of Shl'ites led by SolaimAn b. Sorad. 

But while the battle was being fought in Ramadan 65 
(April-May 685), MerwAn died ; suffocated, it is said, by 
his wife Maisiin, because he had insulted her son KhAlid, 
and had broken his word by nominating his own son 
'Abd al-Melik as his successor. The accession of 'Abd al- 
Melik was attended u-ith no difficulty, as he was acknow- 
ledged by the whole of SjTia and Egypt. The Kaisites 
naturally rallied round him, because he had not a drop of 
Yemenite blood in his veins. 

5. "When 'Abd al-Melik ascended the throne, there still 'AM a4 
remained much to be done before the unity of the emjrire 
could be re-established. Ibn Zobair was still master of 
Arabia and of 'IrAk, though in the latter province his 
authority was very much shaken by the permanent rebel- 
lion of the Shl'ites at Cufa, and of the KhArijites at Basra. 

The Zobairite general Mohallab had, it is true, succeeded 
in forcing back the KhArijites into Susiana and Persia; 
but at Cufa the Shl'ites, at the instigation of MokhtAr, 
continued their agitation. MokhtAr, as we have seen, had 
withdrawn from Mecca after the raising of the siege by 
Hosain b. Komair. He returned to Cufa, and there 
fomented serious disturbances. Many of the inhabitants 
of that city repented bitterly of having allowed Hosain, 
the grandson of the Prophet, to be massacred. Amid the 
general disorder of the Moslem empire, MokhtAr hoped 
to make his own authority acknowledged in 'IrAk and 
Mesopotamia. He put himself forward as the avenger of 
the family of 'All, and pretended to have been commissioned 
by a son of 'All, Mohammed b. Hanaflya,i -vvas living 
at Medina, to give effect to his rights lo the Caliphate. 

Many Shl'ites believed him, and, detesting their chief 
SolaimAn b. Sorad, joined MokhtAr. On learning these 
intrigues, the Zobairite governor threw him into prison. 

Soon after the defeat of SolaimAn at 'Ain al-Marda, at the 
request of IMokhtAPs brother-in-law, who was no other 
than 'AbdaUAh the son of 'Omar, the governor consented 
to set him at liberty, on his swearing to make no further 
attempts against ham. As SolaimAn had fallen on the 


I That is to say, the son of the Hanafite woman. The mother of 
Mohammed was of the tribe of Hanifa. Even before Jfokhtar, Mo- 
hammed had partisans who looked on him as destined to be Caliph. 
These sectaries received the name of Kaisanites, from a freednian of 
‘All, called Kaisan, who was the most ardent advocate of Mohammed’s 
pretensions. After MokhtAr had declared in favour of Mohammed, 
his supporters received the name of MokhtArites. 
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Hosain b. bTomair immediately offered the Caliphate to 
Ibn Zobair, on condition that he should grant a complete 
amnesty to all those "who had taken part in the battle of 
Harra and in the siege of Jlecca. 'Abdalldh had the folly 
to refuse, and Hosain then returned to Damascus. 

IbnZo- Thus rid of his enemj', 'Abdallah caused the title of 
tair pro- Prince of the True Believers (Amfr al-mo’minfn) to be 
him— a title rvhich 'Omar had already 
the Be- received, and rvhich was afterwards adopted by aU the 
lievers. Caliphs. He sent one of his brothers, 'Obaid AU&h, to 
Medina, and chose as governor of Egypt 'Abd al-Eahmdn 
b. .Tahdam, who repaired to that province, and caused the 
authority of Ibn Zobair to be acknowledged there. At 
Basra and at Cufa, many of the inhabitants did not 
hesitate to acknowledge him, and received a Zobairite 
governor, while the Hi^rijites and the Shfites rose in 
revolt — the former at Basra under the leadership of Hdfi' 
b. Azrak, the latter at Cufa under that of Solaimdn b. 
Sorad — and expelled the Oma}’ 3 *ad governor, 'Obaid 
Allah b. Ziydd, who took refuge at Damascus, ilesopo- 
tamia soon followed the example of 'IrAk. Even in Syria, 
the population seemed disposed to forsake the cause of the 
Omaj’yads. The KhArijites and ilokhtAr b. Abf 'Obaid, 
who had supported Ibn Zobair, now repented of having 
laboured for the elevation of tWs pretender, and quitted 
Mecca. The son of Zobair, remaining thencefor^ sole 
master of Mecca, occupied himself tranquilly in rebuilding 
the Ka'ba, which he restored on its ancient foundations. 
JIo’Awi- 3. It was in the midst of this break-up of his party 
ya K. that, immediately after the death of Yazld, his eldest son, 
Mo'A-wiya II., was elected Caliph at Damascus at the age of 
only seventeen or twenty. He was a young man of weak 
character, and imbued, it is said, with Shf'ite opinions. 
He felt himself incapable of ruling, and was contemplating 
abdication, when he died, after a reign of but forty days, 
by poison, as some say ; of the plague, as others assert. 
The Caliphate was immediately ofi^ered to 'OthmAn b. 
'Otba b. Abf SofyAn, cousin of JIo'Awiya II. ; for KhAlid, 
the second son of Yazfd, was only sixteen years old. 
'OthmAn b. 'Otba, however, ha\*ing made it a condition of 
his election that he should not be compelled to enter on 
any war, or to condemn any one to death, the choice fell 
at Damascus on Merwan b. al-Hakam, a ^descendant of 
Omayya through his grandfather Abu ’l-'As, but on con- 
dition that he should marry Maisiin, the widow of Yazfd, 
and should appoint KhAlid, her son, as his successor. 

-Yfciwdn 4. MenvAn b. al-Hakam had been secretary to the 
b Caliph 'OthmAn, and governor of ^iledina imder Mo'Awiya 
L Yazfd, on his accession to power, had dismissed him 
and put IValfd b. 'Otba in his place; but MerwAn had 
continued to live at Medina, and had been driven from it 
during the revolt of the year 63, and again in the following 
year, when 'Obaid AJlAh b. Zobair had taken possession 
of that city in the name of his brother. It might have 
been thought that ilerwAn would cherish a deep hatred 
of 'AbdallAh Ibn Zobair ; but he was an old man of sixty- 
two at the time of his election, and, dreading an unequal 
struggle, he was on the point of making his submission to 
the Meccan Caliph. The drooping courage of 3IerwAn was 
revived by his son 'Abd al-Melik and by 'Obaid AUAh b, 
ZiyAd, and he resolved to try the chances of war. 

DahhAk b. Kais, governor of Damascus, had declared 
hiniseif on the side of Ibn Zobair, and had raised an army, 
princijially from among the tribe of Kais. This tribe had 
taken offence because Mo'Awiya L and Yaad had chosen 
their wives from the Yem.enite tribe of Kalb, and, con- 
tinuing to resent their conduct, now refused to acknowledge 
KhAlid as the heir-presumptive of MerwAn. It was there- 
fore on the Yemenites that MerwAn had to depend for the 
suppression of DaMiAk’s rebellion. The latter had an I 
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anny of nearly sixty thousand horsemen, while MerwAn 
could brmg together only thirteen thousand infantry. 

The two armies met at Maij RAhi^ a few miles from 
Damascus, and, after a series of combats which lasted for 
twenty days, ilerwAn’s troops gained a complete victory 
and DahhAk was among the IdUed. The Syrian provinces 
hastened to acknowledge the conqueror, and MerwAn was 
able to turn his attention to Egypt, which, as will be 
remembered, had submitted to the Meccan. 'Abd al- 
'Azlz, a son of MerwAn, had already marched to Aila on 
the Red Sea, and was preparing to enter Egypt ,- MerwAn 
joined him, and the Zobairite governor of Egypt, beaten 
by their united forces, was obliged to seek safety in flight. 
MerwAn made 'Abd al-'Azfz governor of the province. At 
the beginning of the year 65 (a.d. 684-685) MerwAn 
returned in haste to Syria; for, during his absence, a 
brother of Ibn Zobair, named Mos'ab, had invaded that 
province. Merwan triumphed over Mo.s'ab ; but an army 
of four thousand men, which he had sent to the HijAz, 
and in which was HajjAj b. Yiisuf — ^then quite a young 
man, but who afterwards played so important a part under 
'Abd al - Melik — was cut to pieces. This defeat was 
redeemed by a victory gained by his generals, 'Obaid 
All Ah b. ZiyAd and Hosain b. Komair, at 'Ain al-Warda 
over a small army of Shl'ites led by SolaimAn b. Sorad. 

But while the battle was being fought in Ramadan 65 
(April-May 685), MerwAn died ; suffocated, it is said, by 
his wife Maisiin, because he had insulted her son KhAlid, 
and had broken his word by nominating his own son 
'Abd al-Melik as his successor. The accession of 'Abd al- 
Melik was attended -with no diflBculty, as he was acknow- 
ledged by the whole of SjTia and Egypt. The Kaisites 
naturally rallied round him, because he had not a drop of 
Yemenite blood in his veins. 

5. IThen 'Abd al-Melik ascended the throne, there still 'AM al- 
remained much to be done before the unity of the em 2 )ire 
could be re-established. Ibn Zobair was still master of 
Arabia and of 'IrAk, though in the latter province his 
authority was very much shaken by the permanent rebel- 
lion of the Shl'ites at Cufa, and of the KhArijites at Basra. 

The Zobairite general Mohallab had, it is true, succeeded 
in forcing back the KhArijites into Susiana and Persia; 
but at Cufa the Shl'ites, at the instigation of MokhtAr, 
continued their agitation. MokhtAr, as we have seen, had 
withdrawn from Mecca after the raising of the siege by 
Hosain b. Komair. He returned to Cufa, and there 
fomented serious disturbances. Many of the inhabitants 
of that city repented bitterly of having allowed Hosain, 
the grandson of the Prophet, to be massacred. Amid the 
general disorder of the Moslem empire, MokhtAr hoped 
to make his own authority acknowledged in 'IrAk and 
Mesopotamia. He put him self forward as the avenger of 
the family of 'All, and pretended to have been commissioned 
by a son of 'All, Mohammed b. Hanaflya,^ who was living 
at Medina, to give effect to his rights lo the Caliphate. 

Many Shl'ites believed him, and, detesting their chief 
SolaimAn b. Sorad, joined MokhtAr. On learning these 
intrigues, the Zobairite governor threw him into prison. 

Soon after the defeat of SolaimAn at 'Ain al-IVarda, at the 
request of IMokhtAPs brother-in-law, who was no other 
than 'AbdallAh the son of 'Omar, the governor consented 
to set him at liberty, on his swearing to make no further 
attempts against him- As SolaimAn had fallen on the 


I That is to say, the son of the Hanafite woman. The mother of 
Mohammed was of the tribe of Hnnifa. Even before Jfokhtar, Mo- 
hammed had partisans who looked on him as destined to be Caliph. 
These sectaries received the name of Kaisanites, from a freednian of 
•A It, called Kaisan, who was the most ardent advocate of Mohammed’s 
pretensions. After MokhtAr had declared in favour of Mohammed, 
his supporters received the name of MokhtArites. 
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for the time, for lie required all liis forces to dispute the 
empire Avith the son of Zobair. He consented, it is 
asserted, to paj' the Greeks an indemnity of one thousand 
pieces of gold weekly. He then gave his attention to the 
renewal of the projected expedition against ‘Irdk- Mos'ab 
the Zohairite had rendered himself odious to the inhabit- 
ants of Ba«ra and Cufa by his exactions, and a party 
favourable to 'Abd al-Melik was alread}' forming in those 
cities. The Oma 37 ad Caliph marched forth at the head 
of an army composed of Syrians and Egyptian.s, and 
encamped three parasangs from the plain of Dair al- 
Jdtliah'k, not far from the site of Baghddd, where Mos'ab 
had established his army. Before joining battle, 'Abd al- 
Jlelik had written secretly to all the chiefs of Mos'ab’s 
army, making them the most seductive promises if thej- 
would agree to' desert the cause of Mo.s'ab. This .step was 
crowned with success, and on the eve of the battle, which 
took place on the 13th Jomddt IL, a.h. 71 (23d Nov- 
ember 690), several of these generals passed into the 
camp of 'Abd al-Melik svith arms and baggage. Jlo.s'ab 
nevertheless attacked his enemj', but during the battle he 
found himself deserted by his troops, and, not choosing 
to survive his defeat, he caused himself to be slain. This 
victory opened the gates of Cufa to 'Abd al-Jfelik, and all 
'Irdk received him ndth acclamations. He remained forty 
days at Cufa, and then, having given the government to 
his brother Bishr, while Khdlid b. 'AbdalUh received that 
of Basra, he returned in triumph to Damascus. Soon 
after, the Omayyad arms having sustained a check from 
the Khdrijites in Farsistiln, the Caliph gave Khdlid orders 
to march against those sectaries with the support of 
Moliallab, who was their terror, and of the governor of 
Eey. lOidlid succeeded completely in this expedition, 
and drove the Khdrijites out of Aliwdz, Fdrsistdn, and 
Kinndn. On his side, the Omayyad Caliph stirred up a 
revolt in lOiordsdn, a province which still remained faithful 
to the Zobairite cause. Its goyemor was treacherously 
assassinated by his lieutenant Bokair, who received, as the 
price of this service, the govemors'hip of the province. 

Only Arabia now remained to Ibn Zobair. In a.h. 72 
'Abd al-Melik made preparations for depriving him of it. 
Accordingly he raised an army; but when liis generals 
found that another siege of Mecca was in contemplation, 
not one of them was willing to accept such a mission. An 
obscure officer, Hajjdj b. Yiisuf, boldly offered to lead the 
expedition. 'Abd al-Melik had little confidence in him, 
and therefore at first placed only two or three thousand 
horsemen under his command. Hajjdj set out, traversed 
the Hijdz without resistance, and pitched his camp at Tdif, 
not Tar from hlecca. Ibn Zobair tried to dislodge him; 
but in the frequent encounters between his troo 2 )s and 
those of Hajjdj, the latter always had the advantage. 
'Abd al-hlelik.then decided on sending him a reinforcement 
of five thousand men, on receiving which Hajjdj invested 
Mecca. The blockadte lasted several months, during which 
the city was a prey to aU the horrors of siege and famine. 
Hajjdj had set up balistas on the neighbouring heights, 
and poured a hail of stones on .the city and the Ka'ba. 
Famine at length triumphed over the last adherents of the 
son of Zobair. Ten thousand .fighting men, and even 
several of the sons of the pretender, left the city and 
surrendered. Mecca being thus left without defenders, 
Hajjdj took possession of it and invested the Ka'ba. Then 
the .son of Zobair, seeing that ruin was inevitable, went to 
his mother Asmd, who had reached the age of a hundred, 
and asked her counsel. She answered that he must die 
sword in hand ; and when, in embracing him for the last 
time, she felt the cuirass wliich he- wore, she exclaimed 
that such a precaution was unworthy of a man resolved to 
perish. 'Abdalldh took off his cuirass, and taking refuge in 
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in prayer. At daybreak of 
the 14th of Jomddl I. in the year 73 (Lst October C9-'>) 
the Omaj-j-ad troops made their way into the mosque. 
'Abdalldh attacked them furiou-sl}-, notwithstanding- his 
advanced age, but at last fell, overwhelmed by nuinbers. De.itb 
ffis head was cut off, carried to Hajjdj, and sent by thoot ilm 
victorious general to Damascus. i ZoUair. 

With Ibn Zobair perished the influence which the early 
companions of Mohammed had hitherto exercised over Islam. 
Medina and Mecca, though they continued to be the Holy 
Cities, had no longer the political importance which had 
enabled them to maintain a struggle -with Damascus. 
Temporal interests, rejiresented by Damascus, will hence- 
forth have precedence over those of religion ; policy •\nll 
outweigh fanaticism ; - and the centre of Islam, now per- 
manently removed beyond the limits of Arabia, will be 
more easily affected by foreign influences, and assimilate 
more readily their civilizing elements. Damascus, Cufa, 
and Basra -will attract the flower of all the Moslem 
provinces ; and thus that great intellectual, literarj-, and 
scientific movement which is to reach its apogee under the 
'Abbdsid Caliphs at Baghddd, -will become daily more 
marked. 

By the death of the son of Zobair, 'Abd al-Melik '-Vlrt al- 
remained sole Caliph ; for Mohammed b. Hanafiya 
reckoned for nothing since the death of Moklrtdr, whose 
creature he had been. The only remaining danger was 
from the Klidrijites, who, though incessantlj' repulsed, as 
incessantly returned to the charge. Hajjdj had remained 
after his victory at Mecca, where he was occupied in 
rebuilding the Ka'ba, ruined for the secojid time by his 
engines of war. In the year 75, 'Abd al-Melik, alarmed 
! at the news which reached him from Persia and 'Irdk, 

I named Hajjdj governor of that province, and gave him the 
most extensive powers for the re-establishment of order. 

The troops of 'Irdlq who accompanied Mohallab in an 
expedition against the Khdiijites, had abandoned their 
general and dispersed to their homes, and nothing could 
induce them to retmn to their duty. Hajjdj, arriving linjjdj in 
unexpectedly at Cufa, ascended the pulpit at the moment 'Irik, 
when the people were assembled for morning praj’ers, and 
delivered an energetic address to them, which depicts his 
character so well, that some passages from it maj* be 
cited ; — 

‘‘Men of Cufa, I sec before me heads ripe for the harve.st, and 
the reaper — I am he ! I seem to myself already to see blood 
between turbans and shoulders. I am not one of those -n-ho can 
bo frightened by an inflated bag of skin, nor need any one think 
to squeeze me like dried figs. I have been chosen on good 
grounds ; and it is because I have been seen at work that I have 
been picked out from among others. The Prince of the Ilelievcrs 
has spread before him the arrows of his quiver, and has tried even' 
one of them by biting its wood. It is my wood that lie has found 
the liardest aiid the bitterest, and I am the arrow which lie shoots 
against you.” 

Thereupon Hajjdj ordered that every man capable of 
bearing arms .should immediately join Slohallab in Susiana, 
and swore that all who made any delay should have their 
heads struck off This threat produced its effect, and 
Hajjdj proceeded to Basra, where his presence was followed 
by the same result, hfohallab, reinforced by the army of 
'Irdk, at last .succeeded, after a struggle of eighteen 
months, in subjugating the IGidrijites, and was able, at 
the beginning of a.h. 78, to return to Hajjdj at Basra. 

Tlie latter loaded him with honours and made him 


1 On these events, see Quatremere, Mimoirc Inslori'pi'' mr In rte 
d’Aid-AlMi h. y.fUM-iT. Paris 1832. . . . , , 

= It is said that the Caliph 'Abd al-Melik afTccted great piety liefore 
his elevation. At the moment when he was first saluted with the title 
of Catiph, he closed a copy of the Koran which was in his Iiands, say- 
ing : “ We must now part, " 
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for the time, for lie required all liis force.? to dispute the 
empire tvith the son of Zobair. He consented, it is 
asserted, to paj' the Greeks an indemnity of one thousand 
pieces of gold weekly. He then gave his attention to the 
renewal of the projected expedition against ‘Irdk- Mo.s'ab 
the Zobairite had rendered himself odious to the inhabit- 
ants of Ba«ra and Cufa by his exactions, and a party 
favourable to 'Abd al-Melik was already forming in those 
cities. The Omayj'ad Caliph marched forth at the head 
of an arm}' composed of Syrians and Egyptian.?, and 
encamped three parasangs from the plain of Dair al- 
J dthalik, not far from the site of Baghddd, where Mos'ab 
had e.stablished his army. Before joining battle, 'Abd al- 
Melik had written secretly to all the chiefs of Mos'ab’s 
army, making them the most seductive promises if they 
would agree to' desert the cause of Mo.s'ab. This .step was 
crowned with success, and on the eve of the battle, which 
took place on the 13th Jomddi II., a.h. 71 (23d Nov- 
ember 690), several of these generals passed into the 
camp of 'Abd al-Melik svith arms and baggage. Jlo.s'ab 
nevertheless attacked his enemy, but during the battle he 
found himself deserted by his troops, and, not choosing 
to survive his defeat, he caused himself to be slain. This 
victory opened the gates of Cufa to 'Abd al-Melik, and all 
'Irdk received him noth acclamations. He remained forty 
days at Cufa, and then, having given the government to 
his brother Bishr, while Khdlid b. 'Abdallih received that 
of Basra, he returned in triumph to Damascus. Soon 
after, the Omayyad arms having sustained a check from 
the Khdrijites in Farsistiln, the Caliph gave Khdlid orders 
to march against those sectaries with the support of 
Moliallab, who was their terror, and of the governor of 
Key. lOiAlid succeeded completely in this expedition, 
and drove the Khdrijites out of Aliwdz, Fdrsistdn, and 
Kirmdn. On his side, the Oma}yad Caliph stirred up a 
revolt in lOiordsdn, a province which still remained faithful 
to the Zobairite cause. Its goyenior was treacherously j 
assassinated by his lieutenant Bokair, who received, as the 
price of this service, the govemonship of the province. 

Only Arabia now remained to Ibn Zobair. In a.h. 72 
'Abd al-Melik made preparations for depriving him of it. 
Accordingly he raised an army; but when liis generals 
found that another siege of Mecca was in contemplation, 
not one of them was willing to accept such a rais.sion. An 
obscure officer, Hajjdj b. Yiisuf, boldly offered to lead the 
expedition. 'Abd al-Melik had little confidence in him, 
and therefore at first placed only two or three thou-sand 
horsemen under his command. Hajjdj set out, traversed 
the Hijdz without resistance, and pitched his camp at Tdif, 
not "far from hlecca. Ibn Zobair tried to dislodge him; 
but in the frequent encounters between his troops and 
those of Hajjdj, the latter always had the advantage. 
'Abd aWIelik.then decided on sending him a reinforcement 
of five thousand men, on receiving which Hayjdj invested 
Mecca. The blockadfe lasted several months, during which 
the city was a prey to aU the horrors of siege and famine. 
Hajjdj had set up balistas on the neighbouring heights, 
and poured a hail of stones on .the city and the Ka'ba. 
Famine at length triumphed over the last adherents of the 
son of Zobair. Ten thousand .fighting men, and even 
several of the sons of the pretender, left the city and 
surrendered. Mecca being thus left without defenders, 
Hajjdj took possession of it and invested the Ka'ba. Then 
the .son of Zobair, seeing that ruin was inevitable, went to 
his mother Asmd, who had reached the age of a hundred, 
and asked her counsel. She answered that he must die 
sword in hand ; and when, in embracing him for the last 
time, she felt the cuirass wliich he- wore, she exclaimed 
that ’such a precaution was unworthy of a man resolved to 
perish. 'Abdalldh took off his cuirass, and taking refuge in 
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^liere in prayer. At daybreak of 
the Mth of Joraddi I. in the year 73 (Lst October 692) 
the Oma}’}-ad troops made their way into the mosque! 
Abdalldh attacked them furiou.s]y, notwithstanding his 
advanced age, but at la.st fell, overwhelmed by numbers. Death 
ffis head was cut off, carried to Hajjdj, and sent by thootilm 
victorious general to Damascus. ^ Zoi)air. 

B’ith Ibn Zobair perished the influence which the early 
companions of Mohammed had hitherto exercised over Islam. 
Medina and Mecca, though they continued to be the Holy 
Cities, had no longer the political importance which had 
enabled them to maintain a struggle with Damascus. 
Temporal interests, rejwesented by Damascus, will hence- 
forth have precedence over those of religion ; policy will 
outweigh fanaticism ; " and the centre of Islam, now per- 
manently removed beyond the limits of Arabia, will be 
more easily affected by foreign influences, and assimilate 
more readily their civilizing elements. Damascus, Cufa, 
and Ba.sra -will attract the flower of all the liloslem 
provinces ; and thus that great intellectual, literal}', and 
scientific movement which is to reach its apogee under the 
'Abbdsid Caliphs at Baghddd, vdll become daily more 
marked. 

By the death of the son of Zobair, 'Abd al-Melik 'AIM al- 
remained sole Caliph ; for Mohammed b, Hanaflya 
reckoned for nothing since the death of Moklrtdr, whose 
creature he had been. The only remaining danger was 
from the Klidrijites, who, though incessantly repulsed, as 
incessantly returned to the charge. Hajjdj had remained 
after his victory at Mecca, where he was occupied in 
rebuilding the Ka'ba, ruined for the secozjd time by his 
engines of war. In the year 75, 'Abd al-Melik, alarmed 
at the news which reached him from Persia and 'Irdk, 
named Hajjdj governor of that province, and gave him the 
most extensive powers for the re-establishment of order. 

The troops of ‘Irdlq who accompanied Mohallab in an 
expedition against the Khdrijites, had abandoned their 
general and dispersed to their homes, and nothing could 
induce them to retm-n to their duty. Hajjdj, arriving Unjjdj in 
unexpectedly at Cufa, ascended the pulpit at the moment 'ir.tk. 
when the people were assembled for morning prayers, and 
delivered an energetic address to them, which depicts his 
character so well, that some passages from it may be 
cited ; — 

‘‘Men of Cufa, I sec before me heads ripe for the Iiarve.st, and 
the reaper — I am he ! I seem to myself already to see blood 
between turbans and shoulders. I am not one of those who can 
bo frightened by .an inflated bag of skin, nor need any one think 
to squeeze me like dried figs. I have been chos-en on good 
grounds ; and it is because I have been seen at work that I have 
been picked out from among others. The Prince of the Ilelievcrs 
has spread before him the arrows of his quiver, and has tried even' 
one of them by biting its wood. It is my wood that lie has found 
the liardest and the bitterest, and I am the arrow which ho shoots 
against you.” 

Thereupon Hajjdj ordered that every man capable of 
bearing arms .should immediately join hlohallab in Susiana, 
and swore that all who made any delay should have their 
heads struck off This threat produced its effect, and 
Hajjdj proceeded to Basra, where his presence was followed 
by the same result, hfohallab, reinforced by the army of 
'Mk, at last .succeeded, after a struggle of eighteen 
months, in subjugating the IGidrijites, and was able, at 
the beginning of a.h. 78, to return to Hajjdj at Basra. 

Tlie latter loaded him with honours and made him 


1 On these events, see Qustremere, Mimoirc Inslori'pi'' t^ir tn rte 
iPAbd-AlMi V. Paris 1832. 

= It i.s said that the Caliph 'Abd al-Melik afTcctcd great piety licfore 
his deration. At the moment when he wa.s first sainted with the title 
of Calipli, lie closed a copy of the Koran vliicli was iii Ins lianas, say- 
ing : “ We must now part," 
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razzia tliere. Merwdn, the father of 'Abd al-Melik, had 
designated as successor to the latter his other son, 'Abd 
al-'Azfz, governor of Egypt. 'Abd ah'Aztz having died 
in the year Sf, 'Abd al-Melik chose as heirs of the empire, 
first his son Walit^ and after him his second son Solaiman.^ 
He himself survived 'Abd al-'Azfz only two years, and 
died 14th Shawwdl 86 (8th October 705), at the age 
of about sixty. His reign was one of the most unquiet 
in the annals of Islam, but also one of the most 
glorious. 'Abd al-Melik not only brought triumph to the 
cause of the Omayyads, but extended and strengthened 
the Moslem jmwer externally. Amid so many grave 
anxieties, he yet found time for his pleasures. He was 
passionately fond of poetry, and his court was crowded 
with poets, whom he loaded with favours, even if they 
were Christians, like Akhtal. lu his reign flourished 
also the two celebrated rivals of Akhtal, Jarir and 
Farazdak.- 

6. Immediately on his accession WaUd confirmed 
Hajjaj in - the government of 'Irik, and appointed as 
governor of hledina his cousin 'Omar b. 'Abd al-'Aziz, who 
was received there with joy, his piety and gentle character 
being well known. Under his government important/ 
works were undertaken at Medina and lilecca by order of 
Walfd, who, having no rivals to struggle against, was 
able to give his attention to pacific occupations. The 
mosque of Jfedina was enlarged, wells were sunk, the 
streets widened, and hospitals established. At Mecca 
man}’ improvements were introduced. The reputation of 
'Omar attracted to the two Holy Cities a gi-eat number of 
the inhabitants of 'Irdk, who were groaning under the iron 
hand of Hajjaj. The latter, who was not a man to let his 
prey escape from his grasp, was so urgent with ITah'd 
that he obtained the dismissal of 'Omar b. ‘Abd al-'Aziz in 
the year 93, and the appointment of 'Othmdn b. Hayydn 
at Medina, and of IChdlid b. ‘Abdalldh at Mecca. These 
two prefects compelled the refugees at hlecca and Medina 
to return to ‘Irdk, where many of them were craelly treated 
and even put to death by Hajjdj. It was probably his 
cruelty which drove so many men of 'Irdlt to enlist in the 
armies of the East and the South ; . and this may in some 
degree account for the unheatd-of successes of Kotaiba b. 
Moslim in Transo.xiana, and of Mohammed b. Kdsim in 
India. They may also be explained by the ambition of 
Hajjdj, wlio, it is said, cherished the project of creating 
a vast empire for himself to the east and south of the 
Sloslem realm, and had secretly promised the government 
of China to the first of his generals who should reach that 
country. Be this as it may, in the course of a very few 
years Kotaiba conquered the whole of Bokharia, Khdrizm, 
and Transoxiana or Md ward-annahr, as far as the frontiers 
of China. Meanwhile hlohammed b. Kdsim invaded 
Mokran, Sind, and Multan, carried off an immense booty, 
and reduced the women and children to slavery. In 
Armenia and Asia Minor, Maslama, brother of the Caliph 
Walfd, and his lieutenants, also obtained numerous suc- 
cesses against the Greeks. In Armenia, Maslama even 
advanced as far as the Caucasus. 

The most important achievement, however, of Walid’s 
reign was the conquest of Spain. The narrative of this 
conquest belongs specially to tbe history of Spain ; and we 
shall therefore only touch briefly on it here. We have seen 
that, even in the Caliphate of 'Abd al-Mel^, Musd b. 
Nosair had penetrated as far as TIemcen in Africa. Under 
Walfd, Musa, who had been appointed governor of Africa, 
entered Morocco, occupied Fez and Tangier, and then 

1 'Abd al-Melik bad .several other sons, two of whom, Yazfd and 

Hisham, also reigned. _ „ - - , 

y See Caussiu de Perceval, Journal anaii^vc, 2' sene, vois. xm. 

•and xiv. 
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I returned to Kairawan, having made his lieutenant Tdrik 
[ governor of Tangier and of all the West of Africa. ’ The 
I town of Ceuta still held out under its governor Julian 
who held it ia the name of Witiza, King of Spain. Witiza 
having been dethroned by Koderic, Julian thought he 
might find the Arabs useful allies in the struggle which 
he proposed to carry on against the usurper ^ and entered 
into negotiations with Tdrik. The latter, foreseeing the 
possibility of conquering for the advantage of the Arabs a 
country which had been represented to him as a paradise, 
requested instructions from MiisS, who referred the matter 
to the Caliph. WaUd gave MiisA carte blancJie, and Tdrik 
hastened to make alliance with Julian. He first, however!, 
sent four ships, with five hundred men under the command 
of Tarff, to reconnoitre the coimtrj’. This expedition was 
successful, and Tdrik, now certain of meeting no serious 
opposition to his landing, passed into Spain himself, at the 
head of twelve thousand men, in the year 92 (a.d. 710-711), 
and landed at the spot which thence received the name of 
J abal-Tdrik, or “ Mountain of T^rik,” a name which was 
afterwards corrupted by the Westerns into Gibraltar. At 
the news of this invasion, Boderic led a numerous army 
'^against the Arabs, but was completely routed near Cadiz, 
and perished in the conflict. Musd, jealous of the 
success of his lieutenant, hastened to Spain with eighteen 
thousand men, and his first step on arriving was to send 
Tdrik orders to suspend his march. But Tdrik, far from 
obeying, divided his little army into three corps, and 
obtained possession successively of Ecija, Malaga, Elvira, 
Cordoval and Toledo. Musd, hopeless of arresting the 
victorious march of Tiink, determined to play the part of 
a conqueror himself, and took Seville, Carmona, and 
Merida. On rejoining Tdrik at Toledo, the first step he 
took was to throw him into prison. The Caliph, liow- 
ever, gave orders that he should be set at liberty and 
restored to his command. The two conquerors then 
shared the country between them, and, in less than 
three years, all Spain was subdued, to the very' foot of 
the Pyrenees, Meanwhile Walfd, fearing to see Mii.^d 
declare his mdependence, recalled him to Damascus. He 
obeyed after appointing Ms son ‘Abd al-'Azfz governor cf 
Spain, and assigning Seville as his residence. Musd left 
Spain in the month of Safar, a.h. 95 (October-Kovember 
713), in company with Tarik, bringing an immense booty to 
Damascus, and leading in his train a great number of 
prisoners. His journey from Ceuta to Damascus wa.s 
one long triumph. He reached Egypt in the month of 
Eahi' I. in the foUoving year (Nov.-Dee. 714), and then 
moved on by short marches towards Damascus, where he did 
not an-ive till two months and a half later, at the very 
moment when Walfd had just breathed his last, and his 
brother Solaimfm had been saluted as Caliph. The 
renowned Hajjdj had preceded his sovereign, and had 
expired five days before the end of Eamadan, a.h. 95. 
Miisd did not receive the reward due to his distinguished 
services. Accused of peculation by the new Caliph, he 
was beaten with rods, and condemned to a fine of 100,000 
pieces of gold; and all his goods were confiscated. 
Solaimdn did not stop here : he caused ‘Ahd al-'Azfz, the 
son of ilfisd, to he put to death in Spain, and carried his 
cruelty so far as to show his severed head to Miisd, asking 
him whether he recognised it. He replied that it was the 
head of a man a thousand times superior to him who had 
ordered his death, iliisd died soon after. As for Tdrik, 
there is no further mention of him after the beginning of 
the reign of Solaimdn, and we must therefore suppose 
that he retired into private life. 


® Accoiding to Eastern clironicles, Julian’s liatrej of RoJeric arose 
from tlie latter's liaviiig disliouourtd liU d.augliter. 
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razzia tliere, Merwdn, the father of 'Abd al-hlelik, had 
designated as successor to the latter his other son, 'Abd 
al-'Azfz, governor of Egypt. 'Abd al-'Aztz having died 
in the year 84-, 'Abd al-Melik chose as heirs of the empire, 
first his son Walid, and after him his second son Solaiinan.^ 
He himself survived 'Abd al-'Azfz only tn-o years, and 
died lith Shavnvdl 86 (8th October 705), at the age 
of about sixty. His reign nns one of the most unquiet 
in the annals of Islam, but also one of tbe most 
glorious. 'Abd al-Melik not only brought triumph to the 
cause of the Omayyads, but extended and strengthened 
the Moslem jJotver externally. Amid so many grave 
anxieties, he yet found time for his pleasures. He was 
passionately fond of poetrj*, and his court was crowded 
Avith poets, Avhom he loaded with favours, eA’en if they 
were Christians, like Akhtal. In his reign fioniished 
•also the two celebrated rivals of Akhtal, Jarir and 
Farazdak.- 

tViiIid I, 6. Immediately on his accession Walxd confirmed 
?dii‘y i** ' government of 'Irik, and appointed as 
governor of Medina Ids cousin 'Omar b. 'Abd al-'Aziz, who 
Avas receiA'ed there Avith joj', his piety and gentle character 
being well known. Under his government important/ 
Avorks were undertaken at Medina and Mecca by order of 
Walid, Avho, haA'ing no rivals to struggle against, was 
able to give his attention to pacific occupations. The 
mosque of Medina was enlarged, Avells were sunk, the 
streets Aridened, and hospitals established. At Mecca 
many improvements were introduced. The reputation of 
'Omar attracted to the two Holy Cities a great number of 
the inhabitants of 'Irik, Avho were groaning under the iron 
hand of Hajjaj. The latter, who was not a man to let his 
prey escape from his grasp, was so urgent with IVah'd 
that he obtained tbe dismissal of 'Omar b. 'Abd al-'Aziz in 
the year 93, and the appointment of 'Othmdn b, Hayyjin 
at 3Iedina, and of KhJlid b. 'Abdalliib at Mecca. These 
tAA'o prefects compelled the refugees at Mecca and Medina 
to return to 'Irik, rvhere many of them Avere craelly treated 
and even put to death by Hajijiij. It was probably his 
cruelty AA'liich drove so many men of 'Irdk to enlist in the 
armies of the East and the South ; , and this may in some 
degree account for the unheard-of successes of Kotaiba b. 
Moslim in Transoxiana, and of Mohammed b. Kdsim in 
India. They may also be explained by the ambition of 
Hajjaj, who, it is said, cherished the project of creating 
a vast empire for himself to the east and south of the 
Moslem realm, and had secretly promised the government 
of China to the first of his generals who should reach that 
country. Be this as it may, in the course of a very few 
years Kotaiba conquered the whole of Bokharia, Khdrizm, 
and Transoxiana or Md Avard-annahr, as far as the frontiers 
of China, Meanwhile Mohammed b. Kdsini invaded 
Mokran, Sind, and Multan, carried off an immense booty, 
and reduced the Avomen and children to slaA'ery. In 
Armenia and Asia Minor, Maslama, brother of the Caliph 
Walid, and his lieutenants, also obtained numerous suc- 
cesses against the Greeks. In Armenia, Maslama even 
advanced as far as the Caucasus. 

Con- The most important achievement, however, oi Walid’s 

Ablest reign A\'as the conquest of Spain. The narrative of this 

S)f Spain, conquest belongs specially to the history of Spain ; and we 
shall therefore only touch briefly on it here. We have seen 
that, even in the Caliphate of 'Abd al-Melik, Alusd b. 
Nosair had penetrated as far as Tlemcen in Africa. Under 
Walid, Musa, Avho had been appointed governor of Africa, 

' entered Morocco, occupied Fez a nd Tangier, and then 

A 'AM aVMetiU had several other sons, two of whom, Yarid and 

Hisham, also reigned. , . i 

y See Caussin de Perceval, Journal asiaiiqt'c, 2' sene, a'oIs. xiu. 

and riv. 


returned to Kairawan, having made his lieutenant Tdrik 
governor of Tangier and of aU the West of Africa. ‘ The 
town of Ceuta still held out under its governor Julian 
aaAo held it in tbe name of Witiza, King of Spain. Witiza 
I halving been dethroned by Boderic, Julian thought he 
might find the Arabs useful allies in the struggle which 
I he proposed to cany on against the usmper® and entered 
into negotiations Avith TAril?. The latter, foreseeing the 
possibility of conquering for the advantage of tbe Arabs a 
country Avhich Lad been represented to Mm. as a paradise, 
requested instructions from Musd, who referred the matter 
to the Caliph. Walid gav’e ilusd, carte blanche, and Tdtik 
hastened to make alliance Avith Julian. He first, boAvever^ 
sent four ships, with five hundred men ■under the command 
of Tarif, to reconnoitre the coimtry. This expedition wa.s 
successful, and Tdrik, now certain of meeting no serious 
opjmsition to his landing, passed into Spain himself, at tbe 
head of twelve thousand men, in the year 92 (a.d. 710-711), 
and landed at the spot wMcli thence received the name of 
Jabal-Tdrilc, or “ilountain of Tdrik," a name wMch was 
afterwards corrupted by the Westerns into Gibraltar. At 
the news of this invasion, Boderic led a nmnerous army 
'against the Arabs, but was completely routed near Cadiz, 
and perished in the conflict. M-usd, jealous of the 
success of his lieutenant, hastened to Spain with eighteen 
thousand men, and his first step on arriving was to send 
Tdrik orders to suspend his march. But Tdrik, far from 
obeying, divided his little army into three corps, and 
obtained possession successively of Ecija, Malaga, Elvira, 
Cordoval and Toledo. Musd, hopeless of arresting tbe 
victorious march of Tdrik, determined to play the part of 
a conqueror himself, and took Seville, Carmona, and 
Merida. On rejoining T^rik at Toledo, the first step he 
took was to throAv him into prison. The Caliph, Iioav- 
ever, gave orders that he should be set at liberty and 
restored to his command. The two conquerors then 
shared the country between them, and, in less than 
three years, all Spain was subdued, to the very' foot of 
the Pyrenees. Meanwhile lYalld, fearing to see Jlrisd 
declare Ms independence, recalled him to Damascus. He 
obeyed after appointing his son ‘Abd al-'Azlz governor cf 
Spain, and assigning Seville as his residence. Musd left 
Spain in the month of Safar, a.b. 95 (October-November 
713), in company vrith Tdrik, bringing an immense booty to 
Damascus, and leading in his train a great number of 
prisoners. His journey from Ceuta to Damascus Avas 
one long triumph. He reached Egypt in the month of 
Eabl' I. in the following year (Kov.-Dec. 714), and then 
moved on by short marches towards Damascus, where he did 
not an’ive till tAvo months and a half later, at the A-ery 
moment when Walid had just breathed his last, and his 
brother Solaimdn had been saluted as Caliph. The 
renowned Hajjaj had preceded his sovereign, and had 
expired five days before the end of Eamadan, a.h. 95. 
Mfisd did not receive the reward due to Ms distinguLshed 
services. Accused of peculation by the new Caliph, he 
was beateiA -with rods, and condemned to a fine of 100,000 
pieces of gold; and all his goods Avere confiscated. 
Solaimhn did not stop here : he ca-used ‘Abd al-'Aziz, the 
son of MfisA, to be put to death in Sjjain, and carried his 
cruelty so far as to shoAv his severed head to hltisA, asking 
him whether he recognised it. He replied that it was the 
head of a man a thousand times superior to him who had 
ordered Ms death. Musd died soon after. As for Tiln'k, 
there is no further mention of him after the beginning of 
the reign of Solaimdn, and Ave must therefore suppose 
that he retired into priA-ate life. 


’ According to Eastern chronicle"!, .Tnlian’s hatred of Itoderic arose 
from the latter's havivig dishonoured his daughter. 
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atcd in tlie south of Syria, oh the confines of Arabia.. It 
was in this retirement tliat his son Moliamnied conceived 
the design of supplanting the Omayyad dynasty. We have 
said^ that the first 'Abb.lsids were closely united with the 
family of 'Ali. ilohainmed b. 'Ali, the 'Abbdsid, saw 
clearly that it was only among the followers of 'Ali.that he 
was likely to be able to form a party. To attain this 
object, he formed the plan of making it believed that a 
descendant of the Prophet’s son-in-law had transmitted to 
him his rights to the Calij>hate. It will be remembered 
that Mohammed b. Hanafiya had come forward as a pre- 
tender to the throne at the troublous period when Ibn 
Zobair and 'Abd al-!Melik were disputing the Caliphate. 
According to the story of the 'AbbAsids, Abu HAshim 
'AbdallAh, the son of Ibn Hanafiya, had gone to Homaima, 
to the house of ^lohammed b. 'All, and had made on his 
dcatlibcd a legal transfer of his rights to ^Mohammed, by 
appointing him his heir. Hliatever may be the truth 
respecting this transfer, ^ iilohammed the 'AbbAsid spread 
abroad the report of it, and chose especially for its 2 >i' 0 - 
]iagation the i>rovinces in which the family of 'All had 
the grcatc.st number of adherents, 'IrAk and IvhorAsAn. 
Emissaries sent by him into these two provinces, under 
the cali^fiiate of 'Omar II., began to stir uj) the jjcoplc 
in secret against the reigning house. 'Omar rvas probably 
acquainted with these intrigue.s, but he had not time to 
repress them, for he died on the 20th or 2nth of Pajab, 
A.ii. 101 (.5th or 10th February 720), after a reign of 
about two 3 ’ears and a half. 

YazM II. 9. Yazld, the son of 'Abd al-Melik, ascended the 
throne without resistance. His first care was to pursue 
Yazld b. ilohallab, who had escajied from his in-ison and 
taken refuge in 'IrAlf. Besides reasons of state, Yazld 11. 
had personal reasons for ill-will to Yazld b. Jlohallab. 
One of the naves of the new Calipli, the same who gave 
birth to that son of Yazld II. who afterwards reigned 
under the name of Walld IL, was niece to the celebrated 
Hajinj, who, ns it will be remembered, had hated and 2 )cr- 
secuted Yazld b. Mohallab. Aware of the alliance of the 
new Cali 2 )h with the familj' of HnjjAj, the son of Mohallab 
had made every effort to escaiie as soon as he was informed 
of the illness of 'Omar II. ; for he well knew that Yazld 
IL would spare neither him nor his family. In fact, the 
Cali 2 »h sent express orders to the prefect of 'IrAI.r to arrest 
all the brothers and other members of the family of 
Mohallab who were to be found at Basra ; and this order 
was immediately carried out. But Yazld b. ^Mohallab had 
many partisans in ‘IrAk. He collected a small army, and 
fought with such valour that in a short time ho succeeded 
in making himself master of Basra, where he had himself 
2 )roclaimed Caliph. The public treasury fell into his 
hand.«, and he employed it in paying his troqw and in 
raising fre.s'h ones, whom he sent on ex 2 )editions into 
KJiiizistAn or AliwAz, FArsistAn, MokrAn, and Sind. As 
this revolt threatened to spread far and wide, Yazld II. 
was obliged to have recourse for its suppression to the 
celebrated Maslama. Early in A.n. 102, this illustrious 
general took the field, and comjfietely defeated Ibn 
Mohallab near Basra. Yazld fell in the battle, and his 
brothers fled beyond the Indus, but were pursued and 
slain by the lieutenants of Jfaslama. 

This revolt sup 2 )ressed, Yazld II. was able to give his 
thoughts to the extension of the empire, an object which 
had been so much neglected by his predecessor. Several 
e.xpeditions were directed against FarghAna in Transoxiana, 
against the lOiazars in Armenia, and against the Greeks 
in Asia :Minor, but without any very decided results. In 

1 The 'Abhasid Caliph Ma’mAn certainly did not believe in it, for he 
thou"ht it his duty to ie.store the Caliphate to the family of ‘AM, by 
aj)pointiDg as his successor 'All Rida, a descendant of the Caliph All, 
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Africa, serious troubles had been caused by the appoint- 
ment as governor of a certain Yazld b. Abl Moslim, who 
had been secretary to HajjAj, and who followed the 
exam23le of his master’s im 2 dacable harshness. The Ber- 
bers rose in insurrection, slaughtered the unfortunate 
governor, and chose in his 2 )lace Jlohammed b. Aus. The 
Caliph at first ratified this choice, but soon after dismissed 
Mohammed from his post, and replaced him by Bishr b. 
?afwAn, who sent out an expedition against Sicily. 

In Euro 2 )e, the Arabs obtained at first some degree of 
success. Under the orders of Samah, then governor of 
Spain, they crossed the Pyrenees, and took possession of 
Harbonne ; but, having been beaten at Toulouse, they had 
to retrace their steps. It was the celebrated Abderame 
(‘Abd al-EahmAn) who effected their retreat. 

Yazld II. died three years later of a lingering illness, 
caused, it is said, by his grief for the death of a favourite 
slave-girl. At his accession, Yazld had designated as his 
successors, in the first place his son Hish.Am, and in the 
second his son lYalld. HishAm ascended the tlirone 
without opposition. 

10. HishAm was a pious prince and an enemy ofllisLAm, 
luxury; as rigid in his religion as ‘Omar II. To this 
severity may in 2 iart be attributed the disturbances which 
broke out in the 25rovinces during his reign. The 
governors were accustomed to remain loyal to the Caliphs 
only when the latter did not exact from them too rigorous 
an account. HishAm was, besides, very avaricious, a 
fault highly calculated to make him odious to those about 
him. Lastly, he favoured the Yemenites, and this 
alienated from him the powerful 2^£ifty of the Kaisites. 

-All these circumstances emboldened the ‘AbbAsids to carry 
on actively their propaganda in ‘IrAk and KhorAsAn, and it 
succeeded beyond their hopes. The Kaisite tribes, offended 
at seeing the Cali 2 )h bestow the best posts on Yemenite-s, 
were ready to espouse with enthusiasm the cause of any 
one whoso aim was the overthrow of the Omayyads, 
Rebellion had been smouldering in the 2 ^rovinces for 
thirteen years ; it broke out at last at Cufa 'and in the 
whole of 'IrAk, under chiefs called Moghlra and Bahliil ; 
and when these insurgents had been chastised, others 
sprung up in their 2ilnce, 'Amr al-Yashkorl, AI-'Anazl, 
and Al-SakhtayAnl. The prefect of ‘IrAk, KliAlid b. 
‘AbdallAh, was accused of favouring this revolt, was 
degraded, and replaced by Yfisuf b. ‘Omar, who threw 
him into 23rison, where he remained for eighteen months. 

This measure' increased the discontent of the people of 
‘IrAk, and a member of the family of 'Ali, Zaid b. 'All, 
collected round him a small body of partisans, and had 
liimself proclaimed Calqdi, a.h. 122 (a.d. 739-740). 
Unfortunately for Zaid, he had to do with the same Cufans Zaid b 
whose fickleness had already been fatal to his family. In 
the moment of danger he was deserted by his troops, 
slain in an unequal conflict, and his head sent to Damascus. 

In KhorAsAn also there were very serious disturbances. 

In the year 106 (a.d. 724-725) there had already been 
a revolt at Balkh, excited by the emissaries of the 
‘AbbAsids. The following years brought with them fresh 
troubles, which led to the dismissal of the governor of 
lOiorAsAn, Asad, the brother of KhAlid b. ‘AbdallAh, who 
had been 2 wefect of 'IrAk. Under the successors of Asad, 
who were successively ^Ashras b. ‘AbdallAh, Jonaid b. 

'Abd al-RahmAn, and 'Asim b. ‘AbdallAli, seditions broke 
out in Transoxiana, which were repressed with great 
difficulty; and it was not until the year 120 that, by the 
appointment of the brave and prudent Ka^r b. SayyAr 
as governor of lOiorAsAn, peace was for a time restored 
to that region. The ‘AbbAsid emissaries, nevertheless, 
secretly continued their propaganda. 

In India, several 25rovinces which had been converted 
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atcd in tlie south of Syria, oh the confines of Arabia.. It 
was in this retirement tliat his son Moliamnied conceived 
the design of supplanting the Omayyad dynasty. We have 
said^ that the first 'Abb.^sids were closely united with the 
family of 'Ali. ilohainmed b. 'Ali, the 'AbbAsid, saw 
clearly that it was only among the followers of 'All .that he 
was likely to be able to form a party. To attain this 
object, he formed the plan of making it believed that a 
dc.scendant of the Pro])het’s son-in-law had transmitted to 
him his rights to the Calij>hate. It will be remembered 
that Mohammed b. Hanafiya had come forward as a pre- 
tender to the throne at the troublous period when Ibn 
Zobair and 'Abd al-!Molik were disputing the Caliphate. 
According to the story of the 'AbbAsids, Abu HAshim 
'AbdallAh, the son of Ibn Hanafiya, had gone to Homaima, 
to the house of ilohammed b. 'All, and had made on his 
dcatlibcd a legal transfer of his rights to ^Mohammed, by 
appointing him his heir. Hliatever may be the truth 
re.specting this transfer, ^ Mohammed the 'AbbAsid spread 
abroad the report of it, and chose e.specially for its 2 >i' 0 - 
]iagation the i>rovinces in which the family of 'All had 
the grcatc.st number of adherents, 'IrAl.c and IvhorAsAn. 
Emissaries sent by him into these two provinces, under 
the cali^fiiate of 'Omar II., began to stir uj) the 2 )eoplc 
in secret against the reigning house. 'Omar rvas luobably 
acquainted with these intrigues, but he had not time to 
repress them, for he died on the 20th or 2oth of Hajab, 
A.7I. 101 (.5th or 10th February 720), after a reign of 
about two 3 ’ears and a half, 

Yazld II. 9. Yazld, the son of 'Abd al-Melik, ascended the 
throne u-ithout resistance. His first care was to pursue 
Yazld b. !Mohallab, who had cscajied from his jn'ison and 
taken refuge in 'IrAlf. Besides reasons of state, Yazld II, 
had personal reasons for ill-will to Yazld b. IMohallab. 
One of the wves of the new Caliph, the same who gave 
birth to that son of Yazld II. who afterwards reigned 
under the name of Walld IL, was niece to the celebrated 
Hajinj, who, ns it will be remembered, had hated and 2 )cr- 
secuted Yazld b. Mohallab. Aware of the alliance of the 
new Cali 2 )h with the family of HnjjAj, the son of Mohallab 
had made every effort to esca 2 )e as soon as he was informed 
of the illness of 'Omar II. ; for he well knew that Yazld 
11. would spare neither him nor his family. In fact, the 
Cali 2 »h sent express orders to the prefect of 'IrAl.r to arrest 
all the brothers and other members of the family of 
Mohallab who were to be found at Basra ; and this order 
was immediately carried out. But Yazld b. ^Mohallab had 
many partisans in 'IrAk. He collected a small army, and 
fought with such valour that in a short time he succeeded 
in making himself ma.ster of Basra, where he had himself 
2 )roclaimed Caliph. The public treasury fell into his 
hand.s, and he employed it in paying his troqK and in 
raising fresh one-s, whom he sent on e.X2>cditions into 
ICliiizistAn or AliwAz, FArsistAn, MokrAn, and Sind. As 
this revolt threatened to spread far and wide, Yazld II. 
was obliged to have recourse for its suppression to the 
celebrated Maslama. Early in A.n. 102, this illustrious 
general took the field, and comjfietely defeated Ibn 
Mohallab near Basra. Yazld fell in the battle, and his 
brothers fled beyond the Indus, but were pursued and 
slain by the lieutenants of Jfaslama. 

This revolt sup 2 )ressed, Yazld II. was able to give his 
thoughts to the extension of the empire, an object which 
had been so much neglected by his predecessor. Several 
e.xpeditions were directed against FarghAna in Transoxiana, 
a^'ainst the lOiazars in Armenia, and against the Greeks 
in Asia : Minor, but without any very decided results. In 

1 The 'Abhasid Caliph Ma’mun certainly did not believe in it, for he 
thou"ht it his duty to ie.store the Caliphate to the family of All, by 
ajipointiDg as his successor Rida, a descendant of the Caliph All. 


Africa, serious troubles had been caused by the appoint- 
ment as governor of a certain Yazld b. Abl Moslim, who 
had been secretary to HajjAj, and who followed the 
exam 2 }le of his master’s im 2 )lacable harshness. The Ber- 
bers rose in insurrection, slaughtered the unfortunate 
governor, and chose in his 2 )lace Jlohammed b. Aus. The 
Caliph at first ratified this choice, but soon after dismissed 
Mohammed from his post, and replaced him by Bishr b. 
fJafwAn, who sent out an e.xjjedition against Sicily. 

In Euro 2 )e, the Arabs obtained at first some degree of 
success. Under the orders of Samah, then governor of 
Spain, they crossed the Pyrenees, and took possession of 
Harbonne ; but, having been beaten at Toulouse, they had 
to retrace their ste 2 is. It was the celebrated Abderame 
(‘Abd al-EahmAn) who effected their retreat. 

Yazld II. died three years later of a lingering illness, 
caused, it is said, by his grief for the death of a favourite 
slave-girl. At his accession, Yazld had designated as his 
successors, in the first place his son HishAm, and in the 
second his son lYalld. HishAm ascended the tlirone 
without opposition. 

10. HishAm was a pious prince and an enemy ofllisLdm, 
luxury; as rigid in his religion as ‘Omar II. To this 
severity may in 2 )art be attributed the disturbances which 
broke out in the 25rovinces during his reign. The 
governors were accustomed to remain loyal to the Caliphs 
only ■when the latter did not exact from them too rigorous 
an account. HishAm was, besides, very avaricious, a 
fault highly calculated to make him odious to those about 
him. Lastly, he favorued the Yemenites, and this 
alienated from him the powerful 2 ’arty of the Kaisites. 

All these circumstances emboldened the ‘AbbAsids to carry 
on actively their propaganda in 'IrAk and KhorAsAn, and it 
succeeded beyond their hopes. The Kaisite tribes, offended 
at seeing the Caliph bestow the best posts on Yemenites, 

■were ready to espouse with enthusiasm the cause of any 
one whoso aim was the overthrow of the Omayyads. 
Rebellion had been smouldering in the 2 ^rovinces for 
thirteen years; it broke out at last at Cufa'and in the 
■whole of ‘IrAk, under chiefs called Moghlra and BaliMl ; 
and ■when these insurgents had been chastised, others 
sprung up in their 2 ilace, 'Amr al-Yashkorf, AI-'Anazf, 
and Al-SakhtayAnf. The prefect of 'IrAk, KliAlid b. 
‘AbdallAh, was accused of favouring this revolt, was 
degraded, and reidaced by Yiisuf b. 'Omar, who threw 
him into prison, where he remained for eighteen months. 

This measure' increased the discontent of the people of 
'IrAk, and a member of the family of 'Alf, Zaid b. 'All, 
collected round him a small body of partisans, and had 
liimself proclaimed Calqdi, a.h. 122 (a.d. 739-740). 
Unfortunately for Zaid, he had to do with the same Cufans Zaid b 
whose fickleness had already been fatal to his family. In 
the moment of danger he was deserted by his troo23S, 
slain in an unequal conflict, and his head sent to Damascus. 

In KhorAsAn also there were very serious disturbances. 

In the year 106 (a.d. 724-725) there had already been 
a revolt at Balkh, excited by the emissaries of the 
‘Abb.Asids. The folio-wing years brought ■\vith them fresh 
troubles, which led to the dismissal of the governor of 
lOiorAsAn, Asad, the brother of KhAlid b. ‘AbdallAh, who 
had been 2 wefect of 'IrAk. Under the successors of Asad, 
who were successively ^Ashras b. 'AbdallAh, Jonaid b. 

'Abd al-RahmAn, and 'Asim b. 'AbdallAli, seditions broke 
out in Transoxiana, which were repressed rvith great 
difficulty; and it was not until the year 120 that, by the 
appointment of the brave and prudent Ka^r b. SayyAr 
as governor of lOiorAsAn, peace was for a time restoied 
to that region. The 'AbbAsid emissaric.s, nevertheless, 
secretly continued their propaganda. 

In India, several 23rovinces which had been converted 
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^tloliammed liad even foretold that the accession of liis 
family wonld take place in the year of the ass,^ through 
the efforts of Abii Moslim, and that one of his three sons 
would ascend the throne. These three sons were ; Ibra- 
him, 'Abdalhlh, called Abti 'l-'Abbds, and 'Abdalidh, called 
Ahii Ja'far, 1^^^atever we may think of this prediction, 
it is certain that under Mervvdn II. Abit Sloslim was the 
principal emhsnry of the 'Abbdsid Ibrdhfm, and had been 
able to form a vast conspiracy* in Khordsdn, which broke 
out in A.ir. 128, at the very moment when it had been dis- 
covered by Nasr b. Sayydr, the Ornayyad governor of the 
province. Even before this, hlerwdn IL had had to repress 
disorders which had broken out in Syria, Palestine, and 
*Irdk ; and the Caliph could now rely so little on Syria 
that he had thought it necessaiy to quit Damascus, and to 
fi.v his abode at Harrdn, in Mesopotamia. On learning 
the revolt of Abd Moslim, ^Icrwdn II. wrote to Nasr b. 
Sayydr, directing him to act -with vigour against the 
fomenters of sedition. It was easier to give such an order 
than to execute it, for Abu Jfoslim was at the head of a 
numerous army, absolutely devoted to the Abbdsids. 
^feru-dn II. thought it neces.sary at the same time to 
.secure the person of the ‘Abbdsid pretender Ibrdhfm, who 
was still living at Homaima. Ibrdhfm was therefore 
• arre-sted, convej'cd to Harrdn, and thromt into prison. 
He found means, liowever, of communicating with his 
lieutenant Abd Moslim, and the latter, who had received 
the most e.vtensive powers from his chief, marclied direct 
upon hlcrv, the capital of Khor/usdn, and drove out the 
governor Xasr. At the news of this the Caliph, no longer 
able to restrain his anger, had his captive Ibrdhfm jmt 
to death ; an execution which, at a later period, brought 
upon the Omaj 7 ads the most terrible reprisals, Tlie 
brother of Ibrdhfm, Abd ’l-'Abbd.s, surnamed Saffdh, 
“The Sanguinarj*,” on account of his cruelties, having 
by Ibrdhfm's death become chief of the ‘Abbdsids, 
immediately quitted Homaima with all the members of 
his family, and took refuge in Ifhordsdn, that his pre- 
sence there might sanction and encourage the insurrection. 
Abd ifoslim, now master of KJiordsdn by the capture of 
Jlerv, had meanwhile sent an army against ‘Irdlj, under 
the orders of lyahtaba b. Shabfb, who had beaten the 
Omaj^ad army, commanded by Yazfd b. Hobaira, 
governor of that province. In a.h. 132 Abd ’l-'Abbds 
arrived at 3ferv. After remaining there some time, 
waiting for a favourable moment, he decided on openly 
AI.Snff.il> assuming the title of Caliph. He installed himself 
.'I'l'iumes governor’s palace, and thence went in state to 

olcaliph mosque, where be mounted the pulpit, and officiated 
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in the capacity of .successor of the Prophet. All those 
present took the oath of allegiance to him, and Abd 
’1-Abbris returned to the palace, over which the black 
flag was. flying, black being the distinctive colour of the 
'Abbdsids.2 But he did not remain long at Merv. 
Committing the government of that city to bis uncle 
DdwTjd, he went to review his army, and divided it 
into .several corps, wliicli he directed against different 
points. After this he went to Chaldsea, and there estab- 
lished himself in a spot not far from Cufa, to which he 
gave the name of Hdshimfya, or the city of Hdshim, the 
ancestor of his own family and of .that of the Projibet. 
Another of his uncles, ‘Abdalidh b. 'Alf, whom he had sent 
on an expedition against the city of Shabrozdr, took pos- 
session of that place, and leaving Abd ‘Aun 'Abd al-Melik b. 

Yazfd there as governor, rejoined his nephewand sovereign 
at Hdshimfya. Meanwhile the Omayyad Caliph had 
marched against Shahrozur, Abd ‘Aun went out to meet 
him, and was joined by a strong reinforcement of cavalry 
under ‘Abdalidh b. ‘Alf. The ‘Abbdsids only numbered 
forty-five thousand soldiers, but the.se were experienced 
and resolute warriors. The Omayyad army, though much 
more numerous, was ill commanded and devoid of spirit. 

A battle ensued, and fortune favoured the rebels. In 
vain did Mcnvdn show himself everywhere; his soldiers 
gave way and repassed the Zdb in disorder, hurrying away 
in their flight the unfortunate Meiwdn. (Jomddf II. 11, a.h. Ti-iumph 
132, 25th January 750.) This victory cost the Omayyadsf* 
their empire. Menvdn attempted at first to take refuge 
at Mo.sul; but the inhabitants of that city having declared 
for the enemy, the prince went to his capital Harrdn, 
whence he was soon driven by the army of ‘Abdallah b. 

‘All. From Harrdn Menvdn fled successively to Emesa, 
to Damascu-s, to Palestine, and finally to Egyjjt. He was 
pursued without intermission by Sdlih, brother of 'Abd- 
aildh b. 'Alf, who at last came up vuth him at Biisfr, 
on the frontiers of the Delta. Meiw’dn took refuge in a 
Coptic church ; but the 'Abbdsids pursued him into the 
building, and slew him at the foot of the altar. His head 
was cut off and sent to Cufa, where the new Caliph then 
was. 

Thus perished in the East the dynasty of the house of 
Omaj-ya, which, having been founded by usurpation, had 
only maintained itself by shedding torrents of blood, and 
was destined to pensh in blood. We now enter upon 
the history of the new dynasty, whose origin we have 
described, and under which the power and glory of Islam 
reached their highest point. 

Here we give the 


Gexealocical Tadee of the Omatyads. 
Omayya. 


Abu 'l-'A-s, 

I ' 
Hakam. 

4. Meewan I. 


! 

Mohammed. 
14. Meiiwak II. 


5. ‘Ann ae-Meeik. 


'Abd al-'Azfz. 
8. 'Omae II. 


/ 

Harb. 

Abu Sofyan. 

1. Mo'awiva I. 

2. YazId I, 

1 

3. Mo'Awiva IL 


6.- Waeid I. 


7. SOLAIJtXx. 


12. Yazid nr. 13. IiiiiXufjf.. 


9, Yaz(d II. 
11. Waeid II. 


10. HisnAsr. 


I To understand this allusion v;o must know that jrenvdn II. had 
received the nickname of “the asi,’’ on acconntoniis temper- 
ance and the strength of his constitution. .. 

- Historians are divided a.s to the date at which black became the 
'Abb.isid colour. According to some, the first 'AbhAsids wore a robe 


of black silk .as early as at the battle called that of the CameL 
According to others, it was orfy after the murder of Ihrdhini by Jler- 
svdn that the 'Abhasids adopted black as a sijm of mourning. See 
QuatTem^Te, M^oires hxsCovxques l<x dyn<ts£ie khalifts Aoms- 
sides* Paris, 3837. 
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iloliammed liad even foretold that the accession of his 
family would take place in ihe year of the through 
the efforts of Abi'i Sloslim, and that one of his three sons 
would ascend the throne. These three sons were : Ibni- 
hfm, 'AbdalMh, called Abh 'I-'Abbds, and 'Abdall&h, called 
Abii JaYar, HYiatever we may think of this prediction, 
it is certain that under llenvdn II. Abu Jloslim was the 
principal emissary of the ‘Abb/isid Ibrdhfm, and had been 
able to form avast conspiracy* in Khordsdn, which broke 
out in A.ir. 128, at the very moment when it had been dis- 
covered by Xasr b. Sayydr, the Ornayyad governor of the 
province. Even before this, Merwdn A had had to repress 
disorders which had broken out in Syria, Palestine, and 
Trdk'j and the Caliph could now rely so little on Syria 
that he had thought it necassaiy to quit Damascus, and to 
iix his abode at Harrfin, in hlesopotamia. On learning 
the revolt of Abu hIo.slim, Mcnvdn II. wrote to Nasr b. 
SayyAr, directing him to act with vigour against the 
fomenters of sedition. It was easier to give such an order 
than to c.vecute it, for Abd ifoslim was at the head of a 
numerous army, absolutely devoted to the AhbAsids. 
iMenrdn II. thought it neces-sary at the same time to 
.secure the penson of the 'AhhAsid pretender IhrAhlm, who 
was still Jiving at Somaima. IhrAhfm nns therefore 
• arrested, conveyed to HarrAn, and throrni into prison. 
He found means, however, of communicating with his 
lieutenant Abii Moslim, and the latter, who had received 
the most extensive powers from his chief, marched direct 
upon ilerv, the capital of Khor/usA?i, and drove out the 
governor Hasr. At the ne'vs of this the Caliph, no longer 
able to restrain his anger, had his capti-ve IhrAhfm put 
to death ; an execution wliich, at a later period, brought 
upon the Omajyads the mo^t terrible reprisals, Tim 
brother of IhrAhfm, Abii ’l-'Abbis, surnamed SaffAh, 
''The vSanguinar}',” on account of his cruelties, having 
by IbrAhfm's death become chief of the ‘AbbA-sids, 
immediately quitted Homaima with all the members of 
bis family, and took refuge in IChordsAn, that his pro- 
.sence there might sanction and encourage the insurrection. 
Ahii ilo-slim, now ma.ster of HJiorAsAn by the capture of 
Merv, had meanwhile sent an army against 'IrAk, under 
the orders of lyahtaba b. Sliabfb, Avho had beaten the 
Omaj’yad armj', commanded by Yaztd b. Hobaira, 
governor of that province. In a.h. 132 Abii H-'AbbAs 
arrived at lilerv. After remaining there some time, 
waiting for a favourable moment, he decided on openly 
AUSairjh assuming ihe title of Caliph. He installed himself 
ii^iymes {Jig governor’s palace, and thence went in state to 

ot'cA'ni mosque, where he mounted the pulpit, and officiated 


in the capacity of successor of the Prophet. All those 
jiresent took the oath of allegiance to him, and Ahil 
’1-AbhAs returned to the palace, over which the black 
flag was, flying, black being the distinctive colour of the 
'AbbAsids.'-* But he did not remain long at Merv, 
Committing the government of that city to his uncle 
DAwnid, he ivent to review his army, and divided it 
into several corps, wliicli he directed against different 
l>oint.s. After thi.s he went to Chaldma, and there esteh- 
Iished himself in a spot not far from Cufa, to which he 
gave the name of ETAsliimfya, or the city of HAshim, the 
ancestor of his owm family and of .that of the Prophet. 
Another of his uncles, 'AbdallAh b. ‘Alt, whom he had sent 
on an expedition against the city of Sbahrozur, took pos- 
.session of that place, and leaving AbA ‘Aun 'Abd al-Melik b. 

Yazid there as governor, rejoined bis nephewand sovereign 
at HA.shimlya. Meanwhile the Omayjnd Caliph had 
marched against Sbahrozur, AbA ‘Atm went out to meet 
him, and was joined by a strong reinforcement of cavalry 
under 'AbdallAh b. ‘Alf. The ‘AbbAsids only numbered 
forly-hve thousand soldiers, but these were experienced 
and resolute warriors. The Omayyad army, though much 
more numerous, was ill commanded and devoid of spirit. 

A battle ensued, and fortune favoured the rebels. In 
vain did MenvAn show himself everywhere ; his soldiers 
gave way and repassed the ZAh in disorder, hurrying away 
in their flight the unfortunate MemAn. (Jomidi II. 1 1, a.h. Triumpli 
132, 25th January 750.) This victory cost the Omayyadsf^ the 
their empire, MenvAn attempted at first to take refuge 
at Mosul ; but the inhabitants of that city having declared 
for the enemy, the prince went to his capital HarrAn, 
whence he Avas soon driven by the army of ‘Abdallah h, 

‘Alf. From HarrAn MenvAn fled successively to Emesa, 
to Damascus, to Palestine, and finally to Egypt. He ivas 
pursued without intermission by f^Alih, brother of 'Abd- 
allAh b, ‘Alf, who at last came up mth him at BAsfr, 
on the frontiers of the Delta. MemAu took refuge in a 
Coptic church ; but the ‘AbbAsids pursued him into the 
building, and slew him at the foot of the altar. His head 
was cut off and sent to Cufa, where the new Caliph then 
was. 

Thus perislied in the East the dynasty of the house of 
Omayya, which, having been foimded by usurpation, had 
only maintained itself by shedding torrents of blood, and 
was destined to pensh in blood. We now enter upon 
the history of the new dynasty, whose origin we have 
described, and under Avhich the power and glory of Islam 
reached their highest point. 

Here we give the 


GE.VBALOCrCAO Taiu-b of tub O.uawads. 


Oma}'j-a. 


Alohainmed. 

I . 

14. ilmiWAX 11. 


e.-tVAuin I. 
I 


7. SouaimXx. 


1-Z Yazi'd III 13. IimAnfji.. 


Abu ’l-'A-f. 

Hakam. 

4, MeuwaS I. 
1 

5. ‘Arm au-Meuk. 

1 

9. YAzfu II. 

11. Wali'd II. 


i To understand this allusion v/e mast hnov that Menrdn II. had 
received tbe nickname of Uim&r, “tba aas,” on account of ids temper- 
ance and the strength of his constitution. 

- Bistoriana are divided os to the date at which hiack hecaroe the 
'Ahh.Asid colour. According to some, the first 'AbbAsids wore a robe 


‘Abd al-‘Aziz. 
8. 'OsiAV. II. 


Abu Sofj-an. 

1. Mo'awivaI. 
2. Yazi'd I. 

S. Mo'Awzi’aII 


10, HisUAsr. 


I of black silk as early as at the battle called that of the Camel 
According to others, it was onlj- after the murder of IbrAhini by Mer- 
I wAn that the 'AhhAsids adopted black as a sign of mourning. See 
Quatremire, Memoires historiiiuea sur la dynaslie (ks kJiaUfes AblaS' 

\ tides. Paris, 1837. 
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(Ij’nasty, aftet ' having accomjtlishecl his -work, -which, as 
the hi.storians assert, cost the jives of more than 600,000 
men. Not-ivithstanding the defeat of 'Abdalldh b. 'Alf 
and the murder of Abu Moslim, tlie spirit of rebellion was 
not yet broken. Risings took place in Mesopotamia and 
to a still greater extent in IClioriisiin ; and the Caliph’s 
troops -were repeatedly beaten by the rebels; but order 
was at last re-established by Mansur’s generals, by Khfizim 
b. KJiozaima in Jlesopotamia, and by Mohammed b. al- 
Ash'ath in Khorilsdn. 

About the same time Africa and Spain escaped from 
tlie dominion of the Eastern Caliphate ; the former for a 
season, the latter permanently. The cause of the revolt 
of Africa was as follows : As soon as Mansur ascended the 
tlironc, ■ he wrote to 'Abd aI-Rahm;in, announcing the 
death of Abii ’l-'AbbAs, and requiring him to take the 
oath of allegiance. 'Abd al-Eahmdn sent in his adhesion 
to the new Caliph, and added a few presents of little value. 
The Caliph was so much di.ssatisficd that lie rcjdied by a 
threatening letter which excited the anger of 'Abd al- 
Rahmdn. lie called the peojile together at the hour of 
prayer, mounted the pulpit, publicly cunsed Mansur, and 
then declared his deposition from the Caliphate. He next 
caused a circular letter to be written, commanding all 
JIaghrebins to refuse obedience to the Caliph ; and this 
letter was circulated and read from the jmlpit throughout 
the whole extent of the Maghrib (the IVcst). A brother of 
/Abd a!-Rahmdn, Il 3 '.is, saw in this revolt an opportunity of 
obtaining the government of Africa for himself. Seconded 
by many of the inhabitants of Kairaw.-ln, who had 
remained faithful to the caitse of the 'Abbiisids, he attacked 
his brother, slew him, and proclaimed himself governor in 
his stead. This revolution in favour of tlie 'Abbiisids was, 
however, of no long duration. Habib, tlie eldest son of 
'Abd al-Rahm.'ln, had fled on the night of his father’s 
murder, and IlyAs caused him to be pursued, with the 
object of transporting him to Andalusia. Habib was 
captured, but the vessel which was to convey him to Spain 
having been detained in port by stress of weather, the 
parti-sans of independence took anns, rescued Habib, and 
prepared to resist HyAs, who was marching against them 
at the head of an army. Under these circumstances a 
fortunate idea occurred to Habib. He challenged his 
luicle HyiLs to single combat. Ilyds hesitated, but his 
own soldiers com])elled him to acce])t the challenge. He 
measured arms with Habib, and was laid prostrate by 
him with a thrust of his lance. The party of independ- 
ence thas triumphed, and several j'cars elapsed before the 
'Abbdsid general, Al-Aghlab, was able to enter Kairaw.'in, 
and regain possession of Africa in the name of the Eastern 
Caliph. From this time forward, it must be added, Africa 
only nominally belonged to the 'Abbdsids ; for, under the 
Caliphate of Hdnin al-Eashld, Ibr.dhlm, the son of Al- 
Aghlab, who was invested with the government of Africa, 
founded in that province a distinct dynasty, that of the 
Aghlabites. 

Coincidently with the revolt in Africa, the independent 
Caliphate of the Western Omayyads was founded in Spain. 
The long dissensions which had preceded the fall of that 
dynasty in the East, had already prepared the way for the 
independence of a province so distant from the centre 
of the empire. Every petty emir there tried to seize 
sovereign power for himself, and the people groaned under 
the consequent anarchy. Weary of these commotious, the 
Arabs of Spain at last came to an understanding among 
themselves for the election of a Caliph, and their choice fell 
upon the last survivor of the Omayyads, 'Abd al-Eahmin 
b. Mo'imya, grandson of the Caliph Hishdm. This 
prince was wandering in the deserts of Africa, pursued 
by his implacable enemies, but everywhere protected and 
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Concealed by the desert tribes, who pitied his misfortunes 
and respected lus illustrious origin. A deputation from 
Andalusia sought him out in Africa, and offered him the 
Caliphate of Spain, which he accejited -with joy. On 2otb 
September, a.d. i 55 , 'Abd al-Rahmdn landed in the Iberian 
Peninsula, where he was universally welcomed, and 
speedily founded at Cordova the Western Omayyad Caliph- 
ate, with which this history has no further concern. 

-While Mansur was thus losing Africa and Spain, he was 
ttying to take from the Greeks the city of Malatiya, 
which, from the importance of its situation, was looked 
on as the key of Asia Minor. In a.h. 139-140 (a.d. 756- 
7.57), a Moslem army of 70,000 men invested the place, 
and, after a vigorous siege, Malatiya was taken by 
assault. After this success the Moslems marched through 
Cilicia, entered Pamphylia, and cut to pieces a Greek 
army on the banks of the Melas. The Greeks asked and 
obtained a seven years’ truce, which Mansiir was the more 
disposed to grant because new and very serious troubles 
liad been stirred up in liis empire by certain sectaries 
of Khordsdn, called Edwandis. These Rdwandls, like 
many other Persian sectaries, admitted a number of 
dogmas completely foreign to Islam, such as the trans- 
migration of souls and the incarnation of the Deity as a 
man. They believed, for instance, as historians assure 
us, that divine honours ought to be paid to the Calqjh 
Mansiir. They had their name from Edwand, a city 
near Isfahdn, where the sect originated. A great number 
of these sectaries had repaired to Hdshimiya, the residence 
of the Caliph, and there persisted in marching in pro- 
ce.ssion round his palace, as if it had been the Ka'ba. 
ilan.siir, refusing to receive this impious homage, caused 
tlie principal chiefs of the sect to be seized and thrown 
into prison. The Edwandis immediately rose in revolt, 
broke open tlie prison doors, rescued their chiefs, and 
pushed their audacity so far as to besiege the Caliph 
in his own palace. Very fortunately for Mansiir, the 
populace declared against the Rdwandfs and massacred 
them ; but from that time fonvard he took a dislike to 
the city of Hdshimiya, and resolved to choose another 
residence, He had at first thought of fixing his place of 
abode at Cufa ; but he remembered the fickle character of 
the inhabitants, and decided on founding an entirely new 
city on the banks of the Tigris. His choice fell upon 
a spot near the ancient Ctesiphon, the capital of theFonnda- 
Sassanids, called Baghddd. There he himself laid thetion of 
first stone of the city which was to be the centre of the » - 

civilised world as long as the Caliphate lasted. A revolt, 
however, of some importance soon called Mansur’s atten- 
tion from the building of Baghddd. The descendants of 
'All, who had had reason to think that the 'Abbdsids 
were labouring for their advancement, were now cruelly un- 
deceived. In A.H. 145 (a.d. 762-763), Mohammed Mahdf, 
great-grandson of Hosain, and surnamed Al-Hafs al-Zaklya 
(“the pure soul”), collected a large number of adherents 
at Medina, and had himself proclaimed Caliph. The 
governor of Cufa, 'fsd b. Musd, received orders to march 
against him, and entered Arabia. The partisans of 'AH 
Avere defeated, and Mohammed Mahdf fell in battle. But 
meauAvhile his brother Hmdhfm had gone to Basra, and 
had there succeeded in exciting a revolt, in presence of 
Avhich the 'Abbdsid governor had been obliged to capitu- 
late. The adherents of 'AH, emboldened by this success, 
spread themselves over 'Irdk, and obtained possession of 
several places, among Avhlch Avas the city of Wdsit. 

Ibrdhfm Avas already advancing towards Cufa, at the 
head of a strong army, Avhen 'Isd b. Milsd, who had been 
hastily recalled from Arabia, threAv himself in his AA'ay. 

A terrible conflict took place. At last IbrAhfm fell, 
pierced by an arroAV, and, in spite of the desperate efforts 
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(Ij’nasty, aftet ' having accomjtlishecl his -work, which, as 
the hi.storians assert, cost the jives of more than 600,000 
men. NotAvithstanding the defeat of 'Abdallfth b. 'Alf 
and the murder of Abu hloslim, tlie spirit of rebellion was 
not yet broken. Risings took place in Mesopotamia and 
to a still greater extent in IClionisdn j and the Caliph’s 
troops were repeatedly beaten by the rebels j but order 
was at last re-established by Mansur’s generals, by Khdzim 
b. KJiozaima in Jlesopotamia, and by Mohammed b. al- 
Ash'ath in Khorilsdn. 

About the same time Africa and Spain escaped from 
tlie dominion of the Eastern Caliphate ; the former for a 
season, the latter permanently. The cause of the revolt 
of Africa was as follows : As soon as hfansur ascended the 
tlironc, ■ he wrote to 'Abd aI-Rahm;in, announcing the 
death of Abii ’l-'Abbds, and requiring him to take the 
oath of allegiance. 'Abd al-Eahmdn sent in his adhesion 
to the new Caliph, and added a few presents of little value. 
The Caliph was so much di.ssatisficd that lie rejilied by a 
threatening letter which excited the anger of *Abd al- 
Rahmdn. lie called the peojile together at the hour of 
prayer, mounted the pulpit, publicly cunsed Mansur, and 
then declared his deposition from the Caliphate. He next 
cammed a circular letter to be written, commanding all 
JIaghrebins to refuse obedience to the Caliph ; and this 
letter was circulated and read from the jmlpit throughout 
the whole extent of the Maghrib (the 'West). A brother of 
,'Abd a!-Rahmdn, Il 3 '.is, saw in this revolt an opportunity of 
obtaining the government of Africa for himself. Seconded 
by many of the inhabitants of Kairaw.-ln, Avho had 
remained faithful to the caitse of the 'Abbdsids, he attacked 
his brother, slew him, and proclaimed himself governor in 
his stead. This revolution in favour of tlie 'Abbasids was, 
however, of no long duration. Habib, tlie eldest son of 
'Abd al-Rahmiin, had fled on the night of his father’s 
murder, and Ilyds caused him to be pursued, with the 
object of transporting him to Andalusia. Habib was 
captured, but the vessel which was to convey him to Spain 
having been detained in port by stress of weather, the 
parti-sans of indopondenco took anns, rescued Habib, and 
prepared to resist Hyds, who was marching against them 
at the head of an army. Under these circumstances a 
fortunate idea occurred to Habib. He challenged his 
luicle Hyds to single combat. Hyds hesitated, but his 
own soldiers comj)elled him to acce])t the challenge. He 
measured arms with Habib, and was laid prostrate by 
him with a thrust of his lance. The party of independ- 
ence thas triumphed, and several j'cars elapsed before the 
'Abbdsid general, Al-Aghlab, was able to enter Kairawdn, 
and regain possession of Africa in the name of the Eastern 
Caliph. From this time forward, it must be added, Africa 
only nominally belonged to the 'Abbdsids ; for, under the 
Caliphate of Hdnin al-Eashld, Ibrdhlm, the son of Al- 
Aghlab, who was invested with the government of Africa, 
founded in that province a distinct dynasty, that of the 
Aghlabites. 

Coincidently with the revolt in Africa, the independent 
Caliphate of the Western Omayyads was founded in Spain. 
The long dissensions which had preceded the fall of that 
dynasty in the East, had already prepared the way for the 
independence of a province so distant from the centre 
of the empire. Every petty emir there tried to seize 
sovereign power for himself, and the people groaned under 
the consequent anarchy. Weary of these commotions, the 
Arabs of Spain at last came to an understanding among 
themselves for the election of a Caliph, and their choice fell 
upon the last survivor of the Omayyads, 'Abd al-Eahmiln 
b. Mo'imya, grandson of the Caliph Hishdm. This 
prince was wandering in the deserts of Africa, pursued 
by his implacable enemies, but everywhere protected and 
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concealed by the desert tribes, who pitied his misfortunes 
and respected lus illustrious origin. A deputation from 
Andalusia sought him out in Africa, and offered him the 
Caliphate of Spain, which he accejited with joy. On 2otb 
September, a.d. 75.5, 'Abd al-Rahmdn landed in the Iberian 
Peninsula, where he was universally welcomed, and 
speedily founded at Cordova the Western Omayyad Caliph- 
ate, with which this history has no further concern. 

-While Mansur was thus losing Africa and Spain, he was 
trying to take from the Greeks the city of Malatiya, 
which, from the importance of its situation, was looked 
on ns the key of Asia Minor. In a.h. 139-140 (a.d. 756- 
757), a Moslem army of 70,000 men invested the place, 
and, after a vigorous siege, Malatiya was taken by 
assault. After this success the Moslems marched through 
Cilicia, entered Pamphylia, and cut to pieces a Greek 
anny on the banks of the Melas. The Greeks asked and 
obtained a seven years’ truce, which Mansiir was the more 
disposed to grant because new and very serious troubles 
liad been stirred up in Ids empire by certain sectaries 
of KhoriLsdn, called Edwandls. These Rdwandls, like 
many other Persian sectaries, admitted a number of 
dogmas completely foreign to Islam, such as the trans- 
migration of souls and the incarnation of the Deity as a 
man. They believed, for instance, as historians assure 
us, that divine honours ought to be paid to the Calii)h 
Mansiir. They had their name from Edwand, a city 
near Isfahdn, where the sect originated. A great number 
of these sectaries had repaired to Hdshimlya, the residence 
of the Caliph, and there persisted in marching in pro- 
ce.ssion round his palace, as if it had been the Ka'ba. 
ilan.sdr, refusing to receive this impious homage, caused 
tlie principal chiefs of the sect to be seized and thrown 
into prison. The Edwandis immediately rose in revolt, 
broke open the prison doors, rescued their chiefs, and 
pushed their audacity so far as to besiege the Caliph 
in his own palace. Very fortunately for Mansiir, the 
populace declared against the Edwandis and massacred 
them ; but from that time fonvard he took a dislike to 
the city of Hdshimlya, and resolved to choose another 
residence. He had at linst thought of fixing his place of 
abode at Cufa ; but he remembered the fickle character of 
the inhabitants, and decided on founding an entirely new 
city on the banks of the Tigris. His choice fell upon 
a spot near the ancient Ctesiphon, the capital of theFonnda- 
Sassanids, called Baghddd. There he himself laid thetion of 
first stone of the city which was to be the centre of the » - 

civilised world as long as the Caliphate lasted. A revolt, 
however, of some importance soon called Mansur’s atten- 
tion from the building of Baghddd. The descendants of 
'AH, who had had reason to think that the 'Abbdsids 
were labouring for their advancement, were now cruelly un- 
deceived. In A.H. 145 (a.d. 762-763), Mohammed Mahdi, 
great-grandson of Hosain, and surnamed Al-Nafs al-Zaklya 
(“the pure soul”), collected a large number of adherents 
at Medina, and had himself proclaimed Caliph. The 
governor of Cufa, 'fsd b. Musd, received orders to march 
against him, and entered Arabia. The partisans of 'AH 
Avere defeated, and Mohammed Mahdf fell in battle. But 
meamvhile his brother Hmdhfm had gone to Basra, and 
had there succeeded in exciting a revolt, in presence of 
Avhich the 'Abbdsid governor had been obliged to capitu- 
late. The adherents of 'AE, emboldened by this success, 
spread themselves over 'Irdk, and obtained possession of 
several places, among Avhich Avas the city of Wdsit. 

Ibrdhira Avas already advancing towards Cufa, at the 
head of a strong army, Avhen 'Isd b. Milsd, who had been 
hastily recalled from Arabia, threAv himself in his Aiuy. 

A terrible conflict took place. At last Ibrdhlm fell, 
pierced by an arroAV, and, in spite of the desperate efforts 
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pitched his camp on tlie sliorcs of the Bosidiorus. Irene 
took^ alarm, sued for peace, and obtained it, but on 
humiliating conditions. Tin’s brilliant success increased 
Mahdi’s affection for Hdn'in to such an extent that he 
resolved, a few years later, to declare him his successor 
instead of 2tl(isd. It was necessary first to obtain from 
Sliisd a renunciation of his rights ; and for this purpose 
his father recalled him from Jorjdn, where he was then 
engaged on an expedition against the rebels of TabarisMn. 
Miisd, who had had information of his father’s intentions, 
refused to obey this older. Mahdt determined to march 
in person against his rebellious son (a.ii. 169), and set 
out, accompanied by Hdrdn. But, after his arrival at 
Mdsabadhdn, a place in Persian Trdlf or Jabal, the Caliph 
died suddenly, at the age of only forty-three. There are two 
versions of the cause of his death : some attribute it to 
an accident met udth in hunting ; others believe him to 
ha%'c been poisoned. If this was really the case, although 
we have no proofs against Jfiisd, we 'may reasonably sus- 
pect him of having been pri\'y to the sudden death of his 
father. 

4. ifahdf having died before he could carry out his 
plan for assuring the throne to Hdrun, the succession natur- 
ally fell to ifiisd, and he was proclaimed Caliph at Baghddd 
in the year of his father’s death. He took the title of 
Hddl (He who directs). Hdrun made no opposition to the 
accession of his brother, and the army which had accom- 
panied Jlalidi returned peacefully from Jabal to Baghddd. 

The accession of a new Caliph doubtless appeared to the 
parti.saus of the house of 'AU a favourable opportunity for 
a rising. Hosain b. 'Alf, a descendant of that Hasan who 
had formerly renounced his pretensions to the Caliphate 
through fear of >IoVnri)’a I., raised an insurrection at 
^fedina with the support of numerous adherents, and had 
himself proclaimed Caliph. But having unfortunately 
conceived the idea of going on pilgrimage to Jlecca, he 
was attacked at Fakh by a party of ‘Abbdsids, and 
pcri.shed in the combat. His cousin Idris b. ‘Abdalldh 
succeeded in escaping and fled to ligypt, whence he passed 
into Jforocco ; and there, at a later period, his son 
founded the Idrisitc dynasty. 

Hddi, as may be supposed, had never been able to forget 
that he had narrowly escaped being supplanted by his 
brother. He formed a plan for excluding Hdrun from the 
Calipliate, and transmitting the succes.sion to his OAvn son 
.Ta'far. He neglected no possible means of attaining this 
object, and obtained the assent of his ministers, and of the 
principal chiefs of his anny, who took the oath of allegiance 
to Ja'far. Only Yahyd b. Khdlid the Bannccide, Hdnin’s 
former tutor, absolutely refused to betray the interests of 
liis pupil. In a di.scussion which took place between him 
and the Caliph on this subject, Yahyd. .showed such firm- 
ness and boldness that Hddt resolved on his death, and 
Harthama b. A'yan, one of the bravest generals of the 
enij)ire, had already 'received the order to go and take his 
liead, when the Caliph died suddenly. One of those 
terrible dome.stic dramas had been acted of which so many 
were afterwards seen in the jialacc of the Calijdis. The 
mother of Hddf and Hdn'm was Khaizordn, a haughty and 
intriguing woman, whose aim it was to get the direction 
of affairs into her own hand.s, leaving Hddt only the shadow 
of power. Her influence over all matters of government 
was so well understood that her door was beset all day 
by a crowd of petitioners, who neglected the Calijfli and 
preferred to address their requests to her. Hddl .soon 
became indignant at . the subordinate part which his 
mother wshed liiih to plUy, and after a dispute on the 
matter, he attempted to poison her. Khaizordn, hoping 
to find a more .submissive instrument of her -will in her 
second son, and wishing to jirotect herself against fresh 


attempts at murder, caused Hddt to be taken unawares 
and smothered with cushions by two young slaves whom 

t ^86 Sept. 

5. We have now reached the most celebrated nameHArdn 
among the Arabian Caliphs, celebrated not only in theal-Ra- 
East, but in the West as well, where the stories of the®^^‘^‘ 
Thousand and One Nights have made us familiar with 
that world which the narrators have been pleased to 
represent to us in such brilliant colours. 

On the unexpected death of Hddl, the generals and 
ministers who had declared against Hdriin, perceiving that 
popular favour did not incline to the son of the late 
Caliph, hastened to rally round the son of Khaizordn ; 
and Hdriin, surnamed Al-Raslild (The Upright), ascended 
the throne without opposition. His first act was to choose 
as prime minister his fonner tutor, the faithful Yahyd b. 
IChdlid, and to confide important posts to the two sons of 
Yahyd, Fadl and Ja'far, the former of whom was also his 
own foster-brother. The Barmecide family were endued 
in the highest degree with those qualities of generosity 
and liberality which the Arabs prized so highly. Thus 
the chroniclers are never wearied in their praises of the 
Barmecides. Loaded with all the burdens of government, 
Yahyd, brought the most distinguished abilities to the 
exercise of his office. He put the frontiers in a .state of 
defence, and supplied all that was wanting for their 
security. He filled the public treasury, and carried the 
splendour of the throne to the highest point. The 
follouung anecdote will show what an amount of earnest 
affection the Barmecide family succeeded in winning : — 

After Hdiniii, ns wo shall relate farther on, had mined the 
B-innecides of whoso influenee ho was jealous, ho forbade the poets 
to compose elegies on the disgi'aco of the fninilj', and commanded 
that all who disobeyed this order should he punished. One day, 
as one of the soldiers of the Caliph’s guard was passing near a. 
ruined building, he perceived a man holding a paper in his hand, 
and reciting aloud, and with many tears, a lament over the min of 
tlio palace of the Barmecides. The soldier airestcd the man and 
led him to the palace of the Caliph, who ordered the culprit to be 
brought before him, and asked liim why he liad infringed his 
orders. “ Prince,” replied the man, “let me relate my history to 
thee ; when thou hast heard it, do with me as thou wilt. I was an 
inferior clerk under Yahyd b. Khdlid. He said to me one day : 

‘Thou must invito me to thy house.’ ‘My lord,’ I replied, ‘I am 
quite unworthy of such an honour, and my house is not fit to 
receive thee.’ ‘No,’ said Yahyd, ‘thou must absolutely do what I 
require of thee.’ ‘ In that case,’ answered I, ‘ grant me some little 
delay th.at I may make suitable arrangements.' Yahyd granted mo 
some months. As soon as I informed him that 1 was ready, he 
repaired to my abode, accompanied by his two sons, Padl and 
Ja'far, and by some of his most intimate friends. Scarcely had he 
dismounted from his horse when he begged me to give him some- 
thing to cat. I offered him some roasted chickens. When he had 
eaten his fill, he went over the whole of my house, and having seen 
it all, he .asked me to show him the buildings attached to it. ‘My 
lord,’ said I, ‘thou hast seen everything.’ ‘No,’ said ho, ‘thou 
liast another house.’ In vain I assured him that I had but one ; 
he persisted in his assertion, and, sending for a mason, ordered 
him to make an opening in the wall. ‘My lord,’ said i, ‘may I 
venture thus to make my way into my neighbour’s house 1 ’ ‘It 
matters not,’ replied he. When a doonvay had been opened, ho 
passed through it, followed by his two sons, and I went after him. 

We entered a delightful garden, well planted and watered by 
fountains. In this garden stood a beautiful house with pavilions 
adorned with furniture and carpets, and filled with slaves of both 
sexes, all of perfect beauty. ‘ All this is thine,’ said Yahya to me. 

I kissed his hands and poured out my thanks to him ; and then I 
learned that on the very day when he had spoken to me of inviting 
him ho had bought the land adjoining to my house, and had had 
it laid out for me without rap ever suspecting it I had certainly 
noticed that building was going on, but I was far from imagining 
that all this was intended for me. Yahya next addressed himself 
to Ja'far and said ; ‘Here are' certainly a house and seiyants, but 
who will provide for their support?’ ‘I,’ replied Ja'far, ‘will 
give him a farm and its dependencies, and will send him the deed 
of gift’ ‘Very well,’ continued Yahya; ‘but how is ho to live 
until he shall receive the revenue of liis property V ‘I owe him a 
thou-sand pieces of gold,’ said Fadl, ‘ and I will send them to his 
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pitched his camj) on tlie sliorcs of the Bosidiorus. Irene 
took^ alarm, sued for peace, and obtained it, but on 
humiliating conditions. Tin’s brilliant success increased 
Mahdi’s affection for Hdn'm to such an extent that he 
resolved, a few years later, to declare liim his successor 
instead of Ttliisd. It was necessary first to obtain from 
iVIiisd a renunciation of his rights ; and for this purpose 
his father recalled him from Jorjdn, where he was then 
engaged on an expedition against the rebels of TabarisMii. 
Miisd, who had had information of his father’s intentions, 
refused to obey this oi'der. Jfahdf determined to march 
in person against his rebellious son (a.ii. 169), and set 
out, accompanied by Hdrdn. But, after his arrival at 
Mdsabadhdn, a place in Persian Trdlj or Jabal, the Caliph 
died suddenly, at the age of only forty-three. There are two 
versions of the cause of his death : some attribute it to 
an accident met w'th in hunting ; others believe him to 
have been poisoned. If this was really the case, although 
we have no proofs against Jfiisd, we 'may reasonably sus- 
pect him of having been pri\'y to the sudden death of his 
father. 

4. ifahdf having died before he could carry out his 
plan for assuring the throne to Hdn'm, the succe.ssion natur- 
ally fell to Jfiisd, and he was proclaimed Caliph at Baghddd 
in the year of his father’s death. He took the title of 
Hddi (He who directs). Hdn'm made no opposition to the 
accession of his brother, and the army which had accom- 
panied Jfahdi returned peacefully from Jabal to Baghddd. 

The accession of a new Caliph doubtless appeared to the 
parti.sans of the house of 'AU a favourable opportunity for 
a rising. Hosain b. ‘Ali, a descendant of that Hasan who 
had formerly’' renounced his pretensions to the Caliphate 
through fear of Mo'dwiya I., rai.«ed an insurrection at 
^fedina with the support of numerous adherents, and had 
himself proclaimed Caliph. But having unfortunately 
conceived the idea of going on pilgrimage to Mecca, he 
was attacked at Fakh by a party of ‘Abbdsids, and 
perished in the combat. His cousin Idris b. ‘Abdalldh 
succeeded in escaping and fled to ligypt, whence he i)assed 
into Jforocco ; and there, at a later period, his son 
founded the Idrisite dynasty. 

Hddi, as may be supposed, had never been able to forget 
that he had narrowly escaped being supplanted by his 
brother. He formed a plan for excluding Hdrun from the 
Calipliate, and transmitting the succession to his OAvn son 
.Ta'far. He neglected no possible means of attaining this 
object, and obtained the assent of his ministers, and of the 
principal chiefs of his anny, who took the oath of allegiance 
to Ja'far. Only Yahyd b. Khdlid the Bannccide, Hdn'm’s 
former tutor, absolutely refused to betray the interests of 
liis pupil. In a di.scussion which took place between him 
and the Caliph on this subject, Yahyd. .showed such firm- 
ness and boldness that Hddt resolved on his death, and 
Harthama b. A'yan, one of the bravest generals of the 
empire, had already 'received the order to go and take his 
liead, when the Caliph died suddenly. One of those 
terrible dome.stic dramas had been acted of which so many 
were afterwards seen in the jialace of the Calijdis. The 
mother of Hddf and Hdn'm was Khaizordn, a haughty and 
intriguing woman, whose aim it was to get the direction 
of affairs into her own hand.s, leaving Hddt only the shadow 
of power. Her influence over all matters of government 
was so well understood that her door was beset all day 
by a crowd of petitioners, who neglected the Calijfli and 
preferred to address their requests to her. Hdclt .soon 
became indignant at . the subordinate part which his 
mother wshed hiih to pHy, and after a dispute on the 
matter, he attempted to poison her. Khaizordn, hoping 
to find a more .submissive instrument of her -will in her 
second son, and ashing to jwotect herself against fresh 


attempts at murder, caused Hddf to be taken unawares 
and smothered with cushions by two young slaves whom 
sne had presented to him. (Eabfl I., a.b. 170, Sept. 

5 , We have now reached the most celebrated nameHArdn 
among the Arabian Caliphs, celebrated not only in theal-ha- 
East, but in the West as well, where the stories of the®^^‘^‘ 
Thousand and One Nights have made us familiar with 
that world which the narrators have been pleased to 
represent to us in such brilliant colours. 

On the unexpected death of Hddf, the generals and 
ministers who had declared against Hdriin, perceiving that 
popular favour did not incline to the son of the late 
Caliph, hastened to rally round the son of Khaizordn ; 
and Hdrdn, surnamed Al-Raslifd (The Upright), ascended 
the throne without opposition. His first act was to choose 
as prime minister his fonner tutor, the faithful Yahyd b. 
IChdlid, and to confide important posts to the two sons of 
Yahyd, Fadl and Ja'far, the former of whom was also his 
own foster-brother. The Barmecide family were endued 
in the highest degree with those qualities of generosity 
and liberality which the Arabs prized so highly. Thus 
the chroniclers are never wearied in their praises of the 
Barmecides. Loaded with all the burdens of government, 
Yahyd brought the most distinguished abilities to the 
exercise of his office. He put the frontiers in a .state of 
defence, and supplied all that was wanting for their 
security. He filled the public treasury, and carried the 
splendour of the throne to the highest point. The 
followng anecdote will show what an amount of earnest 
affection the Barmecide family succeeded in winning : — 

After Hdinin, ns wo shall relate farther on, had mined tho 
B-innecides of whoso influence he was jealous, he forbade the poets 
to compose elegies on tho disgi'aco of tlie fnmilj', and commanded 
that all who disobeyed this order should be punished. One day, 
as one of the soldiers of the Caliph’s guard was passing near a. 
ruined building, he perceived a man holding a paper in his hand, 
and reciting aloud, and with many tears, a lament over tho niin of 
tlio palace of the Barmecides. The soldior airestcd the man and 
led him to the palace of tho Caliph, who ordered the culprit to be 
brought before him, and asked liim why he liad infringed his 
orders. “ Prince,” replied the man, “ let me relate my history to 
thee ; when thou hast heard it, do with me as thou wilt. I was an 
inferior clerk under Yaliya b. Khalid. Ho said to me one day : 

‘Thou must invito me to thy house.’ ‘My lord,’ I replied, ‘I am 
quite unworthy of such an honour, and my house is not fit to 
receive thee.’ ‘No,’ said Yahya, ‘thou must absolutely do what I 
require of thee.’ ‘ In that case,’ answered I, ‘ grant me some little 
delay th.at I may make suitable arrangements.' Yahya granted mo 
some months. As soon as I informed him that 1 was ready, he 
repaired to my abode, accompanied by his two sons, Padl and 
Ja'far, and by some of his most intimate friends. Scarcely had he 
dismounted from his horse when he begged me to give him some- 
thing to cat. I offered him some roasted chickens. When he had 
eaten his fill, he went over the whole of my house, and haying seen 
it all, he asked me to show him the buildings attached to it. ‘My 
lord,’ said I, ‘thou hast seen everything.’ ‘No,’ said ho, ‘thou 
liast another house.’ In vain I assured him that I had but one ; 
he persisted in his assertion, and, sending for a mason, ordered 
him to make an opening in the wall. ‘My lord,’ said i, ‘may I 
venture thus to make my way into my neighbour’s house ? ’ 'It 
matters not,’ replied he. When a doonvay had been opened, ho 
passed through it, followed by his two sons, and I went after him. 

We entered a delightful garden, well planted and watered by 
fountains. In this garden stood a beautiful house with pavilions 
adorned with furniture and carpets, and filled with slaves of both 
Boxes, all of perfect beauty. ‘ All this is thine,’ said Yahya to me. 

I kissed his hands and poured out my thanks to him ; and then I 
learned that on tho very day when he had spoken to me of inviting 
him ho had bought tho land adjoining to my house, and had had 
it laid out for mo without ray ever suspecting it I had certainly 
noticed that building was going on, but I was far from imagining 
that all this was intended for me. Yahya next addressed himself 
to Ja'far and said ; ‘ Here are' certainly a house and seiyants, but 
who will provide for their support? ‘I,’ replied Ja'far, ‘will 
give him a farm and its dependencies, and mil send him the deed 
of gift’ ‘Very well,’ continued Yahya; ‘but how is ho to live 
until he shall receive the revenue of his property ? ’ ‘I owe him a 
thousand pieces of gold,’ said Fadl, ‘ and I will send them to his 
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among tlio courtiers that every one found a thousand' 
reasons for excusing his conduct. Ililruu confirmed him 
in his post and returned to Baghdad, through "which, how- 
ever, he only passed, and went on to Bahlja on the 
Euphrates, a city which became his habitual residence. 
Ho did not long enjoy the repose which ho went there to 
seek, for Nicej^horus again broke the treaty of peace, and 
the Caliph was obliged to take the field anew. Once 
more Nicephorus was beaten, and so completely that ho 
was obliged to sxibmit to the A'ery harsh conditions which 
the victor imposed on him. 

Two years later, new disturbances broke out in ICliord- 
sAn, where a certain IliVfi' b. Laith had revolted. Hilrfin 
set out again for that province, accompanied by his son 
ila’imin. It was to bo his last journey. Ho was attacked 
by a tumour in the abdomen, and struggled in vain against 
this malady, which carried him off a year after his depart- 
ure, A.H. 193 (a.d. 808-809), just on his arrival at the city 
of Tbs, the birthjfiaco of the great ejnc poet of Persia, 
Firdausi. HAriin was only forty-seven years of ago. 

6. On the death of HArdn, his minister Fadl b. Eabf' 
hastened to call together all tlio troops of the late Caliifii, 
and to lead them back to Baghdad, in order to place them 
in the hands of the new sovereign, Amin. He even led 
back the corps which was intended to occupy Klior-AsAn, 
and which ought to have fallen to the share of Ma’miin, 
according to the testament of Hdriin. Fadl b. Eabi* thus 
committed a serious violation of the rights otf ^la’mun ; but 
ho cared little for this, being chiefly desirous of winning 
the confidence of the new Caliph. Ho was quite aware, 
however, that in thus acting ho was making Ma’mun his 
irreconcilable enemy; and ho therefore purposed to use 
every endeavour to arouse against him the enmity of his 
brother Amin. Ho advised him to exclude Jla’mxin from 
the succession, and the Caliph was weak enough to listen 
to him. Kccciving the order to resign his government of 
KhordsAn and to repair to Baghddd, Ma’nuin was greatly 
perplexed ; but his tutor and vizier, Fadl b. Sahl, reani- 
mated his courage, and pointed out to him that, if ho 
obeyed the orders of the Caliph, certain death awaited him 
at Baghddd. hla’miin resolved to hold out against Amin, 
and found pretexts for eluding the orders of his brother 
and remaining in Khordsdn. Amin, in his anger, caused 
the testament of his father, which, as wo have seen, was 
preserved in the Ka'ba, to bo destroyed, declared, on his 
own authority, the rights of Ma’miin to the Caliphate to 
be forfeited, and caused the army to swear allegiance to 
his OTOi son Mdsd, a child five years of ago, on whom he 
bestowed the title of Ndtily bil-Hakk, “Ho who speaks 
according to truth” (a.h. 191, a.d. 809-810). On hearing 
the news, Ma’miin, strong in the rightfulness of his claim, 
retaliated by suppressing the Caliph’s name in all public 
acts. Amin immediately despatched to Khordsdn au army 
of fifty thousand men, under the command of ‘Ali b. Tsd. 
Jla’miin, on his side, raised troops among his faithful 
people of Khordsdn, and entrusted their command to Tdhir 
b. Hosain, who displayed remarkable abilities in the war 
that ensued. In the following year, tho ' two armies met 
under tho walls of Eay, and victory declared for Tdhir. 
hia’mi'in now no longer hesitated to take the title of Caliph. 
The year after, Amin placed in the field two new annies, 
commanded respectively by Alimed b. Sfazyad and 'Abd- 
alldh b. Homaid b. Kahtaba. Tho skilful Tdhir b. Hosain 
succeeded in creating divisions among the troops of his 
adversaries, and obtained possession, ivithout striking a 
blow, of tho city of Holwdn, an advantage which placed ' 
him at tho very gates of Baghddd. Ma’miin immediately 
sent Tdhir reinforcements under tho orders of Harthama 
b. A'yan, which enabled him to maintain a finn hold on 
all tho conquered territory, and to continue his victorious 
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march to tho capital. Eeverses naturally lead to fresh 
reverses. One after tho other the provinces fell away 
from Amin, and he soon found himself in possession of 
Baghddd alone, wdiich was speedily invested by the troops 
of Tdhir and Harthama. That unfortunate capital, though 
blockaded on every side, made a desperate defence for two 
yenre. Ultimately the eastern part of tho city fell into 
tho hands of Tdliir, and Amin, deserted by his followers, 
was compelled to surrender. He resolved to treat with 
Harthama, as he hated Tdhir ; but this step caused his 
ruin. Tdhir learned by his spies that Harthama was to 
receive tho Caliph in person, and gave orders to a body of 
horsemen to arrest Amin as ho issued from Baghddd under 
cover of tho night. On the banks of the Tigris, Harthama 
awaited Amin with a boat, but scarcely had the Caliph set 
foot in it, when the agents of Tdhir poured on it a storm 
of arrows and stones. Tho boat sank, and tho Caliph had 
to make his escape by swimming. But he w'as closely 
followed up, and had scarcely left the river rvhen he fell 
into the hands of his enemies, who shut him up in a hut 
and went to inform Tdhir of the capture. The victorious 
general immediately ordered him to bo put to death, and 
tho order was carried out. The head of the unfortimate 
Amin was cut off and sent to Ma’miln, a.h. 198. It w’as 
presented to him by his vizier, Fadl b. Sahl, surnamed 
Dlui ’l-Eiydsatain, or “ tho man with two governments,” 
because his master had committed to him both tho ministry 
of w'ar and tho general administration. Ma’mdn, on see- 
ing tho head, hid his joy beneath a feigned display of 
soriwv. 

7. On the day followung that on which Amin hadsia’mun. 
perished so miserably, Tdhir caused Ma’miin to be pro- 
claimed at Baghddd. Tho accession of this prince appeared 
likely to put an end to tho evils of civil war, and to 
restore to the empire tho order necessary for its prosperity. 

It W’as not so, however. Tho reign of Ma’miin — that 
reign on which art, science, and letters, under the patron- 
age of the Caliph, threw so brilliant a lustre — ^liad a very 
stormy beginning. Ma’miin was in no haste to remove 
to Baghddd, but continued to make Merv his temporary 
residence. In his gratitude to tho two men to whom ho 
ow'ed his throne, he conferred on Tdhir tho government 
of Mesopotamia and Syria, and chose as prime minister of 
tho empire Fadl b. Sahl, who had been already his vizier 
in tho government of Khordsdn. The adherents of 'All 
seized on tho elevation of Ma’miin to power as a pretext 
for fresh revolts at Mecca, at Medina, and in Trdk. At 
Cufa a certain Ibn Tubdtabd also broke out into open 
rebellion, and placed an army in the field under one of 
his partisans, Abii 'l-Sardyd. Hasan b. Sahl, brother of 
Ma’miin’s prime minister, who had been made governor 
of all tho provinces conquered by Tdhir, immediately sent 
troops against Cufa. They were defeated, and Abii ’1- 
Sardyd, encouraged bj’ this first success, and no longer 
finding a secondary jiart sufficient for his ambition, 
poisoned his chief Ibn Tabdtabd, and put in his place 
another of the family of ‘All, iSIohammcd b. Mohammed, 
w'hom, on account of his extreme youth, he hoped to 
govern at his will. Frc.sh troops sent against Abd ’1- 
Sardyd fared no better than the first, and several cities of 
‘Irdk, as Basra, Wdsit, and Maddin, fell into the hands of 
tho rebels. ’ Abd ’1-Sardyd was already marching against 
Baghddd, w’hcn Hasan b. Sahl, in great alarm, hastily 
recalled Harthama b. A'j’an, one of tho heroes of the civil 
war, who was already on his way back to Merv. As soon 
as this general had returned from Khordsdn, tho face of 
affairs changed. The adherents of 'All were overj’whero 
'driven back, and the whole of 'Irdk fell again into tho 
hands of the 'Abbdsids. Cufa was taken by assault, and 
both Abd ’1-Sardyd and Mohammed b. lilohammed were 
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among tlio courtiers that every one found a thousand' 
reasons for excusing his conduct. Ililrun confirmed him 
in his post and returned to Baghdad, through "which, how- 
ever, he only passed, and went on to Bahlja on the 
Euphrates, a city which became his habitual residence. 
Ho did not^ long enjoy the repose which ho went there to 
seek, for Nicej^horus again broke the treaty of peace, and 
the Caliph was obliged to take the field anew. Once 
more Nicephorus was beaten, and so completely that ho 
was obliged to sxibmit to the A'ery harsh conditions which 
the victor imposed on him. 

Two years later, new disturbances broke out in ICliord- 
sAn, where a certain IliVfi' b. Laith had revolted. HMin 
set out again for that province, accompanied by his son 
ila’imin. It was to bo his last journey. Ho was attacked 
by a tumour in the abdomen, and struggled in vain against 
this malady, which carried him off a year after his depart- 
ure, A.H. 193 (a.d. 808-809), just on his arrival at the city 
of TfiSj the birthjjlaco of the great cjuc poet of Persia, 
Firdausi. HAriin was only forty-seven years of ago. 

Ann'n. 6. On the death of HArdn, his minister Fadl b. Rabi' 
hastened to call together all tlio troops of the late Caliifii, 
and to lead them back to Baghdad, in order to place them 
in the hands of the new sovereign, Amin. Ho even led 
back the corps which was intended to occupy KliorAsAn, 
and which ought to have fallen to the share of Ma’miin, 
according to the testament of Hilriin. Fadl b. Rabi' thus 
committed a serious violation of the rights of ^la’mun ] but 
ho cared little for this, being chiefly desirous of Banning 
the confidence of the new Caliph. Ho B-as quite aB’aro, 
hoB’ovcr, that in thus acting ho B-as making Ma’mun his 
irreconcilable enemy; and ho therefore purposed to use 
every endeavour to arouse against him the enmity of his 
brother Amin. He advised him to exclude Jla’mdn from 
the succession, and the Caliph B-as B’oak enough to listen 
to him. Receiving the order to resign his government of 
IGiorAsAn and to repair to BaghdAd, jMa’mfin was greatly 
perplexed ; but his tutor and vizier, Fadl b. Sahl, reani- 
mated his courage, and pointed out to him that, if ho 
obeyed the orders of the Caliph, certain death awaited him 
at BaghdAd. Jila’miin resolved to hold out against Amin, 
and found pretexts for eluding the orders of his brother 
and remaining in IChorAsAn. Amin, in his anger, caused 
the testament of his father, B’hich, as b’o have seen, B’as 
preserved in the Ka'ba, to bo destroyed, declared, on his 
oB’n authority, the rights of Ma’miin to the Caliphate to 
be forfeited, and caused the army to sB-ear allegiance to 
his OBTi son MfisA, a child five years of ago, on B-hom he 
bestOB’ed the title of NAtily bil-Hakk, “Ho who speaks 
according to truth” (a.h. 191, a.d. 809-810). On hearing 
the noB's, Ma’miin, strong in the rightfulness of his claim, 
retaliated by suppressing the Caliph’s name in all public 
acts. Amin immediately despatched to KhorAsAn an army 
of fifty thousand men, under the command of ‘All b. ‘IsA. 
Jla’miin, on his side, raised troops among his faithful 
people of KhorAsAn, and entrusted their command to TAliir 
b. Hosain, who displayed remarkable abilities in the B'ar 
that ensued. In the folloB’ing year, the ' tB'O armies met 
under the walls of Ray, and victory declared for TAhir. 
Jti’a’miin now no longer hesitated to take the title of Caliph. 
The year after, Amin placed in the field tBo noB' annies, 
commanded respectively by Alimed b. Mazyad and 'Abd- 
allAh b. Homaid b. Kabtaba. The skilful TAhir b. Hosain 
succeeded in creating divisions among the troops of his 
adversaries, and obtained possession, -without striking a 
blow, of the city of HohvAn, an advantage which placed' 
him at the very gates of BaghdAd. Ma’miin immediately 
sent Tiddr reinforcements under the orders of Harthama 
b. A'yan, which enabled him to maintain a firm hold on 
all the conquered territory, and to continue his victorious 
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march to the capital. Reverses naturally lead to fresh 
reverses. One after the other the provinces fell away 
from Amin, and he soon found himself in possession of 
BaghdAd alone, w-liich was speedily invested by the troops 
of TAhir and Harthama. That unfortunate capital, though 
blockaded on every side, made a desperate defence for two 
3 'ears. Ultimately the eastern part of the city fell into 
the hands of TAliir, and Amin, deserted by his followers, 
was compelled to surrender. He resolved to treat with 
Harthama, as he hated TAhir ; but this step caused his 
ruin. TAhir learned by his spies that Harthama was to 
receive the Caliph in person, and gave orders to a body of 
horsemen to arrest Amin as ho issued from BaghdAd under 
cover of the night. On the banks of the Tigris, Harthama 
awaited Amin B’ith a boat, but scarcely had the Caliph set 
foot in it, B’hen the agents of TAhir poured on it a storm 
of arrow's and stones. The boat sank, and the Caliph had 
to make his escape by swimming. But he bus closely 
followed up, and had scarcely left the river -svhon he fell 
into the hands of his enemies, who shut him up in a hut 
and went to inform TAhir of the capture. The victorious 
general immediately ordered him to be put to death, and 
the order bus carried out. The head of the unfortimate 
Amin was cut off and sent to Ma’miln, a.h. 198. It bus 
presented to him by his vizier, Fadl b. Sahl, surnamed 
Dlui ’l-RiyAsatain, or “ the man B’ith two governments,” 
because his master had committed to him both the ministry 
of war and the general administration. Ma’mfin, on see- 
ing the head, hid his joy beneath a feigned display of 
sorrow. 

7. On the day followung that on which Amin hadsia’mun. 
perished so miserably, TAhir caused Ma’miin to be pro- 
claimed at BaghdAd. The accession of this prince appeared 
likely to put an end to the evils of civil war, and to 
restore to the empire the order necessary for its prosperity. 

It was not so, hoB’ever. The reign of Ma’miin — that 
reign on B’hich art, science, and letters, under the patron- 
age of the Caliph, threw so brilliant a lustre — ^liad a very 
stormy beginning. Ma’miin B’as in no haste to remove 
to BaghdAd, but continued to make Merv his temporary 
residence. In his gratitude to the two men to B’hom ho 
OB’ed his throne, he conferred on TAhir the government 
of Mesopotamia and Sj’ria, and chose as prime minister of 
the empire Fadl b. Sahl, w’ho had been already his vizier 
in the government of KhorAsAn. The adherents of 'All 
seized on the elevation of Ma’miin to poB’er as a pretext 
for fresh revolts at Mecca, at Medina, and in TrAk. At 
Cufa a certain Ibn TtibAtabA also broke out into open 
rebellion, and placed an army in the field under one of 
his partisans, Abii 'l-SarAj’A. Hasan b. Sahl, brother of 
Ma’mxin’s prime minister, B’ho had been made governor 
of all the provinces conquered bj' TAhir, immediately sent 
troops against Cufa. They B’cro defeated, and Abii ’1- 
Sai’Aj'A, encouraged bj' this first success, and no longer 
finding a secondary jiart snfiicient for his ambition, 
poisoned his chief Ibn TahAtabA, and put in his place 
another of the family of ‘All, IMohammod b. Mohammed, 

B'hom, on account of his extreme j’outh, he hoped to 
govern at his B’ill. Frc.sh troops sent against Abii ’1- 
SarAj’A fared no better than the first, and several cities of 
‘IrAk, as Basra, IVAsit, and MadAin, fell into the hands of 
the rebels. ’ AbA ’1-SarAyA was already marching against 
BaghdAd, w’hcn Hasan b. Sahl, in great alarm, hastily 
recalled Harthama b. A'j’an, one of the heroes of the civil 
Bur, who B’ns already on his w’aj' back to Men*. As soon 
! as this general had returned from KhorAsAn, the face of 
affairs changed. The adherents of ‘All were overj’whero 
'driven back, and the whole of ‘IrAk fell again into the 
hands of the ‘AbbAsids. Cufa was taken by assault, and 
both AbA ’1-SarAyA and Mohammed b. lilohammed were 
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God), he established himself with his guard at Sdmarra, a 
small place situated a few leagues above Baghddd, and 
changed its name to Sorra-man-ra’a (He rejoices who 
sees it). This resolution of ^lo'tasim was destined to 
prove fatal to his djmasty ; for it placed the Caliphs at the 
mercy of their Prmtorians. In fact, from the time of 
Jlo'ta.sim, the Caliphate became the plaything of the 
Turldsh guard, and its decline was continuous. Some 
glorious feats of arms, however, were stilt performed 
under iloTasim. The sectarj' Bdbak was at last taken by 
ilfshfn, a^Turkish general of the Caliph, in the year 223 
(.V.D. 837-S3S). Bdbak was carried to Baghddd, led 
through the city on the back of an elephant, and then 
delivered to the executioners, who cut off his arms and 
his legs, ilislu'n, however, was very ill rewarded for his 
services, for shortly afterwards the Caliph had him put to 
death on. a charge of heresy. 

The death of Ma’mi’m had for the moment suspended 
hostilities with Constantinople ; under Jlo'tasim the war 
was rekindled. A valiant Greek general, Jlanuel, who 
had incurred the displeasure of the Emperor Theophilus, 
took refuge -with the Caliph, who eagerly welcomed him 
and gave him a command. !Manuel began by reducing 
ICliordsdn, which had risen in revolt, and Ho'tasim was so 
well satisfied with him that he thought of emplojung him 
against his own countrymen. This was precisely what 
Theophilus dreaded, and he took measures accordingly to 
bring back the banished general to his side. He sent an 
ambassador to Ho'tasim, under pretence of ransoming 
some Greek prisoners ; but the real object of his mission, 
which he contrived to communicate to JIanuel, was the 
recall of that general. Jlanucl, feigning great animosity 
against his countrj', himself asked to be allowed to lead a 
Moslem army into Cappadocia. The Caliph granted his 
request, and sent ■with him his owm son Wiithilc billAh. 
But, as soon as they reached the frontiers of Cappadocia, 
hlamiel confessed to the young prince that his intention 
was to return to Constantino] ile, and quitted the army. 
Theophilus, taking advantage of the confusion into which 
the departm'o of Manuel had thrown the Moslems, made 
an incursion into Syria, laid waste that province as far as 
Zabatra, and returned loaded with booty. At the news of 
this disaster, ^lo'tasim assembled a formidable army, 
estimated at more than two hundred thousand men, 
penetrated into Asia IMinor, beat the Greeks, and took 
the city of Amorium, which he ordered to be razed to the 
ground. A revolt which broke out at Baghdad in favour 
of his neijhew 'Abbas, the son of Ma’mun, compelled the 
Calijfii to turn back. Mo'tasim had the unfortimate 
'AbbAs arrested, and he was soon after found dead in his 
2 >rison. Mo'ta.sim survived him only four years. He died 
at Sorra-man-ra’a, in .i.n. 227 (a.d. 841-842). 

9. His son Wathik, who succeeded him, showed himself 
no less intolerant on the doctrinal question of the un- 
created Koran. He carried his zeal to such a point that, 
on the occasion of an exchange of Greek against ^Moslem 
prisoners, in the year 231 (a.d. 845-846), he ordered .that 
all the Moslem captives who would not declare their 
belief that the Koran was a human work, should be left 
in the hands of the enemy. The reign of WAthik billAh 
was not otherwise marked by any very striking events. 
He died in 232 (a.d. 846-847), after a reign pf five years. 
As he had appointed no successor before his death, the 
principal personages of the state at first cast their eyes on 
his son Mohammed ; but they had scarcely saluted him 
TOth the title of Caliph, when they changed their purpose, 
and offered the suiweme power to Motawakkil 'ala ’llAh 
(He %vho tnists to God), brother of IVAthik. This prinpe 
was therefore elected in the same year in which WAthik 
died. 
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1 0. The first act of Motawakkil was an atrocious Motn- 
cruelty He seized Mohammed b. 'Abd al-Melik, hisvakkil. 
brothers -vizier, who had always been his enemy, and 
ordered him to be placed in a furnace bristling -vrithin 
with iron points, which was then raised to a red heat. 

The Caliifii looked on at the agonies of his victim, 
incessantly repeating: “Pity is a weakness.” This had 
been the favourite maxim of the unfortunate vizier. An 
impostor named Mohammed b. Faraj had set himself up 
as a iwophet, giving out that he was hloses risen from the 
dead. By means of this gross fabrication, he had con- 
trived to attract twenty-seven followers. The Caliph had 
him seized, and condemned him to perpetual iminison- 
nient; but first he compelled each of the followers of 
:Mohammed to give the pretended prophet ten blows on 
the head with his fist ; and the poor wretch expired under 
the hands of his o-\mi discijffes. (a.h. 235, a.d. 849-850.) 

In the year of his elevation to the Caliphate, Mota- 
wakkil had regulated the^ succession to the empire in his 
own familj', by designating as future Caliphs his three 
sons, ^Montasir billAh (He who seeks help in God), ilo'tazz 
billAh (Strong through God), and Mowayyad billAh 
(Assisted by God). In acting thus, his object was to 
protest against the tendency of his jn-edecessors to favour 
the house of ‘Ali, and to guard against the attainment of 
the Caliifiiate by any member of that house. Motawakkil 
displayed the most extreme hatred for the descendants of 
the Prophet. He even went so far as to destroy the 
chapel erected over the tomb of Hosain at KerbelA, and 
forbade the Shfites to visit the spot. Not content with 
attacldng the liberty and the property of the descendants of 
'Ali, he insulted their belief, by taking buffoons into his 
pay, whoso business it was to turn the person of 'AH into 
mockery. He also persecuted the Christians and the 
Jews ; excluding them from all public employments, and 
obliging them to send their children to Moslem schools. 

In the year 237, a revolt broke out in Armenia. The 
Caliph sent the Turk Bugha against the rebels ; but they 
met him with a vigorous resistance, and it was four years 
before peace was restored to the province. During that 
time the Greeks effected a descent on Egypt, and Damietta 
was taken and burned. Motawakkil caused Damietta to 
be fortified, and transferred his oum residence to Damascus, 
doubtless that he might be able -to keep a closer watch on 
the proceedings of the Byzantines. He soon thought 
himself strong enough to take the offensive, and poured 
his Turldsh soldiery into Asia Minor, where they 
encountered the same Manuel who had been formerly 
received at the court of ilo'tasim. After an alternation 
of successes and reverses, both Moslems and Greeks 
retired from the conflict, Motawakkil then returned to 
his residence at Sorra-man-ra’a, and there caused a magni- 
ficent quarter to be built, which ho called Ja'fariyya.^ 

There he gave himself up to debaucheries; till at last, 
during one of his orgies, he was murdered by a Turkish 
soldier named Wasif, who had been bribed to the deed 
by his own son Montasir billAh (a.h. 247, a.d. 861-862). 

11. On the very night of his father’s assassination Jlon- 
Jlontasir had himself proclaimed Caliph. _ The con.spirators tasu-. 
among" the Turkish soldiery compelled him to deprive his 
two brothers, Mo'tazz and Mowayjrad, vlio were not agree- 
able to them, of their rights of succession. Montasir did 
not long enjoy the fruits of his crime. He died five 
months after, by poison, it is said. 

12. The 'I^rkish soldiery, which now arrogated to itself Nosta'’" 
the mastery over the Caliphate, chose in succession to 
ilontasir his cousin Alimed, who took the title of Jlosta'm 

^ That is, “ City of Ja'far.” Ja'far was Jfotawakkil’s own iiroper 
name. 
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God), he estahlislied liimself with liis guard at Sdmarra, a 
small place situated a few leagues above Baghddd, and 
changed its name to Sorra-inan-ra’a (He rejoices who 
sees it). This resolution of ]\[o'tasim was destined to 
jwove fatal to his djmasty ; for it placed the Caliphs at the 
mercy of their Prajtorians. In fact, from the time of 
Jlo'ta.sim, the Caliphate became the plaything of the 
Turldsh guard, and its decline was continuous. Some 
glorious feats of arms, however, were still performed 
under iloTasim. The sectarj-^ Bdbak was at last taken by 
iifshfn, a Turkish general of the Caliph, in the year 223 
(a.d. 837-S3S). Bdbak was carried to Baghddd, led 
through the city on the back of an elephant, and then 
delivered to the executioners, who cut off his arms and 
his legs, ilishin, however, was very ill rewarded for his 
services, for shortly afterwards the Caliph had him put to 
death on. a charge of heresy. 

The death of Jla’mi'm had for the moment suspended 
hostilities with Constantinople ; under ilo'tasim the war 
was rekindled. A valiant Greek general, Jlanuel, who 
had incurred the displeasure of the Emperor Tlieophilus, 
took refuge -with the Caliph, who eagerly welcomed him 
and gave him a command, flannel began by reducing 
ICliordsdn, which had risen in revolt, and ^lo'tasim was so 
well satisfied with him that he thought of emplojung him 
against his own countiymen. This was precisely what 
Theophilus dreaded, and he took measures accordingly to 
bring back the banished geneial to his side. He sent an 
ambassador to ^lo'tasim, under pretence of ransoming 
some Greek prisoners ; but the real object of his mission, 
which he contrived to communicate to JIanuel, was the 
recall of that general. Jlanucl, feigning great animosity 
against his countrj', himself asked to bo allowed to lead a 
Moslem army into Cappadocia. The Caliph granted his 
request, and sent ■with him his owm son Wdthilc billAh. 
But, as soon as they reached the frontiers of Cappadocia, 
!Manuel confessed to the j’oung prince that his intention 
was to return to Constantino] de, and quitted the army. 
Theophilus, taking advantage of the confusion into which 
the departm'o of ilanuel had thrown the Moslems, made 
an incursion into Syria, laid waste that province as far as 
Zabatra, and returned loaded with booty. At the news of 
this disaster, ^lo'tasim assembled a formidable army, 
estimated at more than two hundred thousand men, 
penetrated into Asia IMinor, beat the Greeks, and took 
the city of Amorium, which he ordered to be razed to the 
ground. A revolt which broke out at Baghdad in favour 
of his neijhew 'Abbas, the son of Ma’mvin, compelled the 
Caliph to turn back. Mo'ta.sim had the unfortimate 
'AbbAs arrested, and he was soon after found dead in his 
2 >rison. Mo'ta.sim survived him only four years. He died 
at Sorra-man-ra’a, in .i.n. 227 (a.d. 841-842). 

9. His son Wathik, who succeeded him, showed himself 
no less intolerant on the doctrinal question of the un- 
created Koran. He carried his zeal to such a point that, 
on the occasion of an exchange of Greek against hloslem 
prisoners, in the year 231 (a.d. 845-846), he ordered .that 
all the Moslem captives who would not declare their 
belief that the Koran was a human work, .should be left 
in the hands of the enemy. The reign of W.Athik billah 
was not otherwise marked by any very striking events. 
He died in 232 (a.d. 846-847), after a reign of five years. 
As he had appointed no successor before his death, the 
principal personages of the state at first cast their eyes on 
his son Mohammed ; but they had scarcely saluted him 
udth the title of Caliph, when they changed their purpose, 
and offered the suiweme power to Motawakkil ‘ala Tldh 
(He rvho tnists to God), brother of IV.Athik. This prinqe 
was therefore elected in the same year in which Wdthik 
died. 
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1 0. The first act of Motawakkil was an atrocious Motn- 
cruelty He seized Mohammed b. 'Abd al-Melik, hisvakkil. 
brothers -vizier, who had always been his enemy, and 
ordered him to be placed in a furnace bristling -vrithin 
with iron points, which was then raised to a red heat. 

The Caliph looked on at the agonies of his victim, 
incessantly repeating: “Pity is a weakness.” This had 
been the favourite maxim of the unfortunate vizier. An 
impostor named Mohammed b. Faraj had set himself up 
as a prophet, giving out that he was hloses risen from the 
dead. By means of this gross fabrication, he had con- 
trived to attract twenty-seven followers. The Caliph had 
him seized, and condemned him to perpetual imprison- 
ment ; but first he compelled each of the followers of 
Iklohammed to give the pretended prophet ten blows on 
the head with his fist ; and the poor wretch expired under 
the hands of his o-\mi disciples, (a.h. 235, a.d. 849-850.) 

In the year of his elevation to the CalqDhate, Mota- 
wakkil had regulated the^ succession to the empire in his 
own family, by designating as future Caliphs his three 
sons, ^Montasir billAli (He who seeks help in God), ilo'tazz 
billAh (Strong through God), and ilowayyad billAh 
(Assisted by God). In acting thus, his object was to 
protest against the tendency of his predecessors to favour 
the house of ‘Ali, and to guard against the attainment of 
the Caliphate by any member of that house. Motawakkil 
displayed the most extreme hatred for the descendants of 
the Prophet. He even went so far as to destroy the 
chapel erected over the tomb of Hosain at KerbelA, and 
forbade the Shfites to visit the spot. Not content with 
attacldng the liberty and the property of the descendants of 
'Ali, he insulted their belief, by taking buffoons into his 
pay, whoso business it was to turn the person of 'AH into 
mockery. He also persecuted the Christians and the 
Jews ; excluding them from all public employments, and 
obliging them to send their children to Moslem schools. 

In the year 237, a revolt broke out in Armenia. The 
Caliph sent the Turk Bugha against the rebels ; but they 
met him with a vigorous resistance, and it was four years 
before peace was restored to the province. During that 
time the Greeks effected a descent on Egypt, and Damietta 
was taken and burned. Motawakkil caused Damietta to 
be fortified, and transferred his oum residence to Damascus, 
doubtless that he might be able -to keep a closer watch on 
the proceedings of the Byzantines. He soon thought 
himself strong enough to take the offensive, and jioured 
his Turldsh soldiery into Asia ilinor, where they 
encountered the same Manuel who had been formerly 
received at the court of ilo'tasim. After an alternation 
of successes and reverses, both Moslems and Greeks 
retired from the conflict. Motawakkil then retmaied to 
his residence at Sorra-man-ra’a, and there caused a magni- 
ficent quarter to be built, which ho called Ja'fariyya.^ 

There he gave himself up to debaucheries; till at last, 
during one of his orgies, he was murdered by a Turkish 
soldier named Wasif, who had been bribed to the deed 
by his own son Montasir billAh (a.u. 247, a.d. 861-862). 

11. On the very night of his father’s assassination Jlon- 
Jlontasir had himself proclaimed Caliph . _ The conspirators 
among" the Turkish soldiery compelled him to deprive his 
two brothers, Mo'tazz and Mowayjmd, rvho were not agree- 
able to them, of their rights of succession. Montasir did 
not long enjoy the fruits of his crime. He died five 
months after, by poison, it is said. 

12. The Tfirkish soldiery, which now arrogated to itself Mosta'’" 
the mastery over the Caliphate, chose in succession to 
Montasir his cousin Alimed, who took the title of Mostam 

1 That is, “ City of Ja'far.” Ja'far was Jfotawakkil’s own iiroper 
name. 
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party of Moljtadir prevailed, ard liis rival was put to 
death. Mohtadir, however, was too young to exercise 
. any real power ; he was governed by his eunuchs. He was, 
besides, a man of feeble character, and looked on lielp- 
lessly at the deatli-struggle of the empire, upon which 
calamities of every kind now poured in. ^The Greeks 
invaded Mesopotamia. A truce was concluded tvith them; 
but the Carmathians then recommenced their disorders in 
Syria. The indolence of the Caliph, and his inaction in 
the face of this danger, alienated all hearts from him; and 
the eunuch Miinis, the principal chief of his party, took 
the lead in deposing him and proclaiming in his stead his 
brother Kdhir billdh (Victorious through God), in the 
year 317 (a.d. 929-930). Kihir, however, having refused 
to distribute a donative to the army on the occasion of his 
accession, a counter-revolution took place, and Moktadir, 
who had been imprisoned, was taken from his dungeon 
and replaced on the throne, only three days after his de- 
position. Favoured by these disturbances, the governor of 
Mosul, FTdsir al-Daula, declared himself independent, and 
founded definitively the dynasty of the Hamddnites ; thus 
causing an additional dismemberment of the empire. The 
Carmathians in their turn, under the guidance of a newchief, 
Abu T^hir, obtained possession of Mecca, and carried off 
the celebrated black stone of the Ka'ba, which they did not 
restore till very long afterwards. Meanwhile the eunuch 
hlilnis had been disgraced. He -withdrew at first to Mosul, 
to the court of Ndsir al-Daula; but it was to raise an 
army and march upon Baghddd, where the Caliph had 
again fixed his abode. The object of Jlilnis was not to 
attack the Caliph, but only to take vengeance on his 
personal enemies. Moktadir was induced by evil coim- 
sellors to make a sally against Minis. His troops were 
put to the rout, and lie himself fell on the field of battle, 
in the year 320 (a.d. 932). 

With the reign of Moktadir is connected one of the 
greatest events in the history of the Caliphate, the founda- 
tion of the Fdtimite djmasty, which reigned, first in the 
Maghrib and then in Egypt, for nearly three centuries. 
The first of this family who put forward any pretensions 
to the Caliphate was 'Obaid Alldli, sumamed the Mahdi, or 
Messiah of the follow'ers of ‘All, who gave himself out as 
a direct descendant of ‘All, through his wife Fdtima, the 
daughter of Mohammed, whence the name of Fdtimite. It 
seems to be proved that 'Obaid Alldh was really descended 
from a certain ‘Abdalldh b. iMaimfin el-Kadddh, the 
founder of the Ismailian sect, of which the ^Carmathians 
were only a branch. This 'Obaid Alldh had himself 
become pontiff of the Ismailians. As early as the Caliphate 
of Moktafi, one of ‘Obaid Alldh’s missionaries, named 
Abfi ‘Abdalldh, had succeeded in gaining numerous parti- 
sans in the pro-vunce of Africa, then subject to the 
Aghlabitas, and the victories of this missionary had 
wrested Eastern Africa from the family of Aghlab when 
Moktadir ascended the throne. ‘Obaid Alldh then 
repaired to his new realm (a.h. 303), and founded the 
city of Mahdiya, which he made his capital. He tried 
also, but wthout success, to seize Egypt ; the conquest of 
that country was reserved for one of his successors, Mo'izz 
li-din-illdh. ‘Obaid Alldh died two years after Moktadir, 
leaving to his son Kdim an empire already sufficiently 
powerful to cause uneasiness to the ‘Abbdsids, to the 
Omajyads of Spain, and to all the Christian princes 
whose states bordered on the Mediterranean. 

19. Kdhir billdh, on being raised anew to the throne 
after the death of Ids brother Moktadir, still bore ill-wll 
to his patrons, and tried to free himself from their 
guardian.ship. The emirs of his court dethroned him a 
second time and put out his eyes. One of his nephews 
was then proclaimed Caliph under the name of Rddf 
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bilhih (Content through God). This prince, who was 
entirely governed by those about his person, created, 
in favour of a certain Abiibekr hlohammed b. Edik, the 
office of Amfr al-Omard, or Emir of the Emirs, -(vhich 
nearly corresponds to that of jffayor of the Palace among 
the Franks.^ The Amfr al-Omard was charged with the 
administration of civil and military affairs. He also acted 
as the Caliidi’s deputy in sacerdotal functions, and was 
named next after liim in the public prayers. Thenceforth 
the Caliphate was no longer anything but an empty 
shadow. During the reigns of Kdhir and Eddf, the Car- 
mathians became more audacious than ever. ’ The Amfr 
al-Omard was obliged to purchase from them the freedom of 
pilgrimage to Mecca at the price of a disgraceful treaty. 

Thus the Caliphate found itself almost reduced to the pro- 
vince of Baghddd. IGiordsdn, Transoxiana, Kirmdn, and 
Persia were in the hands of independent sovereigns, the Sd- 
mdnid.s, the Biiyids, and a prince named Washimgfr. The 
Hamddnites possessed Mesopotamia; the Sdjites, Armenia; 

Egypt was under the nile of the Ikhshfdites ; Arabia was 
held by the Carmathians ; Africa, as we have seen, had 
become the prey of the Fdtimites. The single transient 
success obtained by Eddi was the capture of Mosul in a.h. 

328 (a.d. 939-40) ; and even this success he owed to the 
Turk Bejkem, who had succeeded Mohammed b. Edik as 
Amfr al-Omard. 

Eddf died in the follo-^ting year, and was succeeded by MottaW. 
Slottald lilldh (He who fears God). From his very 
accession, this prince saw himself exposed to the attacks 
of a certain Al-Barfdf, who had carved out for himself a 
principality in Chaldtea, and who now laid siege to Baghddd. 

Hdsir al-Daula, prince of Mosul, who had been reinstated in 
his government, offered an asjdum to Mottakf; put his 
troops at his disposal, and succeeded in repelling Al- 
Barfdf. In return he obtained tlie office of Amfr al-Omard. 

But there were other competitors for that post. Tunin, 
a former lieutenant of Bejkem, protested sword in Land 
against the clioice of the Caliph, and threatened Bagh- 
ddd. Ikhshfd, sovereign of Egj’pt, offered Mottakf a 
refuge in his states ; but Turun, fearing to see the Caliph 
obtain .such powerful support, found means to entice 
him to his tent, and had his eyes put out, a.h. 333 
(a.d. 944-945). 

As successor to Mottakf, Turun chose Sfostakff billdh (He Mostakff. 
who places his whole trust in God). This prince, like his 
predecessors, was a mere puppet in the hands of his min- 
isters. A new Amfr al-Omard, Zfrak b. Shfrzdd, made 
liimself so hateful to the people of Baghddd by his deeds 
of violence and rapacity that they besought the help of 
the Buyid.s. Alimed, the third prince of that djmasty, 
entered Baghddd, overthrew Zfrak, and took his jilace 
under the title of Mo'izz al-Daula. Mostakff soon had 
enough of this new master, and ventured to conspire 
against him. The plot was discovered, and Mo'izz al-Daula 
had the eyes of the Caliph put out. There were now at 
Baghddd three Caliphs who had been dethroned and 
blinded — Kdhir, Mottald, and Mostakff. Mo'izz al-Daula 
thought for a moment of restoring the illusorj' title of 
Caliph to the descendants of ‘Ah'. He feared, however, 
lest this should lead to the recoverj- by the Caliifiis of 
their former supremacy, and his choice fell on a son of 
Moktadir under the name of ilotf' lilldh (He who obeys Jloif. 
God). Eeserving to himself all the i)ower3 and revenues 
of the Caliph, he allowed Zilotf' merely a secretarj’ and a 
moderate pension. The prince of ]\Iosul,_who began to 
think his possessions threatened by the neighbourhood of 
Mo'izz, entered on a struggle mth him and tried to -\west 
Baghddd from him ; but he failed, and was obliged to 

> See Defremery, 3Umoire sur les r.mirs al-Omira. KirLs, 1818. 
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party of Moljtadir prevailed, ard liis rival was imt to 
death. Moljtadir, however, was too young to exercise 
. any real power ; he was governed by his eunuchs. He was, 
besides, a man of feeble character, and looked on help- 
lessly at the deatli-struggle of the empire, upon which 
calamities of every kind now poured in. ,The Greeks 
invaded Mesopotamia. A truce was concluded -with them; 
but the Carmathians then recommenced their disorders in 
Syria. The indolence of the Caliph, and his inaction in 
the face of this danger, alienated all hearts from him; and 
the eunuch Miinis, the principal chief of his party, took 
the lead in deposing him and proclaiming in his stead his 
brother Kdhir billdh (Victorious through God), in the 
year 317 (a.d. 929-930). Kfihir, however, having refused 
to distribute a donative to the army on the occasion of his 
accession, a counter-revolution took place, and hloktadir, 
who had been imprisoned, was taken from his dungeon 
and replaced on tlie throne, only three days after his de- 
position. Favoured by these disturbances, the governor of 
Mosul, Mdsir al-Daula, declared himself independent, and 
founded definitively the dynasty of the Hamddnites ; thus 
causing an additional dismemberment of the empire. The 
Carmathians in their turn, under the guidance of a newchief, 
Abu Tdhir, obtained possession of Mecca, and carried off 
the celebrated black stone of the Ka'ba, which they did not 
restore till very long afterwards. Meanwhile the eunuch 
hlilnis had been disgraced. He -withdrew at first to hlosul, 
to the court of Ndsir al-Daula; but it was to raise an 
army and march upon Baghddd, where the Caliph had 
again fixed his abode. The object of ilunis was not to 
attack the Caliph, but only to take vengeance on his 
personal enemies. Molrtadir was induced by evil coun- 
sellors to make a sally against Minis. His troops w'ere 
put to the rout, and he himself fell on the field of battle, 
in the year 320 (a.d, 932). 

"With the reign of Moktadir is connected one of the 
greatest events in the history of the Caliphate, the founda- 
tion of the Fdtimite djmasty, which reigned, first in the 
Maghrib and then in Egypt, for nearly three centuries. 
The first of this family who put forward any pretensions 
to the Caliphate was 'Obaid Alldli, sumamed the Mahdl, or 
Slessiah of the followers of 'All, who gave himself out as 
a direct descendant of ‘All, through his -wife Fdtima, the 
daughter of Mohammed, whence the name of Fdtimite. It 
seems to be proved that 'Obaid Alldh was really descended 
from a certain ‘Abdalldh b. !Maimin el-Kadddh, the 
founder of the Ismailian sect, of which the ^Carmathians 
were only a branch. This 'Obaid Alldh had himself 
become pontiff of the Ismailians. As early as the Caliphate 
of Moktafi, one of ‘Obaid Alldh’s missionaries, named 
Abfi ‘Abdalldh, had succeeded in gaining numerous parti- 
sans in the province of Africa, then subject to the 
Aghlabitas, and the victories of this missionary had 
wrested Eastern Africa from the family of Aghlab when 
Moktadir ascended the throne. ‘Obaid Alldh then 
repaired to his new realm (a.h. 303), and founded the 
city of Mahdiya, which he made his capital. He tried 
also, but -without success, to seize Egypt ; the conquest of 
that country was reserved for one of his successors, Mo'izz 
li-din-illdh. ‘Obaid Alldh died two years after Moktadir, 
leaving to his son Kdim an empire already sufficiently 
pow'erful to cause uneasiness to the ‘Abbd.sids, to the 
Omajyads of Spain, and to all the Christian princes 
wffiose states bordered on the Mediterranean. 

19. Kdhir billdh, on being raised anew to the throne 
after the death of his brother Moktadir, still bore ill--will 
to his patrons, and tried to free himself from their 
guardian.ship. The emirs of his court dethroned him a 
second time and put out his eyes. One of his nephcAvs 
was then proclaimed Caliph under the name of Rddf 
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bilhih (Content through God). This prince, who -ivas 
entirely governed by those about his person, created, 
in favour of a certain Abiibekr hlohammed b. Edik, the 
office of Amir al-Omard, or Emir of the Emirs, -iVhich 
nearly corresponds to that of jffayor of the Palace among 
the Franks.^ The Amir al-Omard was charged with the 
administration of civil and military afiairs. He also acted 
as the Caliidi’s deputy in sacerdotal functions, and was 
named next after him in the public prayers. Thenceforth 
the Caliphate -was no longer anything but an empty 
shadow. During the reigns of Kdhir and Eddi, the Car- 
mathians became more audacious than ever. ’ The Amir 
al-Omard was obliged to purchase from them the freedom of 
pilgrimage to Mecca at the price of a disgraceful treaty. 

Thus the Caliphate found itself almost reduced to the pro- 
vince of Baghddd. lOiordsdn, Transoxiana, Kirmdn, and 
Persia were in the hands of independent sovereigns, the Sd- 
mdnids, the Biiyids, and a prince named Washimgir. The 
Hamddnites possessed Mesopotamia; the Sdjites, Armenia; 

Egypt was under the inile of the Ikhshidites ; Arabia -was 
held by the Carmathians; Africa, as -we have seen, had 
become the prey of the Fdtimites. The single transient 
success obtained by Eddi was the capture of Mosul in a.et. 

328 (a.d. 939-40) ; and even this success he o-sved to the 
Turk Bejkem, who had succeeded Mohammed b. Edik- as 
Amir al-Omard. 

Eddi died in the foUo-^dng year, and -was succeeded by Mottaki. 
Slottald lilldh (He who fears God). From his very 
accession, this prince saw himself exposed to the attacks 
of a certain Al-Baridi, who had carved out for himself a 
principality in Chaldtea, and who now laid siege to Baghddd. 

Kdsir al-Daula, prince of Mosul, who had been reinstated in 
his government, offered an asylum to Mottakd; put his 
troops at his disposal, and succeeded in repelling Al- 
Baridi. In return he obtained tlie office of Amir al-Omard. 

But there were other competitors for tliat po.st. Turun, 
a former lieutenant of Bejkem, protested sword in hand 
against the clioice of the Calijfii, and threatened Bagh- 
ddd. Ikhshid, sovereign of Egj’pb offered Jlottaki a 
refuge in his states ; but Turun, fearing to see the Caliph 
obtain such powerful support, found means to entice 
him to his tent, and had his eyes put out, a.h. 333 
(a.d. 944-945). 

As successor to Mottaki, Turun chose Sfostakfi billdh (He Mostakfi. 
who places his whole trust in God). This prince, like his 
predecessors, was a mere puppet in the hands of his min- 
isters. A new Amir al-Omard, Zirak b. Shirzdd, made 
himself so hateful to the people of Baghddd by his deeds 
of violence and rapacity that they besought the help of 
the Buyid.s. Alimed, the third prince of that djmasty, 
entered Baghddd, overthrew Zfrak, and took his ]»]ace 
under the title of Mo'izz al-Daula. Mostakfi soon had 
enough of this new master, and ventured to conspire 
against him. The plot was discovered, and Mo'izz al-Daula 
had the eyes of the Caliph put out. There were now at 
Baghddd three Caliphs who had been dethroned and 
blinded — Kdhir, Mottalji, and Mostakfi. Mo'izz al-Daula 
thought for a moment of restoring the illusorj' title of 
Caliph to the descendants of ‘Ah'. He feared, however, 
lest this should lead to the recoverj- by the Caliifiis of 
their former supremacy, and his choice fell on a son of 
Moktadir under the name of iloti' lilldh (He who obeys Jloii*. 
God). Eeserving to himself all the jjowers and revenues 
of the Caliph, he allowed liloti' merely a secretarj- and a 
moderate pension. The prince of l\Iosul,_who began to 
think his possessions threatened by the neighbourhood of 
Mo'izz, entered on a struggle wth him and tried to -\west 
Baghddd from him ; but he failed, and was obliged to 

^ Sec Defremery, M^moire sur les r.mirs al-Omira. I’.iri.s, 18<8. 
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GcNEALOaiCAL TaBLE OF THE 'AllC.isil) CalII'IIS DOWN TO THE 
' Fall of Baghdad. 
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17. Moktafi. 
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31. Moktafi. 
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32. Sloslanjid, 

33. Mostadi’. 

34. Ndsir, 

35. Zahir. 

30. Mostansir. 
37. Mosta'sim, 


29. Mostarshid. 

30. Rdahid. 


Sect. III. — Sicetch or the Institutions and Civiliza- 
tion OF THE Eastern Caliphate. 

Mohammed had begun to bestowpolitical unity on Arabia; 
but ho had done still more : he had given her the Koran, 
as the starting-point and base of the future civilization of 
Islam. It was for the preservation and the better under- 
standing of the sacred text that the first believers ivere 
led to create grammar and lexicograiihy, and to niako col- 
lections of the poems of their own and former time.s, those 
“ witnesses of the meaning of words,” as the Arabs call 
them. To elucidate questions of dogma they created 
theology. Jurisprudence, in like manner, issued from the 
Koran, and the historical sciences at first gathered around 
it. As early as the first century of the Flight, schools 
were founded in Trdk, at Basra and at Cufa, in which all 
the questions to which the study of the Koran gave rise 
were stated, and answered in different ways. Natural 
science and mathematics were less directly concerned with 
the sacred book, and were consequently neglected during 
the whole period of the Omaj’jmd dynasty. They only 
began to be cultivated when, under the 'AbbAsids, the 


study of philosophy led to the use of translations from the 
Greek. The institutions of Islam were developed, no 
doubt, as new wants made themselves felt, in proportion 
to the extension of the enquire ; but they were neverthele.ss 
founded on the first arrangements made by the Prophet, 
and handed down by him in the Koran. 

Under the first four Caliphs these institutions continued PoliiicA 
in a imdinientary state. The Caliiffi {Khalifa, substitute 
or successor) was elected by the Moslem" community ; 
and,_ after receiving fi-om all its members the oath of tloiiL” 
fidelity {Bafa) which they were bound to take, united the 
temporal and spiritual powers in his own hands. He was 
at the same time high priest, ruler, and judge. He was 
compelled, however, by the very extent of the emi)ire to 
delegate his po^yers to those agents (‘AwuV, plural 'Ovtmdl) 
whom he commissioned to represent him in the i)rovinces. 

The State revenues, which entered the public treasury 
(Bail al-mdl), were composed — (1) of the tithe, or tax for 
the poor (Zahdt), which every Jloslem was bound to pay ; 

(2) of the fifth, raised on all booty taken in war, the rest 
being divided among the warriors ; (3) of the poll-tax 
(Jizya) and the land-tax (Khardj), which only affected non- 
Moslem subjects. The Caliph adjninistcred the revenues 
of the State at his own pleasure, applying them to the neces- 
sities of war, to public works, to the payment of officials, 
to the support of the poor, and to the distribution of the 
annual pensions, in which every Moslem had originally 
a right to share. The State could i)ossess landed property. 

Under 'Omar I. we find that the pasture land belonging 
to the State supported not less than forty thousand camels 
and horses. To 'Omar I. was duo the regulation of the 
poll-tax by a fixed scale. The rid), whether Christians or 
Jews, paid four dlnArs (about thirty-two shillings) yearly ; 
peo 2 de of the middle class, two dlnArs; the jioor, one 
dfnAr. Besides this payinent in money, the subject-races 
had to make contributions in kind, intended for the 
sujiport of the troops. The land-tax consisted of a general 
rent in proportion to the extent, character, and fertility of 
the lands possessed by the conquered. 

As the sums produced by these different imposts were TIic 
often very considerable, it became necessary, as early as Di'\.4n. 
the Caliphate of 'Omar I., to create a special office, 
cliarged with the accounts of their expenditure. Its 
organization was borrowed by 'Omar from the Bersians, 
and it retained its Persian name of DlwAn, a term after- 
wards aiiplied to all government offices. The Arabs at 
that time being too illiterate for such cmjiloyment, the 
task of keeping the registers of the Dlw.An was entrusted 
to Greeks, Copts, and Persians. 'Omar also gave his 
attention to the apportionment of the individual pensions 
of the Faithful. Every one received a laiger or smaller 
sum according to the greater or less nearness of his con- 
ne.xiou with the family, or the tribe, of the Prophet. 

Thus 'Aisha, who had been the favourite wife of 
Mohammed, received a yearly iicnsion of twelve thoii.sand 
dirhems ; ^ the other widows of the Projihet only received 
ten thousand. The H.-'ishimitcs and iMoftnlibifes, that is, 
the members of the Projihet’s family, also received ten 
thousand dirhems. The Emigrants and the I)cfcndcr.s, or 
those citizens of Mecca and hledina who had been the 
fii-st to embrace Islam, had five thousand dirhems; and 
that was the sum which 'Omar I. allotted to him.self.- 
For every other Moslem of full age, the pension varied 
from 4000 to 300 dirhems. We can easily understand 
what an influence the hope of this jien.sion must have 
exerted on the conquered races, and how much it must 

1 Tlie ilirkem w.is cquiv.alont to one franc. ' 

~ llis moderation was not imitated Ly ids sncccswr Otliinan. ^^]lO 
m.adc it liis jtrincipal oLjcct to enricli all tlic meiuliers of Ids o«n 
family at tlio cx])cuse of tlio rest of tlio Jlo'slctn.s. 
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GcNEALOaiCAL TaBLE OF THE 'AllC.isil) CalII'IIS DOWN TO THE 
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33. Mostadi’. 
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30. Mostansir. 
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Sect. III. — Sicetch or the Institutions and Civiliza- 
tion OF the Eastern Caliphate. 

Mohammed had begun to bestowpolitical unity on Arabia; 
but lie had done still more : he had given her the Koran, 
as the starting-point and base of the future civilization of 
Islam. It was for the preservation and the better under- 
standing of the sacred text that the first believers ivere 
led to create grammar and lexicograiihy, and to inako col- 
lections of the poems of their own and former time.s, those 
“ witnesses of the meaning of words,” as the Arabs call 
them. To elucidate questions of dogma they created 
theology. Jurisprudence, in like manner, issued from the 
Koran, and the historical sciences at first gathered around 
it. As early as the first century of the Flight, schools 
were founded in Trdk, at Basra and at Cufa, in which all 
the questions to which the study of the Koran gave rise 
were stated, and answered in different ways. Natural 
science and mathematics were less directly concerned with 
the sacred book, and were consequently neglected during 
the whole period of the Omaj’jmd dynasty. They only 
began to be cultivated when, under the 'AbbAsids, the 


study of philosophy led to the use of translations from the 
Greek. The institutions of Islam were developed, no 
doubt, as new wants made themselves felt, in proportion 
to the extension of the enquire ; but they were ncverthele.ss 
founded on the first arrangements made by the Prophet, 
and handed down by him in the Koran. 

Under the first four Caliphs these institutions continued PoliiicA 
in a radinientary state. The Calijih {Khalifa, substitute 
or successor) was elected by the Moslem" community ; 
and,_ after receiving fi-om all its members the oath of tloiiL” 
fidelity {Bafa) which they were bound to take, united the 
temporal and spiritual powers in his own hands. He was 
at the same time high priest, ruler, and judge. He was 
compelled, however, by the very extent of the emi)ire to 
delegate his po^yers to those agents (‘AwuV, plural 'Ovtmdl) 
whom he commissioned to represent him in the i)rovinces. 

The State revenues, which entered the public treasury 
(Bait al-vidl), were composed — (1) of the tithe, or tax for 
the poor {ZaMt), which every hloslem was bound to pay ; 

(2) of the fifth, raised on all booty taken in war, the rest 
being divided among the warriors; (3) of the poll-tax 
{Jizya) and the land-tax {Khardj), which only aflcctcd non- 
Moslem subjects. The Caliph adjninistered the revenues 
of the State at his own pleasure, applying them to the neces- 
sities of war, to public works, to the payment of officials, 
to the support of the poor, and to the distribution of the 
annual pensions, in which every Moslem had originally 
a right to share. The State could i)ossess landed property. 

Under 'Omar I. we find that the pasture land belonging 
to tlie State supported not less than forty thousand camels 
and horses. To 'Omar I. was due the regulation of the 
poll-tax by a fixed scale. The rich, whether Christians or 
Jews, paid four dlnArs (about thirty-two shillings) yearly ; 
peo 2 )lo of the middle class, two dlnArs; the jioor, one 
dfndr. Besides this payment in money, the subject-races 
had to make contributions in kind, intended for the 
sujjport of the troops. The land-tax consisted of a general 
rent in proportion to the extent, character, and fertility of 
the lands possessed by the conquered. 

As the sums produced by these different imposts were Tlie 
often very considerable, it became necessary, as early as Di«. An. 
the Caliphate of 'Omar I., to create a special office, 
cliarged with the accounts of their expenditure. Its 
organization was borrowed by 'Omar from the Bersians, 
and it retained its Persian name of DlwAn, a term after- 
wards ai)plied to all government offices. The Arabs at 
that time being too illiterate for such cmjiloyment, the 
task of keeping the registers of the Dfw.An was entrusted 
to Greeks, Copts, and Persians. 'Omar also gave his 
attention to the apportionment of the individual pensions 
of the Faithful. Every one received a larger or smaller 
sum according to the greater or less nearness of his con- 
ne.xiou with the family, or the tribe, of the Prophet. 

Thus 'Aisha, who had been the favourite wife of 
Mohammed, received a yearly iicnsion of twelve thoii.sand 
dirhems ; ^ the other widows of the Projihet only received 
ten thousand. The H.-'ishimitcs and Jloffalibifes, that i.s, 
the members of the Projihet’s family, also received ten 
thousand dirhems. The Emigrants and the Defendens, or 
those citizens of Mecca and hledina who had been the 
fii-st to embrace Islam, had five thousand dirhems; and 
that was the sum which 'Omar I. allotted to him.sejf.- 
For every other Moslem of full age, the pension varied 
from 4000 to 300 dirhems. We can easily understand 
what an influence the hope of this jien.sion must have 
exerted on the conquered races, and how much it must 

1 The dirhem w.is equivalent to one franc. ' 

~ Ilis moderation was not imitated hj- Ids successor Otliman. vho 
made it his jirincipal ohjcct to enrich all the memhers of his o«n 
family at the cx])cnse of tlie rest of tlio Jloslem.s. 
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SimultaTieously mth the accession o£ the 'AhbAsids, 
Persian influence began to preponderate. The Persian, 
Khdlid b. Barmak, was entrusted with the administration 
of' the finances {Dnvdn al-Khardj) by As-Safh’ih, who was 
also^ the first Caliph who transferred the burden of public 
Prime afiairs from himself to a Prime Minister {Waz'tr, whence, 
Minister, in European languages, the term Vider). The title of 
Wazfr was^ unknown to the Omayyads. The office of 
Prime Minister was of Persian origin. It existed till the 
time of the Caliph Rddf, when that of Amir al-OmarA 
was substituted for it. When the Caliphs had fallen 
under the tutelage of the Biiyids, it was the latter who 
chose Viziers, leaving to the Caliphs only Secretaries 
{Ray'is al-Jinwasd). Under the Scljiik Sultans the Caliphs 
' Avere again permitted to choose their oato Viziers. 

The institution of the ofiice of Vizier Avas not the least 
among the causes of the decadence of the Eastern Caliphate. 
The ‘Abbdsids gradually became unaccustomed to the 
exercise of poAver and the management of affair-s, and thus 
lost all direct influence over their subjects. Besides the 
Jfinistcr of Finance and the Vizier, the 'Abbdsids created 
another important office, that of Postmaster-General (Sdhib 
al-J3arid), Avhoso duty it Avas to collect at a central office 
all the information Avhich arrived from the provincc.s, and 
Adminis- to transmit it to the Prime Jlinistcr. Thus the adminis- 
tr-Ativo trativo seiwices Avere greatly extended under the 'AbbAsids. 
services. They Avere subdivided as folloAvs: — 1. JDtwdn al-Khardj, or 
Ministry of Finance; 2. Ditodn al-DiyK, or Bureau of 
State property; 3. Dtiodn al-Kimdm, Registry Office or 
Exchequer Office ; 4. Riwdn al-Jond, or Ministry of War ; 
5. Nazar al-Mazdlim, or Court of Appeal ; 6. JDiwdn al- 
Maivdli loal-Ghilmdn, or Bureau of the freedmen and slaves 
of the Caliphs ; 7. D'uudn Zimdm al-Nafalcdt, or Office of 
Expenditure ; 8. Dnvdn al-Barid, or Office of the Posts ; 
9. Dtivdn al-liasdil, or Office of Correspondence; 10. 
Dhvdn al-Tankf, or Office of the Imperial Seal, and of the 
registration of official documents. There Avere also offices 
for the despatch and reception of official documente, and 
for the inspection of Aveights and measures. 

Org.Ani- Wo cannot better conclude this brief summary of the 
zation of institutions of the Caliphate than by giving a sketch of 
tlioState, organization of the State, according to the Moslem 
authors themselves. 

Caliph. The supreme chief received the title of Caliph, or of 
Commander of the Faithful (Amir al-Mo’minln). Ho 
united in his OAvn person all the powers of the State ; his 
Ministers and all public functionaries acted oidy by virtue 
of a commission from him. They, like all other Moslem.s, 
Avere at the mercy of the Caliph, Avho had poAver of life 
and death over them. As spiritual chief, the Calijih Avas 
also the supreme judge in questions of dogma. In theory 
he held his poAA^ers by the free choice of the majority of 
Moslems ; but, Avhon he had once received their oath of 
allegiance, ho became their absolute master. The first 
condition of eligibility to the Caliphate aa'us to belong to 
. the tribe of Koraish. In Moslem belief, the subjects of 
the Caliph owed liim obedience and aid so long as lie 
should fulfil his duties Avith exactness. These consisted 
in maintaining the principles of religion, in administering 
justice scrupulously, in defending the territory and assur- 
ing its safety, in earrying on AA’ar for tlio subjugation 
of the infidels, and in spending tlie public revenue in 
conformity to the laAV. If the Caliph failed in the 
performance of his duty, rebellion against him became 
laAvful. 

Minis- The Ministers might be absolute or dependent. If 
tors. dependent, they simply executed the orders of their 
sovereign. If absolute, they took his place, and exercised 
all the poAvers of a Caliph except that they could not, at 
least in theory, designate any successor to the reigning 


Calijih. It AV’as only to the Caliifii himself that they AA’cro 
responsible for their actions. 

ihe Prefects, when once appointed, AA'hether by tlio rrcfccts. 
Caliph or the Vizier, became so many jictty sovereigns, 
and, legally, OAved an account of their actions only to the 
Caliph, or to his Prime Minister, Avhen the latter Avas 
absolute. 

The Generals AA-ero appointed either by the Caliph or byGcnc- 
thc Vizier, or lastly by the Prefect, Avhen only a local AA-ar raK 
Avas in question. They Avore sometimes invested AA-ith 
very extensive poAvers, such as those of concluding treaties 
of peace, of administering justice, and of dividing the 
booty. The General, in his turn, appointed the officers 
(Nalclhs) and under-officers {"Arifs). It Avas a general 
order that infidels, before hostilities against them Averc 
opened, .should be summoned to embrace the faith, or to 
submit by capitulation. The conA'ersion of infidels Avas 
valid, even AAdien effected SAvord in hand, on the field of 
battle, and the neAv convert became inviolable in person 
and property. On the other hand, every infidel taken 
prisoner AA’as sold ns a slave, AA'itli his Avife and children.. 

He might even be piAt to death. Apostates Avere never to. 
be spared ; they Avcrc put to death, and their property 
confiscated. 

Justice Avas administered by Cadis, appointed either by CmKc. 
the Caliph, by the Vizier, or by the Prefect. To bo eligible 
as a Cadi {Jfddl), it AA-as requisite that a i.ian should 
be — 1. A male and of re.spectablo age ; 2. In full pos- 
session of his mental and physical faculties ; 3. A free 
man; 4. A Moslem; 15. Of good moral character; 

6. Acquainted Avith the principles of the laAv and their 
application. The duties of the Cadi Avere to examine into 
the disputes and laAvsuits brought before him ; to enforce 
the execution of his judgments; to name judicial councils 
for the administration of the goods of minors, madmen, 
etc.; to administer the mortmain property of mosques and 
schools (wakf, plural ivohlf ) ; to Avatch over the execution 
of Avills ; to inflict duo legal penalties on those guilty of 
crimes or misdemeanours ; ^ and to inspect the higliAA'ays 
and public buildings. When any locality possc.ssed no 
Innlm, or public ofliciator at tlio mosque, it AA-as the Cadi 
Avlio performed this duty. The assistants of the Cadi 
Avere Notaries {Shohi'al), Secretaries (Omand), and Deputies 
{Ndyihivi). If the Cadi died, his subordinates lo.st their 
offices ijno facto. On the other hand, the death of a 
Caliph did not nullify the poAA’crs of the Cadi ; but it AA-as 
necessary that he should bo confirmed by the nOAV sove- 
reign. 

The Court of Appeal (Nazar al-2fazdlm) aa-os instituted Court 
to take cognizance of those causes in AA'hich the parties -An 
concerned appealed from the judgment of the Cadi. The 
sittings of this court Avero presided over by the Calijih in 
person. It Avas established by the Omayj-ad 'Abd aWfelik. 

The last Calijih avIio sat in jiublic to examine ajipcal cases 
Avas Mohtadf. After him a special judge Avns ajipointcd to 
the function of jiresident of the Court of Ajipcnl. 

Besides the .Tudges there were Inspectors (Mohta.dh), T., j 
charged Avith the police of the markets and the care of 
morals. The ifohtasib’s duty Avas to take care that 
Avcights and measures Avere not falsified, and that buyers 
AA-crc not deceived ns to the quality of the goods sold. Ho 
had the poAA-er of inflicting summary jiunishmcnt on dclin- 
qfients, but only in the case of flagrant offences. If the 
jicrson charged denied the facts, he AA-as to be brought 
before the Cadi. As regards morals, the Jfoht.osib took 
care that AA-idoAA-s and divorced women should not remarry 
before the expirati on of the legal period prescribed by the 

> Tlio princijwl oirenccs Avere — npostasy, neglect of Tcligioiis diitiev 
refusal to jiay taxes, tlieft, ailultcry, outrage", niul murder, llio 
penalties Avere iinprisonnient, fine", corporal puni'-linient, and death. 
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SimiiltaTieously with the accession o£ the 'AhhAsids, 
Persian influence began to preponderate. The Persian, 
Khdlid b. Barmak, was entrusted with the administration 
of' the finances {Dividn al-Kharaj) by As-Safijih, who was 
also^ the first Caliph who transferred the burden of public 
Prime afiairs from himself to a Prime Minister (lF«sb*, whence, 
Minister, in European languages, the term Vizier). The title of 
Wazfr was^ unknown to the Omayyads. The office of 
Prime Minister was of Persian origin. It existed till the 
time of the Caliph Rddi, when that of Amir al-OmarA 
was substituted for it.’ When the Caliphs had fallen 
under the tutelage of the Biiyids, it was the latter who 
chose Viziers, leaving to the Caliphs only Secretaries 
{Rayis al-Rnumd). Under the Seljiik Sultans the Caliphs 
' Avere again permitted to choose their oawi Viziers. 

The institution of the office of Vizier Avas not the least 
among the causes of the decadence of the Eastern Caliphate. 
The ‘Abbdsids gradually became unaccustomed to the 
exercise of poAvcr and the management of affair-s, and thus 
lost all direct influence over their subjects. Besides the 
Jfinistcr of Finance and the Vizier, the 'Abbdsids created 
another important office, that of Postmaster-General (Sdhib 
<il-Barid), Avhoso duty it Avas to collect at a central office 
all the information Avhich arrived from the provincc.s, and 
Adminis- to transmit it to the Prime Jfinistcr. Thus the adminis- 
tr.Ativo trative seiwices Avere greatly extended under the ‘Abbdsids. 
services. They Avere subdivided as folloAvs: — 1. Diwdn al-Khardj, or 
Ministry of Finance; 2. Diwdn al-Diydi, or Bureau of 
State property; 3. Diwdn al-^imdm, Registry Office or 
Exchequer Office ; 4. Diwdn al-Jond, or Ministry of War ; 
5. JVasar aUMazdlim, or Court of Appeal ; 6. Diivdn (d- 
Maxodlt xoal-Ghilmdn, or Bureau of the freeclmen and slaves 
of the Caliphs ; 7. Diwdn Zimdm al-N'afakdt, or Office of 
Expenditure ; 8. Dmdn al-Rarid, or Office of the Posts ; 
9. Diivdn al-Rasdi(, or Office of Correspondence; 10. 
Diwdn al-Tanki\ or Office of the Imperial Seal, and of the 
registration of official documents. There Avere also offices 
for the despatch and reception of official documents, and 
for the inspection of Aveights and measures. 

Org.Ani- Wo cannot better conclude this brief summary of the 
zation of institutions of the Caliphate than by giving a sketch of 
tlioState, organization of the State, according to the Moslem 
authors themselves. 

Caliph. The supreme chief received the title of Caliph, or of 
Commander of the Faithful (Ainfr al-Mo’minfn). Ho 
united in his OAvn person all the powers of the State ; his 
Ministers and all public functionaries acted oidy by virtue 
of a commission from him. They, like all other Moslem.s, 
Avere at the mercy of the Caliph, Avho had poAver of life 
and death over them. As spiritual chief, the Calijih Avas 
also the supreme judge in questions of dogma. In theory 
he held his poAA^ers by the free choice of the majority of 
Moslems ; but, Avhen he had once received their oath of 
allegiance, he became their absolute master. The first 
condition of eligibility to the Caliphate AA'as to belong to 
. the tribe of Koraish. In Moslem belief, the subjects of 
the Caliph OAA'ed him obedience and aid so long as he 
should fulfil his duties Avith exactness. These consisted 
in maintaining the principles of religion, in administering 
justice scrupulously, in defending the territory and assm- 
ing its safety, in carrying on AA’ar for the subjugation 
of the infidels, and in spending the public revenue in 
conformity to the laAV. If the Caliph failed in the 
performance of his duty, rebellion against him became 
laAvful. 

Minis- The Ministers might bo absolute or dependent. If 
ters. dependent, they simply executed the orders of their 
sovereign. If absolute, they took his place, and exercised 
all the poAvers of a Caliph except that they could not, at 
least in theory, designate any successor to the reigning 
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Calijili. It Avus only to the Caliifii himself that they Avero 
responsible for their actions. 

The Prefects, when once appointed, Avhether by tlio rrcfccts. 
Caliph or the Vizier, became so many iietty sovereigns, 
and, legally, oAved an account of their actions only to the 
Caliph, or to his Prime Minister, Avhen the latter Avas 
absolute. 

The Generals AA-ero ajApointed either by the Calqih or byGcne- 
thc Vizier, or lastly by the Prefect, Avhen only a local A\'ar raK 
AA'as in question. They Avore sometimes invested AA-ith 
very extensive poAvers, such as those of concluding treaties 
of peace, of administering justice, and of dividing the 
booty. The General, in his turn, appointed the officers 
(Rakibs) and under-officers (‘Ari/s). It Avas a general 
order that infidels, before hostilities against them Averc 
opened, should be summoned to embrace the faith, or to 
submit by capitulation. The conA'ersion of infidels Avas 
valid, even AAdicn effected SAvord in hand, on the field of 
battle, and the neAv convert became inviolable in person 
and property. On the other hand, every infidel taken 
prisoner aa’us sold as a slave, AA'ith his Avifo and children.. 

He might even be piAt to death. Apostates Avere never to- 
be spared ; they Avcrc put to death, and their property 
confiscated. 

Justice Avas administered by Cadis, appointed either by CmKc. 
the Caliph, by the Vizier, or by the Prefect. To bo eligible 
as a Cadi (Jfddi), it AA-as requisite that a i.ian should 
be — 1. A male and of rc-spectablo age; 2. In full pos- 
session of his mental and physical faculties ; 3. A free 
man; 4. A Moslem; 5. Of good moral character; 

6. Acquainted Avith the principles of the laAv and their 
application. The duties of the Cadi Avcrc to examine into 
the disputes and laAvsuits brought before him ; to enforce 
the execution of his judgments; to name judicial councils 
for the administration of the goods of minors, madmen, 
etc.; to administer the mortmain property of mosques and 
schools (wakf, plural wohif ) ; to Avatch over the execution 
of Avills ; to inflict duo legal penalties on those guilty of 
crimes or misdemeanours ; ^ and to inspect tlic higliAA'ays 
and public buildings. When any locality possessed no 
Imdm, or public ofliciator at the mosque, it Avas the Cadi 
Avlio performed this duty. The assistants of the Cadi 
Avere Notaries (Skohiid), Secretaries (Omand), and Deputies 
(Rdyibin). If the Cadi died, his subordinates lost their 
offices ijwo /ado. On the other Imnd, the death of a 
Caliph did not nullify the poAA’crs of the Cadi ; but it AA-as 
necessary that lie should bo confirmed by the nOAV sove- 
reign. 

The Court of Appeal (Razar al-2fazdlm) aa'S-s instituted Court 
to take cognizance of those causes in AA’hich the parties 
concerned appealed from the judgment of the Cadi. The 
sittings of this court Avero presided over by the Caliiih in 
person. It Avas established by the Omayj’ad 'Abd aWfelik. 

The last Caliiih avIio sat in imblic to examine appeal cases 
was Mohtadl. After him a sjiccial judge Avas ajipointcd to 
the function of president of the Court of Appeal. 

Besides the .Judges there were Inspectors {Mohta.db), T., j 
charged Avith the police of the markets and the care of 
morals. The ISfolitasib’s duty Avas to take care that 
Avcights and measures Avere not falsified, and that buyers 
AA-cre not deceived ns to the quality of the goods sold. Ho 
had the poAA-er of inflicting summary lumishmcnt on dclin- 
qfients, but only in the case of flagrant offences. If the 
jicrson charged denied the facts, he AA’as to be brought 
before the Cadi. As regards morals, the Jfoht.osib took 
care that AAndoAA's and divorced women should not remarry 
befor e the expiration of the legal period prescribed by the 

J Tlio prineijw] oirenccs Avere — npostasy, neglect of religions diitiev 
rcfiis.'il to pay taxes, tlieft, adultery, outrage", and murder, llio 
penalties Avere iinprisonnient, fine", corporal puni'-linient, and death. 
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the eyes of their respective partisans. A further distinc- 
tion between the SWites and other sects is, that they 
introduced the juactice of giving the Koran an allegorical 
interpretation. This system permitted them to sec in the 
sacred book -whatever meaning they chose, and tvas carried 
out at a later date, as -we shall see, by the founder of the 
Ismailian sect. 

Under the 'Abbisid.s it seemed for a moment that the 
Shi'ite doctrines -were about to triumiih, We know, in 
fact, that the founder of that dynasty gave himself out as 
the heir of the house of ‘All. But reasons of State 
prevailed, and the 'Abbdsids, false to their first professions, 
on the whole supported orthodoxy. Under their reign 
were established the four orthodox sects — Malikite, 
^unafite, Shfifi'ite, and Hanbalite, which even at thi.s day 
divide between them the whole Mo-slem world. They are 
named after their founders — Malik, Aim Hanifa, Shdfi'i, and 
Ifan Hanbal. These sects only differ from each other on a 
few points of civil and religious jurisprudence. They agree 
on questions of dogma. It was not, however, -nithout 
difficulty that orthodoxy succeeded in obtaining the 
victory. Under Ma’mun and other Caliphs several doctons, 
as we have seen, were persecuted for believing that the 
Koran was the uncreated word of God. From the time 
of Motawakkil, however, orthodoxy regained the upper 
hand. Still, this reaction would not have lasted long, in 
face of the advance in science which marked the accession 
of Ma’mun to power, if the orthodox had had no other 
defensive weapons than material force and the assent of 
the majority. As philosophy made its way in Islam, 
thanks to the translations from Greek authors, which 
were made principally during the Caliphate of Ma’mfin, it 
called forth in men’s minds a movement of scientific curiosity 
which might liave been fatal to orthodoxy. In the tenth 
century of our era a society of encyclopedists was formed at 
Basra, who, under the name of Ikhwdn al-Safd, or Brothers of 
Purity, put forth a number of veiy curious treatises, in 
which all sorts of physical and metaphysical que-stions were j 
discussed and resolved in a scientific manner.^ There is no j 
doubt that these lucid and attractive -writings would hav'e 
led to a great religious revolution, if the orthodox had not 
undenstood the danger of their position, and applied 
themselves also to the study of philosophy, for the pur- 
pose of employing it in the service of the faith. It was 
thus that, towards the middle of the tenth century, a 
certain Abu ’1-Hasan al-Ash'ari, a descendant of that Abu 
Miisd al-Ash'ari who had formerly acted the part of 
arbitrator in the dispute between Sfo'dwiya and 'All, 
struck out a system in which religion appeared to be 
reconciled with philosophy; a systeni -which was natur- 
ally sure to attract all commonplace minds — ^that is to say, 
the greater number. Ash'arism, or philosophic tbeologj' 
(Kaldm), was adopted -with enthusiasm by the triumphant 
orthodox doctors, and thenceforth pure philosophy and the 
heterodox sects ceased to extend their influence.^ 

The creation, however, of this philosophical theolog}’- 
had not done away with all dangers for orthodoxy. We 
have seen above that the Sht'a vrere divided into several 
sects, each holding for one of the direct descendants of 
bUl, and paying him the reverence due to a deity. One of 
these sects, called the Ismailian, because it acknowledged 
Ismd'll, the seventh Imdm or Pontiff of the posterity of 
'All, as its chief, was the source of the greatc.st disorders 
in the Moslem empire, and was not far from being 
triumphant in Asia, as it was for a long time in Egyjit. 
Tlie Ismailians, like all the other Shl'ites, believed in the 

^ The most iniportaut have been translated into German by Prof. 

Dieterici. , t jr . » r 

■ ^ See Houtsma, De Atrijcl over hel dogma m den Islam tot oj) ei- 
Ash'ari; and Spitta, Zur GeschicUe Mu ’l-I/asan al-Asarls. 
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coming of a Messiah, whom they called the ]dahdl and 
who, according to them, was one day to appear on earth 
in order to establish the reign of justice and equitj', and 
to take vengeance on the oppressors of the family of 'Alt. 
They also believed in a God of far more elevated character 
than the God of the Koran, one who was unapproachable 
by human reason, and who had created the universe, not 
directly, but by the intermediate action of a sublime 
being, the Universal Beason, produced by an act of God’s 
will. The Universal Reason, in its turn, had produced 
the Universal tSouI, which, on its part, had given birth to 
j primitive Matter, to Space, and to Time. These five 
principles were the causes of the universe. Man, emanating 
from them, had a tendency to reascend towards his source^ 
The chief end of his being was to attain to perfect union 
with the Universal Reason.® But, left to himself, man 
would have been powerless to attain this end. The 
Universal Reason and the Universal Soul therefore became 
incarnate among men, in order to guide them towards 
the light. These incarnations were no other than the 
prophets in all ages, and, in the last period, the Imfims of 
the posterity of 'All. In the second half of the ninth 
century, a Persian, born in Susiana and named 'Abdalhili 
b. Maimfin al-l^ddfdi, nourished the dream of destroying 
Islam, and thought these doctrines, suitably modified, 
likely to be highly useful in carrying out his purpose. 
He devised a system at once religious, philosophical, 
political, and social, in which, as he thought, all beliefs 
Avere to meet and mingle, but — and in this consisted its 
originality — a system so graduated to suit different 
degrees of intelligence, that the whole world should 
become one A’ast Masonic association. The cliicf of the 
Ismailians, the Imdm Ismd'll, having died, 'AbdallAli 
asserted that his son Mohammed b. Israd'li was to succeed 
him as the founder of this new religion, which it was 
'Abdalldh’s mission to announce to the world. Since the 
creation of the world, as ‘Abdalldh asserted, there had 
been six religious periods, each marked by an incarnation 
of the Univensal Reason in the person of a projrhet. 
Adam, Noah, Abraham, Moses, Jesus, and Mohammed 
had been the prophets of these periods. Tlreir mission had 
been to in-rite men to accept more and more perfect forms 
of religion. The seventh and last religion, and the most 
perfect of all, Avas that of Mohammed b. Ismd'll, the true 
Messiah. The Ismailians, as may be imagined, readily 
embraced the theories of 'Abdalldh. In addre.ssing other 
sects and religions, 'Abdalldh used special arguments 
AA-itli each. With the philosophers he dwelt on the 
philosophical principles of his doctrine. The conversion 
of Christians, Moslems, or JeAAAS, was a more difficult 
task. 'Abdalldh had established several degrees of initia- 
tion, and it Avas only by sIoav degrees, and AAith the most 
minute precautions, that he gained a mastery over the 
mind of the future proselyte. His curiosity Avas first 
aroused by'allegorical interpretations of the Old Testament, 
the Gospels, and the Koran, and by proposing to him reli- 
gious problems AA’hidi could not be solved by any of tbe 
existing religions. The solution of these problems Avas not 
to be given to him till he .should have signed a compact, 
and SATom never to reveal the mysteries Arith which he 
AA-as made acquainted. If he took tliis pledge, he tbence- 
forsA'ard belonged, body and soul, to the sect ; and aa'oc to 
him if he made any attempt to AAithdraw himself from the 
authority of his chiefs ! The compact signed, the ncAvIy- 
initiated disciple had to make a certain payment, AA-hich 
AA'ent to swell the treasury of the sect. The secret .'ociety 

3 It need h.'irdly ho .-said that all these doctrines Averc Wowed 
fiom Gnosticism and from JCco-Flatonism. See on the Ism.ailian feet 
Gviyard, Fragments rclatifs a la doclrine des Ismaeliens, and Vn grand' 
maitre des Assassins au iejnps de Saladin. 
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the eyes of their re-spective partisans. A further distinc- 
tion betireen the iShf'ites and other sects is, tliat they 
introduced the practice of giving the Koran an allegorical 
interpretation. This system permitted them to sec in the 
sacred book whatever meaning they chose, and was carried 
out at a later date, as we shall see, by the founder of the 
Ismailhn sect. 

Under the 'Abbilsids it seemed for a moment tliat the 
Shi'ite doctrines were about to triumph. We know, in 
fact, that tlje founder of that dynasty gave himself out as 
the heir of the house of ‘All. But reasons of State 
2 )revailed, and the 'Abhisids, false to their first professions, 
on the whole supported orthodoxy. Under their reign 
were established the four orthodox sects — M.ilikite, 
Hanafite, Shfifi'ite, and Hanbalite, which even at thi.s^ day 
divide between them the whole hfoslem world. They are 
named after their founders — Malik, Abii Hanifa, Shdfi'l, and 
Ibn Hanbal. These sects only differ from each other on a 
few points of civil and religious jurisprudence. They agree 
on questions of dogma. It was not, however, without 
difficulty that orthodoxy succeeded in obtaining the 
victoiy. Under Ma’miin and other Caliphs several doctors, 
as we have seen, were persecuted for believing that tbe 
Koran was the uncreated word of God. From the time 
of Motawakkil, however, orthodoxy regained the upper 
hand. Still, this reaction rvould not have lasted long, in 
face of the advance in science which marked the accession 
of Ma’mun to power, if the orthodox had had no other 
defensive weapons than material force and the assent of 
the majority. As philosophy made its way in Islam, 
thanks to the translations from Greek authors, which 
were made princiiJally during the Calipliate of Ma’mfin, it 
called forth in men’s minds a movement of scientific curiosity 
which might liave been fatal to orthodoxy. In the tenth 
centurj’ of our era a society of encyclopedists Avas formed at 
Basra, who, under the name of Ikhwdn al-Safd, or Brothers of 
Purity, put forth a number of very curious treatises, in ^ 
which all sorts of physical and metaphysical questions Avere ; 
discussed and resolved in a scientific manner.^ There is no 
doubt that these lucid and attractive Avritings Avould have 
led to a great religious revolution, if the orthodox had not 
understood the danger of their position, and applied 
themselves also to the study of philosophy, for the pur- 
pose of employing it in the service of the faith. It aaus 
thus that, towards the middle of the tenth century, a 
certain Abri ’1-Hasan al-Ash'ari, a descendant of that Abii 
Miisd al-Ash'ari aaIio had formerly acted the part of 
arbitrator in the dispute between hro'dAAuya and 'AH, 
.struck out a system in Avhich religion appeared to he 
reconciled AUth philosophy; a systeni AA’hich aaus natur- 
ally sure to attract all commonplace minds — that is to say, 
the greater number. Ash'arisni, or philosophic theologj' 
(Kaldm), Avas adopted Avith enthusiasm by the triumphant 
orthodox doctors, and thenceforth pure philo.sophy and the 
heterodox sects ceased to extend their influence.^ 

The creation, howcA'cr, of this philosophical theology 
had not done aAvay A%ith all dangers for orthodoxy. We 
haA'e seen above that the Shl'a AA'ere diA'ided into several 
sects, each holding for one of the direct de.scendants of 
'AH, and paying him the reverence due to a deity. One of 
these sects, called the Ismailian, hecanse it acknoAA'ledged 
Ismd'il, the seventh Imdm or Pontiff of the jAosterity of 
'Alf, as its chief, aaus the source of the greate.st disorders 
in the Moslem empire, and was not far from being 
triumphant in Asia, as it aaus for a long time in Egyi>t. 
The Ismailians, like all the other Shi'ites, believed in tbe 

A The xnoBt important hare been translated into Gertnau by Prof, 

Dieterici. . t r, j , r 

• Bee Hontsroa, De Strijd over het dogma w den. Islam ioi op cl- 
Ash'ari ; and Spitta, Ziir GeschicJite Abv, 'l-l/asan al- As arts. 
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coming of a ilessiah, whom they called the ilahdf and 
who, according to them, was one day to ai>pear on eWth 
in order to establish the reign of justice and equity, and 
to take vengeance on the oppressors of the family of 'AH. 
They also believed in a God of far more eleA'ated character 
than the God of the Koran, one Avho Avas unapproachable 
by human reason, and Avho had created the Ainiverse, not 
directly, hut by the intermediate action of a sublime 
being, the Universal Season, produced by an act of God’s 
AA'ill. The UniA’ersal Reason, in its turn, had produced 
the Universal >5ouI, which, on its part, had given birth to 
primitive Matter, to Space, and to Time. These five 
principles Avere the causes of the universe, Man, emanating 
! from them, had a tendency to reascend toAA-ards his soured 
I The chief end of his being was to attain to perfect union 
Avith the Universal Reason.® But, left to himself, man 
Avould have been poAverle.ss to attain this end. TJie 
Universal Reason and the Universal Soul therefore became 
incarnate among men, in order to guide them towards 
the light. These incarnations AA'cre no other than the 
prophets in all ages, aA\d, in the last period, the Im/ims of 
the posterity of ‘AJi. In the second half of the ninth 
centuiy, a Persian, born in Susiana and named ‘Abdallilh 
b, Maimiin al-Kadd.lh, nourished the dream of destroying 
Islam, and thought these doctrines, suitably modified, 
likely to be highly useful in carrying out his purpose. 
He dcA'ised a system at once religious, iffiilosophical, 

I political, and social, in Avhich, as he thought, all beliefs 
I AA-ere to meet and mingle, but — and in this consisted its 
j ori^ality — a system so graduated to suit different 
degrees of intelligence, that the AS'hole world should 
I become one A'ast Masonic association. Tbe chief of the 
j Ismailians, the Imdm Ismd'il, having died, ‘Abdalldh 
asserted that his son Mohammed b. Israd'fl was to succeed 
him as the founder of this ncAV religion, Avhich it AA-as 
'Abdalldh’s mission to announce to the Avorld. Since the 
creation of the world, as ‘Abdall.ih asserted, there had 
been six religious periods, each marked by an incarnation 
of the Univer-sal Reason in the person of a projffiet, 
Adam, Koah, Abraham, Moses, Jesus, and Mohammed 
had been the prophets of these periods. Tlicir mission had 
been to invite men to accept more and more perfect forms 
of religion. The seventh and last religion, and tlie most 
jAerfect of all, Avas that of Mohammed b. Lsmd'll, the true 
Me-ssiah. The Ismaihans, as may be imagined, readily 
embraced the theories of 'Abdalldh. In addressing other 
sects and religions, 'Abdalldh used special arguments 
AA-ith each. "With the philosophers he dwelt on the 
jihilosophical ^ninciples of his doctrine. The conversion 
of Christians, Moslems, or JeAA-.s, was a more difficult 
task. 'AbdallAh had established several degrees of initia- 
tion, and it Avas only by slow degrees, and vith the most 
minute precautions, that he gained a masteiy over the 
mind of the future ijroselyte. His curiosity Avas first 
aroused byhllegorical interpretations of the Old Testament, 
the Gospels, and the Koran, and by proposing to him reli- 
gious problems Avhich could not be solved by any of the 
existing religions. The solution of these problems Avas not 
to be given to him till ho .should have signed a comijact, 
and sworn never to reveal the mysteries vith which he 
was made acquainted. If he took this pledge, he thence- 
foru’ard belonged, body and soul, to the sect ; and aa'oo to 
him if he made any attempt to Arithdraw himself from the 
authority of his chiefs ! The compact signed, the ncAriy- 
initiated disciple had to make a certain payment, Avhielt 
went to swell the treasury of the sect. The secret .'ociety 

3 It need lianlly to .said tliat all these doctrines ivero torrowed 
fiom Gnosticism and from J.'co-PJatonism. See on tlie Ism.ailian sfet 
Guyard, Fragments rclatijs d la doctrinz des Isvuieliens, and Vti grand, 
mailrc <ks Assassins au temps de Saladin. 
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&I100I of ^ In IrAlj another scliool of Jaw waa formed, which is 
Irak. distinguished from that of Medina by a greater degree of 
independence. MTiiie the lawj'ers of iledina held strictly 
to the Koran, the traditions of the Prophet, and the 
Athilr, those of 'Irdlc admitted, in addition to these, the 
deductive or analogical method {^Kiyds), according to 
which it was lawful to create precedents, provided there 
was no departure from the .spirit of the sacred hook, from 
the traditions of the Prophet, or from the corrc.sponding 
decisions of the linst four Caliphs. Ibn Abf Laila, who 
filled the office of judge in 'Irdlf under the caliphate 
of_ Man.siir, was one of the first to apply this sy.stem. 
His renown, however, was eclipsed by that of his con- 
temjwrary Abii Hanlfa, who worked out a complete system 
of jurisprudence, with which his name has continued to 
be connected (Hanifite law). Fifty years after the death 
of Abii Hanffa, Shfifi'i, a jiupil of ^Millik, appeared at 
Baghdiid, and founded in his turn an intennediate 6y.stem, 
in which he endeavoured to hold an equal balance be- 
tween the purely traditional and tlie deductive methods. 
Tlic fourth system reputed orthodox is that of Ibn Hanbal, 
a pupil of Shafi'f. Ibn Hanbal strove above all thing.s to 
bring back religious observances to their primitive purity. 
His doctrine was a kind of puritanism. As may be su2> 
I)Osed, each of these systems has been .subsequently deve- 
loped and commented on in a multitude of works, even 
the names of which it is impossible to enumerate. In 
- order, however, to give some idea of what a ifoslem 
treatise on jurispmdencc i.c, we shall point out the principal 
subjects contained in it. It treats successively — 1. Of 
Purification (ablutions commanded by the law, purification 
of women, circumci-^ion, etc .) ; 2. Of Prayer as commanded 
by the law ; 3. Of Funerals ; 4. Of Tithe and Almsgiving ; 
5. Of the legal Fast ; G. Of the Pilgrimage to ifecca ; 7. 
Of Commercial and other tran-sactions ; 8. Of Inheritance 5 
9, Of Marriage and Divorce ; 10. Of the Faith; II. Of 
Crime.s and Misdemeanours ; 12. Of Jastice; 13. Of the 
Irafimate or .spiritaal power, and of the Caliphate or tem- 
poral power. It is thvrs a complete code, religious, ciHl, 
penal, and governmental, that Jtloslem treatises on juri.s- 
])rudence set before as ; a code which embraces and fore.sees 
all the circum-stances both of public and private life. 

Science Tlie development of .science and literature runs parallel 
and -nith the development of 'law. Before the time of 
letters. Moliammed the Arabs had been distinguLshed only by 
a rare j)oetical talent. Islam was the signal for the 
.springing up of all the .sciences and of literature. IVliile 
the study of the dogmas and ordinances of the Koran 
was producing theology and jurisprudence, the necessity 
of preserving the exact text of the sacred book, and of 
teaching the new converts the language of the Projffiet, 
was giving birth to grammar and lexicography. The first 
Gram- school of grammar was established at Ba.sra. The first 
war. attempts at grammar are generally attributed to a certain 
Abti ’1-Aswad al-Do’alf, who was tutor to the children of 
ZiyAd, the brother of MoViwiya. According, however, 
to some authors, the honour of having discovered the 
first elements of grammar ought to be attributed to a 
Persian, named 'Abd al-KahraAn b. Hormiiz. _ Be this m 
it may, a foreign influence must be recognized at the 
very commencement of this science. Tlie vovvel marks, 
for instance, were imitated from those of the Synac. The 
division of the parts of speech into nouns, verb.s, and 
particles was indirectly borrowed from Greek grammar. 
Yet the ifo-slems, once in possession of the principles of 
grammar, knew how to develop and apply them in an 
admirable manner. A jierfect galaxy of grammarians 
arose in the track of Abd i-Aswad ; a rival school to that 
of Ba.sra was established at Cufa, and grammar attained 
its highest degree of jierfection under the first Abb/i.sids ; 


as IS .shown by the voluminous treatise of Kfbawaihi, known 
under the name of or the Book par excellence. 

In lexicography, the Arabs were at first content, to ex-Leiico- 
plain the rarer words of the Koran, of the traditions, and 
of the ancient poems ; and to collect lists of terms applying 
to the .same object, as the camel, the horse, the sword, etc. 

Thus small collections were formed, which served afterwards 
for the composition of dictionaries. The first dictionary 
properly so called, composed in Arabic, appears to have 
been the Kiidh aU'Ain of Khalil b. Ahmed al-Fardhidi, a 
contemporary of HArdn al-Rashid. After him came Janhari, 
whose Sahdh may still be consulted with profit. The cele- 
brated Zamakhshari composed a dictionary of metaphors 
under the title of Asds cd-Baldgha. Lastly, Tha'Alibi, in 
the 11th century of our era, drew up his Filch al-Logha? 
a work specially devoted to synonyms. The accessory 
branches of jdiilology gave occasion to some important 
works. Tlie ancient poems and proverbs were collected 
and commented on. Thus Abii TammAm formed his Antho- 
logy, called Hajiasa ifi-v.), and MaidAni his collection of 
proverbs {Kiidb amihdl oFArah)? The study of poetry. Poetry 
with .sqiecial regard to its rhythm, led Khalil b. Ahmed, “"'1 ro 
already mentioned as a grammarian and lexicographer, to 
the conception of prosody. He wrote the finst treatise on 
that science, which served as a model to all subsequent 
writers on metre.’* Pure literature remained confined to 
poetry. It was not that the Arabs were without any 
conception of the romance, the tale, or the novel. The 
adventures of Antar, the romances of Dhii i-Himma and 
of ftJaif al-Yazan, the Thousand and one Kights, and 
various collections of stories and novels, such as the Faraj 
hetda 'l-Hhidda and the compulation of BilrA'i, well known 
by the extracts which Kosegarten has given in his Chres- 
tomathy ; — all these show clearly that the Arabs were not 
devoid of ima^nation, at least if, as we believe, these tales 
and romances were not pure and simple imitations from 
the Persian. It m'ust be acknowledged, however, that these 
few productions do not, any more than the Mahdmdt of 
HamadhAnf and of Hariri, constitute a very important 
literature. The drama, the epic, the romance of character, 
were absolutely unknown to the Arabs. Poetry, on the 
other hand, an endowment of the ancient Arabs, continued 
to live and flouri.sh as long as the Eastern Caliphate lasted. 

We may count poets by the hundred, eminent in every 
department of that art : in descriptiv’e, erotic, martial, and 
philosophic poetry ; in odes, in satire.s, etc. The great 
collection entitled Kiidb al-AgMni,^ compiled by LsfahAni, 
contains a choice of the finest poems, accompanied by very 
instructive notices of the poets, and of the circumstances 
under wiiich they composed such and such pieces. Besides 
this, many DiwAns, or complete editions of the works of 
pioets, Imve come down to us. They bear the celebrated 
names of XAbigha, of blntara, of Tlarafa, of Zohair, of 
'Alkama, of Amraalkais, of Shanfara, of Labfd, in the pre- 
Islamic period (see Mo'ali,ak.(t) ; of Jarir, Akhtal, and 
Farazdak,® in the Omaj’yad period ; and of AbA KowAs,^ 

AbA T'AtAhiya, Mo.slim,* Motaxaubi’ (g.v.), and AbA ’1- 
'AlA,® in the period of the AbbAsids. And this li.st con- 
tains only the mo.st illustrious names. 

1 The first part of which liM jn'it tieen puhli‘ihe<l by H. Derciibourg 
(Paris, 1882). ' Pnblislied by Boshaid Daiidali. 

* Translated by Freyfag (Bonn, 1838-43), with the Arabic text of 
the proverb.^. See Freytag, AraUxche Verskvnst. 

s Published at Eulak, A.n. 1285 (20 vols ) See aho Kosegarten, 

AU Jspahanensis liber mniilcnanm, tom. i. Greifswald, 1840. 

® See Caussin de Perceval in the Journal asiatique, 2d ser., vols. 

xiii. liv. . ,, 

~ See Ahlwardt, jyie VreingedichU des Abu Aujeas (Greifswald, 

1861), and, fora Cairo edition, AT. D. M. G., xxi. 174. 

8 i/Iited hy De Goeje, 

» See P.ien, JJe Abul-Ala; tita ei carmindrus, and Kremer m 
Z. IJ. it. G., x%\x., XXX., xxxi. 
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&I 100 I or ^ In IrAlj: another school of law was formed, which is 
Ira;. distinguished from that of ^Medina by a greater degree of 
independence. I^Tiile the lawj'ers of iledina held strictly 
to the Koran, the traditions of the Prophet, and the 
'Athilr, those of 'Irdlc admitted, in addition to these, the 
deductive or analogical method {^Kiyds), according to 
which it was lawful to create precedents, provided there 
was no departure from the .spirit of the sacred hook, from 
the traditions of the Prophet, or from the corrc.sponding 
decisions of the first four Caliphs. Ibn Abf LaUa, who 
filled the office of judge in *Irdk under the caliphate 
of_ ifun.sur, was one of the first to apply this sy.stem. 
His renown, however, was eclipsed by that of his con- 
temi^oraiy Abii Hanffa, who worked out a complete system 
of jurisprudence, with which his name has continued to 
be connected (Hanifite law). Fifty years after the death 
of Abii Hanffa, Shfifi'f, a jiupil of !MAlik, appeared at 
Baghdifd, and founded in his turn an intennediate qr.stem, 
in which he endeavoured to hold an equal balance be- 
tween the purely traditional and the deductive methods. 
Tlic fourth system reputed orthodo.v is that of Ibn Hanbal, 
a pupil of Shafi'f. Ibn Hanbal strove above all thing.s to 
bring back religious observances to their primitive purity. 
His doctrine was a kind of puritanism. As may be su})- 
posed, each of these systems has been .subsequently deve- 
loped and commented on in a multitude of work.s, even 
the names of which it is impossible to enumerate. In 
- order, however, to give some idea of what a ifoslem 
treatise on jurispnidencc i.«, we shall point out the principal 
subjects contained in it. It treats successively — 1. Of 
Purification (ablutions commanded by the law, purification 
of women, circumcision, etc .) ; 2. Of Prayer as commanded 
by the law ; 3. Of Funerals ; 4. Of Tithe and Almsgiving ; 
5. Of the legal Fast ; G. Of the Pilgrimage to ifecca ; 7. 
Of Commercial and other tran.sactions ; 8. Of Inheritance ; 
9, Of Marriage and Divorce ; 10. Of the Faith; 11, Of 
Crimes and 3Ii.sdemcanonr.s ; 12. Of Ju-stice; l.T Of the 
Iradmate or .spiritual power, and of the Caliphate or tem- 
poral power. It is thas a complete code, religious, ciHl, 
penal, and governmental, that Itloslem treatises on juri.s- 
prudence set before us ; a code which embraces and fore.sees 
all the circum.stances both of public and private life. 

.Science Tlie development of science and literature runs parallel 
and -nith the development of 'law. Before the time of 
letters. Holiammed the Arabs had been distinguished only by 
a rare j)oetical talent. Lslam was the signal for the 
.springing up of all the sciences and of literature. "Wliile 
the study of the dogmas and ordinances of the Koran 
was producing theology and jurisprudence, the necessity 
of preserving the exact text of the sacred book, and of 
teaching the new converts the language of the Prophet, 
was giving birth to grammar and lexicography. The first 
Gram- school of grammar was established at Basra. The first 
war, attempts at grammar are generally attributed to a certain 
Abii ’1-Aswad al-Do’alf, who was tutor to the children of 
ZiyAd, the brother of MoViwiya. According, however, 
to some authors, the honour of having discovered the 
first elements of grammar ought to be attributed to a 
Persian, named 'Abd al-KahmAn b. Hormiiz. ^ Be this as 
it may, a foreign influence must be recognized at the 
very commencement of this science. Tlie vovvel marks, 
for instance, were imitated from those of the feynac. The 
division of the parts of speech into nouns, verb.s, and 
particles was indirectly borrowed from Greek grammar. 
Yet the ifo-slems, once in possession of the principles of 
grammar, knew how to develop and apply them in an 
admirable manner. A pierfect galaxy of grammarians 
arose in the track of Abh d-Aswad ; a rival school to 
of Basra was established at Cufa, and grammar attained 
its highest degree of jierfection under the first Abb/i.sids; 
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as is .shown by the voluminous treatise of Kfbawaihi, known 
under the name of or the Book par excellence 

In lexicography, the Arabs were at first content, to ex-Lwico- 
plain the rarer words of the Koran, of the traditions, andBr=ip^‘y- 
of the ancient poems ; and to collect lists of terms applying 
to the .same object, as the camel, the horse, the svv'ord, etc. 

Thus small collections were formed, which served afterwards 
for the composition of dictionaries. The first dictionary 
properly so called, compo.sed in Arabic, appears to have 
been the Kitdh aVAin of Khalil b. Ahmed al-Fardhidi, a 
contemporary of HAriin al-Rashid. After him came Janharf, 
whose Hal/ih may still be consulted with profit. The cele- 
brated Zamakhshari compo.sed a dictionary of metaphors 
under the title of Jsde cd-BaUgha. Lastly, Tha'Alibf, in 
the 1 1th century of our era, drew up his Filch al-Logha? 
a work specially devoted to synonyms. The accessory 
branches of jdiilology gave occasion to some important 
works. Tile ancient poems and proverbs were collected 
and commented on. Thus Abii TammAm formed his Antho- 
logj', called Hajiasa { fi - v .), and MaidAni his collection of 
proverbs {Kitdh amihdl aFArah)? The study of poetry. Poetry 
with siiecial regard to its rhythm, led Khalil b. Ahmed, “"A ro 
already mentioned as a grammarian and lexicographer, to 
the conception of prosody. He wrote the first treatise on 
that science, which served as a model to all subsequent 
writers on metre.'* Pure literature remained confined to 
poetry'. It was not that the Arabs were without any 
conception of the romance, the tale, or the novel. The 
adventures of Antar, the romances of Dhii ’1-Himma and 
of Saif al-Yazan, the Thousand and one Nights, and 
various collections of stories and novels, such as the Faraj 
hdda 'l-Bhidda and the compulation of BilrA'i, well known 
by' the extracts which Kosegarten has given in his Chres- 
tomathy ; — all these show clearly that the Arabs were not 
devoid of imagination, at least if, as we believe, these tales 
and romances were not pure and simple imitations from 
the Persian. It must be acknowledged, however, that these 
few productions do not, any more than the Mdkdmdt of 
HamadhAnf and of Hariri, constitute a very important 
literature. The drama, the epic, the romance of character, 
were absolutely unknowm to the Arabs. Poetry, on the 
other hand, an endowment of the ancient Arabs, continued 
to live and flouri.sh as long as the Eastern Caliphate lasted. 

We may count poets by the hundred, eminent in every 
department of that art : in descriptiv’e, erotic, martial, and 
philosophic poetry ; in odes, in satire.s, etc. The great 
collection entitled Kildb al-AgMni/‘ compiled by LsfahAnl, 
contains a choice of the finest poems, accompanied by very 
instructive notices of the poets, and of the circumstances 
under wiiich they composed such and such pieces. Besides 
thi.s, many DlwAns, or complete editions of the works of 
p)oets, liave come down to us. They bear the celebrated 
names of NAbigha, of ‘ilntara, of ITarafa, of Zohair, of 
'Alkama, of Amraalkais, of Shanfara, of Labld, in the pre- 
Islamic period (see Mo'aei:,ak.(t) ; of Jarir, Akhtal, and 
Farazdak,® in the Omayyad period ; and of Abd NowAs,^ 

Abd ’1-AtAhiya, Mo.slim,® Motaxaebi’ ( g . v .), and Abd ’1- 
'AlA,® in the period of the ‘AbbAsids. And this li.st con- 
tains only the most illustrious names. 

J The first part of which liM jn'it tieen puhli‘ihe<l by H. Derciibourg 
(Paris 1882). - Pnblislied by Boshaid Dalidali. 

3 Tnuiplated by Freytag {Bonn, 1838-43), with the Arabic text of 
the proverb.^. ■* See Freytag, AraUxchc Verskvnst. 

* Published at Eulak, A.n. 1285 (20 vols ) See also Kosegarten, 

Ali Ispahanensis liber caniilenarum, tom. i. Greifswald, 1840. 

c See Caussin de Perceval in the Journal asialiipte, 2d ser., rols, 

xiii. xiv. . , 

~ See Ahlwardt, Die VTeingedichU des Abu Aujms (Greifswald, 

1861), and, fora Cairo edition, AT. D. M. G., xxi. t74. 

8 E-lited hy De Goeje, 

» See P.ien, Jje Abul-Ala; vita ei carminUrus, and Kremer m 
Z. IJ. M. G., xxix., XXX., xxxi. 
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on the phnnnacopoiia also shoTVa hovr smallaport ol-serva- 
tion plaved in Arabian medicined Zoolo^, botanv, and 
inineralocv made no greater progress ; bnt thev were at 
least among the subjects which attracted the p*ttention et 
learned Olosleins. The great treatise bv DamirL entitled 
Il'X’j-jt al-IIai’.~^n. or L\f-: of Aninnlf. is’of interek mainlv 
froni the legends it contains :- and the treatise on miner- 
alcgr bj Taiiashi interests cs princirallv hr the details it 
gives on the origin of precions stones and' the art of catting 
them. It wotild l>e nnjtts: to conclnde this shetch without 
adding that the hlcslents p»jS'es5 also a great number of 
tcchuMal treati'es on the art ot war. on militarv emtines. 
and the Greek Sre, on faior-ni-r and hunting, aii on 
certain industries, such as th'^se of glass, pkterv, and 
metal'. Thev hare aho written on magic, on the inter- 
pretation of dre:ams. and on sleight of Land. These works 
have as vet been vetr little ir.vestigat&i, IVe shall no 
doubt nnd in them interesting revelations on the historv 
of the industrial arts, and on the historv of surerstitions.' 

"With an empire so vast as that o: the iloslems. we mav 
ea.dlv conceive how entendve their commerce and indnst: 
mu-'t have been. Commeme had at all times been held in 
honour bv the Arabs. Long before the cars of 3Iohammed. 
the Komish aurmallj sent caravans. laden with all the 
pro-iucts of Yemen, into Syria. Maiitine commerce also 
was already Sourishing in Cha!da-a in the 5th century of 
our era. The city of Hira was frequented by shijis cc-ming 
from the Red Sea, from India, and even from China. 


premous w^ of India, were poured into the empire, 
wnile uhe hroslems exported their clasA their daTf^_ tEpk 


tneir dates, their 


cotton studs, them redned sugar, and their wrought took 


was celebrate.!, and we know that dint-glass" and enamels 
were aho made at Baghdad. Dates were cult iva ted prin- 
cipally in Ae neighbourhood of Ba.^ and also in Persia 
and Khnzistan- Redned sugar also came from the coast 
ot Persia, As regards steeL the manufacture of armour 
and weapons was the speciahtw ot the people of Trak, of 
Bahrain, of 'Oman, and of Too 


fictcrsA 


Eahraiig of 'Omiin, and of Yemen. The Syrians had the 
credit of forging excellent sword-blades. *In Syria too 
were made mirrors of polished steeL The weaving of 
various studs formed an im&ortant branch of indukrv. 
The 


- r 


CHS was renowned for the silk fabrics which have taken, 
their name from that city. The silks of Yemen, of ikypt, 
and of Cufa, had also a high reputation. Tunis produced 
gauze, and muslin dgnred with gold. Egypt manufactnred 
brocade, Armenia supplied satin. The carpet manufacture 
under the Caliphs had already reached the excellence 
which it has maintained to our own davs. At that time 


the carpets most valued came from Fdrsistan and Tabaiis- 


Oloila WU.S the emrorium for the merchandhe of India. 


I: was piiccipaliy thither that teakwood was brought, 
which served for the conkruction of Atur'S and houses. 
Thus the Arabs, when they conquered Chaldiea, found 
maritime coinmerc>3 in full aciivity there, and took advan- 
tage of it. Under the 'Abbistds. Buyta suj'placted Hira 
and Obella, and became the principal pert. The history 
of Sindibdd (ninlcd the Sailor) shows how acrive foreign 
commerce was under the 'AbldsifR, ana with what courage 
the Arab saOom confronted danger. 3£nikm colonies were 
established all along the coasts o: Persia and India, and 
Alosiem voyagers did not fear to venture as far as the 
China SeaL "Ou the West, the commemiA movement 
was not less active. Caravans laden with the products of 
Spain left Tangier, traversed the whole of Yorthem Africa, 
and reached. Syria, Arabia, and 3resr.r..-,tain:a. Others 
p<is3ed through Asia hlinor, Armenia. Persia. Khorasdn, 
and TurkestAa, as far as the frontiers of China, while the 
route of others again wus along the eastern coast oi Africa, 
whence thev breught ijack ivory and black staves. Thus 
the silks of China, and the snices, camphor, steel, and 


tin. Jewellery and trinkets found numerous outlets, as 
may he sapposed. This tra£c was principally carried on 
in the East by the Jews. 

We know that the religion of the Prophet forbade anyJ 
representation of the human figure. This prohibition does 
not appear to have been long observed, for we find that 
the wails of palaces and of the houses of the rich were 
covered with paintings. There was a school of painting 
at Basra, and a historian gives us the names of two painters 
of high celebrity in their art — ^Tbn 'Adz and Kosair. 

The manufacture of paper was carried on very extensively, 
a fact which is easily expUdned when we think of the liter- 
ary activity oi the iloslems. The Arabs originally used 
parchment’ For this, after the conquest of Egypt, they 
substituted papyrus, which was itself supplanted by paper, 
when the Arafe had opened communicarions with Ch ina . 
Pap-er milk were established in several of the provinces, 
and at Baghdad itself. Simultaneously with the appear- 
ance of tHs precious substance, the art of binding became 
one of the most fiourishing industries, as did also the trades 
of the shoemaker, the saddler, aud the dyer, etc. etc. 
Retail commerce. lastly, undertook the distribution of the 
, nnsducts of agriculture and industry. In almost aU the 
! cities of the empire markets were held, where the fruiterer 
and grocer {B-xJ:J:dl\. the butcher {Ja—dr). the armourer 
{fnlknT), the bookseller ( Wnrrdh), and the druggist and 
*. perfmner ((AfAr). oSered their wares for sale.® (sx. G.) 


PART IIL— THE KOEAA". 


The Koran fKo'ran) is the foundation of Islam. It is tne 
sacre>l book of more than a hundred miliioriS ot men, some 
of them nations of immemorial civilizntion, by all whom it is 
regardeii as the immediate word of God. And since the 


a cine to the spiritual developmenr ot that mo=i. succei^iul 
of all prophets and reh'gious personalities. It must_be 
owned that the first perusal leaves on a Europiean an im- 
of chaotic confusion, — not that the boo^x is so very 

ie'^f thrEom-rT^P^lic womhiD, in'sehook and other- | eitendve, for it is not 
wise k mu^'h more emen'-w- than, for examnle. the reading This impression can in some degree be mcm^eu OyW t>y t^e 
WL'^i^m^cumjieext-....-.- ^ ^ 1 ^ critical analysis with the assistance of 

iabian tradidom ^ -r- 

To the faith of the Tloslems, as has been smd, ihe_ Eoran 
is the woni of God, and such also is the claim whmh the 
book itself advances. For except in sux- ^ which is 


, 15 ouen lEore . c iv- 

,e Bfiole in most Chrisdan countries, it has been truly 

_ T* TT-I' 


described as the nicist widelv-read took in existence. Thia 


dcient to give it an urgent claim 


cnrcuinstancs alone is sa-.-.— - -- c- — ^ 

on onr attendon, whether it smt our taste and tail in with 
our religious and philosophical views or not. Besids. it 
is the work of irohammed, and as such is fitted to asord 


iCi treitiic 
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Prktid it EiHk, X.H. I 2 S 2 . 
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OTTH r-ssdivtioris, vMcis tiiev pretended to fcave received 
from the Prophet, thoee of the Greek ptvsiciacs. The 
vorks cf Avicenna prove this ; and Ibn al-:^rars treatise 
on the phannacopoiia also shoTvs hovr smalla jAt oh-serva- 
tion plaved in Arabian medicined Zoolo^, botanv, and 
mineralocv made no greater progress t bnt thev ware at 
least among the rabjects which attracted the a^ention of 
leameft ^rosxetns. The great treatise by X)amirL entitled 
Ilcmt al-IIav.~6n. or ZAe of Anmalf. is of interek mainlv 
froni the legends it contains;- and the treatise on miner- 
alc-gy by Taifashi interests ns princirally by the details it 
gives on the origin of precions stones and' the art of cntttnn 
them. It wotild l^e nnjnst to concinde this sketch withoat 
adding that the Moslems p»jS'es5 also a great ninnber of 
techni'tal treatises on the art ot war, on mdlitarv encines. 
and the Greek Sre, on faioeniy- and huntinm aiM oti 
certain indnstrie^, such as th'^se of glass, ivktc-rv, and 
metal'. They hare abo written on magic, on the" inter- 
pretation of dreams, and on sleight of Land.’ These works 
Lave as yet been very iittle ir.vestigateti, We snail no 
donbt and in. them interesting revelations on the historv 
of the indnstrial arts, and on the history of snr-trstitions.' 

With an empire so vast as that of the ifoslems. we mav 
ea-dly conceive how esitendve their commerce and indnstty 
mn.'t have lestn. Comnicnm had at all times been held in 
honour by the Arabs. Long before the days of 3Ioha!rmed, 
the Komish annnnlly sent cm-aTans, laden with all the 
I'to-iucts of Yemen, into Syria. Maritime commerce also 
was already donrishing in CLaldrea in the 5th centnry of 
onr era. The city of Hira was freon-rnted by shijis co-ming 
from the Red Sea, from India, and even from China. 
OloIIa wa-s the emroriirm for the mercLandhe of India. 
It vra.s principally thither that teakwood was brought, 
which served for the con-tmction of .whir's and honses. 
Thus the Zrabs, when they cononered ChAdrea, found 
maritime- comme-rce in fall activity there, and took advan- 
tage of it. Under the Abbisid-. Rafra supplanted Hira 
and OboHa. and became t'ne prInc:[A port. The history 
of Sindibad (Sinlcd the Sriior) shows how active forefgm 
commerce was under the 'Ablasids, ana with what C'Onrag’e 
the Arab saOors confronted danger. Moslem colonies were 
esmblished all Aong the coasts of Persia and India, and 
jiC^slem voyagers did not fear to venture as for as the 
China Sea,s. On the West, the commemiA movement 
was not less active. Caravans Laden with the products of 
Spain 1-eft Tangier, travers-td the whole of Xorthem Africa, 
and reachc-d Syria, Arabia, and ^resoT-^itamia, Others 
passed thronnh Asia 3firior, Armenia. Persto, Khorasdn. 
and Turkestan, as far as the frontiers of China, whde the 
route of others auain was along the eastern coast oi Africa, 
whence they brounht iiack ivory and black slaves. Thes 
the silks of Chino, and the spices, camphor, steel, and 
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premott -^oods ot India, were poured into the empire, 
wnile the Moslei^ exported their glass, their dates. Aieir 
cotton studs, their refined sugar, and their wrousht tooU 
to those conntries. _The manufacture of glass was SiTsna- 
mdnstry of old standing among them. The alass of SyrlatictA. 
was celebrate.! and we know that fint-glass'" and enamels 
.■.ere aho made at Baghdad. Dates were cA Ava ted prin- 
cipally in Ae nAghbourhood of Ba.^ and also in Persia 
and Khuzistan- Refined sugar also came from the coast 
or Persia, As regards steeL the manmactare of armonr 
and weapons was the speciality of the people of Trak, of 
Bahrain, of 'Om;m, ana of Yemen. The Syrians had the 
; credit of forging excellent sword-blades. In Svria too 


were made mirrors of polished steeL The weaving of 
various stufis formed an important branch of indukiy. 
The strip'e.'i stnfis of Yemen, and the tissues of Baghdad, 
Herat, Tawwaj. and Pasa, enjoyed a high repnte. Damas- 
cus was renovmed for the silk fabrics which have taken, 
their name from that city. The Aiks of Yemen, of Pgypy 
and of Cufa, had also a high reputadon. Tnnis prodncai 
gauze, and muslin fignred with gold. Egypt manufactnred 
brocade, Armema supplied satin. The carpet manufacture 
under the Caliphs had already reached the excellence 
I which it has maintained to our own days. At that time 
I the carpers most valued came from Fdrsistmi and Tabaiis- 
i tin. Jewellerv and trinkets found numerous outlets, as 


may be supposed. This tra£c was principAIy carried on 
in the East by the Jews. 

We know that the religion of the Prophet forbade any Art- 
representation of the human figure. This prohibition does 
not appear to have been long observed, for we find that 
the wails of palaces and of the houses of the rich were 
covered with pointings. There was a school of painting 
at Basra, and a historian gives ns the names of two painters 
of hiuh celebnty in their art — ^Tbn 'Adz and Kosair. 

The manufacture of paper was carried on very extensively, 
a fact which is easily exp.hdned when we think of the liter- 
ary acAvity oi the 3Ioslems. The Arabs onginaily used 
parchment’ For this, Ater the conquest of Egypt, they 
suesAtuted papyrus, which was itself supplanted by paper, 
when Aie Arabs had opened communicanons with China. 
Paper milU were establish&i in severA of the provinces, 
and at Baghdad itself. SimAraneously with the appear- 
ance of precious substance, the art of binding became 
one of the most fiourishing industries, as did also the trades 
of the sLoemoker, the saddler, and the dyer, etc. etc. 
Retail commerce. lastly, undertook the distribuAon of the 
rosducts of agricAture and industry. In almost eU the 
! cities of the empire markets were held, where the fruiterer 
and tmocer {BnlMVt. the butcher {Ja-ar). the armourer 
{FniT:aT\ the bookseller ( Wnrrvh), and the druggist and 
I rkrfmner (^AfAr). oSered their wares for sAe.® (sx. G.) 


PART IIL— THE KOEAY. 


Thu Koran fKo'ran) is the fotmdaAon of Dlam. It is the i 
sacre.1 book o’f more than a hundred miliiovis of men, some | 
of them naAons of immemoriA civiIizr.tion, by all whom it is j 
regarded as the immediate word of Go<L And since the . 
use of the Koran in public worship, in schools and other- j 
wise, is much more extensive than, for examp.le. the reading j 
cf the Bible in most Christian countries, it has been truly [ 
described as the most widely-read beok in existence. This | 
circtiiiistsjncs slons is suScicnt to 'urgent [ 

on our atteuAon. whether it suit our taste end tall in with j 
our religious and phllosopblesi views or fot. Bsstds. it ■ 
is the work of 3rohaiiimed, and as such is fitted to auord 

1 -Tdi treitkc has ceea tni:=!atei irta TnzAi cv It. Eeclsc. 

= pAtid at EdHk, X.H. I2S-Z 


a clue to the spirituA devAopment of that most successf A 
of all prophets and religious personalities. Ir must_be 
owned that the first perusA leaves on a European an im- 
pression of chaoAe coAurion, — not that the book is so very 
extensive, for it is not oAte so large as the Yew Testament. 
Thi; impression can in some degree be modific-d only by the 
aopIicaAon of a cridcA anAysis with the assistance of 

iahian tradidon. ^ -r- _ 

To the fAth of the 3IoAeuiS; as has been sud, Ae 
is me woni of God. and such also is the claim whmh the 
book itself advances. For except in sur. i. which is 


5 Fc^- ferrhw iafcriwitiiUi ca Jloikw cfumaticcs 
tnipcrikt W3% CAr-e;is€'.ia-.te &s O.-is'.U -'r.’.er 
Tiiaaa, ISta-Ti. 
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convenient to employ some one else whenever he had any- 
thing to write. After the flight to Sfcdina (a.d. 622) we 
are told that short pieces — chiefly legal decisions — ^%vere 
taken doira immediately after they were revealed, by an 
adherent whom he summoned for the purpose; so that 
nothing stood in the -way of their publication. Hence it 
is probable that in hlecca, where the art of -writing was 
commoner than in Medina, he had already begun to have 
his oracles committed to -writing. That even long portions 
of the Koran existed in written form from an early date 
may be pretty safely inferred from various indications; 
especially from the fact that in hiccca the Proidiet had 
caused insertions to be made, and pieces to be erased in 
his previous revelations. For -we cannot supjmse that he 
knew the longer siiras by heart so perfectly that he was 
able after a time to lay his finger ujjon any particular 
passage. In some instances, indeed, he may have relied 
too much on his memoi^'. For example, he seems to have 
occasionally dictated the same siira to different persons in 
slightly different terms. In such cases, no doubt, he may 
have partly intended to introduce improvements ; and so 
long as the difference was merely in expression, -without 
affecting the sense, it could occasion no perple.xity to his 
followers. None of them had literary pedantrj' enough 
to question the consistency of the disdne revelation on 
that ground. In particular instances, however, the differ- 
ence of reading was too important to be overlooked. 
Thus the Koran itself confesses that the unbelievers cast 
it up as a reproach to the Prophet that God sometimes 
substituted one verso for another (xvi. 103), On one 
occasion, when a dispute arose between two of his omi 
followers as to the true reading of a passage wliich both 
had received from the Prophet him.self, 3Iohammcd is .said 
to have e.xplained that the Koran was revealed in .seven 
forms. In this apparently genuine dictum seven .stand.s, of 
cour.se, as in many other cases, for an indefinite but limited 
number. But one may imagine what a world of trouble 
it has cost the 3Ioslem theologians to explain the .saying 
in accordance -with their dogmatic beliefs. A great num- 
ber of e.xplanations are current, some of which claim the 
authority of the Prophet himself; as, indeed, fictitious 
utterances of Mohammed play throughout a conspicuous 
part in the exegesis of the Koran. One veiy favourite, 
but utterly untenable intcrj)retation is that the “seven 
forms ” are seven different Arabic dialects. 

Abro- "Wlien such discrepancies came to the cognisance of 
gated Mohammed it was doubtless his desire that only one of 

rea' mg?, conflicting te.xts should be considered authentic ; only 
he never gave himself much trouble to have his wish 
carried into effect. Although in theory he was an up- 
holder of verbal inspiration, he did not push the doctrine 
to its extreme consequences ; his practical good sense did 
not take these things so strictly as the theologians of 
later centuries. Sometimes, however, he did sux)press 
whole sections or versus, enjoining his followers to efface 
or forget them, and declaring them to be “abrogated,” 
A verj' remarkable case is that of the two verses in liii., 
when he had recognised three heathen goddesses as 
exalted beings, possessing influence ■^vith God, {Supra, 
p. 549.) 

Ji\ao- So much for abrogated readings ; the case is somewhat 
gated different when we come to the abrogation of laws and 

directions to the Aloslem-s, which often occurs in the 
Koran. There is' nothing in this at variance -with 
Mohammed’s idea of God. God is to him an absolute 
despot, who declares a thing right or -WTong from no 
inherent necessity' but by his arbitrarj' fiat. This God 
varies his commands at pleasure, prescribes one law for 
the Christian-s, another for the Jew.s, and a third for the 
Moslems ; nay, he even changes his instructions to the 


Moslems vyhen it pleases him. Thu.s, for example, the 
Koran contains very different directions, suited to varyiiu: 
circumstances, as to the treatment which idolaters are to 
receive at the hands of believers. But hlohammed showed 
no anxiety to have these superseded enactments destroyed. 
Believers could be in no uncertainty as to which of two con- 
tradictory ppsages remained in force ; and they might .still 
find edification in that which had become obsolete. Tliat 
later generations might not so easily distinmiish the 
“abrogated” from the “abrogating” did no^ occur to 
ilohammed, whose vision, naturally enough, seldom ex- 
tended to the future of his religious community. Current 
events were invariably kept in view in the revelations. 

In Medina it called forth the admiration of the Faithful 
to observe how often God gave them the answer to a 
question whose settlement was urgently required at the 
moment. The same naivete appears in a remark of the 
Caliph 'Othmdn about a doubtful case ; ‘ If the Apostle 
of God were still alive, methinks there had been a Koran 
passage revealed on this point.” Not unfrequently the 
divine word was found to coincide vith the advice which 
Mohammed had received from his most intimate disciples. 

“ Omar was many a time of a certain opinion,” says one 
tradition, “ and the Koran was then revealed accordingly.” 

Tlie contents of the different parts of the Koran are Contents 
extremely varied. JIany passages consist of theological oroj tte 
moral reflections. We are reminded of the greatness, the 
goodness, the righteousness of God as manifested in Nature, 
in history, and in revelation through the prophets, especially 
through Mohammed. God is magnified as the One, the 
-dll-powerful. Idolatrj’ and all deification of created beings, 

.such as the worship of Christ as the Son of God, are un- 
sitaringly condemned. The joys of heaven and the jtains 
of hell are deqn’cted in vivid sen.suous imagery, as is also 
the terror of the whole creation at the advent of the last 
day and the judgment of the world. Believers receive 
general moral instruction, as well as directions for special 
circumstances. The lukewarm are rebuked, the enemies 
threatened -Nrith terrible punishment, both temporal and 
eternal. To the sceptical the truth of Islam is held forth ; 
and a certain, not very cogent, method of demonstration 
predominates. In many passages the sacred book falls into 
a diffuse preaching style, others seem more like proclama- 
tions or general orders. A great number eontain ceremonial 
or civil laws, or even special commands to individuals down , 
to such matters as the regulation of Mohammed’s harem. 

In not a few, definite questions are answered which had 
actually been propounded to the Prophet by believers or 
infidels. Mohammed himself, too, repeatedly receives direct 
injunctions, and does not e.scape an occa.sional rebuke. One 
siira (i.) is a prayer, two (c.xiii., c.xiv.) are magical formulas. 

Many siiras treat of a single topic, others embrace several. 

From the mass of material comprised in the Koran— and Kiirra- 
the account wo have given is far from e.xhaustive— wetive.,. 
should select the histories of the ancient prophets and 
saints as possessing a peculiar interest. The purpose of 
Mohammed is to show from these histories how God in 
former times had rewarded the righteous and punished 
their enemies. For the most piart the old prophets onlj 
serve to introduce a little variety in point of form, for they 
are almost in every case facsimiles of ilohammed himself. 

They preach exactly like him, they have to bring the vety 
same charges against their opponents, who on their part 
behave exactly as the unbelieving inhabitants of Mecca. 

The Koran even goes so far as to make Noah_ contend 
against the worship of certain fal.-e gods, mentioned by 
name, who were wonshiiiped by the Arabs of ilohammed s 
time. In an address which is put in the mouth of Abra- 
ham (xxvi. 75 «yy.) the reader quite forgets that it i. 
Abraham, and not Mohammed (or God himself) who is 
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convenient to employ some one else whenever he had any- 
thing to write. After the flight to Sfcdina (a.d. 622) v.'e 
are told that short pieces — chiefly legal decisions — ^^vere 
taken doira immediately after they were revealed, by an 
adherent whom he summoned for the purpose; so that 
nothing stood in the -way of their publication. Hence it 
is probable that in hlecca, where the art of -writing was 
commoner than in Medina, he had already begun to liave 
his oracles committed to writing. That even long portions 
of the Koran existed in written form from an early date 
may be pretty safely inferred from various indications; 
especially from the fact that in hlecca the Prophet had 
ca-used insertions to be made, and pieces to be erased in 
his previous revelations. For -we cannot supjjose that he 
knew the longer siiras by heart so perfectly that he was 
able after a time to lay his finger ujjon any particular 
passage. In some instances, indeed, he may have relied 
too much on his memoi^'. For example, he seems to have 
occasionally dictated the same siira to different persons in 
slightly different terms. In such cases, no doubt, he may 
have partly intended to introduce improvements ; and so 
long as the difference was merely in expression, -without 
affecting the sense, it could occasion no peqdexity to his 
followers. None of them had literary pedantrj' enough 
to question the consistency of the dirine revelation on 
that ground. In particular instances, however, the differ- 
ence of reading was too important to be overlooked. 
Thus the Koran itself confesses that the unbelievers cast 
it up as a reproach to the Prophet that God sometimes 
substituted one -^'ersc for another (xaI. 103). On one 
occasion, when a dispute arose between two of his owm 
followers as to the true reading of a passage whicli both 
had received from the Prophet himself, 3Iohammcd is .said 
to have e.xp]ained that the Koran was revealed in .seven 
forms. In this apparently genuine dictum seven .stand.s, of 
cour.se, a-s in many other cases, for an indefinite but limited 
number. But one may imagine what a world of trouUe 
it has cost the Moslem theologians to explain the .saying 
in accordance -with their dogmatic beliefs. A great num- 
ber of C-xplanations are current, some of which claim the 
authority of the Propihet himself; as, indeed, fictitious 
utterances of Mohammed play throughout a conspicuous 
part in the exegesis of the Koran. One veiy favourite, 
but utterly untenable interj)retation is that the “seven 
forms ” are seven different Arabic dialects. 

Abro. ’"IVlien such .discrepancies came to the cognisance of 
gated Mohammed it was doubtless his desire that only one of 
reading?. conflicting texts should he considered authentic ; only 
he never gave himself much trouble to have his wish 
carried into effect. Although in theory he was an up- 
holder of verbal inspiration, he did not push the doctrine 
to its extreme consequences ; his practical good sense did 
not take these things so strictly as the theologians of 
later centuries. Sometimes, hovrever, he did .sux)press 
whole sections or vers&s, enjoining his followers to efface 
or forget them, and declaring them to be “abrogated.” 
A very remarkable case is that of the two verses in liii., 
when he had recognised three heathen goddesses as 
exalted beings, possessing influence -^vith God. {/supra, 
p. 549.) 

Ji\ao- So much for abrogated readings ; the case is .somewhat 
gated different when we come to the abrogation of laws and 

directioas to the Aloslem-s, which often occurs in the 
Koran. There is' nothing in this at variance with 
Mohammed’s idea of God. God is to him an absolute 
despot, who declares a thing right or wrong from no 
inherent necessity but by his arbitrarj' fiat. This God 
varies his commands at pleasure, prescribes one law for 
the Christian-s, another for the Jew.s, and a third for the 
Moslems ; nay, he even changes his instructions to the 


Moslems when it pleases him. Thus, for examiJe, the 
Koran contains very different directions, suited to varying 
circumstances, as to the treatment which idolaters are to 
receive at the hands of believers. But hlohammed showed 
no anxiety to have these superseded enactments destroyed. 
Believers could be in no uncertainty as to which of two con- 
tradictory ppsages remained in force ; and they might still 
find edification in that which had become obsoleter Tliat 
later generations might not so easily distinguish the 
“abrogated” from the “abrogating” did no^ occur to 
ilohammed, whose vision, naturally enough, seldom ex- 
tended to the future of his religious community. Current 
events were invariably kept in view in the revelations. 

In Medina it called forth the admiration of the Faithful 
to observe how often God gave them the answer to a 
question whose settlement was urgently required at the 
moment. The same naivete appears in a remark of the 
Caliph ‘Othmdn about a doubtful case ; ‘ If the Apostle 
of God were still alive, methinks there had been a Koran 
passage revealed on this point.” Not unfrequently the 
divine word was found to coincide vith the advice which 
Mohammed had received from his most intimate disciples. 

“ Omar was many a time of a certain opinion,” says one 
tradition, “ and the Koran was then revealed accordingly.” 

Tlie contents of the different parts of the Koran are Contents 
extremely varied. JIany passages consist of theological oroj the 
moral reflections. We are reminded of the greatness, the 
goodness, the righteousness of God as manifested in Nature, 
in history, and in revelation through the prophets, especially 
through Mohammed. God is magnified as the One, the 
-dll-powerful. Idolatrj’ and all deification of created beings, 
such as the worship of Christ as the Son of God, are un- 
sitaringly condemned. The joys of heaven and the jjains 
of hell are dequeted in vivid sensuous imagery, as is also 
the terror of the whole creation at the advent of the last 
day and the judgment of the world. Believers receive 
general moral instruction, as well as directions for special 
circumstances. The lukewarm are rebuked, the enemies 
threatened -\rith terrible punishment, both temporal and 
eternal. To the sceptical the truth of Islam is held forth ; 
and a certain, not very cogent, method of demonstration 
predominates. In many passages the sacred book falls into 
a diffuse preaching style, others seem more like proclama- 
tions or general orders. A great number contain ceremonial 
or civil laws, or even special commands to individuals down , 
to such matters as the regulation of Mohammed’s harem. 

In not a few, definite questions are answered which had 
actually been propounded to the Prophet by believers or 
infidels. Mohammed himself, too, repeatedly receives direct 
injunctions, and does not escape an occasional rebuke. One 
sura (i.) is a prayer, two (c.xiii., cxiv.) are magical formulas. 

Many sdras treat of a single topic, others embrace several. 

From the mass of material comprised in the Koran— and K-irra- 
the account we have given is far from e.xhaustivc— weto-e.-,. 
should select the histories of the ancient prophets and 
saints as possessing a peculiar interest. The purpose of 
Mohammed is to show from these histories how God in 
former times had rewarded the righteous and punished 
their enemies. For the most part the old prophets only 
serve to introduce a little variety in point of form, for they 
are almost in every case facsimiles of ^loLammed iiiinseli. 

They preach exactly like him, they have to bring the very 
same charges against their opponents, who on their part 
behave exactly as the unbelieving inhabitants of Mecca. 

The Koran even goes so far as to make Koah_ contend 
a-ainst the worship of certain false gods, mentioned by 
name, who were worshijiped by the Arabs of 
time. In an address which is put in the mouth of Abra- 
ham Gx-xvi. 75 syp) the reader quite forgets that it i-, 
Abraham, and not Mohammed (or God himself) who is 
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Jl^ds (vi. 85 ; xxxvii. 123). The substance even is modi- 
fied to suit exigencies of rhyme. Thus the Prophet would 
scarcely have fixed on the unusual number of eight angels 
round the throne of God(lxix. 17) if the word tluimdniyah, 
“eight,” had not happened to fall in so well with the 
rhyme.^ And when Iv. speaks of two heavenly gardens, 
each -with two fountains and two kinds of fruit, and again 
of two similar gardens, all this is simply because the dual 
termination (firi) corresponds to the syllable that controls 
the rhyme in that whole sfira. In the later pieces, 
ilohammed often inserts edifying remarks, entirely out of 
keeping svith the context, merely to complete his rhyme. 
In Arable it is such an easy thing to accumulate masses 
of words with the same termination, that the gross negli- 
gence of the rhyme in the Koran is doubly remarkable. 
One may say that this is another mark of the Prophet’s 
want of mental training, and incapacity for introspective 
criticism. 

On the whole, while many parts of the Koran un- 
doubtedly have considerable rhetorical power, even over 
an unbelieving reader, the book, msthetically considered, 
is by no means a first-rate perfonnance. To begin udth 
what we are most competent to criticize, let us look at 
some of the more extended narratives. It has already 
been noticed how vehement and abrupt they are where 
they ought to be characterized by epic repose. Indispens- 
able links, both in expression and in the sequence of 
events, are often omitted, so that to understand these 
histories is sometimes far easier for us than for those who 
heard them first, because Ave know most of them from 
better sources. Along with this, there is a great deal of 
superfluous verbiage; and noAvhere do wo find a steady 
advance in the narration. Contrast in these respects the 
history of Joseph (xii.) and its glaring improprieties, Avith 
the admirably-conceived and admirably-executed story in 
Genesis. Similar faults are found in the non-narrative 
portions of the Koran. Tlie connexion of ideas is 
extremely loose, and even the syntax betrays great aAvk- 
Avardness. Anacolutha arc of frequent occurrence, and 
cannot be explained as conscious literary devices. Many 
sentences begin Avith a “ AA'hen ” or " on the day Avhen ” 
Avhich seems to hover in the air, so that the commentators 
are driven to supply a “think of this” or some such 
ellipsis. Again, there is no great literary skill evinced in 
the frequent and needless harping on the same Avords and 
phrases; in xviii., for example, “till that” {hattd idhd) 
occurs no fcAver than eight times. Mohammed, in short, 
is not in any sense a master of style. This opinion Avill 
be endorsed by any European Avho reads through the 
book Avith an impartial spirit and some knoAvledge of the 
language, Avithout taking into account the tiresome effect 
of its endless iterations. But in the ears of every_ pious 
Moslem such a judgment Avill sound almost as shocking as 
doAvnright atheism or polytheism. - Among the Moslems, 
the Koran has ahvays been looked on as the most perfect 
model of style and language. This feature of it is in 
their dogmatic the greatest of all miracles, the incontest- 
able proof of its divine origin. Such a vicAV on the part 
of men who kneAV Arabic infinitely better than the most 
accomplished European Arabist Avill ever do, may Avell 
startle us. In fact, the Koran boldly challenged its 
opponents to produce ten siiras, or even a single one, like 
those of the sacred book, and they never did so. ^lat, 
to be sure, on calm reflexion, is not so A'ery surprising. 
Revelations of the kind Avhich Mohammed uttered, no 
unbeliever could produce Avithout making himself a laugh- 
ing-stock. HoAvever little real originality there is in 
Mohammed’s doctrines, as against his OAvn countrymen 
he AA’as thoroughly original, even in the form of his oracles. 
To compose such revelations at aaIU was beyond the poAver 


of the most expert literary artist ; it would have required 
either a prophet, or a -shameless impostor. And if such a 
character appeared after Mohammed, .still he could never 
be anything but an imitator, like the false proiflicts Avho 
arose about the time of his death and afterAvards. That 
the adversaries should produce any sample Avhatsocvcr of 
poetry or rhetoric equal to the Koran is not at all Avhat 
the Prophet demands. In that case he aa-ouM have been 
put to shame, even in the eyes of many of his oAvn 
followers, by the first poem that came to hand. Never- 
theless, it is on a false interpretation of this challenge that 
the dogma of the incomparable excellence of the style and 
diction of the Koran is based. Tlie rest has been accom- 
plished by dogmatic prejudice, which is quite capable of 
Avorking other miracles besides turning a defective literary 
production into an unrivalled masterpiece in the eyes of 
believers. This view once accepted, the next step was to 
find everywhere evidence of the perfection of the style and 
language. And if here and there, as one can scarcely 
doubt, there was among the old Moslems a lover of poetry 
Avho had his difficulties about this dogma, he had to 
bcAvare of uttering an opinion Avhich might have cost him 
his head. We knoAv of at least one rationalistic theologian 
Avho defined the dogma in such a Avay that Ave can see 
he did not believe it (ShahrastAnl, p. 39). The truth is, 
it Avould have been a miracle indeed if the style of the 
Koran had been perfect. For although there aaus at that 
time a recognized poetical style, already degenerating to 
mannerism, a prose style did not exist. All beginnings 
are difficult; and it can never be esteemed a serious 
charge against Mohammed that his book, the first prose 
work of a high order in the language, testifies to the aAvk- 
Avardness of the beginner. And further, Ave must ahA-ays 
remember that entertainment and aesthetic effect AA’cre at 
most .subsidiary objects. Tlie great aim Avas per-suasion 
and conversion ; and, say what Ave aaIII, that aim has been 
realized on the most imposing scale. 

• Mohammed repeatedly calls attention to the fact that the Foreign 
Koran is not Avritten, like other sacred books, in a strange words, 
language, but in Arabic, and therefore is intelligible to 
all. At that time, along Avith foreign ideas, many foreign 
Avords had crept into the language; especially Aramaic 
terms for religious conceptions of JeAvish or Christian 
origin. Some of these had already passed into general 
u6e, AA’hile others AA'ere confined to a more limited circle. 
Mohammed, Avho could not fully express his new ideas in 
the common language of his countrymen, but had frequently 
to find out ncAv terms for himself, made free use of sucli 
JeAvish and Christian Avords, as aaus done, though perhaps to 
a smaller extent, by certain thinkers and poets of that ago 
Avho had more or less risen above the IcA’el of heathenism. 

In Mohammed’s case this is the less AA'onderful, because he 
was indebted to the instruction of Jbaa’s and Cliri.stians 
AA’hose Arabic — as the Koran pretty clearly intimates Avith 
regard to one of them — was very defective. Nor is it 
very surprising to find that his use of these Avords is some- 
times as much at fault ns his comprehension of the 
histories Avhich he learned from the same people — that ho 
applies Aramaic expressions as incorrectly as many unedu- 
cated persons noAv employ AAwds derived from the French. 

Thus, forMn means really “ redemption,” but Mohammed 

(misled by the Arabic meaning of the root jyj “sever,” 

“decide") uses it for “revelation.” Milla is properly 
“Word,” but in the Koran “religion,” (Ixxxiii. 

18, 19) is apparently the HebrcAV name of God, A/ycn, 

“ the l^Iost High ” ; Mohammed uses it of a heavenly book 
(see S. Fraenkcl, ^e vocahuUs in antiqnis Ai-abnm carmin- 
ibus et in Corano peregrinis, Leyden, 1880, p. 23). So 
again the AA’ord inathdni is, as Geiger has conjectured, the 
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Ilyds (vi. 85; xxxvii. 123). The substance even is modi- 
fied to suit exigencies of rhyme. Thus the Prophet -would 
scarcely have fixed on the unusual number of eight angels 
round the throne of God(lxix. 17) if the word thamdniyah, 
“eight,” had not happened to fall in so well with the 
rhyme._ And when Iv. speaks of two heavenly gardens, 
each -with two fountains and two kinds of fruit, and again 
of tioo similar gardens, all this is simply because the dual 
termination {dn) corresponds to the syllable that controls 
the rhyme in that whole shra. In the later pieces, 
Mohammed often inserts edifying remarks, entirely out of 
keeping ■\vith the context, merely to complete his rhyme. 
In Arabic it is such an easy thing to accumulate masses 
of words with the same termination, that the gross negli- 
gence of the rhyme in the Koran is doubly remarkable. 
One may say that this is another mark of the Prophet’s 
want of mental training, and incapacity for introspective 
criticism. 

On the whole, while many parts of the Koran un- 
doubtedly have considerable rhetorical power, even over 
an unbelieving reader, the hook, msthetically considered, 
is by no means a first-rate perfonnance. To begin wth 
what we are most competent to criticize, let us look at 
some of the more extended narratives. It has already 
been noticed how vehement and abrupt they are where 
they ought to he characterized by epic repose. Indispens- 
able links, both in expression and in the sequence of 
events, are often omitted, so that to understand these 
histories is sometimes far easier for us than for those who 
heard them first, because we know most of them from 
better sources. Along with this, there is a great deal of 
superfluous verbiage; and nowhere do we find a steady 
advance in the narration. Contrast in these respects the 
history of Joseph (xii.) and its glaring improprieties, -^vith 
the admirably-conceived and admirably-executed story in 
Genesis. Similar faults are found in the non-narrative 
portions of the Koran. Tlio connexion of ideas is 
extremely loose, and even the syntax betrays great awk- 
wardness. Anacolutha are of frequent occurrence, and 
cannot be explained as conscious literary devices. Many 
sentences begin with a “ when ” or " on the day when ” 
which seems to hover in the air, so that the commentators 
are driven to supply a “ think of this ” or some such 
ellipsis. Again, there is no great literary skill e-vinced in 
the frequent and needless harping on the same words and 
phrases; in xviii., for example, “till that” {hattd idhd) 
occurs no fewer than eight times. Mohammed, in short, 
is not in any sense a master of style. This opinion will 
be endorsed by any European who reads through the 
book -ivith an impartial spirit and some knowledge of the 
language, ivithout taking into account the tiresome effect 
of its endless iterations. But in the ears of every pious 
Moslem such a judgment -^vill sound almost as shocking as 
do-(vnright atheism or polytheism. - Among the Moslems, 
the Koran has always been looked on as the most perfect 
model of style and language. This feature of it is in 
their dogmatic the greatest of all miracles, the incontest- 
able proof of its divine origin. Such a view on the part 
of men who knew Arabic infinitely better than the most 
accomplished European Arabist will ever do, may well 
startle us. In fact, the Koran boldly challenged its 
opponents to produce ten sfiras, or even a single one, like 
those of the sacred book, and they never did so. ^lat, 
to be sure, on calm reflexion, is not so very surprising. 
Revelations of the kind which Mohammed uttered, no 
unbeliever could produce without making himself a laugh- 
ing-stock. However little real originality there is in 
Mohammed’s doctrines, as against his own countrymen 
he was thoroughly original, even in the form of his oracles. 
To compose such revelations at -ndll was beyond the power 


of the most expert literary artist ; it would have required 
either a prophet, or a -shameless impostor. And if such a 
character appeared after Mohammed, .still he could never 
be anything but an imitator, like the false proidicts who 
arose about the time of his death and afterwards. That 
the adversaries should produce any sample whatsoever of 
poetry or rhetoric equal to the Koran is not at alt Avhat 
the Prophet demands. In that case he would have been 
put to shame, even in the eyes of many of his own 
followers, by the first poem that came to hand. Never- 
theless, it is on a false interpretation of this challenge that 
the dogma of the incomparable excellence of the style and 
diction of the Koran is based. Tlie rest has been accom- 
plished by dogmatic prejudice, which is quite capable of 
working other miracles besides turning a defeetive literary 
production into an unrivalled masterpiece in the eyes of 
believers. This view once accepted, the next step was to 
find ever 3 m’here evidence of the perfection of the style and 
language. And if here and there, as one can scarcely 
doubt, there was among the old Moslems a lover of poetry 
who had his difficulties about this dogma, he had to 
beware of uttering an opinion which might have cost him 
his head. We know of at least one rationalistic theologian 
who defined the dogma in such a way that we can see 
he did not believe it (ShahrasUnl, p. 39). The truth is, 
it would have been a miracle indeed if the style of the 
Koran had been perfect. For although there was at that 
time a recognized poetical style, already degenerating to 
mannerism, a prose style did not exist. All beginnings 
are difficult; and it can never be esteemed a serious 
charge against Mohammed that his book, the first prose 
work of a high order in the language, testifies to the awk- 
wardness of the beginner. And further, we must always 
remember that entertainment and aesthetic effect were at 
most .subsidiary objects. Tlie great aim was persuasion 
and conversion ; and, say what we will, that aim has been 
realized on the most imposing scale. 

• Mohammed repeatedly calls attention to the fact that the Foreign 
Koran is not ^vritten, like other sacred hooks, in a strange words, 
language, but in Arabic, and therefore is intelligible to 
all. At that time, along with foreign ideas, many foreign 
words had crept into the language; especially Aramaic 
terms for religious conceptions of Jewish or Christian 
origin. Some of these had already passed into general 
uSe, while others were confined to a more limited circle. 
Mohammed, who could not fully express his new ideas in 
the common language of his countrymen, but had frequently 
to find out new terms for himselfi made free use of sucli 
Jewish and Christian words, as was done, though perhaps to 
a smaller extent, by certain thinkers and poets of that ago 
who had more or loss risen above the level of heathenism. 

In Mohammed’s case this is the less wonderful, because he 
was indebted to the instruction of Jews and Cliri.stians 
whose Arabic — as the Koran pretty clearly intimates with 
regard to one of them — was very defective. Nor is it 
very surprising to find that his use of these words is some- 
times as much at fault as his comprehension of the 
histories which he learned from the same people — that ho 
applies Aramaic expressions as incorrectly as many unedu- 
cated persons now employ words derived from the French. 

Thus, means really “redemption,” but Mohammed 

(misled by the Arabic meaning of the root “sever,” 

“decide") uses it for “revelation.” J/iiia is properly 
“IVord,” but in the Koran “religion,” ///iydw (Ixxxiii. 

18, 19) is apparently the Hebrew name of God, Elytm, 

“ the Mo.st High ” ; ilohammed uses it of a heavenly book 
(see S. Fraenkcl, He vocahuUs in antiqnis Ai-abnm carmvv- 
ibvs et in Corano peregrinis, Leyden, 1880, _p. 23). So 
again the word inathdni is, as Geiger has conjectured, the 
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snort sentences vitb tolerably nnre bnt latiidlT-clmnndncr 
rhymes. The oaths, too, rrith Trhic-h many of them be^n 
rrcig lar^ly nseo by the soothsayers. Some of these 
ozih?. are rery rmconth and hard to tmderstand, some of 
them f>erhaps nrare not meant to be understood, ior indeed 
all .‘orts of strange things are met Trith in these ctapters. 
He-e and there Idohammed .^peaLs of vision.', and appears 
even to .see angels before him in bodily form. There are 
.'^ome intensely vi^d descriptions of the resurrection and 
the last day vrhich mnst have erercised a demonic povrer 
over men vrho vrere quite unfamiliar vrith such pictures. 
Other precss paint in glonung colours thejonsof Leaven 
arid the ;^us of^ hell. Hovrever, the .suras of this period 
are not all so vula as these ; and those vrhich are conceived 
i 

rc- 

chronological sequence. For iastauce, it is bv no meams 
certain vrhether the Iceginning of xcvi. i.s really, ~h.at a 
vridely-cfrcuL'ited tradition calls it, the oldest jjart of the 
'.rhole Koran. Ibat tradition g.>es back to the Prophets 
favourite vrlfe klbha: but Cl? .=he was not bom at the 
time when the revelation i.s said to have been mada it 
can only contain at the Vist what Moliammed told her 
yeans afterward.^ from Lis own not very clear recollection, 
with or '.nthout Uctitious additions And, moreoren 
there are other pieces mentior.cfi by others as the oldest. 
In any ca=e xcvi, 1 certainly very early. Accord- 

ing to the traditional sdew, which apr^ears to be correct, 
it treat'- of a wsion in which the Proj<het receives an 
injunction to recite a revelation co.nreyed to him by the 
ang?;L It i.« interesting to oh-^erve that here already two 
thing'- are broudit forward as rirco:.- of the onni[K»tc-nce 
and care of Gcd : one is the crsation of man out of a 
femiaa! drojt — an idea to which hfohammed often recurs; 
the other is the then recently introduced art of writing-. 
wh:''h the Proj/het irAtinctively seizes on as a means of 
rco^'ugriting his doctrines. It wn.* only after Jlohammed 
encountered ob-tinate resistance that the tone of the reve- 
lations I>ecame thoroughly paedonate. In .mcb ca=es he 
wa'^- not slow to utter te.udble threat^ against tho^e who 
ridiculed the preaching of the unity of Gcd, of the resur- ^ 
rection, and o; the judgment. Hb own uncle Abu Lahab ' 
had rudely rep-olied him, and in a brief sj-ecial Eura (cxL) 
he and his wife are consigned to hell. The suras of this 
period form almost eiclndvely the concluding jioTtzons of j 
the pre-ent tert. One is di-qwed to a-.mme, however, 
that they were at one time more numerouq and that many 
o: them were lost at an early frerio-I. 

Since ilohammed? .strength lay in hi.s enthu.sia=d:c and 
flerv imagination rather than in the wealth of ideas and 
clearness of abstract thought on which exact reasoning 
depend-U it iolJo-?rs that the older sum.-, in which the 
iarmiz qualities have free scope, must be more attracMve 
to us than the later. In the suras of the second period 
the imagirative glow perceptfoly dimini-hes : there is .still 
fire andT snimatfor., but the tone becomes gradually more 
imosaic. As the feverish restles-snes.s .sub.ddes, the period.s 
are dra-wn out, and the revelatious as a whole become [ 
longer. The truth of the new doctrine i.s pmoved by accu- j 
muiated instances of Go-i’s rrozldnz in nature and in 
history: the objectioas of opponents, whether advanced 
in good’ faith or in jest, are controverted by arguments ; 
but the dem on.strati.on is often contused or even weak. 
The histories of the earlier prophets, which had occasion- 
allv been brieSy touched on in the fcst period, are now 
related, .sometimes at great length. On the whole, the 
charm of the sTrle is passing away. 

There is one piece of the Koran, belonging to the begin- 
uing o: this penod, if not to the close of the former, which 
claims particular notice. This is i, the iord s Prayer of 


603 


- the 3rosIem.s, and beyond dispute the gem of the Koran. 
I The word-s oi this .sura, which is knorm as aJ-faiiKn /'-tns 
E oj>ening one’^) are as follows : — 


j (i) In the awne of Goi. tie coniTa-s:o 
Praise be piterally 


o-svn as a7-ffji>'ha (“the 
-m (-I; 



there i? not a single ongsnal idea of ilohammeds in it 



Compassioner," RaJm/jn. This is simply the .Jewish -pq-i- 
Rohmar,.6, which was a favourite name for God in the 
Talmudic period, llohammed seems for a while to have 
entertained the thought of adopting al-Eal.mdn as a proper 
name of God, in place of Alldh, which was already used by 
the heatheus,^ This purpose he ultimately relinquished, 
but it is just in the suras of the second period that the use 


formula, 

“ In the name of God," etc. It is to be regretted that this 
prayer must lose it.s euect through too frequent use, for 
every 3Io-lem who .says his five prayers regularly — ^as the 
most of them do — ^rejyeats it not less than twenty times 
a day. 

The stiras of the third Jleccan period, which form zLyteai 
pretty large j-nrt of our present Koran, are almost entirely 
prosaic. Some of the revelatioas are of considerable^^" 
extent, and the single verses also are much longer than 
in the older suras. Only now and then a gleam of poetic 
fcj-uer Sashes out. A sermonizing tone predominates. 

The suras are very edifying for one who is already recon- 
ciled to their import, but to us at least they do not seem 
very well fitted to carry conviction to the minds of unbe- 
lievers. That impres.sion, however, is not correct, for in 
reality the demonstrations of these longer ileccau suras 
appear to have been peculiarly inSuentiai for the propaga- 
tion of Islam, llohammed's mission -was not to Europeaus, 
but to a people who, though quick-witted and receptive, were 
not accustomed to logical thinking, while they had out- 
grorm their ancient religion. 

lYhen we reach the Sledira period it becomes, as has w<,'t . 
been indicated, much easier to understand the revelations sdrsi 
in their historical relations, since our knowledge of the 
history of llohammed in iledina is tolerably complete. 

In many cases the historical occasion is perfectly clear, 
in others we can at leasd recognize the general situation 
from yrbich thev arose, and thus approximately fix their 
time. There still remains, however, a remnant, of Trhich 
we can otdy say that it belongs to iledina. 

The style of this period bears a pretty close resemblance 
to that of the latest lleccan period. It is for the most 
part pure puo.se, enriched by occasional rhetorical embellish- 
ments, Yet even here there are many bright and impres- 
sis'e passas&-, especially in those sections which may he 
regarded as puodamations to the army of the faithful For 
the iloslems, ilohammed ha.s many difierert messages. At 
one time it is a summons to do battle for the faith : at 
another, a series of refiexions on recently exp>erienced success 
or misfortune, or a rebuke for their weak faith ; or an ex- 
hortation to virtue, and so on. He often addresses himself 
to the “doubters,” some of -whom vacillate betw^n faith 
and unbelief, others make a pretence of faith, while others 


- Sh-e ia Aribic sU-j tze root rrcnifes “to care pitv," tbs 
Arabs ixmt hrwe at ot;oe zereeinc tne loroe of tne uerr v - ' - rr . t . 
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t<5le:ab!y pure h^it rarcdU-cnEn^ing - th* 3ro;lein5. and Irevond disputf^ tli® '-t^Tn rf TTri-rs-n 
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r^tLs are Tery nneonth and hard to tinderstand. scree of * * *' 

there f>erhaps -rrere not meant to be understood, fk indeed 
all sorts of strange things are met Triih in these chapters. 

Here and there Zdohamreed 5 peai 3 of visions, and appears 
even to see angels before him in bodily form. There are 
some intensely vivid desoriptions of the resurrection and 
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the last day vrhich mnst have ererclsed a demonic power 
over men who were quite unfamiliar with such pictures. 
Other pieces paint in glowing colours thejor^ of heaven 
arid the pains of hell. However, the suras of this period 
are not all so wild as these ; and those which are conceived 
in a calmer mood apf-ear to he the oldest. Yet, one mu=t 
regeat, it is exceedingly diScult to mate cut any strict 
chronological sequence. For instauce, it is bv no meams 
certain whether the Iceginning of xevi. is really, what 
widely.circ'ukted tradition calls it, the oldest Tsirt of the j 
whole Koran. Tiat tradition g->es bach to ‘he Projfhet s 
tavounte wife ’Aisha : but as she was not born at the 
time when the revelation is said to have been made, it 
can only contain at the 1^^ what Zdoltammed told her 
years afterwards from Lis own not very clear recollection, 
with or srithout Uctitions additiorA. And, moreover, 
there are other pieces mentioned by others as the oldest. 
In any ca-e xcvf. 1 ryy. is certainly very early. Accord- 
ing to the traditional view, which apr^ears to be correct, 
it treats of a wsion in which the Proj>het receives an 
ininnetion to recite a revelation conveyed to hire by the 
angel It is interesting to ol-rerve that here already two 
thing'* are brougiit forward as ru.yjfs of the onni[fOtenc& 
and care of God : one is the ertsation of man out of a 
sereina! drop — an idea to which Zfohammed often recur?; 
the other is the then recently introduced art of writing-, 
whi-'h the Prophet irAtinctively seizes on as a means of 
icoffogviting his doctrines. It wus only after Jlohanimed 
eneo-nntered obdinate resistance that the tone of the reve- 
lations Isecarne thoroughly pasdonate. In such cases he 
wa.i not slow to utter terrible threat' agaiust tho^e who 
ridiculed the preaching of the unity of Gcd, of the resur- 
rection, and of the judgment. His own uncle Zvba Lahab 
had rudely repcrlled hire, and in a brief sj-ecial sura (cxL) 
he and his wife are con=igned to LeU, The suras of this 
period form almost exclusively the concluding portions of 
the pre-ent text. One is disposed to a.-.suine, however, 
that they were at one time more numerous and that many 
o: them -were lost at an early pferio-I. 

Since ilohammed's strength lay in his enthusiastic and 
flerv imagination rather than in the wealth of ideas and 
clearness of abstract thought on which exact reasoning 
depends, it folio-ws that the older sura.=, in which the 
former qualities have free scope, inrest be more attracMve 
to Tis than the later. In the suras of the second period 
the ireagirAtive glow perceptfoly direini-hes : there is still 
fire and snireatfon, but the tone hecorees gradually more 
luosaic. As the feverisb r^Iessnsss .subsides, the periods 
are dravm out, and the revelations as a whole become 
huger. The truth of the new doctrine is prored by accu- 
maiated instances of Go-i's worH.og in nature and in 
historv; the objectioms of opponents, whether advanced 
in good faith or in jest, are controverted by arguments ; 
but the demonstration is often confused or even weak. 
The histories of the earlier prophets, which had occasion- 
ally been brieSy touched on in the first period-^are 
related, sometimes at great length. On the whole, the 
charm of the .=tj.'2e is passing away. 

There is one oiece of the Koran, belonging to the begin- 
nmg of this penod, if not to the close of the former, -whicli 
claims particnlar notice. This is L, the iord s Prayer of 
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jndkeut fs) Tf.ce do vre -sorefij. and of Tl^doke 
Ecre. (Cf Dirgci us in the right way : ij) in the wav of those to 
whore There hast fen grarious, on -whore there Ls rb wrath, and 
-wco go net astray. 

The thoughts are .so simple as to need no explanation ; 
and yet the p.rayer is full of meaning. It is true that 
there i= not a single oiigsDal idea of Zlohammeds in it 


“Compass’oner,- EaJimdn. This is simply the .Jewish 
Jlohmdn/j, -which was a favourite name for God in the 
Talmudic period, llohammed seems for a while to have 


the heathens,^ This purp/ose he ultimately relinquished, 
but it is just in the suras of the .second period that the use 
of Jlnhrrtdn is sj>ecially frequent. It was probably in the 
first sura also that ilohammed first introduced the formula, 

“ In the name of God,” etc. It is to he regretted that this 
prayer must lose its euect through too frequent use, for 
every Zfoslem who .says his five p)rayers regularly — as the 
most of them do — ^rejyeats it not less than twenty times 
a day. 

Uie s-uras of the third ileccan period, which form ztstts-i 
pretty large jart of our present Keren, are almost entirely It sows 
pre>saic. Some of the revelatious are of considerable^^" 
extent, and the single verses also are much longer than 
in the older suras. Only now and then a gleam of poetic 
{cower Sashes out. A sermonizing tone predominates. 

The suras are very edifving for one who is already recon- 
ciled to their imr>ort, but to us at least they do not seem 
very well fitted to carry conviction to the minds of unbe- 
lievers. That impres.sion, however, is not correct, for in 
reality the denronstrarfous of these longer Meccan snras 
appear to have been peculiarly inSuentiai for the puepaga- 
tion of Islam. Zlohammed's mission was not to Europeaus, 
but to a people who, though quick--vritted and receptive, were 
not accustomed to logical thinking, while they had out- 
gro-rm their ancient religion. 

JYhen we reach the iledhre period it becomes, as has x’'*-'- - 
been indicated, much easier to understand the revelatfonssurei 
in their historical relatious, since our knowledge of the 
history of ilohammed in iledina is tolerably complete. 

In many cases the historical occasion is perfectly clear, 
in others we can at least recognize the general situation 
from which they arose, and thus approximately fix their 
time. There still remains, however, a remnant, of which 
we can only say that it belongs to Zfedina 

The style of this period bears a pretty close resemblance 
to that of the latest ileccan period. It is for the most 
{•art pure puose, enriched by occasional rhetorical embellish- 
ments, Yet even here there are many bright and impres- 
sive {lassases, especially in those sections which may he 
regarded as preoclamations to the army of the faithful For 
the ilosslems. Zlohammed has many difierert messages. At 
one time it is a summons to do battle for the faith : at 
another, a series of reSexious on recently experienced success 
or misfortune, or a rebuke for their weak faith ; or an ex- 
hortation to virtue, and so on. He often addresses himself 
to the “doubters,” some of whom vacillate between faith 
and unhslief. others make a pretence of faith, -while others 


r Sreie in Aritic zh-'j root riwifes “to Ure pw," ths 
reret r— «t ores zcrceino tze lores of tns ne-v r - *rr .e. 
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Haffia, whicli, ho'wever, was soon afterwards destroj’ed by 
MerwAn, tlie governor of Medina. The destruction of the 
earlier codices was an irreparable loss to criticism ; but, for 
the essentially political object of putting an end to con- 
troversies by admitting only one form of the common book 
of religion and of law, this measure was Jicccssary. 

The result of these labours is in our hands ; as to how 
they were conducted we have no trustworthy information, 
tradition being here too much under tho influence of dog- 
matic presuppositions. Tho critical methods of a modern 
scientific commiasion udll not bo expected of an age when 
the highest literary education for an Arab consisted in 
ability to read and write. It now seems to me highly 
jirobablo that this second redaction took this simple form ; 
Zaid read off from the codex which ho had previously 
UTitten, and his associates, simultaneously or successivelj', 
■wrote one copy each to his dictation. It certainly cannot 
have been by chance that, according to sure tradition, they 
•uTote c.xactly four copies. Bo that as it may, it is impos- 
sible now to distinguish in tho present fonn of the book 
what belongs to the first redaction from what is due to 
tho second. 

In tho arrangement of the separate sections, a classifica- 
tion according to contents was impracticable because of the 
varietj’ of subjects often dealt with in one siira. A chrono- 
logical nnungement was out of the qirestion, because the 
chronology of the older pieces must have been imperfectly 
known, and because in some cases passages of different 
dates.had been joined together. Indeed, systematic prin- 
ciples of this kind were altogether disregarded at that 
])oriod. The pieces were accordingly arranged in indiscri- 
minate order, the only rule observed being to place the 
long sv'iras first and tho shorter towards the end, and even 
that was far from strictlj’ adhered to. Tho short ojiening 
sura is so placed on account of its superiority to the rest, 
and two magical formuhe arc kept for a sort of jirotection 
at tho end ; these are the only .siiocial traces of design. 
Tho conibination of jiicccs of different origin may iwocecd 
])artly from tlic po.ssessor.s of tlic codices from which Zaid 
compiled his first complete C 02 )y, jMrtly from Zaid himself. 
Tlic individual siiras are soi^arated simidy by the super- 
scrijition — “In tho name of God, the compassionate Com- 
passioner,” wliich is wanting only in tho ninth. The 
additional headings found in our texts (tho name of the 
sura, the number of verses, etc.) were not in the original 
codices, and form no integral part of the Koran. 

It is said that 'OthmAn directed Zaid and his associates, 
in cases of disagreement, to follow the Koraish dialect ; 
but, though well attested, this account can scarcely be 
correct. The e.xtremely primitive UTxting of those days 
■was quite incapable of rendering such minute differences 
ns can have existed between tho jironunciation of Mecca 
and that of Medina. 

'OthmAn’s Koran was not complete. Some passages arc 
evidently fragmentai'y ; and a few detached pieces are still 
extant which were originally parts of the Koran, although 
they have been omitted by Zaid. Amongst these are some 
which there is no reason to sirppose Mohammed desired to 
suppress. Zaid may easily have overlooked a few stray 
fragments, but that he purposely omitted anything wliicli 
he believed to belong to the Koran is very unlikely. It 
has been conjectured that in deference to his superiors he 
kept out of the book the names of Mohammed's enemies, 
if they or their familie.s came afterwards to be resjjected. 
But it mu-st be remembered that it was never Mohamnied’s 
practice to refer explicitly to contemporary persons and 
affairs in the Koran. Only a single friend, his adopted 
son Zaid (xxxiii. 37), and a single enemy, his uncle Abu 
Lahab (cxi.)— and these for very special reasons— are men- 
tioned by name ; and the name of the latter has been left 
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in the Koran with a fearful curse annexed to it, althoimh 
his son had embraced Islam before the death of Mohammad. 

So,^ on the other hand, there is no single verse or clause 
which can be plausibly made out to be an interpolation by 
Zaid at the instance of Abfibekr, 'Omar, or 'OthmAn. Slight 
clerical errors there may have been, but the Koran of 
‘OthinAn contains none but genuine elements, — though 
sometimes in very strange order. 

Of the four exemjffars of ‘OthmAn’s Koran, one was kept 
in Medina, and one was sent to each of the three metro- 
politan cities, Cufa, Basra, and Damascus. It can still be 
pretty clearly shoum in detail that these four codices 
deviated from one another in imints of orthography, in the 
insertion or omission of a wa (“and”), and such-like 
minutise; but these variations nowhere affect the sense. 

All later manuscripts are derived from these four originals. 

At the same time, the other forms of the Koran did Other 
not at once become extinct. In particular we have' 
some information about the codex of Obay. If the 
list which gives the order of its siiras is correct, it must 
have contained substantially the same materials as our text ; 
in that case Obay must have used the original collection 
of Zaid. The same is true of the codex of Ibn Mas' Ad, 
of which we have also a catalogue. It ajipears that the 
qirinciple of putting the longer sAras before the shorter was 
more consistently carried out by liim than by Zaid. He 
omits i. and the magical formulae of cxiii. cxiv. Obay, 
on tho other hand, had embodied two additional short 
prayers, which we may regard as Mohammed’s. One 
can easily understand that differences of opinion may have 
existed as to whether and how far formularies of this kind 
belonged to the Koran. Some of the divergent readings 
of both these texts have been preserved, as well as a con- 
siderable number of other ancient variants. Most of them 
are decidedly inferior to the received readings, but some 
are quite as good, and a few deserve preference. 

The only man who appears to have seriously opposed Ibn 
the general introduction of 'OthmAn’s text is Ibn Mas'Ad. Mas' 
He was one of the oldest disciples of the Proiihet, and had 
often rendered him personal service ; but he was a man of 
contracted views, although he is one of the pillars of Mos- 
lem theology. His opposition had no effect. Now when 
we consider that at 'that time there were many Moslems 
who had heard the Koran from the mouth of the Prophet, 
that other measures of the imbecile 'OthmAn met with 
the most vehement resistance on the part of the bigoted 
champions of the faith, that these were still further incited 
against him by some of his ambitious old comrades until 
at last they murdered him, and finally that in the ciidl 
wars after his death the several parties were glad of any 
pretext for branding their opponents as infidels; — when 
we consider all this, we must regard it as a strong testi- 
mony in favour of 'OthmAn’s Koran that no party, not 
even that of 'AH, found fault ivith his conduct in this 
matter, or repudiated the text formed by Zaid, who was 
one of the most devoted adherents of 'OthmAn and his 
family. 

But this redaction is not tho close of tho textual history of thoTii 
Koran. Tho ancient Arabic alphabet was very imperfect ; it notliist^ 
only wanted marks for tho short, and in part even for tho long oft’ 
vowels, but it often expressed several consonants by the same sign. 

Hence there were many words which could be read in very different 
ways. 'This variety of possible readings was at first very great, and 
many readers seem to have actually made it their object to discover 
pronunciations which were new, provided they wore at all aiipro- 
priate to tho ambiguous text. There was also a dialectic license in 
grammatical forms, which had not as yet been greatly restricted. 

An effort was made by many to establish a more refined pronuncia- 
tion for tho Koran than was usual in common life or in secular 
literature. The various schools of “readers” differed verj' mdely 
from one another ; although for the most part there was no im- 
portant divergence as to the sense of words. A few of them gradu- 
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Haffia, which, however, was soon afterwards destro3’ed by 
MerwAn, the governor of Medina. Tho destniction of the 
earlier codices was an irreparable loss to criticism ; but, for 
the essentiallj' political object of putting an end to con- 
troversies by admitting only one form of the common book 
of religion and of law, this measure was necessary. 

The result of these labours is in our liands ; as to how 
they were conducted we have no trustworthy infonnation, 
tradition being here too mucli under tlie influence of dog- 
matic _i>resuppositions. Tho critical methods of a modern 
scientific conimiasion udll not bo e.vpected of an age when 
the highest literary education for an Arab consisted in 
ability to read and write. It now seems to me highly 
jirobablo that this second redaction took this simple form ; 
Zaid read off from the codex which he had previouslj'- 
UTitten, and his associates, simultaneously or successive!}', 
wrote one copy each to his dictation. It certainly cannot 
have been by chance that, according to sure tradition, tlicy 
uTote c.xactly four copies. Bo that as it maj', it is impos- 
sible now to distinguish in tho present fonn of the book 
what belongs to the first redaction from what is due to 
tho second. 

In tho arrangement of the separate sections, a classifica- 
tion according to contents was impracticable because of the 
varietj' of subjects often dealt with in one sura. A chrono- 
logical an-angement was out of the qirestion, because the 
chronology of the older pieces must have been imperfectly 
known, and because in some cases passages of different 
dates.had been joined together. Indeed, sy.stematic prin- 
ciples of this kind were altogether disregarded at that 
jicriod. The pieces were accordingly arranged in indiscri- 
jiiinate order, the only rule observed being to place the 
long Biiras first and tho shorter towards the end, and even 
that was far from strictl}' adhered to. Tho short ojiening 
sura is so placed on account of its superiority to the rest, 
and two magical fonnuhe arc kept for a sort of 2>rotection 
at the end ; these are the onlj' .siiocial traces of design. 
Tho combination of jiioccs of different origin maj' iwocecd 
jiartly from the po.ssessor.s of the codices from wliich Zaid 
coin2)iled his first complete C02)3', 2Mrtly from Zaid himself. 
Tlio individual siiras are so2)arated sini])!}' by the super- 
scri2>tion — “In the name of God, the com2)assionate Com- 
2)assioner,” which is wanting only in tho ninth. The 
additional headings found in our texts (the name of the 
sura, the number of verses, etc.) were not in the original 
codices, and form no integral part of the Koran. 

It is said that 'OthmAn directed Zaid and his associates, 
in cases of disagreement, to follow the Koraish dialect; 
but, though well attested, this account can scarcelj' be 
correct. The e.xtremely primitive Amting of those days 
was quite incapable of rendering such minute differences 
ns can have existed between tho 2>ronunciation of Mecca 
and that of Medina. 

'OthmAn’s Koran was not complete. Some passages arc 
evidently fragmentai'y ; and a few detached 2neces are still 
extant which were originally parts of the Koran, although 
they have been omitted by Zaid. Amongst these are some 
which there is no reason to sirppose Mohammed desired to 
suppress. Zaid may easily have overlooked a few stray 
fragments, but that he purposely omitted anything wliich 
he believed to belong to the Koran is very unlikelj'. It 
has been conjectured that in deference to his superiors he 
ke2)t out of the book the names of Mohammed’s enemies, 
if they or their families came afterwards to be respected. 
But it mu-st be remembered that it was never Mohammed’s 
practice to refer explicitly to contemporary persons and 
affairs in the Koran. Only a single friend, his adopted 
son Zaid (xxxiii. 37 ), and a single enemy, his uncle Abu 
Lahab (cxi.)— and these for very special reasons— are men- 
tioned by name ; and the name of the latter has been left 
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in tho Koran with a fearful curse annexed to it, althoimh 
Ins son had embraced Islam before the death of Mohammad. 
tSo,^ on the other hand, there is no single verse or clause 
which can be 2)lau&ibly made out to be an interpolation by 
Zaid at the instance of Abhbekr, 'Omar, or 'OthmAn. Slight 
clerical errors there may have been, but the Koran of 
'OthinAn contains none but genuine elements, — though 
sometimes in very strange order. 

Of the four exem2>lars of ‘OthmAn’s Koran, one was kept 
in Medina, and one was sent to each of the three metro- 
politan cities, Cufa, Basra, and Damascus. It can still be 
pretty clearly shorni in detail that these four codices 
deviated from one another in 25 oints of orthography, in the 
insertion or omission of a wa (“and”), and such-like 
minutiae; but these variations nowhere affect the sense. 

All later manuscripts are derived from these four originals. 

At the same time, the other forms of the Koran did Other 
not at once become extinct. In particular we have' 
some information about the codex of Obay. If the 
list which gives the order of its sAras is correct, it must 
have contained substantially the same materials as our text ; 
in that case Obaj' must have used the original collection 
of Zaid. Tho same is true of the codex of Ibn Mas' Ad, 
of which we have also a catalogue. It a2)pears that the 
■qwinciple of putting the longer sAras before the shorter was 
more consistently carried out by liim than by Zaid. He 
omits i. and the magical formulae of cxiii. cxiv. Obay, 
on tho other hand, had embodied two additional short 
prayers, which we may regard as Mohammed’s. One 
can easily understand that differences of opinion may have 
c.xisted as to whether and how far formularies of this kind 
belonged to the Koran. Some of the divergent readings 
of both those texts have been preserved, as well as a con- 
siderable number of other ancient variants. Most of them 
are decidedly inferior to the received readings, but some 
are quite as good, and a few deserve preference. 

The only man who appears to have seriously opposed Ibn 
the general introduction of 'OthmAn’s text is Ibn Mas'Ad. Mas' 
He was one of the oldest discqffes of the Pro 25 het, and had 
often rendered him 25 ersonal service ; but he was a man of 
contracted views, although he is one of the 2nllars of Mos- 
lem theology. His opposition had no effect. Now when 
we consider that at that time there were many Moslems 
who had heard the Koran from the mouth of the Prophet, 
that other measures of the imbecile 'OthmAn met with 
the most vehement resistance on the part of the bigoted 
champions of the faith, that these were still further incited 
against him by some of his ambitious old comrades until 
at last they murdered him, and finally that in the civil 
•wars after his death the several parties were glad of any 
27 retext for branding their opponents as infidels; — when 
■we consider all this, we must regard it as a strong testi- 
mony in favour of 'OthmAn’s Koran that no party, not 
even that of 'Ali, found fault -with his conduct in this 
matter, or repudiated the text formed by Zaid, who was 
one of the most devoted adherents of 'OthmAn and his 
family. 

But this redaction is not tho close of tho textual history of thoTi' 
Koran. The ancient Arabic alphabet was very imperfect ; it notliist^ 
only wanted marks for tho short, and in part even for tho long oft’ 
vowels, but it often expressed several consonants by the same sign. 

Hence there were many words which could be read in very different 
w’ays. 'This variety of possible readings was at first very great, and 
many readers seem to have actually made it their object to discover 
pronunciations which were new, provided they were at all aiipro- 
priate to the ambiguous text. There was also a dialectic license in 
grammatical forms, which had not as yet been greatly restricted. 

An effort was made by many to establish a more refined pronuncia- 
tion for the Koran than was usual in common life or in secular 
literature. The vaiious schools of “readers” differed verj' ■mdely 
from one another ; although for the most jiart there was no im- 
portant divergence as to the sense of words. A few of them gradu- 
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MOHLj ■ Jules (lSOO-1876), Orientalist” ■'was born' at 
Stuttgart 25tli October 1800, and educated for the Lutheran 
■ Cluirch at Tubingen-; ' but his inclinations carried him from 
theology- through Hebrew to Oriental studies, and in 1823 
he betook himself to Paris, at that time under De Sacy 
the great Eurof)ean school of Eastern letters. He soon ac- 
quired reputation, and from 1826 to 1833 was nominally 
professor at Tubingen, with permission to continue his 
studies 'in -France, but he never entered on the duties of 
this office, Paris having become his second home. In 
1826 he was charged by the French Government vith the 
preparation of an edition of the ShdJi, Ndmeh, the first 
volume of which appeared in 1838, while the seventh and 
last was left unfinished at liis death ; in 1844 he was 
nominated to the Institut, and in 1847 he became f)ro- 
fessor of Persian at the College de France. ■ But his know- 
ledge and ‘interest extended to all departments of Oriental 
learning, and this catholicity of taste, united to a singular 
impartiality of judgment and breadth of view, gave him a 
quite remarkable personal influence on the course of East- 
ern learning in France. The cluef sphere of this influence 
was the Societd Asiatique, which he served for many years 
as secretary-adjunct, as secretary, and finally as president. 
His annual reports on Oriental science, presented to the 
society from 1840 to 1867, and collected after his death (4th 
January 1876, at Paris) under the title Vingt-sept Ans des 
J^tudes Orientates (Paris, 1879), are an admirable history 
of the 25rogress of Eastern learning during these years, and 
justify the high esteem in which he was held by scholars. 

MOHLER, Johann Adah (1796-1838), Roman Catholic 
theologian, was born at the village of Igersheim in Wur- 
temberg on 6th Slay 1796, and, after studjing irhilosophy 
and theology in the Lyceum at Ellwangen, entered the 
Wilhelmstift in the university of Tubingen in 1817. 
Ordained to the priesthood in 1819, he was appointed to 
a curacy at Ricdlingen, but speedily returned as “ repetent ” 
to Tubingen, where he became privatklocent in 1822, ex- 
traordinary professor of theology in 1826, and ordinary in 
1828. The controversies excited by his Symholik (1832) 
proved so unpleasant that in 1835 he accepted a call to 
the university of Munich. In 18-38 he was appointed to 
the deanery of "IVurzburg, but died shortly afterwards 
(12th April 1838). 

Mohler VTotc Die Einhcit in cler Kirchc (Tiibingen, 1825) ; 
AthuTiasiiis der Crrosse ii. d. Kirchc seiner Zeit im Kampfe m. d. 
Arianismus (2 vols., Mainz, 1827) ; Sijmholik, odcr Barstcllung dcr 
dogmaiischen Gajcnsdtze dcr KalhoUkcn u. Protesiemten naeh ihren 
offentlic}te7h Sckemibiissschriften (Mainz, 1832 ; 8th cd., 1871-72 ; 
Eng. transl. by J. B. Eobertson, 1843) ; and Kcnc Untersiichtingen 
dcr Lehrgegensdize zwisdm den Katholilcen u. Protestanten (1834). 
His Gesammellc Schriften v. Aufsalze were edited by Bollinger in 
1839 ; Ids Palrologie by Reitliniayr, also in 1839 ; and a. DiograjiMc 
by Wonier was published at Eatisbon in 1866. It is with the 
Zymholik that his name is chiefly associated ; the interest excited 
by it in Protestant circles is shown by the fact that within two 
j'oars of its appearance it had elicited three replies of considerable 
importance, those namely of Baur, Marheineke, and Mtzsch. But, 
although characterized by abundant learning and acuteness, as well 
as by considerable breadth o f spiritual sympathy, and thus a stimula- 
tive and suggestive work, it cannot be .said to have been accepted 
by Catholics themselves as embodying an accurate objective view 
of the actual doctrine of their church. The liberal school of 
thought of which Mohler was a prominent exponent was dis- 
couraged in official circles, while Protestants, on- the other hand, 
complain that the author has failed to gi'asp the vast significance 
of the Eoformation as a great movement in the spiritual histoiy 
of mankind, while expending needless pains on an exposition of 
the doctrinal 'shortcomings, inconsistencies, and contradictions of 
the indiriduals who were its leaders. 

MOHR, Karl Friedrich (1806-1879), a philosopher 
whose greatest claims to scientific distinction are as yet, 
though indubitable, only partially admitted, was the son 
of a well-to-do druggist in Coblentz, and was born 4th 
Hovember 1806. Being a delicate child, he received much 
of his early education at home, in great part in his father's 
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laboratoiy. To- thiH may be traced much of the skill ho 
showed in devising instruments and methods of analysis 
ivhich are still in common use in chemical and pharmaceu- 
tical laboratories. At the age of 21 he studied chemistiy 
under Gmelin, and, after five years spent in Heidelberg 
Berlin, and Bonn, returned -(vith the degree of Ph.D. to join 
his father’s establishment. On the death of his father in 
1840 he succeeded to the business, retiring from it for scien- 
tific leisure in 1857. Serious pecuniary losses led him at 
the age of 57 to become a privabdocent in Bonn, where he 
was soon after appointed, by the direct influence of the 
emperor, extraordinary professor of pharmacy. In jiri- 
vate and domestic life he "was a man of singularly wanning 
manners, intensely fond of music and poetry, for the latter 
of wliich he showed wonderful memory. But his uncom- 
promising spirit — perhaps we might even in some cases 
say his wrongheadedness — in matters of scientific and theo- 
logical authority had raised such a host of enemies that 
even royal influence could not secure his further advance- 
ment. Although he stood at the very head of the scien- 
tific pharmacists of Germany, his name was deliberately 
omitted from the list of the commission entrusted with 
the preparation of the Pharmacopoeia Germanica. Yet 
in that w’ork many of his' ideas and processes were incor- 
porated by the very men who had previously denounced 
them. He died in October 1879. 

Mohr’s best-known work is his Zehrbuch dcr chem isch-anahjtischcn 
Tiirinnclhode (1855), which has already nm through many editions, 
and which was specially commended by Liebig. His improvements 
in methods of chemical analysis occupy a long series of papem 
extending over some fifty yearn. He also jjubllshed a number of 
physical papers on subjects such as'Hail, St. Elmo’s Eire, Ground-ice, 
&e., and a curious notice of the earliest mention of Ozone. He 
shows that Homer, on four different occasions, mentions the sul- 
phurous smell produced by lightning, and employs the very word 
from which the name of Ozone was long afterwards coined. In 
1886 appeared^ his Oeschichle dcr Erde, cine Geologic auf iicner 
Gnmdlage, which has obtained a wide circulation. 

But he will be remembered in future times maiuly on account of 
a paper, Ueber die Katur dcr IPdrme, published in 1837, which 
unfortunately has not yet appeared in full in an English translation. 
The history of this paper is remarkable. It was refused admission 
into Poggmdorff’s Annalcn, and was then sent to Baumgartner of 
Vienna, in whose Zcilschrift filr Pkysik, ke. , it was at once published. 
As no proof-sheets reached Mohr, he concluded that his paper had 
been lost or rejected, and contented himself with publishing a short 
analysis in the Annalcn der Pliarmadc, of which he was an editor. 
This analysis, it is only fair to say, though probably luepared by the 
author liimself, gives a very inadequate idea of the scope and merit 
of the paper. In 1864 Dr. Akin unearthed the paper from the 
forgotten pages of the Zcilschrift, and the author was enabled to 
reprint it, \vith notes, while the recent discussions as to the history 
of Conservation of Energy were still being canied on. Along with 
it he issued a number ol other papers of greatly inferior merit. 

Unless some still earlier author should be discovered, there can 
be no doubt that Mohr is to be recognized as the fiist to enunciate 
in its generality tvhat we now call “ conservation of energy.” The 
thesis of his paper must be stated in his own words,— Beside.? 
the 54 known chemical elements, there is in the physical world 
one agent only, and this is called Kraft (energy).^ It may appear, 
according to circumstances, as motion, chemical afiinity, cohesion, 
electricity, light, and magnetism ; and from any one of these 
forms it can be transformed into any of the others.” Even now, 
after nearly half a century of rapid advance in science, it would 
be difiicult to improve this statement except by inserting, ns regal ds 
transfonnation of energy, some such guarding expression as “in 
whole or in part.” But if Mohr had inserted this, he might have 
had claims to the “dissipation of energj'”also. Jlohr’s starting-point 
appears to have been the discovery (by Forbes) of the polarization 
of radiant heat. He goes through the whole of the then range of 
physics, pointing out the explanation of each experimental result as 
a transfonnation of energy, mentioning even the electric currents 
produced by electro-magnetic induction as a transformation of the- 
energy required to draw the coil from the magnet-— one of the earlier 
methods used by Joule for quantitative determinations. His nu- 
merical results, based on data quoted from various books, arc, it is 


I It is to be remembered that even tlie most accurate authorities in 
Germany — as, for instance. Von Helmholtz in his Essay of 1847 used 
till quite recently the word Kraft in the sense of Energy. 
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MOHL; Jules (1800-1876), Orientalist” ^vas born at 
Stuttgart 25tb October 1800, and educated for the Lutheran 
Cliurcb at Tubingen ; but bis inclinations carried him from 
theology through Hebrew to Oriental studies, and in 1823 
he betook himself to Paris, at that time under De Sacy 
the great European school of Eastern letters. He soon ac- 
quired reputation, and from 1826 to 1833 was nominally 
professor at Tubingen, with permission to continue his 
studies 'in France, but he never entered on the duties of 
this office, Paris having become his second home. In 
1826 he was charged by the French Government vith the 
preparation of an edition of the Shdh N&meh, the first 
volume of which appeared in 1838, while the seventh and 
last was left unfinished at liis death; in 1844 he was 
nominated to the Institut, and in 1847 he became 2 wo- 
fessor of Persian at the College de France. But his know- 
ledge and -interest extended to all departments of Oriental 
learning, and this catholicity of taste, united to a singular 
impartiality of judgment and breadth of view, gave him a 
quite remarkable personal influence on the course of East- 
ern learning in France. The cliief sphere of this influence 
was the Society Asiatique, which he served for many years 
as secretary-adjunct, as secretary, and finally as president. 
His annual reports on Oriental science, presented to the 
society from 1840 to 1867, and collected after his death (4th 
January 1876, at Paris) under the title Vingt-sept An& des 
Mudts Orientates (Paris, 1879), are an admirable history 
of the jrrogress of Eastern learning during these years, and 
justify the high esteem in which he was held by scholars. 

MOHLEB, Johann Adam (1796-1838), Roman Catholic 
theologian, was born at the village of Igersheim in Wur- 
temberg on 6th Hay 1796, and, after studjing irhilosophy 
and theology in the Lyceum at Ellwangen, entered the : 
Wilhelmstift in the university of Tubingen in 1817. 
Ordained to the priesthood in 1819, he was appointed to 
a cizracy at Ricdlingen, but speedily returned as “ repetent ” 
to Tubingen, where he became privat-docent in 1822, ex- 
traordinary professor of theology in 1826, and ordinary in 
1828, The controversies excited by his Symbolil: (1832) 
proved so unpleasant that in 1835 he accepted a call to 
the university of Munich. In 1S-S8 he was appointed to 
the deanery of "IVurzburg, but died shortly afterwards 
(12th April 1838). 

Mbliler VTote Die Einhcit in cler Kirchc (Tubingen, 1825) ; 
Athanasius der &rosse u. d. Kirchc seiner Zeil im Kainpfe m. d. 
Arianismtis (2 vols., Mainz, 1827) ; Symholik, oder Darstcllung der 
dogmatisehen Gcrjotsalzc der Kalliolikcn u. Prolcstanten naeh ikren 
bffentlieken Bckcnntnissschriflen (Mainz, 1832 ; 8th cd., 1871-72 ; 
ling, transl. by J. B. Eobertson, 1843) ; and Kctie Untersuchungen 
der Lehrgcgensalzc zwisehen den KalhoWecn u. Protestanten (1834). 
His Gesammellc Schriflcn «. Aufsatze were edited by Dellinger in 
1839 ; liis Palrologie by Reitlmiayr, also in 1839 ; and a. Biograjihie 
by Wbnier was published at Eatisbon in 1866. It is with the 
Bymholik that his name is chiefly associated ; the interest excited 
ly it in Protestant circles is shown by the fact that within tavo 
years of its appearance it had elicited three replies of considerable 
importance, tliose namely of Baur, Marheineke, and Nitzsch. But, 
although characterized by abundant learning and acuteness, as well 
as by considerable breadth o f spiritual sympathy, and thus a stimula- 
tive and suggestive work, it cannot be said to have been accepted 
by Catholics themselves as embodying an accurate objective view 
of the actual doctrine of their church. The liberal school of 
thought of which Mohler was a prominent exponent was dis- 
couraged in official circles, while Protestants, on the other hand, 
complain that the author has failed to gi-asp the vast significance 
of the Reformation as a great movement in the .spiritual histoiy 
of mankind, while expending needless pains on an exposition of 
the doctrinal 'shortcomings, inconsistencies, and contradictions of 
the indiwduals who were its leaders. 

MOHR, Karl Feiedeich (1806-1879), a philosopher 
whose greatest claims to scientific distinction are as yet, 
though indubitable, only partially admitted, was the son 
of a well-to-do druggist in Coblentz, and was born 4th 
Hovember 1806. Being a delicate child, he received much 
of his early education at home, in great part in his father’s 


laboratory. To this- may be traced much of the skill ho 
showed in devising instruments and methods of analysis 
which are still in common use in chemical and pharmaceu- 
tical laboratories. At the age of 21 he studied chemistiy 
under Gmelin, and, after five years spent in Heidelberg 
Berlin, and Bonn, returned mth the degree of Ph.D. to join 
his father’s establishment. On the death of his father in 
1840 he succeeded to the business, retiring from it for scien- 
tific leisure in 1857. Serious pecuniary losses led him at 
the age of 57 to become a privabdocent in Bonn, where he 
was soon after appointed, by the direct influence of the 
emperor, extraordinary professor of pharmacy. In pri- 
vate and domestic life he was a man of singularly vanning 
manners, intensely fond of music and poetry, for the latter 
of wliich he showed wonderful memory. But his uncom- 
promising spirit — perhaps we might even in some cases 
say his wrongheadedness — in matters of scientific and theo- 
logical authority had raised such a host of enemies that 
even royal influence could not secure his further advance- 
I ment. Although he stood at the very head of the scien- 
I tific pharmacists of Germany, his name was deliberately 
omitted from the list of the commission entrusted with 
the preparation of the PJiannacopoda Germanica. Yet 
in that work many of his' ideas and processes were incor- 
porated by the very men who had previously denounced 
them. He died in October 1879. 

Mohr’s best-known work is Ms Lchrbuch der chem isch-anahjtischcn 
Tilrinnelhodc (1855), which has already nm through many editions, 
and which was specially commended by Liebig. His improvements 
in methods of chemical analysis occupy a long series of papere 
extending over some fifty years. He also published a number of 
physical papers on subjects such as Hail, St. Elmo’s Eire, Ground-ice, 
&e., aiid a cuiious notice of the earliest mention of Ozone. He 
shows that Homer, on four different occasions, mentions the sul- 
phurous smell produced by lightning, and employs the very woid 
Irom which the name of Ozone was long afterwards coined. In 
1866 appeared his Oeschichte der Erde, cine Geologic aitf nciter 
Grundlagc, which has obtained a wide ciiculation. 

But he will be remembered in future times mainly on account of 
a paper, Ueber die Katur der JParme, published in 1837, nliieh 
unfortunately has not yet appeared in full in an English tianslation. 
The history of this paper is remarkable. It was lefused admission 
into Poggendorff’s Annalcn, and was then sent to Baumgartner of 
Vienna, in whose Zeitsdmft fur Physik, &c. , it was at once published. 
As no proof-sheets reached Mohr, he concluded that his paper had 
been lost or rejected, and contented himself with publishing a short 
analysis in the Annalcn der Pharmade, of which he vas an editor. 
This analysis, it is only fair to say, though probably iirepared by the 
author liimself, gives a veiy inadequate idea of the scope and merit 
of the paper. In 1864 Dr. Akin unearthed the paper from the 
forgotten pages of the Zcitschrifl, and the author was enabled to 
reprint it, tvith notes, while the recent discussions as to the history 
of Conservation of Energy were still being canied on. Along with 
it he issued a number of other papers of greatly inferior merit. 

Unless some still earlier author should be discovered, thcic can 
be no doubt that Mohr is to be recognized as the fust to enunciate 
in its generality what we now call “ conservation of energy.” The 
thesis of his paper must be stated in his own wojd.s,--“ Besides 
the 54 known chemical elements, there is in the physical woild 
one agent only, and this is called Kraft (energy).^ It may appear, 
according to circumstances, as motion, chemical afiinity, cohesion, 
electricity, light, and magnetism ; and from any one of these 
forms it can be transformed into any of the others.” Even now> 
after nearly half a century of rapid advance in science, it uould 
be difficult to improve this statement except by inserting, ns regal (Is. 
transfonnation of energy, some such guarding e.xpiession as “in 
whole or in part.” But if Mohr had inserted this, he might have 
had claims to the “dissipation of energj'”also. Jlohr’s starting-point 
appears to have been tne discovery (by Eorbes) of tlie polarization 
of radiant heat. He goes through the whole of the then range of 
physics, pointing out tiie explanation of each experimental result as 
a transfonnation of energy, mentioning even the electric currents 
produced by electro-magnetic induction as a transfonnation of the- 
energy required to draw the coil from the magnet— one of the earlier 
methods used by Joule for quantitative determinations. His nu- 
merical results, based on data quoted from various books, arc, it 


^ It is to be remembered that even the most accurate authorities in 
Germany — as, for instance. Von Helmholtz in his Essay of 1847 ined 
till quite recently the word Kraft in the sense of Energy. 
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composed of these distinct portions of matter separated, or 
capable of being separated, by empty space from other 
portions. Bat the molecular hypothesis of the constitution 
of different kinds of substances aims at analysing this 
process by -which such substances are built up out of their 
constituent atoms. The molecule of any substance is, by 
some chemists, defined as being the smallest portion of that 
substance to -which can be attributed all the chemical pro- 
perties of the substance ; by others, as the smallest portion 
-which, so long as the substance is chemically unchanged, 
keeps together -without complete separation of its parts. 
In the language of Clausius’s theorem, if the parts of the 
molecule have internal motion, the kinetic energy of such 
internal motion is equal to the -virial of the mutual attrac- 
tive forces of the parts. Thus the formation of the mole- 
cule of each particular substance is viewed as an essential 
step in the process of building up that substance out of 
its constituent atoms. The molecule is first built up out 
of atoms arranged in its formation according to a definite 
t}-jje, and then the substance itself is constituted of these 
molecules. Of course molecules may be, and in fact in 
many particular substance-s are, .supposed to be mon- 
atomic ; that is to say, the intermediate step of building 
up the molecule out of the atoms has, in these particular 
substances, been omitted, the atoms and molecules becom- 
ing then identical The particular arrangement of the 
formed molecules in the building up of the substance de- 
termines the physical state of that substance, — that is, 
its fluid, solid, ga.seou.s, crj'stalline, or amorphous state; 
but the chemical properties of the substance depend upon 
the constitution of the molecule. As the investigations 
and theories of chemistry appear to indicate irresistibly 
the existence of permanent atoms, so do they also lead 
almost as necessarily to the conception of the molecule 
as an entity which bears the same relation to special 
substances that the atoms bear to matter generally. So 
long as the molecule endures, the substance of which it 
is the molecule retains its chemical properties ; -with the 
dissolution of the molecule, the substance, as that special 
substance, perishes ; the atoms alone continue, and are free 
to enter into other combinations. The permanence of the 
molecule is relative, that of the atom absolute. This con- 
ception of the molecular constitution of substances sug- 
gests physical questions of great interest, such as the shape, 
volume, and mass of the constituent molecules, and the 
relative motions of which their parts are sasceptible ; and 
the answers to these questions cannot fail to be of great 
value in chemical and chemico-physical investigations, as 
well as in the theories of light and electricity. 

Xow, whatever differences may exist between the proper- 
ties of different substances in the solid and liquid states, 
there are certain properties which, in the gaseous state, 
manifest themselves -n-ith no variation -whatever in all sub- 
stances alike. Hence the explanation of these common 
properties — or gaseous lavrs, as they are called — ^has long 
possessed a peculiar fascination for physicists. The tend- 
ency to exjjand or fill all accessible space, manifested by 
all ga.=es, proves that on the molecular hyi)othesis their 
compound atoms or molecules must be continually tending 
to fly apjart. We must conceive gases as constituted of mole- 
cules, not only separable but actually separated b}- space 
void of the matter of which these gases consist ; and it may 
be most reasonably expected, therefore, that any general 
la-ivs to which substances in this state conform may afford 
us a valuable iusight into the constitution of these separate 
molecules. 

How the general laws to which all ga.ses conform are : 
(1) Boylelg law— that, in a given mass of any gas kept at 
constant temperature, the pressure per unit of area upon 
the containing surface increases in the same prop^ortion as 
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the volume occupied by the gas is diminished, or at least 
-with very slight de-viation from exact proportionality ; (2) 
Charted s law — that, if the temperattue be varied while the 
pressure upon the gas remains the same, the gas increases 
by ^fsd of its volume at zero centigrade for every degree 
of centigrade added to the temperaturf^ or, which in com- 
bination -with Boyle’s law is the same thing, that if the 
density be constant, the pressure is directly proportional to 
the temperature measured from the point - 273^ centigrade, 
this point being called the zero of absolute temperature ; 
(3) Avogadro's law — which asserts that aU gases at the 
same temperature and pressure contain the same number of 
molecules in the same volume ; and (I) Dalton’s law — that 
in a mixture of different gase.s, when there is equilibrium, 
each gas behaves as a vacuum to all the rest. 

It was at one time considered that these phenomena 
might be explained on the hypothesis of mutual repulsive 
forces between the parts of which the gas Ls composed, 
whether they were regarded as constituted of molecules or 
of infinitely di-visible continuous matter,^ but it has been 
sho-wn in the article Aron (voL iii. p. 39 s^-) that there 
are at least two absolutely conclurive reasons why this ex- 
planation cannot be accepted. These objection.®, together 
-noth the experimental fact proved by Joule that gases, or at 
any rate atmospheric air, expand into vacuum -with scarcely 
any appreciable change of temperature, must be considered 
fatal to any mutual-force theory of gaseous action, and, 
accordingly, physicists have been driven to seek for other 
methods of explaining these laws. The explanation which 
has been more developed than any other is that known as 
the kinetic theory of gases, which regards the intrinsic 
energy of a gaseous mass as residing, not in the potential 
energy of intermolecular forces, but mainly in the kinetic 
energy of the molecules themselves, wliich are assumed to 
be in a state of continual relative velocity^ admitting at 
the same time a possible small intermolecular potential 
energy, and it may be also an interatomic energy, between 
the atoms of the individtml molecules. That some such 
persistent relative motion does exist in every gaseous mass 
is erident from the rapidity -with which odours penetrate 
the stillest air where no breath of -wind — that is, of absolute 
motion of translation of the mass as a whole or any portion 
of finite size — is perceptible. It becomes an interesting 
question whether the laws of mechanics admit of a mass 
thus con.stituted ever arri-riiig at a state of permanence ; 
that is to say, whether, consistently -with the hypothesis of 
infinite irregularities in the directions and magnitudes of 
velocities of individual molecules, there may be found any 
properties of the mass in the aggregate which remain 

* An argument in favour of the moleenlar constitution of gases, to 
which attention wa-s first called by Professor Osborne Reynolds 
(Memoir “ On some Dimensional Properties of Matter in the Ga'eous 
State,” Phil. Trans., 1879), is derived from certain phenomena 
observed in highly-rarefied gase-S and in the transpiration of ga'es 
through porous plates. If, according to this argument, we had in a 
gas to do with a continuous plenum, such that every portion must 
possess the same properties, then these properties mnst exist inde- 
pendently of the amount of gas contained in any ^ace, although 
their sensible effects might be increased or diminidied by a variation 
in that amount. If, then, -tve can find properties of a ga« der)ending 
on the size of the space in which it is enclosed, and on the quantity 
of gas enclosed in this space, we have proof that gas is not continuoas 
— in other words, possesses dimensional strnctnre. Such properties 
we do find in highly-rarefied ga-ses, as, for instance, in the pheno- 
mena of Groove’s radiometer. The motion of the vanes when one 
side is heated by incident rays appears to depend on the distance 
between the vane and the containing walls of the vessel bearing some 
not very high ratio to the distance between the particles or molecules 
of the gas. At least no satisfactory explanation of the phenomena 
consistent -with the gas being continnons lias yet been suggested 

Again, Professor 0. Bej-nolds, from his experiments on the trans- 
piration of gases through a porous plate, finds a relation between the 
gas and the coarseness or fineness of the plate, which would not eir-ii. 
were the gas continnons. 
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composed of these distinct portions of matter separated, or 
capable of being separated, by empty space from other 
portions. Bat the molecular hypothesis of the constitution 
of different kinds of substances aims at analysing this 
process by -which such substances are built up out of their 
constituent atoms. The molecule of any substance is, by 
some chemists, defined as being the smallest portion of that 
substance to -^vhich can be attributed all the chemical pro- 
perties of the substance ; by others, as the smallest portion 
■which, so long as the substance is chemically unchanged, 
keeps together -nithout complete sei>aration of its parts. 
In the language of Clausius's theorem, if the parts of the 
molecule have internal motion, the kinetic energy of such 
internal motion is equal to the virial of the mutual attrac- 
tive forces of the parts. Thus the formation of the mole- 
cule of each particular substance is viewed as an essential 
step in the process of building up that substance out of 
its constituent atoms. The molecule is first built up out 
of atoms arranged in its formation according to a definite 
t}-j)e, and then the substance itself is constituted of these 
molecules. Of course molecules may be, and in fact in 
many particular substances are, .supposed to be mon- 
atomic ; that is to say, the intermediate step of building 
up the molecule out of the atoms has, in these particular 
substances, been omitted, the atoms and molecules becom- 
ing then identical The particular arrangement of the 
formed molecules in the building up of the substance de- 
termines the physical state of that substance, — that is, 
its fluid, solid, gaseou-s, crj-stalline, or amorphous state; 
but the chemical properties of the substance depend upon 
the constitution of the molecule. As the investigations 
and theories of chemistry appear to indicate irresistibly 
the existence of permanent atoms, so do they also lead 
almost as nece.=!sarily to the conception of the molecule 
as an entity which bears the same relation to special 
substances that the atoms bear to matter generally. So 
long as the molecule endures, the substance of which it 
is the molecule retains its chemical properties ; -vsith the 
dissolution of the molecule, the substance, as that special 
substance, perishes ; the atoms alone continue, and are free 
to enter into other combinations. The permanence of the 
molecule is relative, that of the atom absolute. This con- 
ception of the molecular constitution of smbstances sug- 
gests physical questions of great interest, such as the shape, 
volume, and mass of the constituent molecules, aud the 
relative motions of which their parts are susceptible ; and 
the answers to these questions cannot fail to be of great 
value in chemical and chemico-physical investigations, as 
well as in the theories of light and electricity. 

Xow, whatever differences may exist between the proper- 
ties of different substances in the solid and liquid states, 
there are certain properties which, in the gaseous state, 
manifest themselves -n-ith no variation whatever in all sub- 
stances alike. Hence the explanation of these common 
properties — or gaseous lavrs, as they are called — has long 
possessed a peculiar fascination for physicists. The tend- 
ency to exjjand or fill all accessible space, manifested by 
all ga=es, proves that on the molecular hypothesis their 
compound atoms or molecules must be continually tending 
to fly ajjart. We must conceive gases as constituted of mole- 
cules, not only separable but actually separated by space 
void of the matter of which these gases consist ; and it may 
be most reasonably expected, therefore, that any general 
lasvs to which substances in this state conform may afford 
us a valuable iusight into the constitution of these separate 
molecules. 

How the general laws to which all ga.ses conform are : 
(1) Boylelg law— that, in a given ma.«s of any gas kept at 
constant temperature, the pressure per unit of area upon 
the containing surface increases in the same proj)ortion as 


the volume occupied by the gas is diminished, or at least 
■with very slight deviation from exact proportionality • (2) 
Charleys law — that, if the temperattu'e be varied while the 
pressure upon the gas remains the same, the gas increases 
by ^d of its volume at zero centigrade for every degree 
of centigrade added to the temperature, or, which in com- 
bination -with Boyle’s law is the same thing, that if the 
densily be constant the pressure is directly proportional to 
the temperature measmed from the point - 273^ centigrade, 
this point being called the zero of absolute temperature ; 
(3) Avoffadro's law — which asserts that aU gases at the 
same temperature and pressure contain the same number of 
molecules in the same volume ; and (I) Dalton’s law — that 
in a mixture of different gase.s, when there is equilibrium, 
each gas behaves as a vacuum to all the rest. 

It was at one time considered that these phenomena 
might be explained on the hypothesis of mutual repulsive 
forces between the parts of which the gas is composed, 
whether they were regarded as constituted of molecules or 
of infinitely di-risible continuous matter,^ but it has been 
sbo-wn in the article Atom (voL iii. p. 39 sq.) that there 
are at least two absolutely conclnrive reasons why this ex- 
planation cannot be accepted. These objection.^ together 
■with the experimental fact proved by Joule that gases, or at 
any rate atmospheric air, expand into vacuum -with scarcely 
any appreciable change of temperature, must be con.'^idered 
fatal to any mutual-force theory of gaseous action, and, 
accordingly, physicists have been driven to seek for other 
methods of explaining these laws. The explanation which 
has been more developed than any other is that knoum as 
the kinetic theory of gases, which regards the intrinsic 
energy of a gaseous mass as residing, not in the potential 
energy of intermolecular forces, but mainly in the kinetic 
energy of the molecules themselves, wliich are assumed to 
be in a state of continual relative velocityj admitting at 
the same time a possible small intermolecular potential 
energy, and it may be also an interatomic energy, between 
the atoms of the individual molecules. That some such 
persistent relative motion does exist in every gaseous mass 
is ertdent from the rapidity -with which odours penetrate 
the stillest air where no breath of -wind — that is, of absolute 
motion of translation of the mass as a whole or any portion 
of finite size — is perceptible. It becomes an interesting 
question whether the laws of mechanics admit of a mass 
thus constituted ever arriving at a state of permanence ; 
that is to say, whether, consistently -with the hypothesis of 
infinite irregularities in the directions and magnitudes of 
velocities of individual molecules, there may be found any 
properties of the mass in the aggregate which remain 

* An argument in favour of the moleenlar constitution of gases, to 
which attention 'wa.s first called by Professor Osborne Reynolds 
(Memoir “ On some Dimensional Properties of Matter in the Ga'eous 
State,” P/iit. Trans., 1879), is derived from certain phenomena 
observed in highly-rarefied gases, and in the transpiration of ga'es 
through porous plates. It) according to this argument, we had in a 
gas to do with a continuous plenum, such that erery portion must 
possess the same properties, then these properties mnst eiist inde- 
pendently of the amount of gas contained in any ^ace, although 
their sensible effects might be increased or diminished by a variation 
in that amount. If, then, we can find properties of a gas deriendmg 
on the size of the space in which it is enclosed, and on the quantity 
of gas enclosed in this space, we have proof that gas is not continuoas 
— in other words, possesses dimensional strnctnre. Such properties 
we do find in highly-rarefied gases, as, for instance, in the pheno- 
mena of Croohe’s ra’diometer. The motion of the vanes when one 
side is heated by incident rays appears to depend on the distance 
between the vane and the containing wails of the ves'el bearing some 
not very high ratio to the distance between the particles or molecules 
of the gas. At least no satisfactory explanation of the phenomena 
consistent with the gas being continuous has yet been suggested. 

Again, Professor 0. Bej'nolds, from his experiments on the trans- 
piration of gases through a porous plate, finds a relation between the 
gas and the coarseness or fineness of the plate, which would not en.-,.. 
were the gas continuous. 





MOLECULE 


X and x+clx, y and y+dy, z and z+dz, and component velocities 
intcrmcdiato between u and u+du, v and v+dv, to and w+dto, is 

f (^1 Hi ■>«) f, w) dx dy dz du dv dw. 

In tlm state of permanence tlio form of yp must be independent 
of the time if), so long as the sphere is moving free from collisions 
with any other. 

From the last-mentioned condition it must follow that, if 

&c., bo any equations among the variables dotoimining the 
position and motion of any sphere obtained by the elimination of l 
from the equations of niotion of that sphere, then tp must be of the 
form f <p.,, &c.). With the assumption, then, that the number of 
spheres ot the given sot with variables between the above-mentioned 
limits is 

{<l‘v 'Pi—) dx.,.dw, 

we find for the form of \p, by reasoning like the foregoing 

\ > where x i" tlio potential energy of the sphere in 

the position x, y, z, and and It is a constant, the 

same for alt the sets. 

If we integrate the expression Ae ~ 'dx dy dz du dv dto 

for all values of x, y, z within the given region, we find for tlic 
number of spheres of any set with component velocities between 
u and ic+dic, v and v+dv, w and w + div, 
hnvfl 

Be 2 du dv dw, 

whence we easily see that the chances of velocities in all directions 
are the same, and that the mea£_vclocity and racan'squaro velocity 
2N/27r 3 

of any sphere of this set are ^ respectively, andthcmcan 

3 

kinetic energy of any such siihero is and therefore the same for 
all the sets. 

Furthermore, if we integrate the cxiiression 
.h(x+~) 

Ae ^ - hlx dy dz du dv dw 

for all values of «, v, and w from - w io + <a respectively, we 
obtain a result of the form Cc~ dx dy dz, and therefore the number 
of spheres of the set in question with centres within the elcmentaiy 
volume dx dy dz, or, what is the same thing with the exception of a 
constant factor, the chance of the centre of any sphere of that set 
being within that elementary volume, is Cc~''‘X’dxdydz, so that the 
density of the iVvet of matter in the neighbourliood of the point«, y, 
zinmOc'^'K 

We are now in a position to compare the physical properties of a 
medium composed of moiiatomic molecules in motion, and_ free 
from any iiitcrmolecular or interatomic forces with those of ordinary 
gases, so long at least as the atoms arc spherical. 

Consider two contiguous portions of such a medium separated by 
any plane parallel to that of yz, and, since the distribution and 
motion of each set of spheres is independent of all the other acts, 
let ns confine our attention to the spheres of the B set. .Suppose 
that there arc JV such spheres per unit volume in the ncighoour- 
hood of the point x, y, z, whose component velocities parallel to 
the axis of x arc between v, .and u+du. The number of these 
spheres which cross the elementary area dy dz in time d( will be 
tlie same as the number of the dW spheres whose centres are 
situated within the elementary parallelepiped dx dy dz, in avhich 
dx is equal to udt, and this iiiimwr is 

jVk dy dz dt. 

Each of these spheres can-ies across with it a momentum parallel 
to X equal to vuu ; the total momentum parallel to x transferred 
across dy dz in time dl is therefore 

iuNiC- dy dz dl. 

If u bo positive, this is positive momentum transferred from the 
negative to the positive side of the plane y z ; and if u be negative, 
this is negative momentum similarly transfeiacd from the jiositivc 
to the negative side of that plane. In either case it follows that 
by the mere motion of these spheres across the area dy dz the 
positive momentum parallel to the axis of x is diminished by the 
quantity mNxfl dy dz dt on the negative side of the plane y z, 
and incre,iHod by the same quantity on the positive side of that 
plane in the time dl ; m being, ns before, the mass of each .sphere. 
Hence, on the whole, there is a tnansference of positive x momentum 
in the time dl across the area dy dz equal to mly dz dl u-N ; that 

is, equal to ■ _ , 

dy dz dl pu", 

where p is the density of the N nintter at the point x, y, z, and ^ 
is the mean square of the x velocities. 

But cither by integration or general reasoning it is easily seen 
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that where rr is the mean square of the resultant vclo- 

O 

cities of the iV spheres, and is equal, as we have proved, to 
' 

mh' 

Therefore, there is a transference of positive momentum from the 
negative to the positive side of the plane y z across the .area dy dz in 
time dl equal to 

p dy dz dl 
, mh 

Each sop.irnto sphere whoso component velocities are u, v, and io 
carries across the same area y and z momenta equal to mv and mw 
respectively, so that in the time dt there are carried across the area 
dy dz y and z momenta equal to Xmuv dy dz dl and Xnmo dy dz dl, 
respectively. By symmetry it is clear that "Zmiiv and Xmuw are 
separately zero. Therefore, the resultant mutual actions of the two 
jiortions of the medium under consideration in the time dl is the 
transference acro.s3 the clementM-y area dy dz of a quantity' of x 

momentum equal to pdy dz dl from the negative to the positive 

side of tho hounding piano. If ti/Jo tmituai aelion, or, as it is gener- 
ally called, “pressure” when referred to unit of surface, be denoted 
by the symbol p, we get tho equation 

p dy dzdl=p dy dz dl~, 

I U 

p 

Since tho momenta parallel to y and z remain unaltered, it 
follows that the mutual action or pressure between contiguous por- 
tions of the medium in the neighbourhood of any point is noi nial 
to the bounding surface at that point. .Since also the expression 

for p or ^ is independent of the direction of tho x axis, it fob 

lows that the pressure at any point of the medium is the same in 
all directions. 

If the contiguous portions of tho medium be separated by a 
matcri.al instead of an ideal jdanc, it will bo necessary for the main- 
tcnancc of equilibrium that there should be an action between this 
jdanc and the adjacent medium, equivalent to tlie transference of 
momentum estimated above ; but action measured by tho rate per 
unit of time at which momentum is generated constitutes moving 
force or statical pressure. Hence the force or pressure between tho 
plane and medium i.s noniial to the plane, imlcpciident of the 
direction of the plane through tho point, and equal to the value of 

at tho lioint. 
mh 

When several sets of spheres arc present together in the region 
under consideration, the distribution of the centres and of the 
velocities of each set is, as we have seen, independent of the co- 
existence of the other sets. If therefore pj, pj, &c., bo tho densities 
of the matter of the different sets in the neighbourhood of the point 
X, y, z, and if p,, p^, &c., be the pressures at that point defined as 
above, and if w., Wj, &c., be tho masses of the spheres of each of 
the sets, and p tlie total pressure, we get 

p =Pi+ Pi + &c. 

= I) + Jb,^+ ke, 
myt myi 

Hence wo arrive at tho following conclusions: — (1) there is one 
physical quantity Inaving the same value for every set of spheres — 

namely, the mean kinetic energy of each sphere, or ; let this 

quantity be called r ; (2) tho distribution of tho positions and 
velocities of the spheres of each set is independent of the coexist- 
ence of the remaining sets, and is in .all respects tho same as if that 
particular set existed alone in the region considered; (3) tlie 
pressure at any poiTit referred to unit of surface at ntiy point of 

the medium arising from the action of any one of the sets is — pr, 

where p is the density of that particular set at the point in question, 
and T is tho physical quantity above rcfciTcd to as common to all 
the sets. , , „ • 

This third inference may bo cxp.inded into tho folloiying tlireo 
laws ; — (a) if r be kept constant, then the pressure arising from 
each sot varies as the density of that .sot ; (^) if p be kept constant, 
tlicn the pressure from each set v.arics as r ; (7) if the pressures 

ibr all the sets be the same, tlicn — is also tho same, or the num~ 

in 

her of spheres per unit volume is the same. 

Now suppose there is a mixture of any number of gases in any 
region wnen there is equilibrium there is one physical quantity, 
namely, temperature, which is the same for all ; the intnnsic 
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X and x+clx, y and y+dy, z and z+dz, and comiionent velocities 
intci mediate between u and u+du, v and v+dv, to and w+div, is 

f (^1 Hi ■>«) f, w) dx dy dz dtt, dv dw. 

In tlio state of perinanence tlie foim of yp must be independent 
of the time if), so long as the sphere is moving free from collisions 
with any other. 

From the last-mentioned condition it must follow that, if ^j=a„ 
‘Pi-fhi any equations among the vaiiahlcs determining the 

position and motion of any sphere obtained by the elimination of I 
Irom the equations of inotion of that sphere, then f must be of the 
foim f <Pj, &c.). With the assumption, then, thatthc number of 
spheres ot the given setuith variables between the above-mentioned 
limits is 

{‘I’u ’Pi--) dx.,.dw, 

we find for the form of xp, by reasoning like the foregoing, 

Ac _ 2 /, whore x is the potential energy of the sphere in 
the position x, y, z, and c‘=u-+v^+id‘, and 7 i. is a constant, the 
same for all the sets. 

If we integrate the expression Ac ~ 'dx dy dz du dv dw 

for all values of x, y, z within the given region, we find for tlic 
number of spheres of any set with component vcloeities between 
n and xi+dti, v and v+dv, w and w + div, 
hm<^ 

Be 2 dll dv dWf 

whence we easily see that the chances of velocities in all directions 
are the same, and that the mean velocity and mean square velocity 

2^yo7J• 3 

of any sphere of this set are and ^ respectively, andthemean 

2 

kinetic energy of any such sidiero is and therefore the same for 
all the sets. 

Fuithcrrnoro, if we integrate the expression 
-h (x+—) 

Ac ' 2 'dx dy dz dit dv dw 

for all values of «, v, and w from - to + <o respectively, wo 
obtain a result of the form Cc'^^’X-dxdydz, andthcrcfoiethc number 
of spheres of the set in question with centres within the elementary 
volume dx dy dz, or, what is the same thinjj with the exception of a 
constant factor, the chance of the centre of any sphere of that set 
being within that elementary volume, is Cc'^^'^ dxdydz, so that the 
density of the Wset of matter in the neighbourliood of the point x, y, 
z is 

We are now in a position to compare tlie physical properties of a 
medium composed of monatomic molecules in motion, and free 
from any intci molecular or interatomic forces with those of ordinary 
gases, so long at least as the atoms arc spherical. 

Considci two contiguous portions of such a medium separated by 
any plane parallel to that of yz, and, since the distribution and 
motion of each set of spheres is independent of all the other sets, 
let us confine our attention to the spheres of the N set. .Suppose 
thattheic arc JV such spheres per unit volume in the ncighoour- 
hood of the point x, y, z, whose component velocities parallel to 
the axis of x arc between u and u+du. The number of these 
spheres which cross the elementary area dy dz in time dt will be 
tire same as the number of the dK spheres whoso centres are 
situated within the elementary paiallelcpipcd dx dy dz, in which 
dx is equal to udl, and this numwr is 

Nxe dy dz dt. 

Each of these spheres can-ies across with it a momentum parallel 
to X equal to raw ; the total momentum pamllel to x transferred 
across dy dz in time dl is therefore 

OTiVw- dy dz dl. 

If u bo positive, this is positive momentum transferred from the 
iregativc to the positive srde of the plane y z ; atrd if u be negative, 
this is negative momentum similarly tiansfened from the positive 
to the negative side of that plairc. In either case it follows that 
by the mere motion of these spheres across the area dy dz the 
positive momentum parallel to the axis of x ia diminished by the 
quantity wjVrr® dy dz dl on the iregativc side of the plane y z, 
and increased by the same quantity on the positive side of that 
plane in the time dl ; m beiirg, ns before, the mass of each .sphere. 
Hence, on the whole, there is a transference of positive x niomentum 
in the time dl across the area dy dz equal to mly dz dl S u-N ; that 

is, equal to _ , ' 

dy dz dl pit", 

where p is the density of the N nrntter at the point x, y, z, and u- 
is tire mean square of the x velocities. 

But cither by integration or general reasoning it is easily seen 
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that u"=:!L, where i? is the mean square of the resultant vclo- 
cities of the iV spheres, and is equal, as we have proved, to 

mh' 

Therefore, there is a transference of positive momentum from the 
negative to the positive side of the plaire y z across the area dy dz in 
time dl equal to 

p dy dz dl 
, mh 

Each separate sphere whoso component velocities are u, v, and w 
canics across the same area y and z moiireirta equal to mv and mw 
respectively, so that in the time dl there arc carried across the area 
dy dz y and z momenta equal to Xmuv dy dz dl and Xnmo dy dz dl, 
respectively. By symmetry it is clear that "Zmiiv and Xmuw are 
separately zero. Therefore, the resultant mutual actions of the two 
portions of the medium under consideration in the time dl is the 
transference across the clernentm-y area dy dz of a quantity' of x 

momentum equal to pdy dz dl ■— from the negative to the positive 

side of the bounding plane. If this mutual action, or, as it is gener- 
ally called, “pressure” when referred to unit of surface, be denoted 
by the symbol p, we get the equation 

p dy dzdl=p dy dz dl~, 

I 

p 

Since the momenta parallel to y and z remain unaltered, it 
follows that the mutual action or pressure between contiguous por- 
tions of the medium in the neighbourhood of any point is noiinal 
to the bounding surface at that point. Since also the expression 

for p or ^ is independent of the direction of the x axis, it fol- 
lows that the pressure at any point of the medium is the same in 
all directions. 

If the contiguous portions of the medium be separated by a 
material instead of an ideal jdanc, it will bo necessary for the main- 
tcnancc of equilibrium that there should be an action between this 
jilane and the adjacent medium, equivalent to the transference of 
momentum estimated above ; but action measured by the rate per 
unit of time at which momentum is generated corrstrtrrtes moving 
force or statical pressure. Ilerrcc the force or pressure between the 
plane and medium is normal to the plane, independent of the 
direction of the plane through the point, and eejual to the value of 

at the rroint. 
mh 

When several srts of spheres arc present together in the region 
under consideration, the distribution of the centres and of the 
velocities of each set is, as we have seen, independent of the co- 
existence of the other sets. If therefore pj, p„, kc., bo the densities 
of the matter of the diifereirt sets in the neighliour hood of the point 
X, y, z, and if Pj, &c., be the pressures at that point defined as 
above, and if nu, vu, kc,, be the masses of the spheres of each of 
the sets, and p tire total pressure, W’e got 

p =Pi+ Ps + kc. 


= Jb. + Il- 

m^h mjt 


-I- d:c. 


Hence wo arrive at the following conclusions: — (1) there is one 
physical quantity liaving the same value for every set of spheres — 

namely, the mean kinetic energy of each sphere, or ; let this 

quantity be called r ; (2) the distribution of the positions and 
velocities of the spheres of each set is independent of the coexist- 
ence of the remaining sets, and is in .all respects the same as if that 
particrrlar set existed alone in the region considered; ( 3 ) the 
pressure at any poiTit referred to unit of surface at ntiy point of 

the medium arising from the action of any one of the sets is — pr, 

where p is the density of that particular set at the point in qtrestion, 
atrd T is the physical qirantity above rcfciTcd to as common to all 

the sots. , , ,1 • 

This third inference may be expanded into the following tlireo 
law's (a) if r be kept constant, then the pressure arising from 
each set varies as the density of that sot ; (^) if p be kept eonstaiit, 
tlicn the pressure from cacli set v.arics as r ; (7) if the pressures 

for all the sets be the same, then is also the same, or the nnm- 

tn 

her of spheres per unit volume is the same. 

Now suppose there is a mixture of any number of gases in any 
region : wnen there is cquilibriiiin there is one physical quantity, 
namely, temperature, which is the same for all ; the rntnnsic 
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Itow to find this latter chance we ohserre that it is the chance of 
the s group being in their required limits of position and motion, 
when the internal forces between the r and s group become forces 
between the s croup and fixed centres. 

If the total kinetic energy of the r group in their ^ven state be 
and that of the r+s group be the total kinetic energy of 
the s group must be 3Vf,- 

Also if the total potential cnergj' of the r+s group under the 
influence of all forces be this is made up of — 

(1) Xn the potential energ^of the r group to fixed centres, and of 

its internal forces ; 

(2) Xe similarly taken for the s OTOup ; and 

(3) rX« the potential energy of the r and s group forces. 

And when the r group is fixed the jiotcntial energy of the s group 
is reduced to (2) and (3), or is Xr+, - Xr- 
Therefore the chance of the a group having its variables within 
the required limits when the r group is fixed must bo 

Tlierefore 

or ^ E,) f (E^.~E,) = v!' (E^.). 

Therefore ^ (3:)=c^*= supjiose. 

And the chances of the r group having its variables between the 
limits and (iq+rfyi-.-Pr “>>*1 Pr+‘^Pr must, in the state of per- 
manent or stable motion, be proportional to 

c~^^r dqi.,,dp^ 

which was to bo proved. 

Supposing now' that the aggregate of molecules under considera- 
tion consists of a number of sets of similar molecules, the number 
of molecules in one of these sets being Jf, where A'' is very large, 
and suppose that each of these iV molecules possesses <r degrees of 
freedom defined by the coordinates q^.-.q^ with the momenta 
jPvPff, “”‘1 tkat its mass is m, TJirce of these coordinates may 
be taken as the rectangular coordinates of its centre of m.a-s3, in 
which case the corresponding momenta will be nm, mv, mvj, where 
u, V, and 10 are the comfionent velocities of translation of that centre 
of mass. Tlicn in this case, if qt—9i<T,Pi--Pa ke the remaining 
coordinates and momenta of the molecule, the chance of the mole- 
cule’s variables being within the limits z and x + dz.,.pg- and 
Pff-t-dPff will bo proportional to 

dz dp dz drq,...dp, .-'■f dio...[l), 

where T, the kinetic energy of the rnoloculo, is equal to 

f•(1^*-^v=+le=)+/, 

where /is a quadratic function of the p’s, having as coefficients 
known functions of the q'e. 

If wo integrate the expression (I) for all po.ssible values of x, y, z, 
Pi‘"P<r ■""c obtain an expression of the fonn 

-hPL e- 

Bc ~ dudvdio (II), 

where B is independent of u, v, and to, and c-=u-+ir+ttP. From 
thofonn of (II) it follows, exactly as in the cases of the elastic aj)hcrcs, 
that the chances of all directions of the velocity of translation of a 
molecule are equal, that the mean velocity and mean square velocity 
of translation of each molecule arc 

2^ and-l. 

3 

rc.spectivcly, and that the mean kinetic energy of translation is — , 

and the same for a molecule of any set. 

Again, if T be the mean total kinetic energy of the molecule, then 

_ lll...T.c-^<^-^'^dz...dpa- 


T=\ 


.(III); 


lll...c-'^<-^+'^'>tU...dPff 

and if we cv.aluate this expression, paying attention to the form of 
2’ a-s a quadratic function ot the p's mentioned above, we shall find 

for (III) the expre.s.sion 

It follows from this result that each additional degree of freedom 
of tlie molecule incrc,ases the mean total kinetic energy of the mole- 
cule by the quantity L, which is the nie.an kinetic cnergj' of trans- 
lation parallel to any one of the axes, and that the total kinetic 
energy is proportion.al to the numl>cr of such degrees of freedom. 

If, again, we integrate the cxprcs.sion (I) for all values of the 
momenta, we obtain an expression of the form 

dx dy dz dq^...dqff (IV), 

where x i» Ike potential energy of the molecule due to fixed centre 


and to interatomic forces in the position defined by z, y, z, qt-.q^ 
Tlie dimensions of the molecule arc so small that we mav regani 
forces from each fixed centre on different parts of the inofecule as 
parallel and equal and functions of the distance of the centre of 
m.as3 from that fixed centre, so that, if the part of x arising from 
thc.se fixed centre forces be called x„ Xi "ill be a function ot z, y, - 
and of thc.se v.ariables onlj', the remaining jnrt of x (arising from 
interatomic forces), which may bo called Xs be a function of 
the <r-3 variables 

If in (IV) wo write Xi -h Xj h>r Xt and then integrate for all v-alues 
of qt-.-q^rvo obtain an expression of the form 

TJr,~^X\ cix dy dz (V), 

where 1) is independent of x, y, z, and therefore p the density of 
the AT molecule matter in the ncighbonrhoosl of the iioiiitv, y, z, is 

mDc~^‘X.i, 

From these results all the projmsitions proved above with reference 
to the aggregate of clastic spheres or monatomic molecules, ns to the 
coiTc.siKmdoncc of the physical jiropcrties of such an aggregate with 
tho.se of gases as indicated by the gaseous laws, may be ilcdureil 
also for this aggregate of jiolyatomic molecules. Ho tliat if Tho 
cqu.il to — , or tho mean kinetic energy of agitation of any one of 

the aggregate of moving molecules, if v be the volume occupied by 
unit of mass, r the number of molecules in unit of volume, and ni 
the mass of each molecule, we have, c.xactly as in the case referred 
to, 

Mr=l, pv=l, 

and pv—B.rT. 

■' 3 

Wc also get the ordinary hydrostatical equations 

ijl=.pr, if-=pZ 

dx ’ dy dz 

from this expression forp combined with tho equation 
p=mDe~^'^^, 


remembering that 

&’= -mX, 
dx 


dy dz 


whence the coincidence of tho i)h 3 'Mc.il properties of this aggregate of 
potyatomic moving molecules with those of a gas, on the assump- 
tion that tho temperature repre.sonts the mean kinetic cnergj' of 
agitation, is at once apparent. 

It can be shown also that tho aggregate of moving molecules, 
such as wc conceive a gas to be, jiossesses another very ini))ortaiit 
jihysical property which, by its analogj' to the .second law of thermo- 
dynamics, alfords additional evidence of the relation between the 
plicnomena of heat and those of aggregates in some kind of motion, — 
tho property in question being that, if in anj' aggregate of moving 
molecules the mean kinetic cnergj' of any one of tlicm he called 
T, and if oQ bo an increment of energy imparted to the .aggregate 

from without, then ^ is a perfect dilfercntial. 

If to this aggregate wc applj' a certain small quantity &Q of he.at 
or cnergj' from without, and if or be the increase of the mein 
kinetic energy of agitation when the volume' is unaltered, then 
this constancj' of volume prevents anj' of the cnergj' SQ from being 
absorbed in doing external svork ; but it is conceivable that the 
incrc.i.se of t m.ij' c.iH8esuch a change in the avenge .state ot tho 
molecule ns to produce a variation ox hi the mean potential cnergj" 
of the molecule, ox being piojiortional to 6r. 


’Therefore 


But 


therefore 


cQ. 


=zr{^JL 

I dr 


dr f 


2/r : 

o(?=r I- 


_3 
2/1 




}"■ 


If the volume vary bj' or, tbc pressure Iwing con‘tant, tlicn we must 
add cxtem.il work, or pov, to the energy nb‘orl>cd, to that if i})>' whole 
c.ttcmal energy now ajiplied Ikj oQ ' and the increase of tempeta- 
turc or be the same in botii cas>-s, wc have 


£?- 

o(f 




St -r pov 


\ii drj 


Jr 


But ifp bo constant, then as letfore 

p5r=2 ~ Sr, 
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Itow to find this latter chance we olKerre that itia the chance of 
the s group being in their required limits of position and motion, 
when the internal forces between the r and s group become forces 
between the s CToup and fixed centres. 

If the total kinetic energy of the r group in their f^ven ststo be 
and that of the r+s group be 1'^^,, the total kinetic energy of 
the « group must be Tr^-Tr 

Also if the total potential cnergj' of the r+s group under the 
influence of all forces be Xr+r this is made up of — 

(t) Xn tJ’o potential energy of the r group to fixed centres, and of 
its internal forces ; 

(2) Xe similarly taken for the s OTOup ; and 

(3) rX« the potential energy of the r and s group forces. 

And when the r group is fixed the jiotcntial energy of the s group 
is reduced to (2) and (3), oris Xrf,-Xr- 
Therefore tjie chance of the a group having its variables within 
the required limits when the r group is fixed must bo 

Tlic-refore 

{Et+-^^^ ildl—^Pr+i- '}' <kl—^Pr¥K 
or ^ E,) f {.E^.~E,) = ^ (E^,). 


Therefore 




.Cc. 


supiiosc. 


And the chances of the r group having its variables between the 
limits and e/.+dqiy.p^ and pr+dp^ must, in the state of per- 
manent or stable motion, be proportional to 

e~^^'dq^...dp„ 

which was to bo proved. 

Supposing now that the aggregate of molecules under considera- 
tion consists of a number of sets of similar molecules, the number 
of molecules in one of these sets being A’, where is very large, 
and suppose that each of these E' molcculeg possesses c degrees of 
freedom defined by the coordinates qi-.-qg with the momenta 
PvPff, Three of these coordinates may 

be taken as the rectangular coordinates of its centre of mass, in 
which case the corresponding momenta will be mu, mv, mxa, where 
«, 11 , and w are the component velocities of translation of that centre 
of mass, Tlicn in this case, if q^—q^^Pi—Pa- the remaining 
coordinates and momenta of the molecule, the chance of the mole- 
cule’s variables being within the limits x and x + dx...Pff and 
Pa+dPff will bo proportional to 

-^fX+Z) , , , , , -TiPlixfi+vi+vfl) , , , ,y. 

e dx dy dsdfi^,..dpie 2 du dv dxij..,{l), 

where T, the kinetic energy of the molecule, is equal to 

where fin a quadratic function of the p’s, having as coeflioients 
known functions of the j’s. 

If we integrate the expression (I) for all pos.sible values of x, xj, z, 
P+"P<r obtain an expression of the fonn 

-hPL C2 

Ec 2 dudvdio (II), 

where E is independent of n, v, and w, and c-=j‘-+rP+if‘, From 
thofonn of (II) it follows, exactly as in the eases of the clastic Bj)hercs, 
that the chances of all directions of the velocity of translation of a 
molecule are equal, that the mean velocity and mean square velocity 
of translation of each molecule are 

?!.')ZEand J- 

3 

rc.spectivcly, and that the mc.an kinetic energy of translation is — , 

and the same for a molecule of any set. 

Again, if T be the mean total kinetic energy of the molecule, then 


.(HI); 


_ ///... r. c - dx. . .dpc 

^'^lll...c-'^(^+'J')dx...dpff "" 

and if we cv.aluale this expression, paying attention to the form of 
T a-s a quadratic function of theys mentioned above, we shall find 

ff 
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for (III) the expression 

It follows from this rc.sult that each additioniil degree of freedom 
of tlie molecule increases the mean total kinetic energy of the mole- 
cule by the quantity L, which is the me,an kinetic cnerg}' of trans- 
lation parallel to any one of the axes, and that the total kinetic 
energy is proportiomal to the numlicr of such degrees of freedom. 

If, again, we integrate the expreasion (I) for all values of the 
momenta, we obtain an expression of the form 

dr. dy dz dqt...dqg- (IT'), 

where x i* fhc potential energy of the molecule due to fixed centre 


and to interatomic forces in the position defined by r, y, z, qt-.q^ 
Tlic dimensions of the molecule arc so small that we mav regani 
forces from each fixed centre on different parts of the inofeoulc as 
parallel and equal and functions of the distance of the centre of 
m.iss from that fixed centre, so that, if the part of x arising from 
these fixed centre forces be called Xi, Xi "ill be a function of z, y, 
and of these variables oiil}% the remaining jnrt of x (arising from 
interatomic forces), which may be called Xa will bo a function of 
the cr-S variables q^.-.q^^ 

If in (IV) wo write Xi + Xj for Xt ""'I then integrate for all v-alues 
of q^...qgVre obtain an expression of tlie form 

dr dy dz (V), 

where E is independent of r, y, z, and therefore p the d( nsity of 
the N molecule matter in the ncighbonrhooil of the iiointy, y, z, is 

From these results all the projwsitions proved above with reference 
to the aggregate of ela-stic spheres or monatomic molecules, ns to the 
corrc.spondonce of the physical jiropcrties of such an aggregate with 
those of gases .as indicated by the gaseous laws, may be ilcdurwl 
also for this aggregate of jjolyatomio molecules. Ho tliat if Tho 
equal to — , or tho mean kinetic energy of agitation of any one of 

the .aggregate of moving molecules, if v be the volume occupied by 
unit of mass, r the number of molecules in unit of volume, and ni 
the mass of each molecule, we have, o.xactly as in the case referred 
to, 

Mr=l, pv=l. 


and 


pv=JtrT. 


We also get the ordinary hydrostatical equations 






from this expression forp combined with the equation 
p=mDe~^'Xx, 

remembering that 

~mX, 
dx 




pi=-niY, 

fly 

whence the coincidence of the jiliysical properties of this aggregate of 
polyatomic moving molecules with those of a gas, on the assump- 
tion th.at tho temperature represents the mean kinetic cnergj’ of 
agitation, is at once apparent. 

It can bo shown also that tho aggregate of moving molcculfs, 
such as wo conceive a gas to be, poisosses another very important 
jdiysical property which, by its analog)' to the .second law of thermo- 
dynamics, atforus additional evidence' of the relation between the 
plicnomena of heat and those of aggregates in some kind of motion, — 
tho iiroporty in question being tiiat, if in any nggrerate of moving 
molecules the mean kinetic cnerg)' of any one of tiicm lie called 
T, and if oQ be an increment of cnerg)' imjnrtcd to the .aggregate 

from without, then — is a perfect difiercntial. 

T 

If to this aggregate we apply a certain small quantity hQ of heat 
or cnerg)' from without, and if or be the increase of the mein 
kinetic energy of agiUition when the volume is unaltered, then 
this constancy of volume prevents .any of the cnerg)' 5Q from being 
absorbed in doing external svork ; but it is conccis'able that the 
increase of t m.iy cause such a change in the average .st.ite of tho 
molecule ns to produce a variation ox in tbc mean potential cnerg)' 
of the molecule, ox being piojiortional to 5r. 

Tlicrcforc 


oa=r / ’ll 

‘ I dr 


dr / 


But 




•El' 


El 


therefore 

If the volume vary by or, the pressure Iwing con‘tant, then we must 
add extem.il work, or por, to the energy nbsorl>cd, <o that if the v hole 
cxtcm.il energy now ajqdied Iks o (?," and the increase of tempera- 
ture or be the same in both cases, we Iiavc 


£?- 

o(f 


’■I 

(•? 

-if) 

jSr 

-r /)5r 


[if dr J 

1 Sr 


But ifp bo constant, then as lodore 

;)5r=2 ~ Sr, 
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Henco the chance for such a molecule of free path between ar 
andx+dxis 


before mpact are Tcos 0 and Tsin 6, and after impact they become 
- rcos e and rsin e respectively. The relative velocity after T- 

tberefZf “ before impacts 


7? - — 

— e "rfa:, 
w ’ 

with the above definition of B. 

The chance of a molecnle whose velocity is w having free path 
X IS of course the same as the chance of its free path having the 


dnration ^ 
is thus 


If t the chance of duration between t and 

(J 

'S 

— e adl ; or Be~^‘ dt. 

Meyer determines the value of B, if the molecules be spheres, in 
the form 


B = it^TTS^O 




1 


where fi= 


(-)' 

2 

VtA 


lU-l 1 


1.2' 3.5 

j., 


+ 


\n 2?i - 1 ’ 2 ji + 1 
, and s is the sum of the radii of two molecules. 


It ivill be observed that the series converges very rapidly if 
is less than unity, the successive coefficients being 

L - 1 4.J_ - 1 a. 1 X 

3 ’ 30 ’ 210 ’ 1512 ’ 11880’ 

Having found B for the number of encounters experienced per unit 
of time by a molecule having velocity w, we have for the average 
number of encounters experienced by any molecule per unit of time, 
which we denote by 0, 

i , f°° 

From which lileyer deduces 

0=2^. 

h 

= nvT. Btt^. 


''td‘Bdbi. 


Hence the mean value of the free path for all molecules, irrespec- 
tive of velocity, is X= 5.=;::;^. 

Thus the kinetic theory of gases presents to us the conception of 
apparently perfect rest, as the result of motion irregular in detail 
but permanent and stable on the average. "Whatever difficulty 
may be felt at first sight in the acceptance of this theory in the 
case of a medium at rest is greatly enhanced when we pass to the 
contemplation of a disturbed medium like a mass of gas through 
which a wave of sound is passing. In our ordinary investigations 
of such a disturbance the gas is freated as a continuous body, sub- 
jected to small relative motions of its parts, accompanied by corre- 
sponding variations of internal pressure. When a disturbance or a 
local condensation or rarefaction is set up in any portion of this gas 
we calculate the resulting effects by the well-known equations of 
sound motion. But on this kinetic theory the medium is supposed 
to consist of a number of discrete masses — elastic spheres or the 
like — ^which preserve the physical properties of the medium merely 
by the recurrence of their mutual collisions, such collisions obeying 
no law in individual cases, but preserving a certain average uni- 
formity in the motion of the whole aggregate ; and we need some 
further investigation to assure ourselves of the applicability of the 
ordinary treatment of wave motion to such a medium. 

Now we observe that the physical properties of our medium, so 
far as the relation between pressure, density, and temperature is 
concerned, merely require that the temperature be measured by the 
mean total kinetic energy of translation, and that the mean kinetic 
energy of translation parallel to any fixed line be equal to one-third 
of the mean total energy of translation. If the molecules constitut- 
ing any portion of this medium were animated by a common velocity 
or acceleration, the physical properties of this portion would be 
similarly determined by the velocities and kinetic energies relative 
to the common motion. When the distribution of such relative velo- 
cities is stable or permanent, the average relative kinetic energy in 
any fixed direction is one-third of the average relative total kinetic 
energy, such property constituting normal distribution. 

Suppose that in any portion of a medium, consisting of equal 
elastic spheres, this distribution has been disturbed — ^that is, 
2mu- Zm'fi, and are unequal. If H were the relative velo- 

city of any pair of spheres after such disturbance and before they 
collide, and 0 the angle beriveen V and the common normal at the 
point of impact, then the normal and tangential relative velocities 


or Vcos20; and the chance of 0 being between 0 and 0+d0 is 
sin 20 d0. 

Therefore the average square relative velocity resolved in the 
onginal direction becomes after impact 


V- f cos- 2^ sin or 

Jo 


r- 


The relative velocity after impact in the plane of V, and the 
normal petpendieular to the direction of V before impact is 
V sin 0 cos 0+ V sin 0 cos 0, or V sin 20. 

And, if a fixed line be taken in the plane perpendicular to V, the 
average value of the square of the relative velocity after impact, 
resolved parallel to this line, is i > 


U 

27r 


sin“ 20 cos-^d0cf^, or Las before. 


Hence we conclude that, in whatever manner the distribution is 
portion of the medium at any instant, it will, for 
aU those pairs of spheres which within any given interval encounter 
each other, have assumed the normal distribution after that inten'ai. 

If T denote the average time between tivo collisions for any given 
sphere, the chance that this sphere shall continue for any time t 

free from collisions is, as we have seen, c r . 

If, therefore, D bp the number of spheres within any region whose 
total relative velocity is between vi and to + dtp, but so distributed 
that the mean square of their relative velocities along any fixed 

line is not then after a time t considerably greater than t, say 


ten times t, the number of the I) spheres which have escaped col- 
lision will be utterly inconsiderable, and the distribution will have 
become normal throughout the region. 

Suppose, for instance, that a sound wave is passing along a tube 
filled with air, 

C RPC R 


(I 


the air in the tube is, at any instant, in a state of alternate com- 
pression and rarefaction, as at 0, R, 0, R above. 

If the note sounded be (say) 500 vibrations per second, the length 
of the wave CR is about feet, and the time taken by the wave 
in traversing that distance is about ^-^th of a second. 

The air in any section of the tube near P has alternately a small 
positive momentum and an equal small negative momentum, the 
reversal taking place in every j^th of a secondy also the same cause 
which produces the average momentum in either case disturbs the 
distribution of energy among the z, y, and z directions, i.e., it is 
always producing an excess or defect in mu” above or below that of 
and mtv^. By what has been proved above, this abnormal 
distribution of energy becomes inappreciable, owing to molecular 
collisions in a time considerably less than rtreafk o* ^ second — in 
fact, in about irsirsViro-sth of a second, when the value of T for 
atmospheric air is considered. It is therefore legitimate, in calcu- 
lating the velocitj' of sound in air (at least on the elastic sphere 
hypothesis), to regard the distribution as always normal in any 
section of the tube, the air in that section or in any elementary 
portion of it possessing, as a whole, any given velocity or accelera- 
tion, estimated as if we were dealing with a continuous mass. 


Diffusion of Gases. 

If any further light is to be thrown on the physical 
nature of a molecule from investigations, experimental or 
analytical, concerning gases, it will most probably be by 
means of experiments on the diffusion of gases, or else on 
the internal friction or viscosity of gases, and the com- 
parison of these results with those obtained analytically 
by the methods of the kinetic theory. Such investiga- 
tions have been imdertaken experimentally by Graham, 
Loschmidt, hlaxwell, 0. E. hleyer, and others. An ac- 
count of them will be found in O. E. Meyer’s work above 
referred to. The same problems have also been discussed 
analytically by Maxwell, ^ and by Stefan, O. E. Meyer, and 
Boltzmann in the treatises referred to below. We pro- 
ceed to give a short account of hfeyer’s results. 

1 PMl. May., July 1860, and Feb. and March 1868. 
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Henco the chance for such a molecule of free path between a: 
and «+ (foils 


before mpact are Tcos 0 an(i Tsin 0, and after impact they become 
- rcos 0 and rsin e respectively. The relative velocity after i^- 
t&orf “ t'ifore impacts 


7? - — 

- e "da:, 
w ’ 

with the above definition of £. 

Tbe chance of a molecnle whose velocity is to having free path 
x IS of course the same as the chance of its free path having the 

dnration — . If i the chance of duration between i and t+d( 
is thus 




hidt ; or Be~^^ dt. 


/VU-I i. 

\n 2?i - 1 ' 2 ji + 1 


Meyer determines the value of B, if the molecules be spheres, in 
the form 

B = mr^Ci j 1 + i- (js/i - J L (^4^2 + 

I 1 1.3 1.2 3.5 

W... 

2 

where fi= and s is the sum of the radii of two molecules. 

It ivill be observed that the series converges very rapidly if erA 
is less than unity, the successive coefficients being 

, J_ _ 1 , 1 X 

3 ’ 30 ’ 210 ’ 1512 ’ llMo’ 

Having found B for the number of encounters e.vperienced per unit 
of time by a molecule having velocity to, we have for the average 
number of encounters experienced by any molecule per unit of time, 
which we denote by C, 

4 , f°° 

<^= e-*"V5(fa.. 

From which Meyer deduces 

0=2^. 

h 

= nvT. AVsa. 


Hence the mean value of the free path for all molecules, irrespec- 
tive of velocity, is L— « 

0 ir V24 Vs= 

Thus the kinetic theory of gases presents to us the conception of 
apparently perfect rest, as the result of motion irregular in detail 
but permanent and stable on the average. "Whatever difficulty ; 
may be felt at first sight in the acceptance of this theory in the 
case of a medium at rest is greatly enhanced when we pass to the 
contemplation of a disturbed medium like a mass of gas through 
which a wave of sound is passing. In our ordinary investigations 
of such a disturbance the gas is treated as a continuous body, sub- 
jected to small relative motions of its parts, accompanied by corre- 
sponding variations of internal pressure. When a disturbance or a 
local condensation or rarefaction is set up in any portion of this gas 
we calculate the resulting effects by the well-known equations of 
sound motion. But on this kinetic theory the medium is supposed 
to consist of a number of discrete masses — elastic spheres or the 
like — ^which preserve the physical properties of the medium merely 
by the recurrence of their mutual collisions, such collisions obeying 
no law in individual cases, but preserving a certain average uni- 
formity in the motion of the whole aggregate ; and we need some 
further investigation to assure ourselves of the applicability of the 
ordinary treatment of wave motion to such a medium. 

Now we observe that the physical properties of our medium, so 
far as the relation between pressure, density, and temperature is 
concerned, merely require that the temperature be measured by the 
mean total kinetic energy of translation, and that the mean kinetic 
energy of translation parallel to any fixed line be equal to one-third 
of the mean total energy of translation. If the molecules constitut- 
ing any portion of this medium were animated by a common velocity 
or acceleration, the physical properties of this portion would be 
similarly determined by the velocities and kinetic energies relative 
to the common motion. When the distribution of such relative velo- 
cities is stable or permanent, the average relative kinetic energy in 
any fixed direction is one-third of the average relative total kinetic 
energy, such property constituting normal distribution. 

Suppose that in any portion of a medium, consisting of equal 
elastic spheres, this distribution has been disturbed — that is, 
Smu- "Zm-fi, and Zrmfi are unequal. If V were the relative velo- 
city of any pair of spheres after such disturbance and before they 
collide, and 0 the angle beriveen V and the common normal at the 
point of impact, then the normal and tangential relative velocities 


or Vcos20; and the chance of 0 being between 0 and 0-i-d0 is 
sin 20 d0. 

Therefore the average square relative velocity resolved in the 
onginal direction becomes after impact 


r- f coa- 20 sin 20 d0, or 

Jo 


F2 

T' 


JO " 

The relative velocity after impact in the plane of r, and the 
normal perpendicular to the direction of F before impact is 
V sin 0 cos 0+ V sin 0 cos 0, or V sin 20. 

And, if a fixed line be taken in the plane perpendicular to V, the 
average value of the square of the relative velocity after impact, 
resolved parallel to this line, is i > 


It 

2tr 


2 TTS 

sin^ 26 cos-^ d9 or as before. 

A O 


Hence we conclude that, in whatever manner the distribution is 
portion of the medium at any instant, it will, for 
all those pairs of spheres which within any given interval encounter 
eaim other, have assumed the normal distribution after that inten'ai. 

If T denote the average time between tivo collisions for any given 
sphere, the chance that this sphere shall continue for any time t 

free from collisions is, as we have seen, c r . 

If, therefore, D be the number of spheres within any region whose 
total relative velocity is between lo and to + dtp, but so distributed 
that the mean square of their relative velocities along any fixed 

line is not then after a time t considerably greater than t, say 


ten times r, the number of the D spheres which have escaped col- 
lision will be utterly inconsiderable, and the (distribution will have 
become normal throughout the region. 

Suppose, for instance, that a soun(i wave is passing along a tube 
filled with air, 

C RPC R 


(I 


the air in the tube is, at any instant, in a state of alternate com- 
pression and rarefaction, as at C, R, C, R above. 

If the note sounded be (say) 500 vibrations per second, the length 
of the wave OR is about feet, and the time taken by the ware 
in traversing that distance is about ^^th of a second. 

The air in any section of the tube near P has alternately a small 
positive momentum and an equal small negative momentiun, the 
reversal taking place in every j^th of a secondy also the same cause 
which produces the average momentum in either case disturbs the 
distribution of energy among the a, tj, and z directions, i.c., it is 
always producing an excess or defect in rntfi above or below that of 
mt? and imip. By what has been proved above, this abnormal 
distribution of energy becomes inappreciable, owing to molecular 
collisions in a time considerably less than raVafh of a second — in 
fact, in about xTsaAiraath of a second, when the value of T for 
atmospheric air is considered. It is therefore legitimate, in calcu- 
lating the velocity' of sound in air (at least on the elastic sphere- 
hypothesis), to regard the distribution as always normal in any 
section of the tube, the air in that section or in any elementary 
portion of it possessing, as a whole, any given velocity or accelera- 
tion, estimated as if we were dealing with a continuous mass. 


Diffusion of Gases. 

If any further light is to be thrown on the physical 
nature of a molecule from investigations, experimental or 
analytical, concerning gases, it will most probably be by 
means of experiments on the diffusion of gases, or else on 
the internal friction or viscosity of gases, and the com- 
parison of these results with those obtained analytically 
by the methods of the kinetic theory. Such investiga- 
tions have been imdertaken experimentally by Graham, 
Loschmidt, Maxwell, 0. E. hleyer, and others. An ac- 
count of them will be found in O. E. Meyer’s work above 
referred to. The same problems have also been discussed 
analytically by Maxwell,^ and by Stefan, O. E. Meyer, and 
Boltzmann in the treatises referred to below. We pro- 
ceed to give a short account of hleyer’s results. 

I Phil. Mag., July 1860, and Feb. and March 1868. 
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Hence, if we attempt to cause one stratum of gas to pass 
over another in parallel planes, we experience a resistance 
due to the interchange of molecules between the portions 
of gas se2)arated by the plane. This is in some respects 
analogous to sliding friction between solid bodies, and is 
called by German writers the “ friction ” (Iteibunff), by Max- 
well and others the “ viscosity,” of the gas. Meyer ^ investi- 
gates this effect of friction in a manner somewhat similar 
to that employed in case of diffusion, and obtains for the 
coefficient of viscosity ^ 

Hclalion of tlic_ Coefficient of Viscosity to Density and Tempera- 
ture . — ^The viscosity of a gas is inde 2 )endont of the density, being, 

according to 0. E. ilcyer, ul. Now, for any one gas, is, as 

we have seen, inversely proportional to the density, and therefore 

is inversely proportional to the density. On the other hand, jV 
is directly proportional to the density. Hence the viscosity is in- 
dependent of the density. This agrees with the result obtained 
by Maxwell from the kinetic theory in 1860, and with the results 
of experiments by Maxwell - and 0. E. Meyer.^ Also, experiments 
by 0. E. Jleycr and Springmiihl ■* on the Irunspiration of gases show 
•that the times in which two dilferent gases under similar circum- 
stances flow through a tube maintain the same constant ratio to 
one another. As in the ca.se of the coefficient of diffusion, ul is 
inversely proportional to the square root of the absolute temperature. 
As both the coefficient of dilfusion and that of viscosity depend 
on the same function wl, it should be possible from experiments on 
viscosity to determine the rate of diffusion. Experiments uith this 
object have been conducted by Stefan® with very satisfactory results, 
his c,alculated values for the coolficiGnt of diffusion agreeing very 
■closely with those determined by Loschmidt’s direct c.xperiment.® 

IVc have given the above results for the cocflicients of diffusion 
.and viscosity from 0. E. Meyer's work, because his method has met 
with very general aeeoptanoc. It has been shown, however, by 
Boltzmann,' that the method is incomplete. Moyer’s results can 
•only be obtained on the assumption tnat the molecules of a gas 
•undergoing diffusion or internal friction, which have any given vdo- 
-city, astc, are movinguith tliat vclocityin all directions indifferently. 
Wo may calculate the number of molecules having velocity w that 
pass through a given plane during a short time at, starting from 
■encounters at any given distance from the plane. If we assume 
that the molecules, issuing from such encounters with velocity w, 
move indifferently in all dirootions, we obtain Moyer’s result 
This assumption js time only of a gas at rest— that is, having no 
velocity of translation — so tliat our result so obtained would express, 
in case of diffusion, the rate at whicli two gases beijhi to diffuse, if 
_given at any in.stant both at rest — that is, with no stream velocity 
— but mixed in unequal proportions in different parts of space. 
In any actual case of diffusion, citiier of the two diffusing gases 
■acquires a small velocity of translation. If we take this velocity 
into account in calculating the number of molecules of the gas 
passing tLough a plane, according to Meyer’s inetliod, we shall 
find that it introduces two new terms, ouc of which, when the 
motion becomes steady, is equal and opposite to the result obtained 
by Moyer. This is proved by Boltzmann in the case of -viscosity in 
-the treatise above refeiTcd to. The same proof is easily applied in 
-the case of diffusion. 

Stefan’s Method. — Stefan® reg.ards the two diffusing gases as 
Tiaving small velocities of tran.slation, or stream velocities, «] and 
-Uj, in opposite directions, so that the molecules of one gas, of 
-mass OT], have an average momentum w,ii] in direction from left 
to right, and tiiosc of the other g.as, of mass oru, an average mo- 
mentum WjWj from right to left. By virtue of encounters between 
the two sets'of molecules, each gas is always imparting to the 
-other 3 portion of its oira average momentum, and receiving 
from the other a con-esponding momentum in the opposite direc- 
-tion. The momentum so transferred or interchanged is what 
.Stefan calls the resistance which one gas offers to the other’s diffusion. 
In this investigation Stefan assumes that aU classes of molecules 
•of one gas, whatever their molecular velocity in space, have the 
same average velocity in the direction of diffusion — that is, the same 
rstream velocity — so tliat the motion of the molecules of a diffusing 
£08 would be e.xactly represented by considering the molecules of a 
_gas at rest — that is, with only its molecular velocity — at the same 


pressure, and then giving to caclj molecule the 
.additJonal common velocity u in the direction of diffusion. Boltz- 
' ®^tows that, in order correctly to represent the motion 

of the dillusmg gas, wo must impart to molecules having different 
molecular velocities independent of direction different common 
velocities in tlio direction of diffusion. And it will be found that 
the resistance of the gases is sensibly modified by this property » 

The complete solution of the problem,— that is, the determina- 
tion of u as a function of w, on the hypothesis that the molecules 
arc elastic spheres, — is difiicult. 

If w e assume molecules to bo centres of force varying inversely as 

the nth power of the distance, so that the force at distance r is 

w’licrc fi is constant, we obtain the following result. We assume 
the molecules of gas A whoso absolute velocities are between 
10 and w+dio to have an average stream velocity u in direction of 
the tube, where u is a function of w. Then, if the terminal con- 
dition at the ends of the tube be maintained constant, we obtain an 
equation of the foim 


IL ^ Q ni,m„ 
jV do; 3)1. -3 ' nij -nn, unit volume 

multiplied by the average value for all molecules of gas A of 

u K"'!, where V is the relative velocity of two molccvilcs. one taken 
from each gas, and C is a constant, ami mj, nu the masses of the 
molecules of gas A and gas B respeotivoly. 

By making n infinite we obtain the result for elastic spheres : in 
■a-S ' 

that case V, and the problem is to find the average value 

of uV. 

Since y) varies as the absolute temperature, and the average value 
of V varies as the square root of the absolute temperature, wo way 
infer that the average value of that is, the stream velocity —will 
vary approximately as the square root of the temperatiire, as it 
appears to do from experimental evidence. If, on the other hand, 
’— 8 

n=5, V dis-appoars, and = E In this case the analytical de- 
termination of M presents no difficulty ; but in the result the stream 
velocity varies as the absolute temperature, wliicii accords less satis- 
factorily with experiments. 


On Moleculae Dlmensions. 

Many attempts have been made in recent years to form 
an estimate or conjecture, more or less accurate, of the 
numerical value of the dimensions of a molecule and the 
absolute force between molecules.’® 

In accordance with the view of the subject considered 
in this article, we are here concerned rvith such specula- 
tions only in so far as they are founded upon the kinetic 
theory of gases, or supported by it. The jihenomena of 
diffusion and viscosity especially have afforded grounds for 
estimates of molecular dimensions. 

It is first necessary to define what is meant by the 
dimensions of a molecule. Regarded as an elastic sphere, 
it has dimensions "with the conception of which w'o are 
familiar. It is not, of course, seriously contended by any 
physicists that the molecules of a gas are actually hard 
elastic spheres, exerting no force on each other at any di.s- 
tance greater than that of actual contact, and then an 
infinite force. It is necessary to conceive the forces as 
finite, although they may diminish so rapidly rvith the dis- 
tance as that the motions of molecules in the aggregate 
differ little from -what they would be if the molecules were 
ideal elastic spheres. Nevertheless, they must be finite 
forces ; and, that being the case, it is difficult, if not im- 
possible, to frame a definition of the boundary of a mole- 
cule, except as a certain surface at which the forces acting 
between the molecule in question and other molecules 
attain a certain value. 

If, for instance, we were to regard a molecule as a centre of force, 


J See pp. 313-325 of the slwvc referred to. 

2 Proceedings of the Jloyal Society, 8 th February 18C0. 

3 Poggendor^s Annaltn, 1871, cxlii3. 14, 

4 Pong. Ann., 1873, cxlviii. 1 and 526. 

5 Sitzu-ngsher. d. k.-k. Aluid., 1872, Ixv. 323. 

6 For a foil account of these and other oiq)enments on difinsion and vis- 

^^os^ty, see 0. E. Meyer, KinetUche Theorie d. Case, under the heads *'Reibung" 
,ar)d ** iitfuslon.'' , , , , • 

7 Zur Gas-Reihung,” in the Sitzungsher. a, k.A:. Alcga., 1881. 

8 Memoir “ On theDynamicalTljcory of I)iffnsion'’(Silruni?il»tr. a. Akad., 
Jrv.) 


0 For BolUinann’s own treatment of the subject v.'c cannot, within the llmi^ 

of this article, do more than refer the reader to the memoir above mentioned, 
“Zur Gas-Reibung.” and another as yet unlinished memoir “On Diffu.sion, in 
iivs Sitzungsher^ d. Akad., 1^2. « ^ m 

w An account of these ^v^U be found in O. E. ^fcycFs Ain. TMorie a. Ga*#’, 

1 Professor Tait’s itecent Advances in Physical Scienc^’t lec^ xli., and in tlie 



D. a Hodges; Phil, hfaq., March 1880, “ On tJie -Mean tree rain 

by the same author. See also, lecture delivered by fcir V». Tliomsou at Uio 

Royal Institution, 2d Feb. 1SS3. 
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Hence, if we attempt to cause one stratum of gas to pass 
over another in parallel planes, we experience a resistance 
due to the interchange of molecules between the portions 
of gas seiiarated by the plane. This is in some respects 
analogous to sliding friction between solid bodies, and is 
called by German writers the “ friction ” by Max- 

well and others the “ viscosity,” of the gas. Meyer ^ investi- 
gates this effect of friction in a manner somewhat similar 
to that employed in case of diffusion, and obtains for the 
coefficient of viscosity ^ mN’tol. 

IlclaMon of the C'ocjJicicnl of ViscosUy to Density and Tempera- 
ture . — The viscosity of a gas is inilcpendont of the density, being, 

according to 0. E. Jleycr, ui. Now, for any one gas, is, as 

w have seen, inversely proportional to the density, and therefore 

is inversely proportional to the density. On the other hand, jV 
is directly proportional to tlie density. Hence the viscosity is in- 
dependent of the density. This agrees with the result obtained 
by Maxwell from the kinetic theory in 18C0, and with the results 
of experiments by Maxwell - and 0. E. Meyer.s Also, experiments 
by 0. E. Ifeycr and Springmiihl ■* on the Iranspiraimi of gases show 
-that the times in which two different gases under similar circum- 
stanees flow through a tube maintain the same constant ratio to 
one another. As in the ca.se of the coeflicient of diffusion, at is 
inversely proportional to the square root of the absolute temperature. 
As both the coefficient of diffusion and that of viscosity depend 
on the s,imo function ul, it should be possible from experiments on 
viscosity to determine the rate of diffusion. Experiments rrith this 
•object have been conducted by Stofan‘ nith very satisfactory results, 
his calculated values for the coefficient of diffusion agreeing very 
■closely with tho.se determined by Loschmidt’s direct experiment.® 

IVe have given the above results for the coefficionts of diffusion 
.and viscosity from 0. E. Meyer’s work, because his method has met 
with very general aocoptance. It has been shown, however, by 
Boltzmann,' that the method is incomnlete. Moyer’s results can 
•only be obtained^ on tlie as.sumption tnat the molecules of a gas 
■undergoing diffusion or internal friction, which have any riven vrio- 
•city, asm, are moving with that velocity in all directions indifferently. 
Wo may calculate the number of molecules having velocity tv that 
pass through a given plane during a short time dt, starting from 
■encounters at any given distance from the piano. If ave assume 
that the molecules, issuing from such encounters aWth velocity to, 
move indifferontlj' in all directions, ave obtain Meyer’s result. 
This assumption is time only of a gas at rest — that is, liaving no 
velocity of translation — so that our result so obtained avould express, 
in case of diffusion, the rate at avhich two g^es beyitt to diffuse, if 
_given at any instant both at rest — that is, avith no stream velocity 
— but mixed in unequal proportions in different parts of space. 
In any actual case of diffusion, either of the tavo diffusing gases 
.acquires a small velocity of translation. If ave take this velocity 
into account in calculating the number of molecules of the gas 
pa.ssing through a plane, according to Meyer’s method, ave shall 
find that it introduces two neav terms, one of avhich, avheii the 
motion becomes stciidy, is equal and opposite to the result obtained 
by Meyer. This is proved by Boltzmann in the case of adscosity in 
-the treatiso above refeired to. The same proof is easily applied in 
-the case of diffusion. 

Stefan’s Method. — Stefan® rcg.ards the tavo diffusing gases as 
liaving small velocities of translation, or stream velocities, and 
-Uj, in opposite directions, so that the molecules of one gas, of 
-niass w,, have an average momentum Wjiq in direction from left 
to right, and those of the other g.as, of mass ?n„, an average mo- 
mentum wuwj from right to left. By virtue of encounters betn-een 
the two scts'of molecules, each gas is alivays imparting to the 
-other a portion of its oam average momentum, and receiving 
from the other a con-esponding momentum in the opposite direc- 
-tion, Hie momentum so transferred or interchanged is what 
•Stefan calls the rcsislanee which one gas offers to the other’s diffusion. 
In this investigation Stefan assumes that aU classes of molecules 
■of one gas, whatever their molecular velocity in space, have the 
same average velocity in the direction of diffusion — that is, the same 
rstream velocity — so that the motion of the molecules of a diffusing 
ffis would he exactly represented by considering the molecules of a 
_gas at rest — that is, with only its molecular velocity — at the same 


temperature and pressure, and then riving to each molecule tlie 
•additional common velocity u in the direction of diffusion. Boltz- 
®^tows that, in order correctly to represent the motion 
of the diffusing gas, wo must impart to molecules having difleicnt 
molecular velocities independent of direction different common 
velocities in the direction of diffusion. And it will be found that 
the resistance of the gases is sensibly modified by this property » 
The complete solution of the problem,— that is, the determina- 
non of u as a function of w, on the hypothesis that the molecules 
arc elastic spheres, — is difficult. 

If u 6 assume molecules to ho ceiitrca of force varying inversely as 


the ntli power of the distance, so that the force at distance r is 




where g is constant, we obtain the following result. We assume 
the molecules of gas A whoso absolute velocities are between 
to and ta+dw to have an average stream velocity u in direction of 
the tube, where u is a function of to. Then, if the terminal con- 
dition at the ends of the tube be maintained constant, we obtain an 
equation of the foian 

^ Q tn,m„ irA’jA’i, 

M ebi 3n~S ' tn^ + m^ unit volume 
multiplied by the average value for all molecules of gas A of 

•Jl — ft ® 


nVu~ 1, where V is the relative velocity of two molecules, one taken 
from each gas, and Cf is a constant, and mj, the masses of the 
molecules of gas A and gas B respectively. 

By making n infinite wo obtain the result for elastic spheres : in 

ii-G 


that case r, and the problem is to find the avera"e value 

ofitF. 

Since p varies as the absolute temperature, and the average value 
of V varies as the square root of the absolute temperature, wo may 
infer that the average value of u—tliat is, tlie stream velocity— will 
vaiy approximately as the square root of the temperature, as it 
appears to do from experimental evidence. If, on the other hand, 

^ ^ 3 

«.=5, V disappears, and analytical do- 

termination of M presents no difficulty ; but in the result the stream 
velocity varies as the absolute temperature, which accords less satis- 
factorily ivith experiments. 


On Moleculae Dimensions. 

Many attempts have been made in recent years to form 
an estimate or conjecture, more or less accurate, of the 
numerical value of the dimensions of a molecule and the 
absolute force between molecules.^® 

In accordance with the view of the subject considered 
in this article, we are here concerned with such specula- 
tions only in so far as they are founded upon the kinetic 
theory of gases, or supported by it. The phenomena of 
diffusion and viscosity especially have afforded grounds for 
estimates of molecular dimensions. 

It is first necessary to define what is meant by the 
dimensions of a molecule. Eegarded as an elastic sphere, 
it has dimensions with the conception of w'hich vve are 
familiar. It is not, of course, seriously contended by any 
physicists that the molecules of a gas are actually hard 
elastic spheres, exerting no force on each other at any di.s- 
tance greater than that of actual contact, and then an 
infinite force. It is necessary to conceive the forces as 
finite, although they may diminish so rapidly Gvith the di.s- 
tance as that the motions of molecules in the aggregate 
differ little from what they would be if the molecules were 
ideal elastic spheres. Nevertheless, they must be finite 
forces ; and, that being the case, it is difficult, if not im- 
possible, to frame a definition of the boundary of a mole- 
cule, except as a certain surface at which the forces acting 
between the molecule in question and other molecules 
attain a certain value. 

If, for instance, wc were to reg,ard a molecule as a centre of force, 


1 See pp. 311-325 of the work aliove referred to. 

2 Proceedings of the Jloyal Society, 8 th February 1850. 

3 Poggendorfs Annahn, 1871, cxliii. 14. 

4 Pogg. Ann., 187.3, cxlviii. 1 and 626. 

5 Sitzungsier, d. Tc.-lc. Aim!., 1872, Ixv. 323. . 

6 For a full account of these and other oxpenments on dilfnsion and vis- 

xiosity, see 0. E. Meyer, Kinditche Theorte d. Case, under the heads "Keibnns" 
j>nd "Diffusion." j 

7 “ Zar QaB-Tteibune,'’ in the Sitzungsher. d. l-.-f:. Ahad., isp. 

8 Memoir “ On theDynamJcalTlieory of Diffusion "(Sttainyjioer. d.l:.-l:.AmU., 
ixv.) 


8 For BolUmann’s own treatment of the subject wc cannot, within the limits 
of this article, do more tlian refer the reader to tlie memoir above mentioned, 
“Zur Gas-Keibung." and another as yet nnllnishednicmclr “ On Diffusion, in 
tlie Sitzungsher. d. k.-k. Akod., 1882. 

14 An account of these wiU he found in O, E. Meyer's Am. Theorte «. unre, 
In Professor Tail’s Pecent Advances in Physical Science, iect xii., and In the 
following memoirs :-Phit. .Vag., July 1873, " On the Sire of .Molecules, bj- A. 
D. a HiSigcs; Phil. Mag., Marcb ISSO, “ On tlie Jlcan Free Path of Molecnles, 
liv tlie same author. See also, lecture Uelivered by bir Xlioinsou at tlie 
Royal Institution, 2(1 Feb. 1SS3. 


MOLECULE 


ffitLstration is stipplisd. W msllitic acid- For a loa^ 
tims the^ioiiaula ~zs used for tTiis acicL and bv 

means of it ail the then knoTm derivatives were repre- 
sented But later investigations "bv Eaerer pmved that 
'^tds tomrnla mnst fee mnltiplied by three, the new deriva- 
tives obtained by him not being capable of representation 
vritn any formnla simpler than Tery many ex- 

amples o! the same Mnd might be adduced, but those ^en 
may serve to show the nat^ of the diScnIiy of settling 
the lormnia and with it the molecniar weight of a sub- 
stance. It need scarcely be said that the multiple formula 
everything which the simoie formula represents 
and something more, and that chemists as a rule take the 
Simplest formula which will answer the purpose. These 
chemical methods of determining the formula and mole- 
cular weight apply equally to all pure substances, but they 
do not us absolute values, only numbers to which 
the molecular weights are proportionaL And for pnrely 
chemical purposes these are ^ that we reouire. Thus, 
when a chemist speaks of acting on a molecule of suc- 
cinic acid with two molecules of pentachloride of phos- 
phorus, he means that he mixes them in the proportion 
of il8 parts of the former to 2 x 177'5 of the latter. 
For the sake of precision we sometimes speak of a mole- 
cule of water (or other substance) in grammes, or even of 
z^nrarn.mf.-mriU'ru.U, 2 .gra>.n-rn.rAfciile, izc. Thus, in the case 
just mentioned a gramme-molecule of succinic acid means [ 
118 grammes of sacdnic acid, kc. 

But, while for practical purposes these proportional 
numbers are quite suSdent, we cannot leave out of view 
their relation to the actual constitution of matter. There 
is good reason to believe that matter consists of discrete 
jarriclea and that every pure substance is made up of 
small portions of matter, all alike, so that one of them, if 
we could examine it, would give us a complete idea of 
the chemical composition, constitution, and character of 
the substance. These small portions, of which the smallest 
quantity of the substance which we can examine contains 
many inillions, we may call TurA.tailfj!. From the character 
which we have supposed this molecule to possess — viz., that j 
it fully represents all the chemical properties of the sub- \ 
stance — it will be seen that these real, vlf.imate molecules 
must be projortional to the molecular weights ascertained 
by chemical means: so that, while for practical laboratory 
or manufacturing purposes we use the gramme: the pound, 
or the ton as our unit, and speak of IS grammes, pounds, 
or tons, as the case may he, of water, as a molecule (or 
gramme-molecule: ton-molecule, ia), in dealing with the 
actual constitutian of matter we should use as our unit 
the mass of a single atom of hydrogen, and our gramme- 
molecule would then be a dednite. very large, but not yet 
accurately asc£rtained,'number of real molecules. 

It' has been already shown above that, on the kinetic 
theory of gas, a gas consists of a nnmber of particles 
moving about in straight lines in all direction^ and that 
in a homogeneous gas which follows Bqvle^ and Charles's 
laws these particles are all alike. The masses of the 
particles of diuerent gases are therefore to one another in 
the same proportion as the densities of the gases, tempera- 
ture and prs^cre being the szme. Thus, in gase^ the in- 
dexendently moving farticles of the kinetic theory are the 
molecules of which the chemist is in search, and it becomes 
important that we should compare our chemicaEy found 
molecular weights with the densities. Theoretically accu- 
rate results corfd be oht&ined only in the case of a perfect 
gas : bur small deviations from Boyle's and Charles''s laws 
do not interfere with the application of this method. 
Chemiisl methods, as we have already seen, lead ns to a 
particular number, or a mviliiple oj it, so that our choree is 
as a rule limited to two or three numbers widely diTering 
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from one another. 'We Snd that if we do not exceed the 
limits of chemical stability a gas approaches the state of a 
perfect^ as the temperature increases, or as the pres- 
sure diminishes. 27ow if one of the numbers rendered 
probable ly chemical evidence near/y coincides with that 
mven by comparison of gas densities, under conditions 
where the substance sensibly deviates from Boyle's and 
Charleys law^ we find that by diminishing the p^sure or 
increasing the temperature within the Imiits of chemical 
stability, and thus bringing the substance nearer the state 
01 a perfect gzs, the correspondence between these two 
numbers tecomes closer. This has already been pointed 
out and iHustiated in the article CnEirisxsT, voL v. p. 469. 

We can now compare the results, in the case of gases, 
of the chemical and of the physical determination of 
molecniar weight, by giving some examples, placing side 
by side the formula and molecular weight adopted bv 
chemist^ and the mass, in grammes, of the gas ocenpying 
the volume of 22-.3.3 x 760,// x {273-ft)/273 litres. IFfr 
volume is that which one gramme of an ideal gas having 
the molecular weight 1. and perfectly following Boyle's 
and Charles's laws, would occupyat pressure p mSlimetres 
of mercury and temperature F C. If, then, tr be the mole- 
cular weight of any gas, tr grammes of it should occupy 
this volume, and slight deviation from this would indicate 
slight deviation from Boyle's and Charles's laws. In the 
annexed table tc is the molecular weight and m the mass 
contained in 22-33 x 760y> x(273-f-/) 273 litres. Where 
the temperature is not specially stated, the determinations 
were made under the usual atmospheric conditions. 
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A comparison of the values of ic and m leads to the 
following conclusions : — 

(1) In the case of a very great number of substances, of 
wiuch only a few specimens are given in the table, the 
two determinations agree, the slight difi'erences often 
observed being evidently due to deviation of the sub- 
stance from tbe state of a perfect gas. (2) In a consider- 
able number of substances, physic^ evidence leads to a 
mnlriple of tbe simplest number satisfying the chemical 
conditions. This cannot be looked npon as a disagreement 
between the methods, because, if a particular formula satis- 
fies the chemical conditions, any mnltiple of it will neces- 
sarSv do so: and indeed, in many of the cases we are now- 
considering, it is possible from chemical considerations to 
justify the higher molecular weight after it has been sug- 
gested, althou^ such chemical considerations might not 
in all cases have warranted its adoption without external 
support. Thus, we are not without chemical e-ndence in 
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ffitLStration is strpplied fcv mellitic acid. For a long 
time tbe^tormTiIa —as used for thi^ acii and by 

means of it ail the then koovra derivatives vrexe repre- 
B nt later investigations by Eaeyer proved that 
tnis iornmla mnst be misitiplied by three, the nerv deiiva- 
tives obtained by him not '^ing capable of representation 
vnth any fonnnla simpler than Tery manv ex- 

amples of the same Mnd might be adduced, but those ^ven 
may serve to shovr the natore of the diScnIty of settling 
the lormnia and vrith it the molecnlar vreight of a sub- 
stance. It need scarcely be said that the mnlttple formnia 
represents everything —Inch the simple formula represents 
and something more, and that chemists as a rale take the 
simplest formula which vuH answer the jmipose. These 
chemical methods of determining the formula and mole- 
cular weight apply equally to all pine substaucea but they 
do not give us absolute values, only numbers to which 
the molecular weights are proportionaL And for purely 
chemical purposes these are ^ that we require. Thus, 
when a chemist speaks of acting on a molecule of suc- 
cinic acid with two molecules of pentachloride of phos- 
phorus, he means that he mixes them in the proportion 
of ilS parts of the former to 2 x 177'5 of the latter. 
For the sake of precision we sometimes speak of a mole- 
cule of water for other substance) in grammes or even of 
zpramme-moU-axlf, £.grain-Tricl<;culit. itc. Thus, in the case 
just mentioned a gramme-molecule of succinic acid means 
118 grammes of sacdnic acid, &c. 

But, while for practical purposes these proportional 
numbers are quite suScient, we cannot leave out of view 
their relation to the actual constitution of matter. There 
is good reason to believe that matter consists of discrete 
particles, and that every pure substance is made up of 
small portions of matter, all alike, so that one of them, if 
we could examine it, would give us a complete idea of 
the chemical composition, constitution, and character of 
the substance. These small portions, of which the smallest 
quantity of the substance which we can examine contains 
many millions, we may call mofccufei. From the character 
which we have supposed this molecnie to possess — viz., that ! 
it fully represents all the chemical properties of the sub- \ 
stance — it will be seen that these real, ■uUimate molecules 
must be proportional to the molecular weights ascertained 
by chemical means: so that, while for practical laboratory 
or manufacturing purposes we nse the gramme^ the pound, 
or the ton as our unit, and speak of IS grammes, pounds, 
or tons, as the erne; may be, of water, as a molecule (or 
gramme-molecule^ ton-molecule, &c.), in dealing with the 
actual constitution of matter we should use as our unit 
the mass of a single atom of hydrogen, and oar gramme- 
molecule would then be a de&iite. very large, bur not yet 
accurately ascertained,'number of real molecules. 

It has been alre&dr shown above than on the kinetic 
theory of gas, a gas consists of a number of particles 
moving about in straight lines in all directions and that 
in a homogeneous gas which follows Bqvle's and Charles's 
laws these p-articles are all alike. The masses of the 
particles of diuerent gases are therefore to one another in 
the same proportion as the densities of the gases, tempera- 
ture and pressure being the same. Thus, in gs^es, the in- 
denendently moving particles of the kinetic theory are the 
molecules of which the chemist is in search, and it becomes 
important that we should compare our chemically found 
molecular weights vuth the densities. Theoretically accu- 
rate results amid be obtained only in the case of a perfect 
gas : but small deviations from Eoyleb and Charles's laws 
do not interfere with the application of this method. 
Cbenhcal methods, as we have already seen, lead us to a 
particular number, or a muUipJe oj if, so that our choice is 
as a rule limited to two or three numbers widely diSeiing 


from one another. We find that if we do not exceed the 
limits of chemical stability a gas approaches the state of a 
perfect^ as the temperature increases, or as the pres- 
sure diminishes. Sow if one ot the numbers rendered 
probable by chemical evidence near/y coincides with that 
gixen by comparison of gas densities, nnder conditions 
where the substance sensibly deviates from Eovleb and 
C’harles's law^ we find that by diminishing the p^sure or 
increasing the temperature within the Imiits of chemical 
stability, and thus bringing the substance nearer the state 
01 a perfect ga^ the correspondence between these two 
nnmbers becomes closer. This has already been pointed 
out and illiistiated in the article CnEirisxsT, voL v. p. 469. 

We can now compare the results, in the case of gases, 
of the chemical and of the physical determination of 
molecular weight, by giving some examples, placing side 
by side the formula and molecular weight adopted by 
chemista and the mass, in grammes, of the gas occupying 
the volume of 22-.3.3 x 760,px(273-ft)/273 litres. ITus 
volume is that which one gramme of an ideal gas having 
the molecular weight I, and perfectly following Boyle's 
and Charles's laws, would ocenpyat pressure p millimetres 
of mercury and temperature F C. If, then, tr he the mole- 
cular weight of any gas, ic grammes of it should occupy 
this volume, and slight deviation from this would indicate 
slight deviation from Boyle's and Charles's laws. In the 
annexed table tc is the molecular weight and ri the mass 
contained in 22‘.3.3 x 760p x(273-f-t) 273 litres. Where 
the temperature is not specially stated, the determinations 
were made under the nsnal atmospheric conditions. 
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A comparison of the values of w and m leads to the 
following conclusions : — 

(I) In the case of a very great number of substances, of 
wMch only a few specimens are given in the table, the 
two determinations agree, the slight difierences often 
observed being evidently due to deviation of tbe sub- 
stance from tbe state of a perfect gas. (2) In a consider- 
able number of substances, physical evidence leads to a 
mulriple of the simplest number satisfying tbe cbemical 
conditions. This caimot be looked upon as a disagreement 
between the methods, because, if a parfcular formnia satis- 
fies the chemical conditions, any multiple of it will neces- 
sarilv do so : and indeed, in many of the cases we are now 
considering, it is possible from chemical considerations to 
justifv the higher molecular weight after it has been sag- 
gested, although such chemical considerations might not 
in all cases have warranted its adoption without external 
support. Thus, we are not without chemical evidence in 
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TnrtvnnH ciicrgywill mostly bo united ns 

A Jl. 1 hiH in potlicsis has been to a consulerablo extent worked out 

I l*y Nanmann, and tlio (Icdnctions 
+1 ttic results of experiment ; biitin some 

points the thcoiy has not been fully dovcloiicd, and in somo it docs 

.lilTien??’,.''* obsoivod fads. Soiiio of tlicso 

dilliculties Imvc been mentioned above. Wo know enough of the 

"'^‘1’?”’'=”!^’'”!, fo SCO thnt it belongs to tlie class oUialancctl 
chemical actioni, iii winch a chemical change is lovcisihlo, and crinili- 
biinin IS kept nn, with constant oxtoriial conditions, iiy the two 
opposite chemical changes taking place to an equal extent in a given 
time. We can see that ail sucli cases ai e expHcahIo hy the statistieal 
mclliod, bnt wo cannot .apply this mctliod matlicmaticaily until w« 
know more of the intimate iiatmo of the molconlcs and of the way 
in wiiic/i they act upon one nuotlior. In this discussion of dissocia- 
tion wo liavo looked specially at the tascs in which A, li, ami Ali 
arc all gaseous, because it was the question of anomalous a'anoiir 
densities which led ns to treat of tlio subject. Dissociation also 
occurs whole one or two of the substenccs aic solid or liriuid. 

. '* ® i^ec wit), u'lint lestrictions tlio motl.od of vapour density 
3H nppiicabjc to tlio determination of molccniar wciglit, and wo can 
umloistand more fully tlic c.xamplo given in the ai tielo CiinMisi jiy, 
vol. V. p, 409. It is thoic shonn that acetic acid vaiionr docs not 
confoiin to tlio laws of IJoylo and Cliarlos until tlio tcinpciatiuo is 
raised to about 250°, at the oidinai^’ iinromotric iiressnro. At and 
n'r/ I'Cmpoiatnio the vajiour density con osjionds to the fonnuia 
CjlLO^. At lower tomtioratnros tlic density eoi rosTionds to a iiighcr 
moloeular weight Now Playfair and Wnnklyii dctei mined tlio 
vapour density at much lower teinpciaturcs than the oidinary boil- 
ing point of acetic acid, by gicatly diniinisliing the picssnio of tho 
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acotio acid vapour. Tins they accomnlisbed bv inixi,..r u 

acid, wo may reasonably eoncludo that tho molecule of acctiraeid 
it ZlTrT'^'' nml that as the tom cratino i rai, 

« mvo icheio A ami //aio equal, ami /tA 
divides into y/ + A . Another in.stanco of tlio same kind is pi oliahl v 
TJ nitiogen (Cnnuivinv, p. 5191, uhoio 

NjO^ divides into NOj + NOj. >Similnily, sidjilinr vapour lias at 
tenipoiatmes below 500 C., a density coiicspomling to tlio foniiida 
S,. this dissociates as tlie tomperatiiro liscs until, about 1000° C. 
tho density coricspoiuls to tho ioiinula S, (Ciiemisihv, p, 498). ’ 
dornm ^ cliemistiy receives great assislain 0 in’tho 

Inin 1 ^ f’'® of suhstauccH 

show os +1 ’f f? ‘ hi ^ I’’’®."®,’"®"'' ol 111® ilillnsiou of liquids 

show ns tlint there also thoio aio imlopcmloiitly moving paiticics : 
hut tho laws of liqnid-diiriision have not been siillloioiitly gonor- 
ah/ed to give ns much licit, iu tl.o dctouuiuafion of tho iclativo 
masses of tlicsc pai tides. In liquids it is p.obahio that ti.opai- 
tides nio very near cadi other, and that tlicu slmpo and tlieir 
miitiial action, ns well ns thcii mass and tiio tcmpcintiiio, dotor- 
mitio then i.ito of motion. . « 

In solids no have no iiidopemlcntly tiavdling p;u tides, ami it is 
pel imps scarcely conoct to speak of a molcenliir strnctme of solids 
at all. Solids are no doubt composed of atoms, and thoio atonii 
mo evidently m ranged in what may bo called a tactical 01 del. 
Wbon tJio solid is fiisDil or dissolved or volafili/ed, it biaiks into 
)no!ecmos, ciicn lopotition oj tho ]ntt(*in, if wd iimy tho cniiu's- 
Sion, being icady to beiomo nn imiopendont thing nmlei favomablo 
circumstances. But, wliile these jiotentiai molecules of solids can- 
not jici haps bo projioily tailed molecules in a idijsicnl sense, for 
clioinical jmrposes wo may call them so, foi they aio tho smallest 
poitioiis ol the guhstanco njiidi inliy lepiosont it diomieally, and, 
as wo have seen, this is the diomii id niokculo, the quantity wlitclt 
Hlionid bo lopresoiitod by the fotmula, (A, C. U.) 


MOLESKIN IB a nlout heavy cotton fabric of leathery 
comhtenco woven an a fiatin twill on a strong warp, Jt 
is finishccl generally cither 0.9 a blenched wliito or ns a slaty 
drab colour, but occastotially it is printed in imitation of 
tweed patterns. Being an exceedingly duralilc and econo- 
mical texture, it -was formerly mueb more worn by working- 
nicn, c.9pecially outdoor labourers, tlian is now the case. It 
i.s also used for gun-cases, carriage-covers, and several pnr- 
poHCH in wbicli a fabric capable of re.sisting rough usage is 
dcairablo. 

MOLESWOIITF, Sm Winr.iAM (1810-1855), tiio eighth 
baronet, was born in London, 23d May 1810, and Buccccdcd 
to tho exten.sivc family estates in Devon and Cornsvnll in 
1 823. On the passing of tho Eeform Act of 1 8-32 ho was re- 
turned to parliament, though only twenty-two years old, for 
the eastern division of the county of Cornsvall, to support the 
ministry of Lord Grey. Ji’or some time ho took little part 
in tho debates of the House of Commons; but in A]>ril 1835 
lie founded, in conjunction with Mr, Eocbuek, the London 
Jiemew, as an organ of tho politicians Icnown to tho world 
as " Philosophic Eadicals.” After tho publication of two 
volumes ho purchased the Wedminsler jieview, and for somo 
time the united magazines were edited by liim and J. B. 
Mill, Prom 1837 to 184-1 Sir William Molosworth sat for 
the borough of Leeds, and during those years acquired con- 
siderable iii/Iucncc in tho House of Commons by his .speeches 
and by his tact in jircsiding over tlie select committee on 
Transportation. From 1841 to 1845 he remained in jn-ivatc 
life, occujiying his leisure time in editing the works in Latin 
and English of Thomas Hobbes of Malmcsbuiy, a recreation 
which cost him no le.ss than £0000, In the latter year he 


’ By biteriml kinetic energy fs meant the kinetic energy of motion 
of the partn of the inolcculo relatively to one another, in contradis- 
tinction to tile kinetic energy of motion of tiio niolccnlo as a whole. 


was returned for the horough of Southwark, and retained 
that scat until his death. On his return to parliament ho 
devoted special attention to tho condition of tlio colonies, 
and delivered ninny speeches in favotir of a reduction in 
colonial expenditure and on their bettor administration. 
His arguments on these questions cimnged the opinions of 
the members of tlio House of Commons; and tho cnTicisnis 
of tho daily press, aided by the printing of his spccehcs, led 
I to tho gradual accD])tanco of his views by tho electors at 
I largo. It was not, liowover, until many years aftcnrard.s that 
I liowas allowed full opportunity for working out tho diiTiciilt 
jwoblcms connected with tho government of Great Britain. 
Ofiicc was conferred ujion liitn in December 1852 by Lord 
Aberdeen, but it was the minor jiost of directing tho jmblie 
improvements and crown lands of Ids own country, and tho 
chief work by which his name was brought into proininonco 
at this time was tho constraction of tho new Wc.stinin.ster 
Bridge, At last, in July 1855, lie was called to jircsido 
over tho Colonial Office, but unfortunately its duties were 
no sooner entrusted to his care than ho was cut off by 
death {22d October 1855), to the uni vc: sal regret of his 
countrymen, for he had lived down tho animosities of his 
youth, and had attracted to himself tho symi>athm of 
all thoughtful men, Tho influence which liis views Imd 
acquired, and still ictain, may bo judged from the fact that 
in 1878 tho delegates of tho Transvaal Government put 
forward, as tho chief argument for tlio withdrawal of the 
English from tho Transvaal, tho substance of his speech on 
the abandoiimcnt of tho Orange Eiver Territory in 1854. 

A full podigreo of tlio Nolcsivoitli family is printed in Sir John 
Mnck'an’a J'liqii Minor, vol. i.; tlio titles of liis spcfclics nml vorks 

" It may lio iirgul tlmt tlio cleavage of crystals imlicsles iTmt tlicy 
possess a molecular alriicluro, Imt a tactical orjiatlerii-liko nrraiigomciit 
of atoms may easily ko Biqiposcd to presoiil pianos of easier acparalioii, 
witliout tlio assuiiqition of really indcjicndciit molecules. 
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limiting vftJiio for tlio iiitornnl kinetic energy* of n molecule of AJt, 
If e molcciilo of AB, by cneouiitera with oilier inolcciilcs or ivilli 
tho ^vnU of tile ressoi eontniiiiiig the gae, acquires a greater auiouiil 
of internal kinetic energy tlian this limit, it at once brenko up into 
A and I/, no tliat in the gaseous inixturo tlioro are no molecules of 
AB liaving more internal kinetic energy tban the limit, k'ni-tlior, 
if two nioleonlos, one of A and one of 71, meet one another with 
micb a velocity anil with such an amount of inlernnl kinetic energy 
that together the internal kinetic energy is less tlian the limit, they 
will unite to fonn a molecule of AB. Thus the molecules with 

f eat iiitornal kinetic energy will bo scjiarato molocnlos of A and 
; tboaewith small internal kinetic energy will mosllyhoiinitcdas 
AB. This hyjiotlicsis lias been to a considorablo e,vtent W'orked out 
and apjAicil by Pfaundlor and by Naninaiui, and the deductions 
from )t ngice fairly well with the results of experiment ; but in some 
jioinlB the theory has not been fully developed, and in some it docs 
not scorn altogctiior to accord with observed facts. Some of tlicse 
difficulties have been mentioned above. Wo kiiow onongb of tlio 
nature of dissociation to ace that it belongs to the class of haJanced 
chemical acliona, in wb ieb a chemical change is reversible, and equili- 
brium is kept nn, with constant external conditions, by tbo two 
opposite cliomical changes taking place to an equal extent in a given 
tunc. Wo can see that all such cases are explicable by the statistical 
mefbod, but wo cannot .apply this method matbcmaticaliy tiiilil we 
know more of the intimate nature of the molconlcs and of tbo rvay 
in wbieb they net njwn one anotbor. In this discussion of dissocia- 
tion wo have looked specially at tbo cases in udiicb A, 71, and A7} 
arc all gaseous, because it was the rtiicstion of anomalous vapour 
densities udiicb led iis to treat of tbo subject. Dissoeiation also 
occurn ndioro one or tiro of tlio substances are solid or liquid. 

Wo jiow see witli what icslrictions tbo motliod of vni>our density 
is applicable to tbo determination of molocnlar weight, and wo can 
undorstniid more fully the c.vamplo given in tlic article Ciii;mistjiy, 
vol, V, ]), 40D, It is there shown tliat acetic acid vapour docs not 
conform to tbo laws of lioylo and Cliavlos until tlio temperature is 
raised to about 250°, at tlio ordinary Iwromotrio pressure. At and 
aliovo that lempcraturo tbo vapour density corrosj'onds to tbo formula 
CjTl40n. At lower tomjioralnro.s the donsity corrcsjionds to a higher 
molecular weight. Now Playfair and Wnnklyn determined tbo 
vapour demsity at mucli lower temperatures tban the ordinary boil- 
ing point of acetic acid, by greatly diniiiiisbing tbo pressure of the 


acotio acid vapour. Ibis they accomplisbod by mixiiiL' itwillia 
largo quantity of hydrogen, so tlmt the pressure duo to noetic acid 
vapour formed only a anmll fraction of tbo total pressure. Tbo 
vnfionr density of miotic acid at the low tonqicralurcs at wliicb they 
worked was loumi to correspond very nearly with tbo fonnuk 
0411^04, and, by comparing tiiis result with wlmt Ima boon said 
(p. C20)oi tbo chemical ovidonronstotiio molceulnr weight of acetic 
acid, wo may reasonably conclude that the molecule of acetic acid 
at low toinporaturos is O^HgO^, and that as the fouiperaturo is raised 
it undergoes^ djssociiitiou, cncli moleculo dividing info two of 
CpILOj.^ Thin is than a case where A and 71 are equal, ami AA 
(hv'idcH ijitoy/ ‘t'A. Auothov itmtnuco of tlio bixiiuj kind is jn’obaldy 
to bo foiind in peroxide of nitrogen (CuiiMtsTiiV, p. 515), whole 
N2O4 divides into + vajfonr 1ms, at 

tcmpornlures below 500° C., a density corresponding to tbo fonmila 
S„, This dissociates ns tbo tomporatiiro rises until, alxmt 1000° C., 
the donsity corresponds to tbo fonmila Sj (Ciii'.MisTiiy, p, 408). 

Wo linvo now soon tlmt cliemislry receives great assistaiico in tbo 
detormination of molecular weight from physics, but l)iis nssistaiiro 
is almost entirely roiifuied to tbo case of gases, or of sulistaiices 
wliicb can he vobitilizod, Tbo pbonomcna of tbo (UH'iision of liquids 
show ns tlmt tbero also there are iiulopcndeiitly moving particles ; 
but tbo laws of liquid-dilTii.sion have not been siillicieiitly gener- 
alized to give 113 imicli help in tlio dctoriiiiimtioii of the vcintivo 
masses of tliesc pai tieles. In liquids it is probaldo tlmt tiio par- 
ticles are very near cacli other, and tlmt their shape and tlicir 
mutual action, ns well ns their mass and the tempeiatnrc, deter- 
niiiio their rate of motion. 

In solids wo Imvo no iiidopcndcntly travclliiig particles, and it is 
perhaps sciircoly correct to speak of a molceulnr strueture of solids 
at all. Solids arc no doubt composed of atoms, ami tlioso atoms 
arc evidently arranged in wlmt may bo called a tactical order. 
When tbo solid is fused or dissolved or volatilized, it breaks into 
molecules, each repetition of tbo ])attcrn, if wo may iiso tbo expres- 
sion, being ready to become an indopoiidont thing under favomablo 
circumstances. Dut, while those potential molcDiiles of solids can- 
not jierlmjis bo projicrly called molecules in a jiliysieal souse," for 
cboinieal jmrposes wc may call them so, for they are tbo smallest 
portions of tlio sulistniico wiiieli fully rei)io.sent it cljomically, and, 
ns wo have soon, this is tbo ebomical molecule, tbo quantity which 
should bo roprcsoiitod by the formula, (A. V. 15.) 


MOLESKIN in a stout heavy cotton fahric of leathery 
con8i,stencc woven as a satin twill on a strong warp, ]t 
is fininhcd generally either ns a bleached u’hito or ns a slaty 
drab colour, hut occasionally it is printed in imitation of 
tweed patterns. Being an exceedingly durable and econo- 
mical texture, it avas formerly much more worn by working- 
men, cs])ccially outdoor labourers, than is now the case, 3t 
is also used for gun-casc.s, carriage-covers, and several pnr- 
]ioHcs in which a fabric capable of resisting rough usage is 
desirable, 

MOLESWOEa;H, Sin WibUAM (1810-1855), the eighth 
baronet, was horn in London, 23d May 1810, and succeeded 
to the extensive family estates in Devon and Cornwall in 
1 823. On tlic passing of the Eefonn Act of 1832 ho was re- 
turned to parliament, though only twenty-two years old, for 
the eastern division of the county of Cornwall, to support the 
ministry of Lord Grey, Eor some time ho took little part 
in the debates of the House of Commons; hut in April 1835 
he founded, in conjunction with Mr, Eocbuck, the London 
Jtcmeio, as an organ of the jioliticians known to the world 
as “ Pliilosophic Eadicals.” After tlio puldication of two 
volumes ho purchased the IF esCmimCer Review, and for some 
time the united magazines were edited by him and .f. S. 
Mill, Erom 1837 to 184-1 Sir 'William Molosworth sat for 
the borougli of Leeds, and during tlioso years acquired con- 
siderable influence in the House of Commons by his .speeches 
and by his tact in presiding over the select committee on 
Transportation. From 1841 to 1845 ho remained in jirivatc 
life, occupying his leisure time in editing the works in Latin 
and English of Thomas Hobbes of Malmesbury, a recreation 
which cost him no loss than £0000. In the latter year ho 


‘ lly Intoriml kinetic energy is meant the kinetic energy ot motion 
of tbo parte of tbo molecule relatively to one nnolber, in contradis- 
tlnction to tlic kinetic energy ot motion of the molcciilo ai a ivbolc. 


I was returned for the borough of SouUns'ark, aud retained 
I that scat until his death. On his return to parliament ho 
I devoted special attention to the condition of the colonies, 
and delivered many sjjocchos in favour of a reduction in 
colonial expenditure and on their better administration. 

I His arguments on these questions cliangcd the opinions of 
I the members of the House of Commons; and the criticisms 
of tbo daily press, aided by the jirinting of bis sjiccchcs, led 
to the gradual acceptance of his view's by the electors at 
largo. It was not, liowovcr, until many years afterwards that 
ho was allowed full opjiortunity for working out the difficult 
jiroblcms connected with tho government of Great Britain. 
Office was conferred upon him in December 1852 by Lord 
Aberdeen, but it wa.s tho minor post of directing tlio jmbiic 
imjjrovcinents and crown lands of his own country, and tho 
chief work by which his name was brought into prominence 
at this time was tho eonstnictian ol tho tiew Westminster 
Bridge. At last, in July 1855, ho was called to iircsido 
over tho Colonial Office, hut unfortunately its duties xycro 
no sooner entrusted to his care than lie wns cut ofl" by 
death (22d October 185.5), to tbo universal regret oi Im 
countrymen, for he had lived down tlio animosities of his 
youtii, and had attracted to Iiimself tho symjiathics of 
all thoughtful men. Tho infinonco which his views Imd 
acquired, and still retain, may bo judged from the fact that 
in 1878 tho delegates ot tho Transvaal Government put 
■ forward, as tho chief argument for tho withdrawal ot tho 
English from tlic Tran.svaal, tho substance of his speech on 
the abandonment of tbo Orange Eiver Territory in 1854. 

A full pwligroo of tlic Jlolcswoilb family is printed in Sir ,foTm 
Mnclenn’a yv % jifvtor, voi. i. ; tiic titles of bis biicccIics nml works 

- It may b^iirged tlmt liio cleavage of crynlalt indicalM tlmt tlicy 
possess a molccnlar alnicturc, but a tacUca! or pattorn-Ilko arrangement 
of iiloins may easily bo Buppoaed to present planes of easier ocparalion, 
wilbonl tbo nssmnptioii of really indejicndcnl molecules. 
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and a number of his biographers in our oivn day, have 
attempted to prove that Armande B6jard Tvas not the sister, 
but the daughter of Sladeleine, and even that Moliere’s 
■wife may have been his own daughter by Madeleine 
Bdjard. The arguments of 31. Arsene Houssaye in sup- 
port of this abominable theory are based on reckless and 
ignorant confusions, and do not deserve criticism. But 
the system of 31. Loiseleur is more serious, and he goes 
no further than the idea that 3Iadeleine -was the mother 
of Armande. This, certainly, -was the opinion of tradition, 
an opinion based on the slanders of 3Iontfleury, a rival of 
3Iolii;re’8, on the authority of the spiteful and anonymous 
author of Za Fameme Comedienne (1688), and on the 
no Jess libellous play, filomire Ilypoclumdre. In 1821 
tradition received a shock, for Beffara then discovered 
3Iolicre’s “acte de mariage,”in -which Armande, the bride, 
is spoken of as the sister of 3Iadeleine B6jard, by the same 
father and mother. The old scandal, or part of it, was 
revived by 31. Fournier and 31. Bazin, but received another 
blow in 1863. 31. Souli6 then discovered a legal document 

of 10th 3rarch 1643, in which the -widow of Joseph B6jard 
renounced, in the name of herself and her children, his 
inheritance, chiefly a collection of unpaid bills. Now in 
this document all the children are described as minors, and 
among them is f elite non encore laptixee." This little 

girl, still not christened in 3Iarch 1643, is universally 
recognized as the Armande B6jard aftenvards married by 
3Ioliere. 3Ve reach this point, then, that when Armande 
-was an infant she was acknowledged as the sister, not as the 
daughter, of 3Iadeleine B6jard. 31. Loiseleur refu.ses, how- 
ever, to accept this evidence, 3Iadeleine, says he, had 
already become the mother, in 1638, of a daughter by 
Esprit Eaymond de 3Ioinnoron, comte de 3Iod{jne, and 
chamberlain of Ga.ston due d'Orl&in.s, brother of Louis 
XIIL In 1642 3Iodene, who had been exiled for political 
reason.s, “was certain to return, for Richelieu had just 
dierl, and Louis XIIL was likely to follow him.” Now 
3Iadeleine was again — this is 31. Loiseleuris hypothesis — 
about to become a mother, and if 3Iod6ne returned, and 
learned this fact, he would not continue the liaison, still 
le.ss would he marry her, — which, by the way, he could not 
do, as his -vvife was still alive. 3Iadeleine, therefore, 
induced her mother to acknowledge the little girl as her 
osvn child. In the first place, all this is pure unsupported 
hypothesis. In the second place, it has always been denied 
that Bejard’s -wife could have been a mother in 1643, owing 
to her advanced age, probably fifty-three. But 31. Loise- 
leur himself says that 3rarie Herv6 was young enough to 
make the storj' “ sufficiently probable.” If it was probable, 
much more was it possible. 31. Loiseleur supports his 
contention by pointing out that two of the other children, 
described as legally minors, were over twenty-five, and that 
their age was understated to make the account of Armande’s 
birth more probable. Nothing is less likely than that 
3Iodene -would have consulted this document to ascertain 
the truth about the parentage of Armande, yet 3L Loise 
leuris whole theory rasts on that extreme improbability. 
It must also be observed that the date of the birth of 
Joseph Bejard is unkno-wn, and he may have been, and 
according to 31. Jal {Dictionnaire Criti/jue, p. 178) must 
have been, a minor when he was so described in the docu- 
ment of 10th 3rarch 1643, -while 3radeleine had only passed 
her twenty-fifth birthday, her legal majority, by two months. 
This view of Joseph’s age is .supported by Bouquet {Moliere 
a Rouen, p. 77). 31. Lolseleuris only other proof is that 
3Iarie Herv6 gave Armande a respectable do-^vpr, and that, 
as we do not know whence the money came, it must have 
come from 3Iadeleine. The tradition in Grimarest, which 
makes 3Iadeleine behave en femme furieuse, when she heard 
of the marriage, is based on a juster appreciation of the 
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character of women. It will be admitted, probably that 
the reasons for supposingthat 3Iolii;re espoused the daughter 
of a woman who had been his mistress (if .she had been his 
mistress) are flimsy and inadequate. The affair of the 
dowry is insisted on by 31. Livet (Za Fameme ComMienne, 
reprint of 18/ 1 , p. 143). But 31. Livet explains the do^vry 
by the^ hypothesis that Armande -was the daughter of 
3ladeleine and the comte de 3Iodene, which exactly con- 
tradicts the theory of 31. Loiseleur, and is itself contra- 
dicted by dates, at least as understood by 31. Loiseleur. 
Such are the conjectures by which the foul calumnies of 
3Iolihre’s enemies are supported in the essays of modem 
French critics. 

To return to the order of events, 3Ioliere passed the 
year 1643 in playing -with, and- helping to manage, the 
Th^Atre Illustre. Ihe company acted in various tennis- 
courts, with very little success. 3Iolii;re -was actually 
arrested by the tradesman who supplied candles, and the 
company had to borrow money from one Aubrey to release 
their leader from the Grand Chfitelet (13th August 1645). 
The process of turning a tennis-court into a theatre was 
somewhat expensive, even though no seats were pro-vided 
in the pit. The troupe was for a short time under the 
protection of the due d’Orleans, but his favours were not 
lucrative. The due de Guise, according to some verses 
printed in 1646, made 3Ioli{;re a present of his cast-off 
wardrobe. But costume was not enough to draw the 
public to the tenni.s-court theatre of the Croix Noire, 
and empty houses at last obliged the Th(5dtre Illustre to 
leave Paris at the end of 1646. 

“Nul animal vivant n’entra dans n&tre salle,” says the 
author of the scurrilous play on 3Iolii!re, Flomire ITypo- 
chondre. But at that time some dozen travelling companies 
found means to exi.st in the j/rovinces, and 3Ioliere deter- 
mined to play among the rural towns. The career of a 
strolling player is much the same at all times and in all 
countries. The Roman Comique of Scarron gives a vi-vid 
picture of the adventures and misadventures, the difficulty 
of transport, the queer cavalcade of horses, mules, and 
lumbering carts that drag the wardrobe and properties, 
the sudden metamorphosis of the tennis-court, where the 
balls have just been rattling, into a stage, the quarrels -ndth 
local squire.s, the disturbed nights in crowded country inns, 
all the loves and wars of a troupe on the march. Perrault 
tells us what the arrangements of the theatre were in 
3Ioliere’s early time. Tapestries were hung round the 
stage, and entrances and exits were made by struggling 
through the hea-vy curtains, which often knocked off the 
hat of the comedian, or gave a strange cock to the helmet 
of a warrior or a god. The lights were candles stuck in 
tin sconces at the back and sides, but luxury sometimes 
went so far that a chandelier of four candles was suspended 
from the roof. At intervals the candles were let dorvn by 
a rope and pulley, and any one within easy reach snuffed 
them -ivith his fingers. A flute and tambour, or two 
fiddlers, supplied the music. The highest prices were paid 
for seats in the dedans (cost of admission fivepence) ; for 
the privilege of standing up in the pit twopence-halfpenny 
was the charge. The doors were opened at one o’clock, 
the curtain rose at two. 

The nominal director of the Thfiiitre Illustre in the 
provinces was Du Fresne; the most noted actors were 
3Ioliere, the B^jards, and Du Parc, called Gros Ren6. It 
is extremely difficult to follow exactly the line of march of 
the company. They played at Bordeaux, for example, but 
the date of this performance, when 3folitre (according to 
3Ionte3quieu) failed in tragedy and was pelted, is variously 
given as 1644-45 (Trallagc), 1647 (Loiseleur), 1648-58 
(Lacroix). Perhaps the theatre prospered better else- 
where than in' Paris, where the streets were barricaded in 
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and a number of his biographers in our oivn day, have 
attempted to prove that Armande B6jard Tvas not the sister, 
but the daughter of Sladeleine, and even that Moliere’s 
■wife may have been his own daughter by Madeleine 
Bdjard. The arguments of 31. Arsene Houssaye in sup- 
port of this abominable theory are based on reckless and 
ignorant confusions, and do not deserve criticism. But 
the system of 31. iKDiseleur is more serious, and he goes 
no further than the idea that 3Iadeleine -was the mother 
of Armande. This, certainly, -was the opinion of tradition, 
an opinion based on the slanders of 3Iontfleuiy, a rival of 
3Iolii;re’8, on the authority of the spiteful and anonymous 
author of Za Fameme Comedienne (1688), and on the 
no Jess libellous play, Flomire Ilyipocli/jndre. In 1821 
tradition received a shock, for BefFara then discovered 
3Iolicre’s “acte de mariage,”in -vvhich Armande, the bride, 
is spoken of as the sister of 3Iadeleine Bdjard, by the same 
father and mother. The old scandal, or part of it, was 
revived by 31. Fournier and 31. Bazin, but received another 
blow in 1863. 31. tSouli6 then discovered a legal document 

of 10th 3rarch 1643, in which the ■widow of Joseph B6jard 
renounced, in the name of herself and her children, his 
inheritance, chiefly a collection of unpaid bills. Now in 
this document all the children are described as minors, and 
among them is f elite non encore laptieee.” This little 

girl, still not christened in 3Iarch 1643, is universally 
recognized as the Armande B6jard aftenvards married by 
3Ioliere. 3Ve reach this point, then, that when Armande 
was an infant she was acknowledged as the sister, not as the 
daughter, of 3Iadeleine B4jard. 31. Loiseleur refu-ses, how’- 
cver, to accept this evidence. 3Iadeleine, says he, had 
already become the mother, in 1638, of a daughter by 
Esprit Pvaymond do 3Ioinnoron, comte de 3Iodi}ne, and 
chamberlain of Gaston due d'Orldans, brother of Louis 
XIIL In 1 642 3rodene, who had been exiled for political 
reason.s, “was certain to return, for Richelieu had just 
dial, and lyjuis XIIL ■was likely to follow him.” Now 
3Iadeleine was again — this is 31. Loiseleuris hypothesis — 
about to become a mother, and if 3Iodine returned, and 
learned this fact, he would not continue the liuvson, still 
Ie.ss would he marry her, — which, by the way, he could not 
do, as his wife ■was still alive. 3Iadeleine, therefore, 
induced her mother to acknowledge the little girl as her 
ow child. In the first place, all this is pure unsupported 
hypothesis. In the second place, it has always been denied 
that Bejard’s wife could have been a mother in 1643, owing 
to her advanced age, probably fifty-three. But 31. Loise- 
leur himself says that 3rarie Herv6 was young enough to 
make the storj' “ sufiiciently probable.” If it was probable, 
much more was it possible. 31. Loiseleur supports his 
contention by pointing out that two of the other children, 
described as legally minors, were over twenty-five, and that 
their age was understated to make the account of Armande’s 
birth more probable. Nothing is less likely than that 
3Iodene would have consulted this document to ascertain 
the truth about the parentage of Armande, yet 3L Loise 
leuris whole theory re.sts on that extreme improbability. 
It must also be observed that the date of the birth of 
Joseph Bejard is unkno^wn, and he moy have been, and 
according to 31. Jal (Dictionnaire Critique, p. 178) mmt 
have been, a minor when he was so described in the docu- 
ment of 10th 3rarch 1643, ■while 3radeleine had only passed 
her twenty-fifth birthday, her legal majority, by tw'o month.s. 
This view of Joseph’s age is .supported by Bouquet {Molicre 
a Rouen, p. 77). 31. Loiseleuris only other proof is that 

3Iarie Herv6 gave Armande a respectaVJe do'wry, and that, 
as we do not know whence the money came, it must have 
come from 3Iadeleine. The tradition in Grimarest, which 
makes 3Iadeleine behave en femme furieme, when she heard 
of the marriage, is based on a juster appreciation of the 
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character of women. ^ It ■will be admitted, probably, that 
the reasons for supposingthat 3Ioliire espoused the daughter 
of a woman who had been his mistress (if .she had been his 
mistress) are flimsy and inadequate. The affair of the 
dowry is insisted on by 31. Livet (Za Fameuee Comedienne, 
reprint of 18/ /, p. 143). But 31. Livet explains the do^vry 
by the hypothasis that Armande was the daughter of 
3Iadeleine and the comte de 3Iodene, which exactly con- 
tradicts the theory of 31. Loiseleur, and is itself contra- 
dicted by dates, at least as understood by 31. Loiseleur. 
Such are the conjectures by which the foul calumnies of 
3Iolihre’s enemies are supported in the essays of modem 
French critics. 

To return to the order of events, 3Ioliere passed the 
year 1643 in playing mth, and-heli)ing to manage, the 
Thd^tre Illustre. The company acted in various tennis- 
courts, with very little success. 3Iolil;re was actually 
arrested by the tradesman who supplied candles, and the 
company had to borrow money from one Aubrey to release 
their leader from the Grand Chfitelet (13th August 1645). 
The process of turning a tennis-court into a theatre was 
somewhat expensive, even though no seats were pro^vided 
in the pit. The troupe was for a short time under the 
protection of the due d’Orleans, but his favours were not 
lucrative. The due de Guise, according to some verses 
printed in 1646, made 3Iolifcre a present of his cast-off 
wardrobe. But costume was not enough to draw the 
public to the tennis-court theatre of the Croix Noire, 
and empty houses at last obliged the Theatre Illustre to 
leave Paris at the end of 1646. 

“Nul animal vivant n’entra dans n6tre salle,” says the 
author of the scurrilous jflay on 3Iolifcre, Flomire Hypo- 
clumdre. But at that time some dozen travelling companies 
found means to exist in the provinces, and 3Ioliere deter- 
mined to play among the rural towns. The career of a 
strolling player is much the same at all times and in all 
countries. The Roman Comique of Scarron gives a vmd 
picture of the adventures and misadventures, the difiiculty 
of tran-sport, the queer cavalcade of horses, mules, and 
lumbering carts that drag the wardrobe and properties, 
the sudden metamorphosis of the tennis-court, ■where the 
balls have just been rattling, into a stage, the quarrels ■with 
local squiras, the disturbed nights in crowded country inns, 
all the loves and wars of a troupe on the march. Perrault 
tells us what the arrangements of the theatre were in 
3Ioliere’s early time. Tapestries were hung round the 
stage, and entrances and exits were made by struggling 
through the hea'vy curtains, which often knocked off the 
bat of the comedian, or gave a strange cock to the helmet 
of a warrior or a god. The lights were candles stuck in 
tin sconces at the back and sides, but luxury sometimes 
went so far that a chandelier of four candles was suspended 
from the roof. At intervals the candles were let dorvn by 
a rope and pulley, and any one within easy reach snuffed 
them with his fingers. A flute and tambour, or two 
fiddlers, supplied the music. The higdiest prices were paid 
for seats in the dedans (cost of admission fivepence) ; for 
the privilege of standing up in the pit twopence-halfpenny 
was the charge. The doors were opened at one o’clock, 
the curtain rose at two. 

The nominal director of the Thfifitre Blustre in the 
provinces was Du Fresne; the most noted actors were 
3Ioliere, the B^jards, and Du Parc, called Gros Ren6. It 
is extremely difficult to follow exactly the line of march of 
the company. They played at Bordeaux, for example, but 
the date of this performance, -nhen 3Iolitre (according to 
3ronte3quieu) failed in tragedy and was pelted, is variously 
given as 1644-45 (Trallage), 1647 (Loiseleur), 1648-58 
(Lacroix). Perhaps the theatre prospered better else- 
where than in Paris, ■where the streets were barricaded in 
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has ainazing_ rapidity, and the vivacity of M. Coquelin in 
SlascariUe still makes L’£tourdi a favourite on the stage, 
though it cannot be read ■\vith very much pleasrue. The 
next piece, new in Paris, though not in the provinces, -was 
the Depit Amoureux (first acted at Beziers, 1656). The 
play was not less successful than L’Dtmirdi. It has two 
parts, one an Italian imbroglio •, the other, which alone 
keeps the stage, is the ori^’nal work of Moh'ere, though, of 
course, the idea of amantium irsi is as old as literature. 
“Nothing so good,” says ilr. Saintsbury, “had yet been 
seen on the French stage, as the quarrels and reconciliations 
of the quartette of master, mistre-ss, valet, and soubrette.” 
Even the hostile Le Boulanger de Chalussay {jElomire 
Eypochondre) admits that the audience was much of this 
opinion — 

“ Et <le tons les cOtes chacun cria tout liaut, 

‘ O’est la faire ct joner Ics pieces comtne il faut.’ ” 

The same praise was given, perhaps even more deservedly, to 
LesPrccieuses Ridicules (IBiih. November 1659). Doubtshave 
been raised as to whether this famous piece, the first true 
comic satire of contemporary foibles on the French stage, 
was a new play. La Grange calls it gnece nouvelle in his 
Registre, but, as he enters it as the third piece nouvelle, 
he may only mean that, like L’Rtourdi, it was new to 
Paris. The short life of 1682, produced under La Grange’s 
care, and probably written by Jlarcel the actor, says the 
Predeuses was “made ” in 1659. There is another contro- 
versy as to whether the ladies of the Hotel Eambouillet, 
or merely their bourgeoises and rustic imitators, were laughed 
at. Slenage, in later years at least, professed to recognize an 
attack on the over-refinement and afiectation of the original 
and, in most ways, honourable predeuses of the HCtel Eam- 
bouillet. But Cliapelle and Ilacliaumont had discovered 
provincial pr&deuses, h 3 -per-testhetic literarj* ladies, at Mont- 
pellier before Sloliere’s return to Paris ; and Furetiere, 
in the Roman Bourgeois (1666), found Paris full of middle- 
class predeuses, who had survived, or, like their modem 
counterparts, had thriven on ridicule. Another question 
is — Did Slolilire copy from the earlier Predeuses of the 
abbd de Pure ? This charge of plagiarism is brought bj' 
Somaize, in the preface to his Veritables Predeuses. De 
Pore’s work was a novel (1656), from which the Italian 
actors had put together an acting piece in their manner, 
that is, a thing of “gag,” and imjwovized speeches. The 
reproach is interesting only because it proves how early 
Moliere found enemies who, like Thomas Corneille in 1659, 
accused him of being skilled only in farce, or, like Somaize, 
charged him rvith Eterary larceny. These were the stock 
criticisms of MoUere’s opponents as long as he lived. The 
.success of the Predeuses Ridicules was immense ; on one 
famous occasion the king was a spectator, leaning against 
the great chair of the dying Cardinal Mazarin. The play 
can never cease to please while literary affectation exists, 
and it has a comic force of deathless energy. Yet a modem 
reader may spare some sjunpathy for the poor heroines, 
who do not -vvish, in courtship, to “ begin with marriage,” 
but prefer first to have some less formidable' acquaintance 
with their wooers, hloliere’s next piece was less important, 
and more purely farcical, Sganarelle; ou le Gocu Imagin- 
aire (28th May 1660). The public taste preferred a work 
of this light nature, and Sganarelle was played every year 
as long as Molibre lived. The play was pirated by a man 
who pretended to have retained all the words in his memorj’. 
The counterfeit copy was published by Eibou, a double 
injury to Moliere, as, once printed, any company might act 
the play. With his habitual good-nature, Moliere not only 
allowed Eibou to pubhsh later works of his, but actually 
lent money to that knave (Soulie, Recherches, p. 287). 

On 11th October 1660 the Thbatre du Petit Bourbon 
was demolished by the superintendent of works, without 
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notice given to the company. The king gave Moliere the 
balle du Palais Royal, but the machinery of the old theatre 
was maliciously destroyed. Meanwhile the older companies 
of the Marais and the Hotel de Bourgogne attempted to 
lure away Molibre’s troupe, but, as La Grange declares 
(Registre, p. 26), “ all the actors loved their chief, who 
united to extraordinary genius an honourable character 
and charming manner, -which compelled them all to jjrotest 
that they would never leave him, but always share his fa 
tunes.” While the new theatre was being put in order, 
the company played in the houses of the great, and before 
the king at the Lou-vre. In their new house (originally 
built by Eichelieu) Molibre began to play on 20th January 
1661. Molibre now gratified his rivals by a failure. Don 
Garde de Navarre, a hea-vy tragi-comedy, which had long 
lain among his papers, was first represented on 4th Febraary 
1661. Either Molibre was a poor actor outside comedy, 
or his manner was not sufficiently “stagy,” and, as he 
says, “ demoniac,” for the taste of the day. His ojjponents 
were determined that he could not act in tragi-comedy^, and 
he, in turn, burlesqued their pretentious and exaggerated 
manner in a later piece. In the Predeuses (sc. ix.) ifolibre 
had already rallied “ les grands combdiens ” of the Hotel 
Bourgogne. “ Les autres,” he makes Mascarille say about 
his o-\vn troupe, “sont des ignorants qui recitent comme 
Ton parle, ils ne savent pas faire ronfler les vers.” All this 
was likely to irritate the grands comediens, and their friends, 
who avenged themselves on that unfortunate jealous prince, 
Don Garcie de Navarre. The subject of this unsuccessful 
drama is one of many examples which show how Molibre’s 
mind was engaged with the serious or comic aspects of 
jealousy, a passion which he had soon cause to know most 
intimately. Meantime the everyday life of the stage went 
on, and the doorkeeper of the ThbStre St. Germain was 
wounded by some revellers who tried to force their way 
into the house (La Grange, Registre). A year later, an 
Italian actor was stabbed in front of Molibre’s house, where 
he had sought to take shelter (Campardon, Noiivelles Pieces, 
p. 20). To these dangers actors were peculiarly subject ; 
Molibre himself was frequently threatened by the marquises 
and others whose class he ridiculed on the stage, and there 
seems even reason to believe that there is some truth in 
the story of the angiy marquis who rubbed the poet’s head 
against his buttons, thereby cutting his face severely. The 
story comes late (1725) into his biograph j', but is supported 
by a passage in the contemporary play, Zelinde (Paris, 
1663, scene viii.). Before Easter, Molibre asked for two 
shares in the profits of his company, one for himself, and 
one for his -wife, if he married. ’That fatal step was already 
contemplated (La Grange). On 24th June he brought 
out for the first time L’Ncole des Maris. The general idea 
of the piece is as old as Menander, and Molibre was 
promptly accused of pilfering from the Adelpld of Terence. 
One of the ficelles of the comedy is borrowed from a story 
as old, at least, as Boccaccio, and still amusing in a novel 
bj' Charles de Bernard. It is significant of Molibre’s talent 
that the grotesque and baffled paternal wooer, Sganarelle, 
like several other butts in Mobbre’s comedy, does to a 
certain extent -win omr sympathy and pitj^ as well as om 
laughter. The next new piece was Les Fasclieux, a comedie- 
hallet, the Comedy of Bores, played before the king at 
Fouquet’s house at Yaux le Vicomte (August 15-20, 1661). 
The comedian.s, -nuthout kno-ning it, -were perhaps the real 
“fascheux” on this occasion, for Fouquet was absorbed in 
the schemes of his insatiable ambition (Quo non ascendant ? 
says his motto), and the king was organizing the arrest 
and fall of Fouquet, his rival in the affections of La 
Vallibrc. The author of the prologue to Les Fascheux, 
PeUisson, a friend of Fouquet’s, was arrested along with 
the superintendent of finance. Pellisson’s prologue and 
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has amazing rapidity, and the vivacity of M. Coqnelin in 
SlascariUe still makes L’£tourdi a favourite on the stage, 
though it cannot be read ■\vith very much pleasure. The 
next piece, new in Paris, though not in the provinces, was 
the Depit Amoureux (first acted at Beziers, 16.56). The 
play was not less successful than L’Dtmirdi. It has two 
parts, one an Italian imbroglio ; the other, which alone 
keeps the stage, is the ori^nal work of Moliere, though, of 
course, the idea of amantium irai is as old as literature. 
“Nothing so good,” says ilr. Saintsbury, “had yet been 
seen on the French stage, as the quarrels and reconciliations 
of the quartette of master, mistre.ss, valet, and soubrette." 
Even the hostile Le Boulanger de Chalussay (Dlomire 
Hypochondre) admits that the audience was much of this 
opinion — 

“ Et <le tou-s ]e.s cOtes chacun cria tout liaut, 

‘ O’est la faire ct joner los pieces comme il faut.’ ” 

The same praise was given, perhaps even more deservedly, to 
LesPrccieuses Ridicules November 1659). Doubtshave 
been raised as to whether this famous piece, the first true 
comic satire of contemporary foibles on the French stage, 
was a new play. La Grange calls it piece nouvelle in his 
Registre, but, as he enters it as the third piece ncmvelle, 
he may only mean that, like L’Rtourdi, it was new to 
Paris. The short life of 1682, produced under La Grange’s 
care, and probably written by Jlarcel the actor, says the 
Precieuses was “made ” in 1659. There is another contro- 
versy as to whether the ladies of the Hotel Rambouillet, 
or merely their bourgeoises and rustic imitators, were laughed 
at. Menage, in later years at least, professed to recognize an 
attack on the over-refinement and affectation of the original 
and, in most way.s, honourable precieuses of the Hotel Ram- 
bouillet. But Chapelle and Bachaumont had discovered 
provincial hj-per-a 2 Sthetic literary ladies, at Mont- 

pellier before Jloliere’s return to Paris ; and Furetiere, 
in the Romem Boui-geois {IQQ6), found Paris full of middle- 
class precieuses, who had survived, or, like their modem 
counterparts, had thriven on ridicule. Another question 
is — Did Jloliljre copy from the earlier Precieuses of the 
abbe de Pure ? This charge of plagiarism is brought by 
Soniaize, in the preface to his Yeritables Precieuses. De 
Pure’s work was a novel (1650), from which the Italian 
actors had put together an acting piece in their manner, 
that is, a thing of “gag,” and imiuovized speeches. The 
reproach is interesting only because it proves how early 
Moliere found enemies who, like Thomas Corneille in 1659, 
accused him of being skilled only in farce, or, like Somaize, 
charged him ivith literary larceny. 'These were the stock 
criticisms of Moliere’s opponents as long as he lived. The 
.success of the Precieuses Ridicides was immense ; on one 
famous occasion the king was a spectator, leaning against 
the great chair of the dying Cardinal Mazarin. The play 
can never cease to please while literary affectation exists, 
and it has a comic force of deathless energy. Yet a modem 
reader may spare some sympathy for the poor heroines, 
who do not -vvish, in courtship, to “ begin with marriage," 
but prefer first to have some less formidable* acquaintance 
with their wooers, iloliere’s next piece was less important, 
and more purely farcical, Sganarelle ; on le Coen Pmagin- 
aire (28th May 1660). The public taste preferred a work 
of this light nature, and Sganarelle was played every year 
as long as Molibre lived. The play was pirated by a man 
who pretended to have retained all the words in his memory. 
The counterfeit copy was published by Ribou, a double 
injmy to Moliere, as, once printed, any company might act 
the play. With his habitual good-nature, Moliere not only 
allowed Ribou to publish later works of his, but actually 
lent money to that knave (Soulie, RechercJies, p. 287). 

On 11th October 1660 the Thbatre du Petit Bourbon 
was demolished by the superintendent of works, without 
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notice given to the company. The king gave Moliere the 
baUe du Palais Royal, but the machinery of the old theatre 
was maliciously destroyed. Meanwhile the older companies 
of the Marais and the Hotel de Bourgogne attempted to 
lure away Molibre’s troupe, but, as La Grange declares 
{Registre, p. 26), “ all the actors loved their chief, who 
united to extraordinary genius an honourable character 
and charming manner, which compelled them all to jirotest 
that they would never leave him, but always share his fcl 
tunes.” While the new theatre was being put in order, 
the company played in the houses of the great, and before 
the king at the Louvre. In their new house (originally 
built by Richelieu) Molibre began to play on 20th January 
1661. Molibre now gratified his rivals by a failure. Don 
Garde de Navarre, a heavy tragi-comedy, which had long 
lain among his papers, was first represented on 4th February 
1661. Either Molibre was a poor actor outside comedy, 
or his manner was not sufficiently “stagy,” and, as he 
says, “ demoniac,” for the taste of the day. His ojjponents 
were determined that he could not act in tragi-comedy, and 
he, in turn, burlesqued their pretentious and exaggerated 
manner in a later piece. In the Predeuses (sc. ix.) ilolibre 
had already rallied “ les grands combdiens ” of the Hotel 
Bourgogne. “ Les autres,” he makes Mascarille say about 
his ovm troupe, “sont des ignorants qui recitent comme 
Ton parle, ils ne savent pas faire ronfler les vers.” All this 
was likely to irritate the grands comediens, and their friends, 
who avenged themselves on that unfortunate jealous prince, 
Don Garcie de Navarre. The subject of this unsuccessful 
drama is one of many examples which show how Molibre’s 
mind was engaged with the serious or comic aspects of 
jealousy, a passion which he had soon cause to know most 
intimately. Meantime the everyday life of the stage went 
on, and the doorkeeper of the Thefitre St. Germain was 
wounded by some revellers who tried to force their way 
into the house (La Grange, Registre). A year later, an 
Italian actor was stabbed in front of Moliere’s house, where 
he had sought to take shelter (Campardon, Nouvelles Pieces, 
p. 20). To these dangers actors were peculiarly .subject ; 
Molibre himself was frequently threatened by the marquises 
and others whose class he ridiculed on the stage, and there 
seems even reason to believe that there is some truth in 
the story of the angry marquis who rubbed the poet’s head 
against his buttons, thereby cutting his face severely. ’The 
story comes late (1725) into his biography, but is supported 
by a passage in the contemporary play, Zelinde (Paris, 
1663, scene viii.). Before Easter, Molibre asked for two 
shares in the profits of his company, one for himself, and 
one for his wife, if he married. 'That fatal step was already 
contemplated (La Grange). On 24th June he brought 
out for the first time L’Dcole des Maris. The general idea 
of the piece is as old as Menander, and Molibre was 
promptly accused of pilfering from the Adelpld of Terence. 
One of Yo&ficelles of the comedy is borrowed from a story 
as old, at least, as Boccaccio, and still amusing in a novel 
by Charles de Bernard. It is significant of Molibre’s talent 
that the grotesque and baffled paternal wooer, Sganarelle, 
like several other butts in Mobbre’s comedy, does to a 
certain extent win omr sympathy and pity as well as ow 
laughter. The next new piece was Les Fasekeur, a comedie- 
ballet, the Comedy of Bores, played before the king at 
Fouquet’s house at Vaux le Vicomte (August 15-20, 1661). 
'The comedian.s, without knowing it, were perhaps the real 
“fascheux” on this occasion, for Fouquet was absorbed in 
the schemes of his insatiable ambition {Quo non ascendant ? 
says his motto), and the king was organizing the arrest 
and fall of Fouquet, his rival in the affections of La 
Vallibrc. The author of the prologue to Les Fasriteux, 
Pellisson, a friend of Fouquet’s, was arrested along with 
the superintendent of finance. Pellisson’s prologue and 
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and French stages. Moliere made it a nenr thing : terrible 
and romantic in its portrait of grand seigneur ma^ivais 
homme, modem in its suggested substitution of la Tiumanite 
for religion, comic, even among his comedies, by the mirth- 
ful character of Sganarelle. The piece filled the theatre, 
but mas stopped, probably by authority, after Easter. It 
mas not printed by Moliere, and even in 16S2 the publi- 
cation of the full text mas not permitted. Hajjpily the 
copy of De la Eegnie, the chief of the police, escaped 
obliterations, and gave us the full scene of Don Juan and 
the Beggar. The piece provoked a virulent criticism 
{Observations sur le Festin de Pierre, 1665). It is aUomed 
that Moliere has some farcical talent, and is not unskilled 
as a plagiarist, but he “attacks the interests of Heaven,” 
“keeps a school of infidelity,” “insults the king,” “cor- 
rapts virtue,” “offends the queen-mother,” and so forth. 
Tmo replies mere published, one of mhich is by some critics 
believed to shorn traces of the hand of Moliere. The king’s 
reply, as has been shomn, mas to adopt iloliere’s company 
as Ms servants, and to pension them. L’ Amour Afedecin, 
a light comedy, appeared .22d September 1665. In this 
piece Moliere, for the second time, attacked physicians. 
In December there mas a quarrel mith Eacine about his 
play of Alexandre, mhich he treacherously transferred to the 
Hotel de Bourgogne. Jtme 4, 1666 sam the first repre- 
sentation of that famous play, Le Afisantla-ojie (ou L'Atra- 
hiliaire Amoureux, as the original second title ran). This 
piece, perhaps the masterpiece of Moliere, mas more suc- 
cessful nuth the critics, mith the court, and mith posterity 
than Avith the public. The rival comedians called it “a 
nem style of comedy,” and so it mas. The eternal passions 
and sentiments of human nature, modified by the influence 
of the utmost refinement of cmlization, mere the matter of 
the piece. The school for scandal kept by Celimene, mith 
its hasty judgments on all characters, gave the artist a 
mide canvas. The perpetual strife betmeen the sensible 
optimism of a kindly man of the morld (Philinte) and the 
sxva indignatio of a noble nature soured (Alceste) sup- 
plies the intellectual action. The humours of the joyously 
severe Celimene and of her court, especially of that death- 
less minor poet Oronte, supply the lighter comedy. Eoileau, 
Lessing, Goethe have combined to give this piece the 
highest rank even among the comedies of Moliere. As to 
the “ keys ” to the characters, and the guesses about the 
original from mhom Alceste mas dramn, they are as value- 
less as other contemporary tattle. 

A briefer summary must be given of the remaining years 
of the life of Moliere. The attractions of Le Afisanihrope 
mere reinforced (6th August) by those of the Aledecin 
Alalgre Lui, an amusing farce founded on an o\&. fabliau. 
In December the court and the comedians ment to Saint 
Germain, mhere, among other diversions, the pieces called 
Afelicerte, La Pastorale Comique (of mhich hloliere is said 
to have destroyed the MS.), and the charming little piece 
Le Sicilien, mere performed. A cold and fatigue seem to 
have injured the health of Moliere, and me nom hear of 
the consumptive tendency mhich mas cruelly ridiculed in 
Flomire Eypochondre. , Moliere mas doubtless obliged to 
see too much of the distracted or pedantic physicians of an 
age mhen medicine mas the battlefield of tradition, super- 
stition, and nascent chemical science. On 17th April 
1667 Eobinet, the rhyming ^zetteer, says that the life of 
Moliere mas thought to be in danger. On the 10th of 
June, homever, he played in Le Sicilien before the tomn. 
In the earlier months of 1667 Louis XIV. mas mith the 
army in Flanders, There mere embassies sent from the 
comedy to the camp, and on 5th August it mas apparent 
that Moliere had overcome the royal scruples. TaHuffe 
mas played, but Lamoignon stopped it after the first night. 
La Grange and La ToriUiere hastened to the camp, and 


got the king’s promise that he mould reconsider the matter 
on his return. Moliere’s next piece (13th Januaiy 1668) 
mas Amphitryon, a free— a very free— adaptation from 
Plautus, mho then seems to have engaged his attention, 
for not long aftermards he again borromed from the ancient 
■writer in L’Avare. There is a controversy as to mhether 
Amphitryon mas meant to ridicule M. de Montespan, the 
husband of the nem mistress of Louis XTV’’. Slichelet has 
a kind of romance based on this probably groundless hj-po- 
thesis. The king stUl sam the piece occasionally, after he 
had purged himself and forsworn sack rmder Madame de 
Maintenon, and probably neither he nor that devout lady 
detected any personal references in the coarse and -witty 
comedy. As usual, Moliere mas accused of plagiarizing, this 
time from Eofcrou, mho had also imitated Plautus. The 
next play mas the immortal George Bandin (10th July), first 
played at a festival at Versailles. Probably the piece mas 
a rapid palimpsest on the ground of one of his old farces, 
but the addition of these typical members of a county 
family, the De Soten-viUe, raises the work from farce to 
satiric comedy. The story is borromed from Boccaccio, 
but is of unkno-wn age, and always nem, — ^Adolphus Crosbie 
in The Small House at Allington being a kind of modem 
George Dandin. Though the sad fortunes of this peasant 
mith social ambition do not fail to make us pity him some- 
what, it is being too refined to regard George Dandin as 
a comedy •with a concealed tragic intention. Moliere 
must have been at work on L’Avare before George Dandin 
appeared, for the nem comedy after Plautus mas first acted 
on 9th September. There is a tradition that the piece 
almost failed ; but, if unpopular in the first year of its pro- 
duction, it certainly gained favour before the death of its 
author. AI. de Pourceaugnac (17th September 1669) mas 
first acted at Chambord, for the amusement of the king. 
It is a rattling farce. The physicians, as usual, bore the 
brunt of Moline’s raillery, some of mhich is stiU applicable. 
Earlier in 1669 (5th February) Tartvffe mas played at 
last, with extraordinary success. Les Amants AfagniJjques, 
a comedy-baUet, mas acted first at Saint Germain (lOth 
February 1670). The king might have been expected to 
dance in the ballet, but from Eacine’s Britannicus (13th 
December 1669) the majestical monarch learned that 
Hero mas blamed for exhibitions of this kind, and he did 
not wish to out-Nero Hero. Astrology this time took the 
place of medicine as a butt, but the satire has become 
obsolete, except, perhaps, in Turkey, where astrology is 
still a power. The Bourgeois Gentilhomme, too familiar 
to require analysis, mas first played on 23d October 1770, 
The Fourberies de Scapin “sam the footlights” (if 

footlights there mere) on 24th May 1671, and on 7th 
May me read in La Grange, “les Eepetitions de Spsyche 
ont commance.” La Grange says the theatre mas newly 
decorated and fitted mith machines. A “concert of 
twelve violins” mas also provided, the company being 
resolute to have everything handsome about them. New 
singers mere introduced, mho did not refuse to sing rm- 
masked on the stage. Quinault composed the words for 
the music, mhich mas by LuUi ; Moliere and Pierre Corneille 
collaborated in the dialogue of this magnificent opera, 
the name of mhich {Psyche) La Grange eventually learned 
horn to speU. The Cointesse d'Escarbagnas (2d February 
1672) mas another piece for the amusement of the court, 
and made part of an entertainment called Le Ballet des 
Ballets. In this play, a study of provincial manners, 
Molifere attacked the financiers of the time in the person 
of hi. Harpin. The comedy has little importance compared 
with Les Femmes Savantes (llth Februaiy), a severer Pre- 
cieuses, in mhich are satirized the vanity and affectation of 
sciolists, pedants, and the women mho admire them. The 
satire is never out of date, and finds its modem form in 
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and French stages. Moliere made it a nenr thing : terrible 
and romantic in its portrait of un grand, seigneur mauvais 
homme, modem in its suggested substitution of la hiimanite 
for religion, comic, even among his comedies, by the mirth- 
ful character of Sganarelle. The piece filled the theatre, 
but mas stopped, probably by authority, after Easter. It 
mas not printed by Moliere, and even in 1682 the publi- 
cation of the full text mas not permitted. HajjpDy the 
copy of De la Eegnie, the chief of the police, escaped 
obliterations, and gave us the full scene of Don Juan and 
the Beggar. The piece provoked a virulent criticism 
{Observations sur le Festin de Pierre, 1665). It is allomed 
that Moliere has some farcical talent, and is not unskilled 
as a plagiarist, but he “ attacks the interests of Heaven,” 
“keeps a school of infidelity,” “insults the king,” “cor- 
rapts virtue,” “offends the queen-mother,” and so forth. 
Tmo replies mere published, one of mhich is by some critics 
believed to shorn traces of the hand of Moliere. The king’s 
reply, as has been shomn, mas to adopt Moliere’s company 
as his servants, and to pension them. L’ Amour Afedecin, 
a light comedy, appeared .22d September 1665. In this 
piece Moliere, for the second time, attacked physicians. 
In December there mas a quarrel mith Eacine about his 
play of Alexandre, mhich he treacherously transferred to the 
Hotel de Bourgogne. Jtme 4, 1666 sam the first repre- 
sentation of that famous play, Le Misanthroi>e {ou L'Atra- 
hiliaire Amoureux, as the original second title ran). This 
piece, perhaps the masteqnece of Moliere, mas more suc- 
cessful nuth the critics, mith the court, and mith posterity 
than Avith the public. The rival comedians called it “a 
nem stjde of comedy,” and so it mas. The eternal passions 
and sentiments of human nature, modified by the influence 
of the utmost refinement of chilization, mere the matter of 
the piece. The school for scandal kept by Celimene, mith 
its hastj' judgments on all characters, gave the artist a 
mide canvas. The perpetual strife betmeen the sensible 
optimism of a kindly man of the morld (Philinte) and the 
sxva indignatio of a noble nature soured (Alceste) sup- 
plies the intellectual action. The humours of the joyously 
severe Celimene and of her court, especially of that death- 
less minor poet Oronte, supply the lighter comedy. Boileau, 
Lessing, Goethe have combined to give this piece the 
highest rank even among the comedies of Moliere. As to 
the “ keys ” to the characters, and the guesses about the 
original from mhom Alceste mas dramn, they are as value- 
less as other contemporary tattle. 

A briefer summary must be given of the remaining years 
of the life of Moliere. The attractions of Le Afisanthrope 
mere reinforced (6th August) by those of the Aledecin 
Alalgre I/ui, an amusing farce founded on an old fabliau. 
In December the court and the comedians ment to Saint 
Germain, mhere, among other diversions, the pieces called 
Alelicerte, La Pastorale Comique (of mhich Lloliere is said 
to have destroyed the MS.), and the charming little piece 
Le Sicilien, mere performed. A cold and fatigue seem to 
have injured the health of Moliere, and me nom hear of 
the consumptive tendency mhich mas cruelly ridiculed in 
Flomire Eypochondre. , Moliere mas doubtless obliged to 
see too much of the distracted or pedantic physicians of an 
age mhen medicine mas the battlefield of tradition, super- 
stition, and nascent chemical science. On 17th April 
1667 Eobinet, the rhyming ^zetteer, says that the life of 
liloliere mas thought to be in danger. On the 10th of 
June, homever, he played in Le Sicilien before the tomn. 
In the earlier months of 1667 Louis XIV. mas mith the 
army in Flanders. There mere embassies sent from the 
comedy to the camp, and on 5th August it mas apparent 
that Moliere had overcome the royal scruples. Tartuffe 
mas played, but Lamoignon stopped it after the first night. 
La Grange and La ToriUiere hastened to the camp, and 


got the king’s promise that he mould reconsider the matter 
on his return. Moliere’s next piece (13th Januaiy 1668) 
mas Amphitryon, a free— a very free— adaptation from 
Plautus, mho then seems to have engaged his attention, 
for not long aftermards he again borromed from the ancient 
■writer in L’Avare. There is a controversy as to whether 
Amphitryon mas meant to ridicule M. de Montespan, the 
husband of the new mistress of Louis XTV’’. Slichelet has 
a kind of romance based on this probably groundless hj-po- 
thesis. The king stUl saw the piece occasionally, after he 
had purged himself and forsworn sack rmder Madame de 
Maintenon, and probably neither he nor that devout lady 
detected any personal references in the coarse and -witty 
comedy. As usual, Moliere mas accused of plagiarizing, this 
time from Eofcrou, mho had also imitated Plautus. The 
next play mas the immortal George Bandin (10th July), first 
played at a festival at Versailles. Probably the piece mas 
a rapid palimpsest on the ground of one of his old farces, 
but the addition of these typical members of a county 
family, the De Soten-ville, raises the work from farce to 
satiric comedy. The story is borromed from Boccaccio, 
but is of unkno-wn age, and always nem, — ^Adolphus Crosbie 
in The Small House at Allington being a kind of modem 
George Dandin. Though the sad fortunes of this peasant 
■with social ambition do not fail to make us pity him some- 
what, it is being too refined to regard George Dandin as 
a comedy mith a concealed tragic intention. Moliere 
must have been at work on H Avars before George Dandin 
appeared, for the nem comedy after Plautus mas first acted 
on 9 th September. There is a tradition that the piece 
almost failed ; but, if unpopular in the first year of its pro- 
duction, it certainly gained favour before the death of its 
author. AI. de Paurceaugnac (17th September 1669) mas 
first acted at Chambord, for the amusement of the king. 
It is a rattling farce. The physicians, as usual, bore the 
brunt of Moline’s raillery, some of mhich is stiU applicable. 
Earlier in 1669 (5th February) Tartuffe mas played at 
last, "with extraordinary success. Les Amanfs Alagnifiques, 
a comedy-ballet, mas acted first at Saint Germain (10th 
February 1670). The king might have been expected to 
dance in the ballet, but from Eacine’s Britannicus (13th 
December 1669) the majestical monarch learned that 
Hero mas blamed for exhibitions of this kind, and he did 
not -wish to out-Nero Hero. Astrology this time took the 
place of medicine as a butt, but the satire has become 
obsolete, except, perhaps, in Turkey, mhere astrology is 
still a power. The Bourgeois Gentilhomme, too familiar 
to require analysis, mas first played on 23d October 1770, 
The Foiirberies de Scapin “sam the footlights” (if 

footlights there mere) on 24th May 1671, and on 7th 
May me read in La Grange, “les Eepetitions de Spsyche 
ont commance.” La Grange says the theatre mas newly 
decorated and fitted -with machines. A “concert of 
twelve violins” mas also provided, the company being 
resolute to have everything handsome about them. Hew 
singers mere introduced, mho did not refuse to sing im- 
masked on the stage. Quinault composed the words for 
the music, mhich mas by LuUi j Moliere and Pierre Corneille 
collaborated in the dialogue of this magnificent opera, 
the name of mhich (Psyche) La Grange eventually learned 
how to speU. The Cointesse d'Escarbagnas (2d February 
1672) mas another piece for the amusement of the court, 
and made part of an entertainment called Ae Ballet des 
Ballets. In this play, a study of provincial manners, 
Molifere attacked the financiers of the time in the person 
of M. Harpin. The comedy has little importance compared 
■with Les Femmes Savantes (11th Februaiy), a severer Pre- 
cieuses, in mhich are satirized the vanity and affectation of 
sciolists, pedants, and the women mho admire them. The 
satire is never out of date, and finds its modern form in 
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Tvith proliTDiting all lurtlier discussion of tlie question “ de 
anxiliis,' and studious efforts ■were made to control tie 
puilication even of commentaries on Aquinas. Tie 
ilolinist subseqiientlvpassed into tie Jansenist controversv, 
and it is as a champion of Jansenism that Pascal in tie 
Pronncial Zithers attacks Molina and tie K-tVnfia vitdin 
(see J.vxsEXisir). 

MOLDvE, a city of the United States, in Rock Island 
county, Illinois, is situated in a picturesque district on the 
left bank of tie Mississippi, opposite the upper end of Rock 
Island, First settled in 1832, tie tomi was organized as 
a city in 1ST 2. It is noted for its water-power, developed 
and maintained by tie Government, and for tie number and 
importance of its manufacturing establishments. By means 
of a dam nearly a luHe in length, from the lUinois shore 
to the island, an almost uniform head of T feet of water is 
obtained, which is used in driving tie machineiy of the 
Government arsenal on the island, and in supplying power 
to several factories. Beds of binmtinous coM are mined in 
tie neighbourhood, and three lines of railway pass through 
the city, affording ■with the river ample means of communi- 
cation. The most prominent manufactures are agricultural 
implements and maciinery generally, waggons, organs, 
paper, and stoves. Moline has nine churches, a complete 
system of graded free schools, including a high school, and 
a free library. The population increased from 4066 in 
1870 to 7805 in 1880, and •with tic suburbs the number 
is now estimated at 12,000. 

MOLIXOS, Miorni. de (1627-c. 1696), a Sinnish 
priest wide name is intimately associated with that type 
of religion known in Italy and Sj^ain during the latter 
half of the 17th centurj- as Quietism, was bom of good 
family in ihc diocese of Saragossa, on 21st December 1627. 
Having entered the priesthood, he settled about his fortieth 
year in Rome, where he speedy rose to high repute as a 
father confessor, and gained manj- distinguished friends, 
among whom were several cardinals, including Odescalchi 
(afterwards Innocent XL, 1676). In 1675 ho published at 
Rome a small duodecimo volume entitled Gutda spirtit:>tle 
chi (fisi'nro/g? Tciniv.'.a e la conduce p<-r Finicrlor cantina alZ 
c^uisfo della y-erfetta canter.iyiadone e del ricco iesoro dtlla 
jiace iniertore, which "was soon afterwards followed by the 
Brea iraiiaio della cotiidlana comrntmione, usually bound 
up with it in later editions. The work, which breathes a 
snirir of simple and earnest piety, is designed to show how 
inward peace nmy be found by what may be called con- 
templative or passive prayer, by obedience, by frequent 
communion, and by inward mortification; it was uidely 
circulated, and greatly increased the popularity of its 
author, whom Innocent XL after his elevation provided 
■with rooms in the Yatican, aud is said to have also taken 
as his spiritual director. Its doctrine of, the passivity of 
the highest contemplation and purest prayer does not 
appear to have raised the slightest discussion tmril after 
the publication, in 1681, of the Concordia ira la faticae 
la qiditi r.eir oradone, by the Jesuit preacher, Paolo Segneri 
.Uthoagh scmpulously refraining from any mention of 
the name of Molinos, and indeed displaying considerable 
moderation as a controversialist, Segneri by this tract and 
bv another -with which he followed it np brought upon 
himself much impopularity ; and so great did the excitement 
become that a committee ■was at last appointed by the 
Inquisition to investigate his own views as ■well as to 
examine the ■writings of Molinos and of his friend Petrucci 
(author of X<i contanplador.e viistica aegyistata). The 
report (1682) -was entirely favourable to the doctrines of the 
Guida Spiriluale, the ■writings of Segneri being censured 
as scandalous and heretical f but in 1685, in consequence 
of representations made to the pope by Louis XIY., imder 
the Jesuit influence of P^e La Chaise, both Petrucci and 
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Mohnos were laid imder arrest, and the papers of the latter, 
includmg a voluminous correspondence, seized. Petrucci 
was soon afterwards hberated, and relieved from further 
peKKutionhy thegift of a cardinals hat; but, after Molinos 
had langmshed m confinement for raro veais, suddenlv 200 
persons, many of them of high rank, w^ also apprehmded 
by order of the Inquisition for what were then for the first 
time (^ed “ Quietist ” opinions. In 1687 the pope signi- 
fied his approval of the condemnation pronotmeed hy the 
Inquisition c)n sixty-eight doctrines imputed to Molinos. 
The heretic forthwith abjured * thes^ and escaped 
the flames indeed, but did not regain Ms liberty. Of his 
later years notMng is kno'wn ; according to the most prob- 
able accounts he languished in imprisonment until 28th 
December 1696. 

The evidence on which certain charges of immoraiitY acainst 
Molinos wcre teed is unknown, and the degree of his resi>onsS)iIity 
for cerram of the condemned propositions is obscure: hat a I'cmsaUif 
,hc Gutda Syirlittalc at least docs not disclose to the candid reader 
any reason wherefore Molinos should not have been tolerated trithin 
a church which has canonized. St Theresa. The explanation of the 
treatment to which he was subjected is most probable to be soucht 
rather in the negative than in the positive aspects of his teaching, 
and still more in the p,issing exigencies of party politics. As 
Tholcck remarks, it n-as hardly to iSe expected that the Societv of 
Jesns should reg-.ird as othcrwi^ than highly dangerous a man who 
••declared confession and ottitcard mortifiMtion to be work onlv 
for beginners, who himself abstained from confessing for twelve 
years on end, by whose advice countless monks anil nuns had 
thrown aside chaplets, images, and reliijncs, that they might 
worship God in the spirit, and who, moreover, stood n'eU with 
the fashionable world and with the pope himself." The Gutda 
StdrUuale was published in Spanish at Madrid in aud fre- 
quently afterwr^s ; it was also translated into Latin (Jlar.uducHo 
i'yiri'ualis, Leipsic, 16S7) by A. H. Francke, the well-known 
German pietist and philanthropist, and an English version {The 
syiriiueJ guide, tehieh discnlaiviUs the setd atiH Iriiiijs it bif the 
ittteard trerg to the gdlir.g of yor/eei ecntctnplatiots and the' rieh 
tmteure cf eternal yccce.- xnth a brief treat isc antoeniing dailg 
ecn'.rtttr.icr.) appeared in 16SS. The materials for a history of 
the Quietist coatroveisy are very fully given in the tliinl relume 
of Gottfried Arnold’s Kireher..ttr.d iTetaerhistorie, See also Heppe, 
Gefehichte tier ctiieiisiischea Jliistil: in der PirfholUvhcn jTirehe 
(Berlin, 1875); Tholuok’s article on “Molinos" in Herzog’s 
Pealcr.addcvddie ; aud Bigelow, Moliitcs the Quietist, Xew York, 
ISS-A 

MOLISE, now Cajitobasso, a pro-vince of Italy, stretch- 
ing twenty miles along the coast of the Adriatic, and 
bounded by the Ahruzzi (CMeti and Aquila), Terra di 
Lavoro (Caserta), Benevento, and Capitanata (Foggia). 
Most of it lies on the north-eastern side of the Apennines, 
and is ■watered by the Biferno, the Forlone, and the Trigno ; 
but it also includes the country on the other side ■which 
contains the head streams of the Yoltumo. About five- 
sixths of the surface mat* be described as motmtainotts or 
Mlly, the loftiest range being the IMatese on the borders 
towartis Benevento, with its Mghest point in Monte 
Miletto, 6750 feet. The jjopnlation, wMch increased from 
346,007 in 1861 to 365,434 in 1881, is mainly dependent 
on pastoral and agricultural pursuits, neither manufactures 
nor trade being MgHy developed. According to the census 
of 1871, there were six places with more than 5000 inhabit- 
ants — (Mmpobasso, 12,890; Riccia, 8123; Isernia, 7715; 
Agnone,7147; 0.scalende,6217; and Larino, 5357 ; accord- 
ing to the census of 1881, 21 of the 133 communes had a 
population exceeding 4000. 

The Molise territory was in ancient times jwrt of the country of 
the Sabines and Samnites. Under the Loinbards Jt ^Tas included 
in the duchy of Benevento; but the districts of Sepino, Boiano, 
and Isernia were cut off to form a domain for the Bnlgarians who had 
come to assist King GrimoAd. About two centtiries later this hee;uue 
the countsHp of Boiano, and the name was soon after dianged to 
countship of Molise, probably because the lorxlship w:ts hdd hvUgone 
di Molisio, or Molise, Attached under Frederick II. to the 'Xerra di 
Lavoro, and at a larer date incorporated Trith Capitanata, the diM.net 
did not a!:ain become an independent pro\dnce till ISll. In 1^61 
it surrenJered fifteen commimes to Benevento, and received thirteen 
from Terra di Lavoro. 



M 0 L— M 0 L 


Tvith proliTDiting all lurtlier discussion of tlie question “ de 
auxiliis,’' and studious efforts -svere made to control the 
puhHcation even of commentaries on Aquinas. The 
ilolinist subsequentlvpassed into the Jansenist controversv, 
and it is as a champion of Jansenism that Pascal in the 
F.’vn'ncial Letters attacks Molina and the scicnfta medm 
(see J.vxsEXisir). 

MOLDvE, a city of the United States, in Rock Island 
county, Illinois, is situated in a picturesqne district on the 
left hank of the Mississippi, opposite the upper end of Rock 
Island. First settled in 1832, the toum was organized as 
a city in 1ST 2. It is noted for its water-power, developed 
and maintained by the Government, and for the number and 
importance of its manufacturing establishments. By means 
of a dam nearly a mile in length, from the lUinois shore 
to the island, an almost uniform head of T feet of water is 
obtained, which is used in driving the machineiy of the 
Government arsena.1 on the island, and in supplying power 
to several factories. Beds of binuuinous coM are mined in 
the neighbourhood, and three lines of railway pass through 
the city, affording -with the river ample means of communi- 
cation. The most jirominent manufactures are agricultural 
implements and machinexy generally, waggons, organs, 
paper, and stoves. Moline has nine churches, a complete 
system of graded free schools, including a high school and 
a free library. The population increased from 4066 in 
1870 to 7805 in 1880, and •with the suburbs the number 
is now estimated at 12,000. 

MOLES OS, Migcel de (1627-c. 1696), a Siianish 
priest whoiC name is intimately associated •with that type 
of religion known in Italy and Sj^ain during the latter 
half of the 17th centun' as Quietism, •was bom of good 
family in the diocese of Saragossa, on 21st December 1627. 
Having entered the priesthood ho settled about his fortieth 
year in Borne, where he speedly rose to high repute as a 
father confciSor, and gained many distinguished friends, 
among whom were several cardinals, including Odescalchi 
(afterwards Innocent XL, 1676). In 1675 ho published at 
Rome a small duodecimo volume entitled Gitidci tpintunle 
chi disincchge fantma e la conduce per Ftnierior camtuo alf 
cerruisto d'Ua p^r/etla cordentjdadone e de! rlcco iesoro dUla 
jcce Inieriore, which •was soon afterwards followed by the 
Urea traiiato della coUidiana oni in im ions, usually bound 
up -with it in later editions. The work, which breathes a 
snirir of simple and earnest piety, is designed to show how 
in^ward peace m.ay be found by what may be called con- 
templative or passive prayer, by obedience, by frequent 
communion, and by inward mortification j it -was uidely 
circulated, and greatly increased the popularity of its 
author, whom IiTnocent XL after his elevation pro-rided 
•with rooms in the Yatican, aud is said to have also taken 
as his spiritual director. Its doctrine of, the passivity of 
the highest contemplation and purest prayer does not 
appear'^to have raised the slightest discussion tmtil after 
the publication, in 1681, of the Concordia Ira la fafica e 
la qiditi r.eir oradone, by the Jesuit preacher, Paolo Segneri 
.Uthoagh scmpulously refraining from any mention of 
the name of Molinos, and indeed displaying considerable 
moderation as a controversialist, Segneri by this tract and 
bv another -with which he followed it up brought upon 
himself much •unpopularity; and so great did the excitement 
become that a committee -was at last appointed by the 
Inquisition to investigate his o-nm vie-ws as -well as to 
examine the -writings of Molinos and of his friend Petrucci 
(author of La contanpladcr.e mtdiea acquhiaia). The 
report (1682) -was entirdy favourable to the doctrines of the 
Guida Spiriluale, the -writings of Segneri being censured 
as scandalous and heretical but in 1685, in consequence 
of representations made to the pope by Louis XIY., under 
the Jesuit influence of Pde La Chaise, both Petrucci and 
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Mohnos were laid imder arrest, and the papers of the latter, 
mcludmg a volununous correspondence^ seized. Petrucci 
was soon afterwards hberated, and relieved from further 
pem«utio_nhy thegift of a cardinals hat; but, after Molinos 
had languished m confinement for rwo years, suddenlv 200 
persons, many of them of high rank, -were also apprehended 
by order of the Inquisition for what were then for the first 
time called Quietist opinions. In 1687 the pope siimi- 
fied his approval of the condemnation pronoimced by the 
Inquisition on sixty-cight doctrines imputed to Molinos. 
The heretic forth'with abjured * thes^ and escaped 
the flames indeed, hut did not regain Ms liberty. Of his 
later years notMng is kno-wn ; according to the most prob- 
able accounts he languished in imprisonment until 28th 
December 1696. 

The evidence on ■which certain charges of immorality acoinst 
Molinos wcre l>as*i is unknown, and the degree of his resi>onsS)iIity 
for cero^ of the condemned propositions is obsonre: hat a I'erasaUif 
.he Gt:tda Syirlit:{ilc at least docs not disclose to the candid reader 
any reason wherefore Molinos shonld not Lave been tolerated irithin 
a chiireh which has canonized. St Theresa. The explanation of the 
treatment to which he was subjected is most ptobablv to be soucht 
rather m the negative than in the positive aspects of his teaching, 
and still more in the p,issing exigencies of party politics. As 
Tholcck remarks, it was hardly to lie expected that the Societv of 
Jesas should regard as othcrwi^ than highly dangerons a man who 
"declaied confession and cuitcard mortifiMtion to be work onlv 
for beginners, who himself abstained from confessinjz for twelve 
years on end, by whose advice countless monks anli nuns had 
thro-wn aside chaplets, images, and reliijncs, that they might 
worship God in the spirit, and who, mon-over, stood veil with 
the fashionable world .and with the pope himself." The Guida 
StdrUuale was published in Spanish at Madrid in IsriS, and fre- 
quently afterwanls ; it teas also translated into Latin {JIar.ududCo 
S'ldrUuniis, Leipsic, 16S7) by A. H. Francke, the well-known 
German pietist and philanthropist, and an English vereion {The 
fyiriiueJ puide, vhieh discnlc.izples the soul aiici Iriiup it hi; the 
imeard trap to the petting of p-r/eei a':itcnjt!iztw:s citd the' rich 
treiJsnnr c/ eien’al y-ence.- xriU. c brief treat iss eonoeniing daily 
cr-.-.nt;i:!cn) appeared in 16SS. The materials for a history of 
the Quietist controvensy are very fully given in the tliini -rolume 
of Gottfried Arnold’s Kin-her..tthd ^etcerhistorie. See also Heppe, 
Gefehichte dec ciiieiistisehea Jlirstil- in dec PathoUeeheii Pirehe 
(Berlin, 1875); Tholuck’s article on “Molinos" iii Herzog’s 
Pealcr.cul-lcvddie ; and Bigelow, Molittes the Quietii*, 2\ew York, 
lSS-2. 

MOLISE, now Cahtokasso, a pro-rince of Italy, stretch- 
ing twenty miles along the coast of the Adriatic, and 
bounded by the Abruzzi (CMeti and Aqiula), Terra di 
Lavoro (Caserta), Benevento, and Capitanata (Foggia). 
Most of it lies on the north-eastern side of the Apennines, 
and is -watered by the Biferno, the Porlone, and the Trigno ; 
but it also includes the country on the other side which 
contains the head streams of the Yoltumo. About five- 
sixths of the sirnface mat* he described as motmtainotts or 
MUy, the loftiest range being the IMatese on the borders 
to'wards Benevento, -with its Mghest point in Monte 
Miletto, 6750 feet. The jjopulation, wMch increased from 
346,007 in 1861 to 365,434 in 1881, is mainly dependent 
on pvastoral and agricultural pursuits, neither manufactures 
nor trade being MgHy developed. According to the census 
of 1871, there were six places with more than 5000 inhabit- 
ants — (Mmpobasso, 12,890; Riccia, 8123; Isernia, 7715; 
Agnone,7147; Cascalende,6217; and Larino, 5357 ; accord- 
ing to the census of 1881, 21 of the 133 communes had a 
population exceeding 4000. 

The Molise territory was in ancient times rort of the country of 
the Sabines and Samnites. Under the Lombards it ^Tas included 
in the duchy of Benevento; but the districts of Sepino, Boiano, 
and Isernia were cut off to form a domain for the Bulgarians who had 
come to assist King Grimoald. About two centiiries later this K'came 
the countship of Boiano, and the name was soon after cliangcd to 
countship of Molise, probably because the lorxlship was hdd hvL’gone 
di Molisio, or Molise, Attached under Frederick 11. to the 'Xerra di 
Lavoro, aud at a larer date incorporated with Capitanata, the distnct 
did not again become an independent pro\-inee till ISll. In 1.61 
it surrendered fifteen communes to Benevento, and received thirteen 
from Terra di Lavoro. 
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BCHEMATIO MOLLUSC.] MOLL 

Convenient to construct a scliematic Mollusc, wliicli sball 
possess in an unoxaggerated form the various structural 
arrangements ■which are more or less specialized, exagger- 
ated, or even suppressed in particular members of the group. 
Such a schematic Mollusc is not to bo regarded ns an nrehe- 



Fio. 1.— Bclieinntle Mollusc. A. Dorsal nsiicct. B. Ventml aspect. C. TIio 
Iicart, pericardium, gonads, and ncjiliridia slinwii In position, D. 'flic nervous 
system ; tlio reader Is requested to note that tlio coi-d passing Iraekwnrds 
from n.pe lies teneatli, and does not In any way uiilto witli the cord w)dcli 
passes irom g.ah to g.pU E, Diagram In wnlcli tlio liody-avall Is ropre.scnted 
ns cut in the median nntcro.postorior piano, so ns to show organs In position, 
— tho shcll-sao Is scon in section, hut tlio shell is omitted. 

Letters in all the figures ns follows n, cephalic tentacle ; V, head ; c, edge 
of tho mantle-skirt or liinhus pnlllalls ; <1, dotted lino imllcatlng tho lino of 
origin of the free mnntlo-skirtfrom tho sides of tho visceral hump ; e, outline 
of tho foot seen through the mantle-skirt In A, which Is supposed to ho trans- 
parent, allowing tho position of this and of tho various parts h, i, k, I, m, to 
ho scon through its suhstanco ; /, edge of tho shcll-roHlolo ; g, tho shell ; It, 
the osphradlum, paired (Spongers olfactory organ) ; i, tho ctonldlum, fialred 
(glll-piumc) ! k, nperttiro of the gonad, paired ; I, nperturo of one of tho two 
ncphridln ; m, anus ; n, posterior region of tlio foot rcnching further Lack 
than tho mass of viscera (ilorsal hump) whieh It carries ; o, mouth ; p, plantar 
surfaco of tho foot; n, cut edge of tho body-wall of tho dorsal region ; r, 
cffilomic space (Idood-lynipli sjiaco or body-cavity), mostly ocenjilcd by liver, 
hut to some extent retained ns blood-channels and Incunni; s, poricnrdlnl 
cavity ; (, gonad (ovary or Bjicnnary), paired ; ii, nephrldlum, paired ; r, ven- 
tricle of tho heart receiving the right and tho left auricles at its sides, and 
sending off anteriorly a largo vessel, posteriorly a small ono ; w, tho cephalic 
eye, paired ; x, dotted ring to show the position occupied by tho oesopiioCTs 
in relation to tho nervo rangllaand cords; p, tho otocyst jialrcd; a-I, tho 
digestivo gland (so-called "liver") of tho left side ; r.g, duct of the digestivo 
gland of file rlglit side ; g.c, cerebral ganglion united by tho cerebral com- 
jnlssuro to its fellow ; g.pl, pleural ganglion united by the ccrebro-pleural 
conneotivo to the cerebral ganglion, and by tho pleuro-pedal connccllvo to 
tho pedal ganglion ; g.pe, the pedal ganglion tmited to its fellow by tho pedal 
conunissuro— the two sending ofl’iioatcriorly tho long laddor-llko jialr of pedal 
nerves ; g.v, tlio visceral ganglion (of tho left side) united by the visceral 
loop or comrnlssuro to tho similar ganglion on tho right side, and by the 
viscoro-plcural connective to tho pleural ganglion ; g.ah, abdominal ganglion 
developed on the course of tho visceral loop ; g.n!/, olfactorj’ ganglion placed 
near the osphradlum on a nen-o taking its origin from tho visceral ganglion. 

type, in the sense ■which has boon attributed to that word, 
nor as tho embodiment of an idea present to a creating mind, 
nor oven as an epitome of developmental laws. Were know- 
ledge sufficient, we should wish to make this schematic 
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Mollusc the representation of tho a/tual Molliiscan ancestor 
from which tho various living forms have sprung. To defi- 
nitely claim for our schematic form any such significance 
111 the jiiesont state of knowledge would bo premature, 
but it may bo taken as more or less coinciding with what 
we are justified, under present conditions, in picturing to 
ourselves as the original hlollusc or archi-Mollusc (more 
correctly Archiinalakion). After describing this schematic 
form, we^ shall jiroceed to show how far it is realized or 
justified in each class and order of Mollusca successively, 

Tho schematic Mollusc (fig. 1, A to E) is oblong in 
.shape, bilaterally symmetrieal, with strongly differentiated 
dorsal and ventral surface, and has a well-marked uead, 
consisting of tho prostomium (l>) and the region imme- 
diately behind tho mouth. Upon the head wo place a 
pair of_ short cephalio tentacles (a). Tho moiM is 
placed in tho median lino anteriorly, and is overhung b)' 
the prostomium (E, o) ; tho anns is jilaced in the mediaii 
lino posteriorly, well raised on tho donsal .surface (A, 7 ii). 
The apertures of a pair of NEPuniDiA are seen in tho 
neighbourhood of tho anus right and left (A, /). Near 
tho nophridial apertures, and in front of them, right and 
loft, are tho pair of apertures (/f) appropriate to the ducts 
of tho GONADS (generative pores). 

The most permanent and distinctive Molluscan organ 
is the FOOT (Podium). This is formed by an excessive 
development of tho somatic musculature along tho ventral 
surfaco, distinctly ceasing at tho region of tho head, below 
which it suddenly jirojccts ns a powerful muscular mass 
(B, ; E, It may be compared, and is probably genetic- 
ally identical, with tho muscular ventral surface of tho 
Planarians and with tho suckers of Trematoda, but is more 
extensively developed than are those corresponding struc- 
tures. The muscular tissue of the foot, and of all other 
parts of tho body of all Mollusca, is cellular and unstriated, 
as distinguished from tho composite muscular fibre (con- 
sisting of cell-fusions instead of separable colls) which 
occurs in Artliropoda and in Vertobrata, and which has 
the further distinction of being composed of alternating 
bands of substance of differing refractive power (hence 
“striated”). Tho appearance of cross striation seen in 
tho muscular colls of some Molluscs (odontophorc of 
rialiotis. Patella, (be.) requires further investigation. It 
is by no means altogether tho same thing as the mark- 
ing characteristic of striated muscular fibre. 

Contrasting with tho ventral foot is the thin -walled 
dorsal region of tho body, which may be termed tho anti- 
podial region. Tliis thin-walled region is formed by soft 
viscera covered in by tho comparatively delicate and non- 
muscular body-wall (fig, 1, E). As tho ventral foot is 
clearly separate from tho projecting head, so is this dorsal 
region, and it is conveniently spoken of ns tho visceual 
MUMP or “ dome ” (cupola). Protecting tho visceral dome 
is a SHELL (conchylium) consisting of a horny basis impreg- 
nated ■with carbonate of lime,* and secreted by tho deric 
epithelium of this region of tho body (y). Tho shell 
in our schematic Mollusc is single, cap-shaped, and sym- 
metrical. It does not lie entirely naked upon tho surfaco 
of the visceral dome, but is embedded all round its margin, 
to a largo extent in tho body-wall. In fact, tho integu- 
ment' of tho visceral dome forms an open flattened sac 
in which tho shell lies. This is tho ritiMAHY siiell- 
SAC, or FOLLICLE (A and E, /). Tho wall of tho body pro- 
jects all round tho visceral dome in thO/ form of a ila]) or 
skirt, so as to overhang and conceal to some extent the 
head and tho sides of tho foot. This skirt, really an out- 

I Ab to the minuto Btnicturo of tho shell in various classes, fco 
Carpenter’s article “Shell" in tho Cj/claj>. of Amt. ami Physiol. 0110 
limits of onr space do not permit ns to deal with this or other histo- 
logical topics. 
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BCnUM,VTIO MOLtUSC.] MOLL 

Convenient to construct a scliematic Mollusc, wliicli shall 
possess in an unoxaggerated form the various structural 
arrangements which are more or less specialized, exagger- 
ated, or even suppressed in particular members of the group. 
Such a schematic Mollusc is not to bo regarded ns an arche- 



Fio. 1.— Bcliemntlc Mollusc. A. Dorsal nsiwct. n. Ventral aspect. C. Tiio 
Iicart, pel icardlum, gonads, and ncjihridla slimvn in position. D. Tiie ncrv'ous 
system ; tlio reader is requested to note tliat tlio coirl passing hackivards 
from g.pf lies bcneatli, and does not in any way unite witli the cord wldcli 
passes tiom p.ab to y.pi, E Diagram in wliicli tiio bcsly-avall is represented 
ns cut in the median nntero-postorlor plane, so ns to show organs In position, 
— the shell sac Is seen In section, hut the shell is omitted. 

Eetters in all the ilgurcs ns follows a, cephalic tentacle ; b. head ; c, edge 
of the mantle-skirt or liinlms palllalls ; d, dotted line indlcnting the line of 
origin of tlie free mnntlo.skirt from the sides of the visceral liiimp ; c, outline 
of tlio foot seen through the mantle-skirt In A, which is supposed to ho trans- 
parent, allowing the position of this and of the various parts h, i, k, I, m, to 
ho seen through Its siihstnnco ; /, edge of the shell-follfclo ! g, the shell ; h, 
the osphiadlum, paired (Bpongel's olfactory organ) ; f, the ctcnidliiin, paired 
(glll-piuinc) ! k, aperture of the gonad, paired ; 1, aperture of one of the tw o 
nephrldla ; m, anus ; ti, posterior region of the foot reaching farther hack 
than tile mass of viscera (dorsal hump) which it carries ; o, mouth ; p, plantar 
surface of the foot ; n, cut edge of the hody-wall of the dorsal region ; r, 
cffilomic space (Idood-lymph sjiace or hody-cnvlty), mostly oeou])Ied by liver, 
hut to some extent retained ns hlood-chnnnels and lacume; s, poricartlini 
cavity ; (, gonad (ovary or sjiennary), paired ; ii, ncphridluin, paired ; v, ven- 
tricle of the heart receiving the right and the left auricles at Its sides, and 
sending off anteriorly a large vessel, posteriorly a small one ; w, the cephalic 
eye, paired ; x, dotted ring to show the position occupied by the ocsopliagiis 
in relation to tho nerve wnglla and cords ; y, the otocyst paired ; a.i, the 
digestive gland (so-called "liver") of tho left side ; z.g, duct of tho dlgcstlvo 
gland of the riglit side ; g.c, ccrehral ganglion united hy tho cerehrnl com- 
jnlssuro to its fellow ; g.yl, pleural ganglion united hy the cerchro-ploural 
connective to the ccrehral ganglion, and hy tho pleuro-pedal conncclivo to 
tho pedal ganglion ; g.jv, the pedal ganglion united to its fellow hy tho pedal 
commissure— tho two sending oil jioatoriorly tho long laddcr-liko jialr of pedal 
nerves ; g.v, tho visceral ganglion (of tho left side) united hy tho visceral 
loop or cornmlssuro to tho similar ganglion on tho right side, and hy tho 
vlseoro-plcural conncctlvo to tho pleural ganglion ; g.ab, ahdomlnal ganglion 
developed on the course of tho visceral loop ; g.olf, olfactorj' ganglion placed 
near the osphrndlum on a nerve taking Its origin from tho visceral ganglion. 

type, in the sense which has boon attributed to that word, 
nor as tho embodiment of an idea present to a creating mind, 
nor even as an epitome of developmental laws. Were know- 
ledge sufficient, we should wish to make this schematic 
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Mollusc the representation of tho ac'tual Molliiscan ancestor 
from winch the various living forms hove sprung. To defi- 
nitely claim for our schematic form any such significance 
in the jiiesont state of knowledge would ho premature, 
hut it may bo taken ns more or less coinciding with what 
we are justified, under present conditions, in picturing to 
ourselves as the original hlollusc or archi-Mollusc (more 
correctly Archimalakion). After describing this schematic 
form, we_ shall 2 irocDed to show how far it is realized or 
justified in each class and order of Mollusca successively, 

Tho schematic Mollusc (fig. 1, A to E) is oblong in 
.shape, bilaterally symmetrical, with strongly difforentiatod 
dorsal and ventral surface, and has a well-marked dead, 
consisting (if tho prostomium (b) and tho region imme- 
diately behind tho mouth. Upon the head wo place n 
pair of_ short cepiialio tentacles (a). Tho moiM is 
jilacod in tho median lino anteriorly, and is overhung by 
the prostomium (B, o) ; tho anns is jilaced in tlie nieclinn 
line posteriorly, well raised on tho dorsal .surface (A, ?«). 
Tho apertures of a pair of NiiPuniDiA are seen in tho 
neighbourhood of the anus right and left (A, /). Near 
tho ncjihridial apertures, and in front of them, right and 
loft, are tho pair of apertures (/•;) appropriate to the ducts 
of tho GONADS (generative iioros). 

The most permanent and distinctive hlolluscan organ 
is the FOOT (Podium). Tins is formed by an excessive 
development of the somatic musculature along tho ventral 
surface, distinctly ceasing at tho region of tho head, below 
wliich it suddenly projects ns a powerful muscular mns.s 
(B, p ; E, p). It may be compared, and is probably genetic- 
ally identical, with tho muscular ventral surface of tho 
PJanorians and with tho suckers of Tremntoda, but is more 
extensively developed than are those corresponding struc- 
tures. The muscular tissue of tho foot, and of all other 
parts of tho body of all Mollusca, is cellular and unstriated, 
as distinguished from tho composite muscular fibre (con- 
sisting of cell-fusions instead of separable cells) which 
occurs in Arthropoda and in Vertobratn, and which has 
the further distinction of being composed of alternating 
bands of substance of differing refractive power (hence 
“striated”). Tho appearance of cross striation seen in 
tho muscular cells of some Molluscs (odontophorc of 
Ilaliotis, Patella, <l’c.) requires further investigation. It 
is by no means altogotlior tho same thing as the mark- 
ing characteristic of striated muscular fibre. 

Contrasting vrith tho ventral foot is the thin -walled 
dorsal region of tho body, which may be termed tho anti- 
podial region, Tliis thin-walled region is formed by soft 
viscera covered in by the comparatively delicate and non- 
ranscular body-wall (fig. 1, E). As the ventral foot is 
clearly separate from tho projecting head, so is this dorsal 
region, and it is conveniently spoken of ns tho visceual 
iiDMp or “ dome ” (cupola). Protecting tho visceral dome 
is a shell (conchylium) consisting of a horny basis impreg- 
nated with carbonate of lime,* and secreted by the deric 
eijithelium of this region of tho body (y). Tho shell 
in our schematic Mollusc is single, cap-shaped, and sym- 
metrical. It does not lie entirely naked upon the surface 
of the visceral dome, hut is embedded all round its margin, 
to a largo extent in tho body-wall. In fact, tho integu- 
ment' of tho visceral dome forms an open flattened sac 
in which tho shell lies. This is the ritiMAHY siiell- 
8 AC, or FOLLICLE (A and E, /). Tho wall of tho body pro- 
jects all round tho visceral dome in thO/ form of a ila]) or 
skirt, so as to overhang and conceal to some extent the 
head and tho sides of tho foot. This skirt, really an out- 

^ As to the mimito slnicturo of tho shell in Mirious classes, see 
Carpenter’s article “Slieil" in tho Cj/claj>. of Amt. ami Physiol. 0110 
limits of onr space do not permit ns to deal nilh tliis or otlicr liisto- 
logical topics. 
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the mouth, just as the pedal ganglia are behind it. The 
Tight and left pedal ganglia are joined by transverse cords 
to the right and left visceral cords respectively, the point, 
of union being marked on either side by a swelling (g.jil) 
known as the pleural ganglion. The visceral nerve-cord 
can also be traced up on each side beyond the pleural 
ganglion to the cerebral ganglion. Thus we have a 
nearly complete double nerve-ring formed around the oeso- 
phagus by the two pairs of nerve-cords which are in this 
region drawn, as it were, towards each other and away 
from their lateral position both behind and before the 
stomodteal invagination. Whilst the swollen parts of the 
nerve-tracts are termed ganglia, the connecting cords 
are conveniently distinguished either as connectives or as 
commissures. Commissmes connect two ganglia of the 
same pair We have a cerebral commissure, a pedal com- 
missure and a msceral commissure. Connectives connect 
ganglia of dissimilar pairs, and we speak accordingly of 
the cerebro-pedal connective, the cerebro-pleural con- 
nective, the pleuro -pedal connective, and the viscero- 
pleural connective. 

An EOTERic LTmvoTJS SYSTEM forming a plexus on the 
walls of the alimentary canal exists, but does not exliibit 
cords and ganglia visible to the naked eye except in the 
large Dibranchiate Cephalopods. 

Our schematic JIollusc is provided with certain organs 
OF SPECIAL SENSE. Tactile organs occur on the head in the 
form of short cephalic tentacles (a). Deeply placed are 
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material to a greater or less extent. Those cases which 
appear to be most typical— that is to say, which adhere to a 



MOLLUSCA 



Fro. 3.— Development of the Pond-Snail, Limnmis stajnalis (after Lankester, 
15). Sc, directive corpuscles (pnEsemuial outcast cells); ch, epg-cnvelope 
or ctiorion ; or, oral end of tlie tlastopore ; r, anal end of the blastopore. 
A. Formation of the Diblastula by the invagmation of larger cells into the 
area of smaller cells (optical section). B. Vien-of the same specimen from 
the surface of invagination ; the smaller cells are seen at the periphery ; by 
division they iiill multiply and evtend themselves over the four larger cells. 
C. FuUv-forined Diblastula, surface vieir to slioiv the elongated form of the 
orifice o'f invagination or blastopore ; Its middle portion closes up and com- 
cides with the region of the foot ; the extremity, or, coincides with the month 
and stomodajnm, the opposite extremity, r, with the anus. D. Optical section 
of an embryo a little olderthan A. E. Surface view of the same embryo. 

a pair of closed vesicles containing each a calcareous con- 
cretion and acting as auditory organs ; these are known as 
ocTOCYSTS (D, y). They are situated behind the mouth 
in the foremost portion of the foot. At the base of each 
cephalic tentacle is a pigmented eye-spot — the cephalic 
EYE (D, to). The OSPHRADIDM {h), or peculiar patch of 
olfactory epithelium at the base of the ctenidium, has 
already been mentioned. 

To the scheme thus exhibited of the possible organization 
of the ancestral Mollusc we shall now add a sketch of 
the mode in which this form of body and series of internal 
organs are developed from the egg. 

The egg-cell of Mollusca is either free from food material 
— a simple protoplasmic corpuscle — or charged with food 


procedure which was probably common at one time to all 
then existing Mollusca, and which has been departed from 
A B C 



Fig. 5.— Early stages of dirision of the fertilized egg-cell in ^assa milaUlis 
(from Balfour, after Bobrctzky). A. The egg-cell has dii-itled into two 
spheres, of which the lower contains more food*inatenal, whilst the 
again incompletely divided into two smaller spheres. Bestinp on the dii id* 
ing upper sphere are the eight-shaped “directue corpuscles," hetter callwl 
“prteseininal ontcast cells or apoblasts,” since they are the result of a ccll- 
diiision which affects the egg-cell before it is impregnated, and are mem 
refuse, destined to disappear. 33. One of tlie two smaller sT*licres is reunited 
to the larger sphere. C. The single small sphere has divided into two, and 
the reunited mass lias divided into two, of which one is ohlong and practi- 
cally double, as in B. B. Each of the four segment-cells gives rise hy diu- 
Sion to a small pellucid cell. E. Tlie cap of small cells has IncreasM In 
number by repeat^ formatton of pellucid cells in the same w*ay, and b> 
diWsion of those first formed. The cap ■will spread over and enclose the four 
segment-cells, as in fig. 3, A, B. 

3nly in later and special lines of descent — sliow approxi- 
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the mouth, just as the pedal ganglia are behind it. The 
right and left pedal ganglia are joined by transverse cords 
to the right and left visceral cords respectively, the point, 
of union being marked on either side by a swelling {g.pl) 
known as the pleural ganglion. The visceral nerve-cord 
can also be traced up- on each side beyond the pleural 
ganglion to the cerebral ganglion. Thus we have a 
nearly complete double nerve-ring formed around the oeso- 
phagus by the two pairs of nerve-cords which are in this 
region drawn, as it were, towards each other and away 
from their lateral position both behind and before the 
stomodteal invagination. Whilst the swollen parts of the 
nerve-tracts are termed ganglia, the connecting cords 
are conveniently distinguished either as connectives or as 
commissures. Commissures connect two ganglia of the 
same pair We have a cerebral commissure, a pedal com- 
missure and a risceral commissure. Connectives connect 
ganglia of dissimilar pairs, and we speak accordingly of 
the cerebro-pedal connective, the cerebro-pleural con- 
nective, the pleuro-pedal connective, and the viscero- 
pleural connective. 

An ENTERIC N-ERVOTJS SYSTEM forming a plexus on the 
walls of the alimentary canal exists, but does not exlnbit 
cords and ganglia visible to the naked eye except in the 
large Dibranchiate Cephalopods. 

Our schematic Mollusc is provided with certain organs 
OF sPECiACi SENSE. Tactile organs occur on the head in the 
form of short cephaltc tentacles (a). Deeply placed are 
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material to a greater or less extent. Those cases which 
appear to be most typical— that is to say, which adhere to a 



Fio. 4.— Development of the Pond-Snail, Zimnievs etagnaUs (after Lankester, 
15). r, directive corpuscle : hi, blastopore ; tn, endodenn or enteric cell 
layer ; ec, ectoderm or deric cell-layer ; v, velum ; m, mouth ; /, foot ; /, ten- 
tecles ; /p, pore in the foot (belonging to the pedal gland T) ; mf, the mantle- 
flap or limbus pallialis ; ih, the shell ; I, the sub-pallial space, here destined 
to become the lung. A. First four cells resulting from the cleavage of the 
original egg-cell. B. Side riew of the same. C. Diblastnla stage (see fig. 3), 
shoning the two cell-layers and the blastopore. D, E, F. Trochosjmere 
stage, D older than E or F. G. Three-quarter view of a Diblastula, to show 
the orifice of invnginatioD of the endoderm or blastopore, W. B, I. Veliger 
stage later than D. (Compare fig. 70 and fig. 72***). 
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Fig. 3. — Development of the Potid*Snail, Limnfvus sta^jnalis (after Lankester, 
1^. dCj directiv'e corpuscles (pnEseminal outcast cells); ch, epg-envelope 
or chorion ; or, oral end of the blastopore ; r, anal end of the blastopore, 
A, Formation of the Diblastula by the im*3g:matiou of larger cells into the 
area of smaller cells (optical section). B. View of the same specimen from 
the surface of im'agination ; the smaller cells are seen at the periphery ; by 
division they w’ill multiply and extend themselves over the four larger cells. 
C. FuUy-fonned Diblastula, surface vieTr to show the elongated form of the 
orifice o*f im-agination or blastopore ; its middle portion closes up and coin- 
cides with the region of the foot ; the extremity, or, coincides with the month 
and stomodjcum, the opposite extremity, r, with the anus. D. Optical section 
of an embryo a little older than A. E, Surface view of the same embryo. 

a pair of closed vesicles containing each a calcareous con- 
cretion and acting as auditory organs ; these are known as 
ocrrocYSTS (D, y). They are situated behind the mouth 
in the foremost portion of the foot. At the base of each 
cephalic tentacle is a pigmented eye-spot — the cephalic 
EYE (D, w). The osPHRADiiiM (h), or peculiar patch of 
olfactory epithelium at the base of the ctenidium, has 
already been mentioned. 

To the scheme thus exhibited of the possible organization 
of the ancestral Mollusc we shall now add a sketch of 
the mode in which this form of body and series of internal 
organs are developed from the egg. 

The egg-cell of Mollusca is either free from food material 
— a simple protoplasmic corpuscle — or charged with food 


procedure which was probably common at one time to all 
then existing Mollusca, and which has been departed from 



Fig. 5.— Early stages of dinsion of the fertilized egg-cell in inutahShs 

(from Balfour, after Bobretzky). A The epg-cell has dhified into two 
spheres, of which the lower contains more food-material, whjlst tne upwns 
again incompletely divided into two smaller spheres. Besting on the divid- 
ing upper sphere are the eight-shaped “directive corpuscles," better callwl 
“prteseininal outcast cells or apoblasts,” since they are the result of a cell- 
division which affects the egg-cell before it is impregnatcfl, and ore 
refuse, destined to disappear. B. One of tlietwo smaller sidic^s i.s reunited 
to the larger sphere. C. The single small sphere has divided into two, and 
the reunited mass lias divided into two, of which one is oblong and praetj- 
cally double, as in B. D. Each of the four segment-cells gives rise by divi- 
sion to a small pellucid cell. E. Tlie cap of small cells has IncreaxM in 
number by repeated formation of pelincid cells in the same w*ay, and hi 
diWsion of those first formed. The cap -will spread over and enclose the four 
segment-cells, as in fig. 3, A, B. 

only in later and special lines of descent — show approxi- 
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B), m an eqnatorial position. As growtli proceeds, one 
fcemispliere remains relatively small, the other elongates and 
enlarges. Both month and anus are placed in the larger 
area ; the smaller area is the prostomium simply ; the cili- 
ated band is therefore in front of the month. The larval 
form thus produced is kno-wn- as the Trochosphere. It 
exactly agrees Tvith the larval form of many Chsetopod 
Tvorms and other Coelomata, ilost remarkable is its 
agreement vrith the adult form of the IVheel animalcules 
or Eotifera, tvhich retain the prm-oral ciliated band as then- 
chief organ of locomotion and prehension throughout life. 
So far the young Mollusc has not reached a definitely 
Molluscan stage of development, being only in a condition 
common to it and other Coelomata. It now passes to the 
veliger phase, a definitely MoUnscan form, in vrhich the 
disproportion between the area in front of the ciliated 
circlet and that behind it is very greatly increased, so 
that the former is now simply an emarginated region of 
the head fringed with cilia (fig. 8 ; fig. 6, F ; fig. 7, F ; 
and fig. 60, A). It is termed the “ velum," and is fre- 
quently drawn oat into lobes and processes. As in the 
Botifera, it serves the veliger larva as an organ of loco- 
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Fig. Velfrer** tmtirroais fom of 3foIIiisca (tom f, velnm; 

c, doxs cependsnt xantlfe-skirt : y, foot ; f, cephalic tentades ; 

c-p, operctilcx- ^ Earlier, ard B, later. Veliger of s GcstropcxL Vexi- 
ger of 2 Pteropod sho»ricg; lobe-like processes of the velara and the great 
joireii ontrroTrths of the foot- 

motion. In a very few Molluscs, but notably in the Com- 
mon Pond-Snail, the emarginated bUobed velum is re- 
tained in foil proportions in adult life (fig. 70), having 
lost its marginal fringe of specially long cilia and its 
locomotor function. The body of the Yeliger is char- 
acteriaed hy the development of the visceral hump on 
one surface, and hy that of the foot on the other. Growth 
is greater in the vertical dorso-ventral axis than in the 
lonsitudinal oro-anal axis ; consequently the foot is rela- 
tively small and projects as a blunt process between mouth 
and anus, which are not widely distant from one another, 
whilst the antipedal area projects in the form of a great 
hump or dome. In the centre of this antipedal area there 
has appeared (often at a very early period) a gland-li^ 
depression or follicle of the integument (fig. 6, C, sh : fig. i , 
E, F, ; fig, 60, B : fig. 68, shs ; fig. _ Th^ is 

the primitive shell-sac discovered by Lankester (18) m li>< 1, 
and shown by him to precede the development of the perma- 
nent shell in a variety of Molluscan types. The cavity of 
this small sac becomes filled by a homy substance, and then 
it verv usually disappears, whilst a delicate sheik commenc- 
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ing from thfr spot as a centre, forms and spreads upon the 
surface of the visceral dome. 

The embryonic sheU-sac or sheU-gland represents in a' 
transient form, in the individual development of most 
Mollusca, that condition of the shell-forming area which 
we have sketched above in the schematic Mollusc. In 
very few instances (in Chiton, and prohahlv in limax), as 
we shall see below, the primitive shell-sac is retained and 
enlarged as the permanent shell-forming area. It is sup- 
planted in other MoUnscs by a secondary shell-forming 
area, namely, that afibrded by the free 'surface of the 
visceral hump, the shell-forming activity of which extends 
even to the surface of the depending mantle-skirt. Accord- 
ingly, in most Mollusca the primitive shell is represented 
only by the homy plug of the primitive shell-sac. The 
permanent shell is a new formation on a new area, and 
should he distinguished as a secondary shell. 

The ctenidia, it wiU be observed, have not yet been 
mentioned, and they are indeed the last of the charac- 
teristic Molluscan organs to make their appearance. Their 
possible relation to the prs-oral and post-oral ciliated bands 
of embryos similar to the Trochosphere are discussed by 
the writer in the Quart. Jour. Micr. Set., voL xvjL p. 
423, The Yeliger, as soon as its shell begins to assume 
definite shape, is no longer of a form common to various 
classes of Mollusca, hut acquires characters peculiar to its 
class. At this point, therefore, we shall for the present 
leave it. 

STSTEilATIC EEVIEW OF THE CLASSES AXD OeDEES OF 

Mollusca. 

YTe are now in a position to pass ^stematically in 
review the various groups of Mollusca, showing in what 
way they conform to the orgarmation of qur schematic 
Mollusc, and in what special ways they have modified or 
even suppressed parts present in it, or phases in the repre- 
sentative embryonic history which has just been sketched. 
It will be found that the foot, the sheik the mantle-skirt, 
and the ctenidia, undergo the most remarkable changes of 
form and proportionate development in the various classes 
— changes which are correlated with extreme changes and 
elaboration in the respective functions of those parts. 

Division of the Phylum into two Branches . — ^The MoUusca 
are sharply divided into two great lines of descent or 
branches, according as the prostomial region is atrophied 
on the one hand, or largely developed on the other. 

The probabilities are in favour of any ancestral form — 
the hypothetical archi-MoUosc which connected the Mol- 
lusca with their non-MoUuscan forefathers — havmg pos- 
sessed, as do aU the more primitive forms of Cmlomata. a 
well-marked prostomium, and consequently a head. The 
one series of Mollusca descended from the primitive head- 
bearing MoUnscs have acquired an organization in which 
the MoUuscan characteristics have become modified in 
definite relation to a sessile inactive life. As the most 
prominent result of the adaptation to such sessile life they 
exhibit an atrophy of the cephalic region. They form the 
branch ltpocephala — the mussels, oysters, cockles, and 
clams. The other series have retained an active, in many 
cases a highly aggressive, mode of life ; they have, corre- 
spondingly, not only retained a weU-developed head, but 
have developed a special aggressive organ in connexion 
with the mouth, which, on account of its remarkable nature 
and the peculiarities of the details of its mechanism, serves 
to indicate a very close genetic connexion between aU such 
animals as possess it. This remarkable organ is the odon- 
tophore, consisting of a lingual ribbon, rasp, or radula, 
with its cushion and muscles. On account of the pos- 
session of this organ this great branch of the MoUuscan 
phylum may be best designated glossophoea. Any term 
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B), m an eqnatorial position. As growtli proceeds, one 
fcemispliere remains relatively small, the other elongates and 
enlarges. Both month and anus are placed in the larger 
area ; the smaller area is the prostomium simply ; the cili- 
ated band is therefore in front of the month. The larval 
form thus produced is kno-wn- as the Trochosphere. It 
exactly agrees ■with the larval form of many Chstopod 
worms and other Coelomata, ilost remarkable is its 
agreement with the adult form of the IVheel animalcules 
or Eotifera, which retain the prm-oral ciliated band as then- 
chief organ of locomotion and prehension throughout life. 
So far the young Mollusc has not reached a definitely 
MoUuscan stage of development, being only in a condition 
common to it and other Coelomata. It now passes to the 
veliger phase, a definitely MoUuscan form, in which the 
disproportion between the area in front of the ciliated 
circlet and that behind it is very greatly increased, so 
that the former is now simply an emaiginated region of 
the head fringed with cilia (fig. 8 ; fig. 6, F ; fig. 7, F ; 
and fig. 60, A). It is termed the “ velum,*’ and is fre- 
quently drawn out into lobes and processes. As in the 
Botifera, it serves the veliger larva as an organ of loco- 
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Fig. a— ‘‘VcErer- 

CT, ot'ercolcn- A. Earli^, and B, later. Veliger of a Gastropo^ Veu- 
ger of a Pteropod sho»ric^ lobe-like proces’'** of tie Tela^s and i— c ^reaw 
joire'i ontgroTsths of the foot- 

inotion- In a very few Mollnscs, but notably in the Com- 
mon Pond-Snail, the emarginated bUobed velum is re- 
tained in fall proportions in adult life (fig. JO), having 
lost its marginal fringe of specially long cilia and its 
locomotor function. The body of the Yeliger is char- 
acterized hy the development of the visceral hump on 
one surface, and hy that of the foot on the other. Growth 
is greater in the vertical dorso-ventral axis than in the 
longitudinal oro-anal axis ; consequently the foot is 
tively small and projects as a blunt process between mouth 
and anus, which are not widely distant from one another, 
whilst the antipodal area projects in the form of a 
hump or dome. In the centre of this anripedal there 
has appeared (often at a very early period) a gland-like 
depression or follicle of the integument (fig. 6, C. sL G 
E, F, ; fig, 60, B : fig. 68, f^s : fig. , Tim is 

the primitive shell-sac discovered by Lankester (18) m tis < 1, 
and shown bv him to precede the development of the perma- 
nent shell in a variety of ilolluscan types. The 
this small sac becomes filled by a homy substan*^ and then 
it very usually disappears, whilst a delicate shelL commenc- 


[ ing from this s^t as a centre, forms and spreads upon the 
I surface of the visceral dome. 

j The embryonic sheU-sac or sheU-gland represents in a' 
j te^ent form, in Ae individual development of most 
i ilollusca, that condition of the diell-forming area which 
we have sketched above in the schematic Mollusc. In 
very few instances (in Chiton, and probably in limax), as 
we shall see below, the primitive shell-sac is retained and 
enlarged as the permanent shell-forming area. It is sup- 
planted in other Molluscs by a secondary shell-forming 
area, namely, that afibrded by the free surface of the 
visceral hump, the shell-forming activity of which extends 
even to the surface of the depending mantle-skirt. Accord- 
ingly, in most Mollusca the primitive shell is represented 
only by the homy plug of the primitive sheU-sac, The 
permanent shell is a new formation on a new area, and 
should he distinguished as a secondary shell. 

The ctenidia, it wiU be observed, have not yet been 
mentioned, and they are indeed the last of the charac- 
teristic MoUuscan organs to make their appearance. Their 
possible relation to the pus-oral and post-oral ciliated bands 
of embryos similar to tbe Trochosphere are discussed by 
the writer in the Quart. Jour. Micr. Set., voL xvjL p. 
423. The Yeliger, as soon as its shell begins to assume 
definite shape, is no longer of a form common to various 
classes of Mollusca, hut acquires characters peculiar to its 
class. At this point, therefore, we shall for the present 
leave it. 

Systematic Eeview of the Classes axd Opjjees of 
Mollusca. 

YTe are now in a position to pass ^stematically in 
review the various groups of Mollusca, showing in what 
■way they conform to the organization of our schematic 
Mollusc, and in what special ways they have modified or 
even suppressed parts present in it, or phases in the repre- 
sentative embryonic history which has just been sketched. 
It -svill be found that the foot, the sheik the mantle-skirt, 
and the ctenidia, undergo the most remarkable changes of 
form and proportionate development in the various classes 
— changes ■which are correlated rrith extreme changes and 
elaboration in the respective functions of those parts. 

Division of the Phylum info tico Brunches. — ^The Mollusca 
are sharply divided into two great lines of descent or 
branches, according as the prostomial region is atrophied 
on the one hand, or largely developed on the other. 

The probabilities are in favour of any ancestral form — 
the hypothetieal archi-MoUusc which connected the Mol- 
Insca vrith their non-MoUuscan forefathers — havmg pos- 
sessed, as do aU the more primitive forms of Ccelomata. a 
well-marked prostomium, and consequently a head. The 
one series of Mollusca descended from the primitive head- 
hearing MoUuscs have acquired an organization in •which 
the MoUuscan characteristics have become modified in 
definite relation to a sessile inactive life. As the most 
prominent result of the adaptation to such sessile life they 
exhibit an atrophy of the cephalic region. They form the 
branch lipocephala — the mussels, oysters, cockles, and 
clams. The other series have retained an active, in many 
cases a highly aggressive, mode of life : they have, corre- 
spondingly, not only retained a weU-developed head, but 
have developed a special aggressive organ in connexion 
■with the mouth, which, on account of its remarkable nature 
and the peculiarities of the details of its mechanism, serves 
to indicate a veiy close genetic connexion between aU such 
animals as possess it. This remarkable organ is the odon- 
tophore, consisting of a lingual ribbon, rasp, or radula, 
-with its cushion and mnscles. On account of the pos- 
session of tbi'g organ this great branch of the MoUuscan 
phylum may be best designated glossophofo.. Any term 
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1.0.1, tlie central tootli being absent and the lateral teeth 
peculiarly long and connected mtli muscles. The term 
Ptenoglossa (fig. 9, D) is ap^jlied to those Glossophora 
in wJiich the radula presents no median tooth, but an 
indefinite and large number of admedian teeth, giving 
the formula x.O.x. ' When the admedian teeth are inde- 
finite (forty to fifty), and a median tooth is present, the 
term Myriaglossa is applied (formula, x.l.x). It must be 
understood that the pieces or teeth thus formulated may 
themselves vary much in form, being either flat idates, or 
denticulated, hooked, or spine-like bodies. We shall revert 
to the terms thus e.xplained in the systematic descriptions 
of the groups of Glossophora. 

The muscular develojmient in connexion "with the whole 
buccal mass, and with each part of the radular apparatus, 
is exceedingly complicated, — as many as twenty distinct 
muscles having been enumerated in connexion -with this 
organ. In addition to the radula, and correlated rvith its 
development, we find almost universally present in the 
Glossophora a pair of horny jaws (usually calcified) de- 
veloped as cuticular productions upon the epidermis of the 
lips (fig. 9, A, d). The radula and the shelly jaws of the 
Glossophora enable their possessors not only to voraciously 
attack vegetable food, but the radula is used in some in- 
stances for boring the shells of other Mollusca, and the 
jaws for crushing the shells of Crustacea, and for wound- 
ing even Vertebrata. 

Phylum MOLLUSCA. 

Branch A.—<?Z0SS0rJ70JdJ. 

Characters . — ^Mollusca ivith head-region more or less 
prominently developed ; always provided with a peculiar 
rasping-tongue — the odontophore — rising from the floor of 
the buccal cavity. 

The Glossophora comprise three classes, chiefly distin- 
guished from one another by the modifications of the foot. 

Class L— GASTKOPODA, 

Characters . — Glossoirhora in which (rvith special excep- 
tion of svdmming forms) the foot is simple, median in 
position, and flattened so as to form a broad sole-like sur- 
face, by the contractions of which the animal crawls, often 
divided into three successive regions — the pro-, meso-, and 
meta-podium — ^by lateral constrictions. 

The Gastropoda exhibit two divergent lines of descent 
indicated by the term sub-class (see p. 649). 
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calcified spines and knobs are frequently developed. Tlie 
ctenidia are of the typical form, small in size and meta- 
mencally repeated along the sides of the body to the 



Fio. 10. Tlitce views of Cliiton. A Dorsal view of Chiton iVosnesscnhsii. 
Mi(W., shomng the eight shells. (After Jlidclendorf.) B. View from the 
pedal surface of a species of Chiton from the Indian Ocean, p, foot; o, 
mouth (at the other end of the foot is seen the anus raised on a papilla) ; It, 
oral fringe ; hr, the numerous ctenidia (branchial plumes) ; spreading beyond 
these, and all round the animal, is the mantle-skirt. (After Cuvier.) C. Ihe 
same species of Cliiton, with the shells removed and the dorsal integument 
reflected, h, bucc.al mass ; m, retractor muscles of the buccal mass ; or, 
ovary ; cd, oviduct ; i, coils of intestines ; no, aorta ; o', left auricle ; c, 
ventricle. 

number of sixteen or more; an osphradium or area of 
“ olfactory epithelium ” (Spengel) is found at the base of 
each ctenidium. The other organs are not subject to 
metameric repetition. The odontophore is highly devel- 
oped ; the teeth of the lingual ribbon are varied in form, — 
several in each transverse row (fig. 9, E). Paired genital 
ducts distinct from the paired nephridia are present. 

The order Polyplacophora contains but one family, the 
Ghitonidee, ivith the genera; Chiton, Lin. (figs. 10, 15, Ac.); 
Cryptoclviton, Midd., 1847 ; and Cryptoplax ( = Chitonelhis), 
Blainv., 1818, 

Order 2. — NeomeniEB. 

Characters. — Gastropoda Isopleura devoid of a shell, 
which is replaced by innumerable microscopic calcified 
plates or spicules set in the dorsal epidermis ; mantle-flap 
not lateral, but reduced to a small collar surrounding the 
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SuMass 1.— GASTEOPODA ISOPLEUEA. 

Characters . — Gastropoda in which not only the head 
and foot but also the visceral dome ■ndth its contents and 
the mantle retain the primitive bilateral symmetry of 
the archi-Mollusc. The anus retains its position in the 
median line at the posterior end of the body. The whole 
visceral mass together with the foot is elongated, so that 
the axis joining mouth and anus is relatively long, whilst 
the dorso-pedal axis at right angles to it is short. The 
CTENIDIA, the NEPHRIDIA, GENITAL DUCTS, and CIRCULA- 
TORY ORGANS are paired and bilaterally symmetrical. The 
pedal and visceral nerve-coeds are straight, parallel with 
one another, and all extend the whole length of the body ; 
the ganglionic enlargements are feebly or not at all deve- 
loped. The Isopleura comprise three orders. 

Order 1. — Polyplacophora (the Chitons). 

Characters . — Gastropoda Isopleura with a metameric re- 
petition of the shell to the number of eight. The shells of 
the primitive type are partially or wholly concealed in shell- 
sacs comparable to the single embryonic shell-sac of other 
Mollusca. On the surface of the mantle^flap numerous 


Fio. ll.—I^eonenia cari7iata, Tullberg (after Tnllberg). A. Lateral view. B. 
Ventral view. C. Dorsal view. D. Ventral view of a more extended speci- 
men. a, anterior ; h, jiosterior extremity ; c, furrow, in wliich the narrow 
foot is concealed. 

anus; ctenidia represented by a symmetrical group of bran- 
chial filaments on either side of the anus; foot very narrow, 
sunk in a groove; odontophore feebly developed, but the 
radula many-toothed ; gonads placed in the pericardium 
discharging by the nephridia ; no special generative ducts. 

The order Ueomeuiie contains the two genera Neomenia, 
Tullberg {Solenopus, Sara) (fig. ll)j and Proneomenia, 
Hubrecht. 

Order 3. — Chsetoderma. 


Characters. — Gastropoda Isopleura devoid of a 
which is replaced by numerous minute calcareous i - 



Fig 12 .—Chatloderma •nitUlulum, Loven (after Graff). The cephalic cnia.h- 
incnt is to the left, the anal chamber (reduced pallial chamber, ennr.,.nm 
the concealed pair of ctenidia) to the right. 

Standing up like hairs on the surface 
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1.0.1, tlie central tooth being absent and the lateral teeth 
peculiarly long and connected mth muscles. The term 
Ptenoglossa (fig. 9, D) is applied to those Glossophora 
in wJiich the radula presents no median tooth, but ^n 
indefinite and large number of admedian teeth, giving 
the formula x.O.x. ' When the admedian teeth are inde- 
finite (forty to fifty), and a median tooth is present, the 
term Myriaglossa is applied (formula, x.l.x). It must be 
understood that the pieces or teeth thus formulated may 
themselves vary much in form, being either flat 2 )lates, or 
denticulated, hooked, or spine-like bodies. We shall revert 
to the terms thus e.xplained in the systematic descrij)tions 
of the groups of GlossoiAora. 

The muscular develoimient in connexion ndth the whole 
buccal mass, and with each part of the radidar apparatus, 
is exceedinglj' complicated, — as many as twenty distinct 
muscles having been enumerated in connexion -with this 
organ. In addition to the radula, and correlated rvith its 
development, we find almost universally present in the 
Glossophora a pair of horny jaws (usually calcified) de- 
veloped as cuticular productions upon the epidermis of the 
lips (fig. 9, A, b). The radula and the shelly jaws of the 
Glossophora enable their possessors not only to voraciously 
attack vegetable food, but the radula is used in some in- 
stances for boring the shells of other Mollusca, and the 
jaws for crushing the shells of Crustacea, and for wound- 
ing even Vertebrata. 

Phylum lilOLLUSCA. 

Branch A.—GLOSSOrEOJiA. 

Characters . — Mollusca ■\vith head-region more or less 
prominently developed ; always provided with a peculiar 
rasping-tongue — the odontophore — rising from the floor of 
the buccal cavity. 

The Glossophora comprise three classes, chiefly distin- 
guished from one another by the modifications of the foot. 

Class L— GASTKOFODA. 

Characters . — Glossofjhora in which (%vith special excep- 
tion of sudmming forms) the foot is simple, median in 
position, and flattened so as to form a broad sole-like sur- 
face, by the contractions of which the animal crawls, often 
divided into three successive regions — the pro-, meso-, and 
meta-podium — ^by lateral constrictions. 

The Gastropoda exhibit two divergent lines of descent 
indicated by the term sub-class (see p. 649). 


641 


calcified sjunes and knobs are frequently developed. The 
ctenidia are of the typical form, small in size and meta 
mencally repeated along the sides of the body to the 

.. 7 , 



Tlirce views of Cliiton. A Dorsal view of Chiton irosiipsscnJtsii, 
MuW., shomng the eight shells. (After Jiiddendorf.) B. View from the 
pedal surface of a species of Chiton from the Indian Ocean, p, foot; o, 
mouth (at the other end of the foot is seen the anus raised on a papilla) ; It, 
oral fringe; hr, the numerous ctenidia (branchial plumes); spreading beyond 
these, and all round the animal, is the m.antle-skirt. (After Cuvier.) C. The 
same species of Cliiton, with the shells removed and the dorsal integument 
refleeted. h, buec.al mass ; m, retractor muscles of the buccal mass ; or, 
ovary; od, oviduct: h coils of intestines; no, aorta; o', left auricle; c, 
ventricle. 

number of sixteen or more; an osphradium or area of 
“ olfactory epithelium ” (Spengel) is found at the base of 
each ctenidium. The other organs are not subject to 
metameric repetition. The odontophore is highly devel- 
oped; the teeth of the lingual ribbon are varied in form, — 
several in each transverse row (fig. 9, E). Paired genital 
ducts distinct from the paired nephridia are present. 

The order Polyplacophora contains but one family, the 
GMtonidse, Avith the genera; Chiton, Lin. (figs. 10, 15, ic.); 
Cryptochiton, Midd., 1847 ; and Cryptoplax ( = Chitonelhts), 
Blainv., 1818, 

Order 2. — Neomenias. 

Characters . — Gastropoda Isopleura devoid of a shell, 
which is replaced by innumerable microscopic calcified 
plates or spicules set in the dorsal epidermis ; mantle-flap 
not lateral, but reduced to a small collar surrounding the 




Sub:class 1.— GASTEOPODA ISOPLEUKA. 

Characters . — Gastropoda in which not only the head 
and foot but also the visceral dome vuth its contents and 
the mantle retain the primitive bilateral symmetry of 
the archi-Mollusc. The anus retains its position in the 
median line at the posterior end of the body. The whole 
visceral mass together with the foot is elongated, so that 
the axis joining mouth and anus is relatively long, whilst 
the dorso-pedal axis at right angles to it is short. The 
CTENIDIA, the NEPHRIDIA, GENITAL DUCTS, and CIRCULA- 
TORY ORGANS are paired and bilaterally symmetrical. The 
pedal and visceral nerve-coeds are straight, parallel with 
one another, and all extend the whole length of the body ; 
the ganglionic enlargements are feebly or not at all deve- 
loped. The Isopleura comprise three orders. 

Order 1. — Polyplacophora (the Chitons). 

Characters . — Gastropoda Isopleura with a metameric re- 
petition of the shell to the number of eight. The shells of 
the primitive type are partially or wholly concealed in shell- 
sacs comparable to the single embryonic shell-sac of other 
Mollusca. On the surface of the mantle^flap numerous 


Fio. 11.— Neomenia camiaia, Tullberg (after Tnllberg). A. Ijateml view. B. 
Ventral riew. C. Dorsal view. D. Ventral view of a more extended speci- 
men. a, anterior ; posterior extremity ; c, furrow, in wliich the narrow 

foot is concealed. 

anus; ctenidia represented by a symmetrical group of bran- 
chial filaments on either side of the anus; foot very narrow, 
sunk in a groove; odontophore feebly developed, but the 
radula many-toothed ; gonads placed in the pericardium 
discharging by the nephridia ; no special generative ducts. 

The order Neomenice contains the two genera Neomenia, 
Tullberg (Solenopus, Sars) (fig. 11); and Froneomenia, 
Hubrecht. 

Order 3. — Chffitoderma. 


G/iaracfers.— Gastropoda Isopleura devoid of a 
which is replaced by numerous minute calcareous ^ . 



Fjc. Vl,—Ch!eloderma niliduhm, Loven (after Graff). The cepliallc enlJ4^ 
ment is to the left, the anal cliambcr (reduced pallial chamber, enn m. 
♦im •nni'r nf* ctpiiidial to the rifrht. 


standing up like hairs on the surface of the body ; bod 
^ XVI. — 8i 
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•nephridia of Conchifera (organ of Bojanus), the internal 
aperture lies near the external From the folded stem of 
±he nephndinm veiy numerous secreting cseca are given ofi^ 
— omitted .in the dia- 
.gram (fig. 14, D), but 
-accurately dranu in 
:fig. 15. The sexes in 
“Chiton are distinct, 
and the ovaiy or testis, 
as the case may be, 

■though lying in and 
filling a chamber of 
■the original coelom, 

•does not discharge into 
the pericardium, but 
las its o'wn ducts, 

■which pass to the ex- 
■terior just in front of 
those of the nephridia 
.(fig. 14, D, y, and fig. 

16). In this respect 
■Chiton is less primi- 
"tive than the other Iso- 
pleura, and even than 
some other Gastropods 
(the Zygobranchia), 
and some Conchifera 
(Spondylus, itc.), -which 
have no special genital 
apertures, but make use 
of the nephridia for 

this purpose. FoChiton I’P’- 15.— Di3s«otion of the renal orgaM (neph- 
^ . j,- 1 ridia) of Chiton aicnlua, after HaUerf Arbdten, 

■dtscrepans, m -wnicn Xool. /nsia., Vienna, 18S2). f, foot; i, edge of 
there are sixteen pairs mange not removed in the front part of 
, ^ the specimen ; s.O; (isophagas ; a/, aims ; gj, 

•of Ctemdia, the orihces genital dnct; ffo, external opening of the same; 

stem of the nephridinm leadmg to no, its 
•of the nephnoia are external apertnre ; nt, reflected 'portion of the 
•coincident -nith the six- nephndial stem ; np, fine cmca of the nephri- 
, . e , • 1 • dium, -which are seen ramifying transversely 

teenth pair of ctenicua, over thewhole innorsnrlaceof the iiedal mns- 

-those of the genital <=“^^rmas3. 

•ducts -with a point bet-ween the thirteenth and fourteenth 
Kdenidia. 

In the Iseomeniae and Chmtodenna the nephridia are 
short and -wide (iV in fig. 14, A, 
B, C), and function as excretory 
ducts for the genital products, the 
gonads being lodged in the long 
pericardium. Tlieir separate or 
united apertures open near the anus 
into the small chamber formed by 
the restriction of the mantle-skirt 
to the immediate neighbourhood of 
the anus. 

The nervous sj'stem of the Gas- 
tropoda Isopleura is represented in 
the diagram fig. 17. In all it is 
important to observe that nen-e- 
ganglion cells are by no means 
limited to special s-u’cllings — the 
ganglia — hut are abundant along 
the -whole course of the four great 
longitudinal trunks. This is a pri- 
mitive character comparable to that 
Tig. Id. — Ovary and ovidncts presented by tbe uerse-cords of he- 
of cf-iton gciiM (after Hal- -^-orms, and of the Arthro- 
ler, for. ctf.). rb, hb, antcnryr , ’ tt- l tcc 

and posterior snspensor of pod Peripatus. Migner cmieren- 

o^’oS)/'a;tiation in other MoUusca leads to 
otGdoct. predominance if not an exclusive 

presence of nerve-fibres in the cord.s, and of nerve-ff an fiton 
cells in the specialized ganglia. The numerous transverse 
•connexions of the pedal nerve-cords in Chiton and Xeo- 
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mema (seen also in Fissurella (fig. 36) and some other 
Gastropods) are comparable to the transverse conne.xions 
of the ventral nerve- 

cords of Chsetopod B 

-worms and Arthro- 
pods. In the abund- 
ance of tbe nervous 
network connected 
-with its longitudinal 
nerve-tracts. Chiton 
appears to retain some- 
thing of the early con- 
dition of the Ccelo- 
mate nervous system 
-when it had the form 
of a sub-epidermic net- 
work or nerve-tunic 
(seen more clearly in 
Planarians and some 
Ifemertines), and-when 
tbe concentration into 
definitely comiiacted 
cords had not set in. 

Ganglia are, bo-w- 
ever, distinguishable 
upon the nervous cords 
of Chiton (fig. 18). The 
cerebral ganglia are 
not distinguishable as 
.such, but a pair of 

buccal ganglia (B in 
fig. 18) are developed 
on t-wo connectives 
-which pass forward 
from the cerebral re- 
gion to tbe great mus- 
cular mass of the 

mouth. These buccal 
ganglia are special de- 
velopments connected 

with the special mns-fio. w.-nia^m^ of ti.onmoiH system 
, r I-L 1' j Isopleora (after Ilnbrecht, cif.). c, c >. 

CUlanty 01 tno lips and tral ganglia; f, fioblingual ganglia; r, 

ndnntonhnrp and nvp (ventral) nerve-cord ; f, \ i'ctral (htoral) i. .. 

oaoniopnore, anu are poet-anal junction of tlir n . 

found in all Glo.sso- ncn-e-conla. A. Proneonienia. H. Xcoineii 
X. I . J. • C. Clixtoilernia. D. Chiton. 

phora, but not in the 

Lipocephala. Such special ganglia related to s[ ’ 
organs (and not introduced in our schematic Jlollusc, i'", 

1) we find in connexion -tvit 
the siphons of the Lipoc. 
phala, and in various pos 
tions upon the visceral nci v 
cords of other Mollusca, he 
Glossopbora and Lipoccjhal 
A pair of pedal ganglia ’ 
little developed (pin fig. 18 
and a special grouj) of sn 
lingual ganglia are jircsent 
Cliiton. On the whole, ♦' 
nervous system of the 1. 
pleura is exceedingly sim] 
and archaic, whilst it doe-s .. 
well serve as a type p 

Fro. 18.— Anterior jart of the nervon^ which tO compare that 
systemofCSitoncm'rfiij, in more de- other MollUSCa On aCCOlint 

small amount of concr 

cerned rvitli the odontophore) ; C, tj-^j^Jon of if-S ncrve-ganulh 
cerebral nerve-mass; P, pedal pm- . J” 

glion and cornmcnccnient of p^lal cells into ganglia, -SllCil as 
nerve-cord; ph visceral nen-e-^ni. j- ^ j] developed in 0*1 
The subliDg^l ganglia are not let- ^ i 

tcred. fonn.“. 

The development of iseonienia and Cli:cto<lemia n- 
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■nephridia of Conchifera (organ of Bojanus), the internal 
aperture lies near the external From the folded stem of 
the nephridinm veiy numerous secreting cjEca are given off; 
— omitted .in the dia- 
.gram (fig. 14, D), but 
-accurately dranu in 
hg. 15. The sexes in 
•Chiton are distinct, 
and the ovaiy or testis, 
as the case may be, 

■though lying in and 
filling a chamber of 
-the original coelom, 

•does not discharge into 
the pericardium, but 
las its o-wn ducts, 

■which pass to the ex- 
■terior just in front of 
those of the nephridia 
•(fig. 14, D, y, and fig. nk- 
16). Li this respect 
■Chiton is less primi- 
"tive than the other Iso- 
pleura, and even than 
aome other Gastropods 
(the Zygobranchia), 
and some Conchifera 
(Spondylus, <tc.), -which 
have no special genital 
apertures, but make use 
•of the nephridia for 

this purpose, JjaChiton lo.— Dissection of the renal orgaae (neph- 

^ . s- 1 ridia) of Chiton aicniua, after Haller (Arbeiten, 

■aticrepans, in ■wnicn Xool./nstit., Vienna, 18S2). r, foot; 4 edge of 
the mantle not removed in the front part of 
the specimen ; s.o., tesophagus; af, anns; pj, 
genital dnct; po, external opening of the same; 
to, stem of the nephridinm leadmg to no, its 
external apertnre ; nl:, reflected'portion of the 
nephridial stem ; np, line cffica of the nephri- 
dinm, which are seen ramifying transversely 
over thewhole innersnriaceof the iwdal mns- 

•those of the genital 

-ducts "with a point bet'ween the thirteenth and fourteenth 
Kdenidia. 

In the Iseomenise and Chsetoderma the nephridia are 
short and ■wide (iV in fig. 14, A, 
B, C), and function as excretory 
ducts for the genital products, the 
gonads being lodged in the long 
pericardium. Tlieir separate or 
united apertures open near the anns 
into the small chamber formed by 
the restriction of the mantle-skirt 
to the immediate neighbourhood of 
the anus. 

The nervous sj'stem of the Gas- 
tropoda Isopleura is represented in 
the diagram fig. 17. In aU it is 
important to observe that nerve- 
ganglion cells are by no means 
limited to special s'wellings — the 
ganglia — but are abundant along 
the ■whole course of the four great 
longitudinal trunks. This is a pri- 
mitive character comparable to that 
Tig. Id. — Ovarv and oviducts presented by tbe nerve-cords of ^e- 
of Cbiion riciiM (after Hal- jjjgrtine n'orms, and of the Arthro- 

ler, ICK. cil.). rb, M, anterior , -r, - . tt- l r-rr 

and posterior suspensor of pod x eripa,tlLS. idigncr (UiiCrGIl- 

o?’oS);^";tiation in other ilollusca leads to 
or-idnct. predominance if not an exclusive 

presence of nerve-Jibres in the cord.s, and of nerxe-gangbon 
cells in the specialized ganglia. The numerous transverse 
-connexions of the pedal nerve-cords in Chiton and Xeo- 


there are sixteen pairs 
•of ctenidia, the orifices 
•of the nephridia are 
•coincident -with the six- 
teenth pair of ctenidia. 
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menia (seen also in Fissurella (fig. 36) and some other 
Gastropods) are comparable to the transverse conne.xion.s 
of the ventral nerve- 
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cords of Chsetopod 
worms and Arthro- 
pods. In the abund- 
ance of the nervous 
network connected 
■with its longitudinal 
nerve-tracts. Chiton 
appears to retain some- 
thing of the early con- 
dition of the Ccelo- 
mate nervous system 
when it had the form 
of a sub-epidermic net- 
work or nerve-tunic 
(seen more clearly in 
Planarians and some 
Nemertines), and when 
the concentration into 
definitely compacted 
cords had not set in. 

Ganglia are, how- 
ever, distinguishable 
upon the nervous cords 
of Chiton (fig. 18). The 
cerebral ganglia are 
not distinguishable as 
such, but a pair of 

buccal ganglia (B in 
fig. 18) are developed 
on two connectives 
which pass forward 
from the cerebral re- 
gion to the great mus- 
cular mass of the 

mouth. Tliese buccal 
ganglia are special de- 
velopments connected 
with the special mns-fio- n.-Dia^mv of tl.o ncnu.H ■iystvm 

- r Iv 1' j Isoplenra (after Hnbrecht, /nc. eiK). c, c >. 

CUlanty 01 tno lips and tnil ganglia; if fioblingual ganglia; r, 

nrlnntnnhnrp and nvp (ventral) nerve-cord ; f, \ i'ctral (htvral) i. 
OUOIJiOpJiOre, anu are post-anal junction of the n t. . 

found in all Glosso- nene-conla. A. Proneomenia. K. Ncoineii 
■1 . , 1. - C. Clixtotlemuu D. Chiton. 

phora, but not in the 

Lipocephala. Such special ganglia related to s[ ’ 
organs (and not introduced in our schematic JIollusc, 

1) we find in connexion wit 
the siphons of the Lipoc. 
phala, and in various po.'- 
tions upon the visceral nci v 
cords of other Mollusca, he 
Glossopbora and Lipoccjibal 
A pair of pedal ganglia ’ 
little developed (p in fig. 18 
and a special grouj) of sn 
lingual ganglia are jircsent 
Cliiton. On the whole, ♦' 
nervous system of the I. 
pleura is exceedingly sim] 
and archaic, whilst it doc-s 
well serve as a type 

Fro. IS-Anterior iv.rt of the nerven, compare that 

sjsteinofC^if/>Ticrn>'rfUf, in more cle- other MolIuSCfl On UCCOUnt 
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cerchral iterre-mnss; P, pedal pm- . 
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twisted into a figure-of-eight — the Steeptoneuea (fig. 
21). Prohahly the Euthyneura and the Streptonenra 
have developed independently from the ancestral bilater- 
ally symmetrical Gastropods. The escape of the visceral 
nerve-loop from the torsion depends on its having acquired 
a somewhat deeper position and shorter extent, previously 
to the commencement of the phenomenon of torsion, 
in the ancestors of the Euthyneura than in those of 
the Streptonenra. In the ancestral Streptonenra the 
visceral loop was lateral and superficial as in the living 
Isoplenra. 

Branch a. — STREPTONEURA (Spengel, 1881). 

Characters. — Gastropoda Anisopleura in which the 
visceral “loop” (the conterminous visceral nerves) was 
adherent to the body-wall and so shared in the torsion of 
the visceral hump, the right cord crossing above the left 
so as to form a figure-of-eight (see fig. 19). 

The Streptonenra comprise two orders — the Zygo- 
branchia and the Azygobranchia. 

Order 1. — ZygohrancMa. 

Characters. — Streptonenra in which, whilst the visceral 
torsion is very complete so as to bring the anus into the 
middle line anteriorly or nearly so, the atrophy of the 
primitively left-side organs is not carried out. The right 
and left ctenidia, which have now become left and right 
respectively, are of equal size, and are placed symmetrically 
on either side of the neck in the pallial space. Belated 
to them is a simple pair of osphradial patches. Both right 



fiG. 23. — Ilaliotit tuberculntn. t/, tentacular processes Of the mantle. 

(From Qw'en, after CuTicr.) 


and left nephridia are present, the actual right one being 
much larger than the left. iSvo auricles may be present 
right and left of a median ventricle (Haliotis), or only one 
(Patella). The Zygobranchia are further very definitely 
characterized by the archaic character of absence of special 
genital ducts. The generative products escape by the 
larger nephridium. The sexes are distinct, and there is 
no copulatory or other accessory generative apparatus. 
The teeth of the lingual ribbon are highly differentiated 
(Rhipidoglossate). The visceral dome lies close upon the 
oval sucker-like foot, and is coextensive with its prolonga- 
tion in the aboral direction. 

The Zygobranchia comprise three families, arranged in two sub- 
orders. 

Snh-order 1. Clenidiohrandiia. 

Character . — Large paired ctenidia acting as gills. 

Family 1. — Haliolvlm. ■ , . , 

Genera: Ealiolis (Ear-Shell, Ormer in Guernsey); mostly tropical; 
Teinolis. 

Family 2. — Fissurcllidm. 

Genera: FissurclJa, (Key-hole Limpet) (figs. 24, Z6), Emargimila, 
Parmophonm (fig. 25) ; mostly tropical. 

Sub-order 2. Phyllidiohranclda. 

Characters.— CtemtAa. reduced to wart-like papiUre; special sub- 


paUial lamelte, sim^ilar to those of the Opisthobranch Plcuro- 
phyllidia, perform the function of gills 
Family Z.—PatcUidte. 

^ (bimpet, figs. 26, tc.), Kacclla (Bonnet-Limpet), 

_ F urther Remarks on Zygobratichia.—The. Common Limpet 
IS a specially interesting and abundant example of the 
remarkable order Zygobranchia. A complete and accurate 
account of its anatomy has yet to be written. Here we 
have only space for a brief outline. The foot of the 
Limpet is a nearly circular disc of muscular tissue; in 
front, projecting from and 
raised above it, are the head 
and neck (figs. 26, 30). The 
visceral hump forms a low 
conical dome above the sub- 
circular foot, and standing ont 
all round the base of this dome 
so as to completely overlap the 
head and foot, is the circular 
mantle-skirt. The depth of 
free mantle-skirt is greatest in 
front, where the head and neck 
are covered in by it. Upon 
the .surface of the visceral 
dome, and extending to the 
edge of the free mantle-skirt, 
is the conical shell. "When 
the shell is taken away (be.st 
effected by immersion in hot 
water) the surface of the vis- 
ceral dome is found to be 
covered by a black -coloured 
epithelium, which may be re- 
moved, enabling the observer 
to note the position of some 
organs lying below the trans- 
parent integument (fig. 27). 
attaching the foot 
hr 



Fig. 24. — Dorsal aspect of a spccjui' n 
of Fissnrella from winch the shell 
has been removed, wluUt the ante- 
rior area of the mantle-skirt lias 
been longitudinally slit and its sidc^ 
reflected, a, cephalic tentacle; ft* 
foot; Cf left (archaic right) gill 
plume ; e, reflected mantlc*flap ; 
the Cssnre or hole in the mant’ .. • 
traversed by the longitudinal iuO* 
sioa ; f, right (archaic left) ; " • ' 
dinm’s aperture; g, anus; I, 
(archaic right) aperture of ne^hrS 
dinm ; p, snout. (Original.) 

The muscular columns ( ' 
to the shell form a ring incomplete i 
front, external to which is the i 
mantle-skirt. The limits of tb 
large area formed by the flap o. 
the head and neck (ecr) can be traced 
and w'e note the anal papUla she . 
ing through and opening on the rigk 
shoulder, so to speak, of the <■'< 
into the large anterior region of *1 
suh-pallial space. Close to this ■ 
small renal organ (j, mediad) and * 
larger renal organ (k, to the n'^ 
and posteriorly) are seen, also 
pericardium (t) and a coil of the i 
testine (int) embedded in the > 
pact liver. 

On cutting away the anterior ; < 
of the mantle-skirt so as to exp. 
the snb-pallial chamber in the regi> 
of the neck, we find the right 
left renal papilla; (discovered by T ■ 
^T™’^lTe'’?Si'sS%"kester(27) in 1867) on either .• 
month; T, cephalic ten- the anal papilla (fig. 28), but uo g 
tacle; br, one of the two 

sjuimetrical gills placed on If 3* Similar GXHJTUIltltlOn DG *' 

the neck. (Original.) the allied gcnus Fissurclla ( 

24, d), we find right and left of the two renal apei ■ « 
a right and left gill-plume or ctenidium, which by k 
presence here and in Haliotis furnish the distinctive el 
acter to which the name Zygobranchia refers. In Pa * 
no such plumes exist, but right and left of the neck 
seen a pair of minute oblong yellow bodies (fig. 28,^ 
which were originally described by Lankester as . ■■ 
possibly connected with the evacuation of the 
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twisted into a figure-of-eight — the Steeptoitetjea (fig. 
21). Prohahly the Euthyneura and the Streptonenra 
have developed independently from the ancestral bilater- 
ally symmetrical Gastropods. The escape of the visceral 
nerve-loop from the torsion depends on its having acquired 
a somewhat deeper position and shorter extent, previouslv 
to the commencement of the phenomenon of torsion, 
in the ancestors of the Euthyneura than in those of 
the Streptonenra. In the ancestral Streptonenra the 
visceral loop was lateral and superficial as in the living 
Esopleura. 

Branch a.— STEEP TO UR A (Speugel, 1881). 

Characters. — Gastropoda Aaisopleura in which the 
visceral “loop” (the conterminous visceral nerves) was 
adherent to the body-wall and so shared in the torsion of 
the visceral hump, the right cord crossing above the left 
so as to form a figure-of-eight (see fig. 19). 

The Streptonenra comprise two orders — the Zygo- 
branchia and the Azygobranchia. 

Order 1. — Zygohranchia. 

Characters. — Streptonenra in which, whilst the visceral 
torsion is very complete so as to bring the anus into the 
middle line anteriorly or nearly so, the atrophy of the 
primitively left-side organs is not carried out. The right 
and left ctenidia, which have now become left and right 
respectively, are of equal size, and are placed symmetrically 
on either side of the neck in the pallial space. Related 
to them is a simple pair of osphradial patches. Both right 
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and left nephridia are present, the actual right one being 
much larger than the left. INv'o auricles may be present 
right and left of a median ventricle (Haliotis), or only one 
(Patella). The Zygohranchia are further very definitely 
characterized by the archaic character of absence of special 
genital ducts. The generative products escape by the 
larger nephridium. The sexes are distinct, and there is 
no copulatory or other accessory generative apparatus. 
The teeth of the lingual ribbon are highly differentiated 
(Ehipidoglobsate). The visceral dome lies close upon the 
oval sucker-like foot, and is coextensive with its prolonga- 
tion in the aboral direction. 

The Zygohranchia comprise three families, arranged in two sub- 
orders. 

Snh-order 1. Clmidiohranchia. 

Character . — Large paired ctenidia acting as gills. 

Family 1. — Haholvlm. , 

Genera: Ealiolis (Ear-Shell, Ormer in Guernsey); mostly tropical; 
Teinotis. 

Family 2. — Fissurdlidm. 

Genera: Fissurella (Key-hole Limpet) (figs. 2i, Z6), Emarginida, 
Parmophonis (fig. 25) ; mostly tropical. 

Sub-order 2. Fhylhdiohranchia. 

Characters.— CiemiAa. reduced to wart-like papillre; special sub- 


paUial lamelte, similar to those of the Opisthobranch Pkuro- 
phylhdia, perform the function of mils 
Family Z.—PalcUidw. 

^ (Limpet, figs. 26, U.), Kacclla (Bonnet-Limpet), 

Further Remarhs on Zygohranchia.— -Th^Common Limpet 

is a specially interesting and abundant example of the 
remarkable order Zygohranchia. A complete and accurate 
account of its anatomy has yet to be written. Here we 
have only space for a brief outline. The foot of the 
Limpet is a nearly circular disc of muscular tissue; in 
front, projecting from and 
raised above it, are the head 
and neck (figs. 26, 30). The 
visceral hump forms a low 
conical dome above the sub- 
circular foot, and standing ont 
all round the base of this dome 
so as lo completely overlap the ^ 
head and foot, is the circular 
mantle-skirt. The depth of 
free mantle-skirt is greatest in 
front, where the head and neck 
are covered in by it. Upon 
the .surface of the visceral 
dome, and extending to the 
edge of the free mantle-skirt, 
is the conical shell. When 
the shell is taken away (best 
effected by immersion in hot 
water) the surface of the vis- 
ceral dome is found to be 
covered by a black -coloured 
epithelium, which may be re- 
moved, enabling the observer 
to note the position of some 
organs lying below the trans- 
parent integument (fig. 27). 
attaching the foot 
hr 




Fig 24 — Dorsal asptct f f a s|>ccitin n 
of Fissnrella from which the <;h<}l 
has been removed, whiUt the ante 
nor area of the mantle skirt has 
been longittKlinallj sht and its sidc^ 
reflected c, cephalic tentacle; ft, 
Toot; (If left (archaic nght) giF 
plnme , e, reflected inantlc^flap , ^ 
the fissure or hole m the mant’ .. 
traversed b> the longitudinal iuO* 
Sion , ff nght (archaic left) 
dium's aperture, anus, ft, 
(archaic nght) aperture of 
dinm ; p, snout. (Onginal ) 

The muscular columns ( 
to the shell form a ring incomplete i 
front, external to which is the i 
mantle-skirt. The limits of tb 
large area formed by the flap ov 
the head and neck (ecr) can be traced 
and w'e note the anal papUla she . 
ing through and opening on the rig! 
shoulder, so to speak, of the > '< 
into the large anterior region of *1 
suh-pallial space. Close to this 
small renal organ (i, mediad) and * 
larger renal organ (I:, to the ri^ 
and posteriorly) are seen, also 
pericardium (f) and a coil of the i 
testine (int) embedded in the i 
pact liver. 

On cutting away the anterior ; < 
of the mantle-skirt .«o as to exp. 
the snb-pallial chamber in the regi> 
of the neck, we find the right 
left renal papUla; (discovered by T 
^T™”;?tlf?Si'sS."™kester(27) in 1867) on either ’ 
month; T, cephalic ten- the anal papiUa (fig. 28), but UO g 

symmetrical gills placed on If a Similar examination be " 
the neck, (onginak) the allied genus Fissurella ( 

24, d), we find right and left of the two renal aper . 
a right and left gill-plume or ctenidium, which by 1 
presence here and in Haliotis furnish the distinctive F, 
acter to which the name Zygohranchia refers. In Pa ' 
no such plumes exist, but right and left of the neck 
seen a pair of minute oblong yellow bodies (fig. 28,^ 
which were originally described by Lankester as . ■ 
possibly connected with the evacuation of the 
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The existence of two renal organs in Patella, and their 
relation to the pericardium (a portion of the coelom), is 



Fig. 31. — Diagram of a vertical antero-postcro median section of a Limpet- 
Letters as in figs. 28, 29, with following additions : g, intestine in transverse 
section ; r, lingual sac (radular sac) ; rd, radula ; s, lamellatcd stomach ; f, 
salivarj* gland ; n, duct of same ; i’, buccal cavity : iv, gonad ; 5r.a, branchLi 
advehent vessel (artery); Irt-.r, branchial efierent vessel (vein); 6 p, blood- 
vessel ; odm, muscles and cartilage of the odontophorc ; c<w, heart svithin the 
pcricaMium. (Original.) 

important. Each renal organ is a sac lined unth glandular 
eihthelium (ciliated cells mth concretions) communicating 




Fig. 32. — A. Section in a plane vertical to the surface of the neck of Patella 
through fl, the rudimentary ctenidinm (Lankester’s organ), and h, the ol- 
factory epithelium (osphradium) ; c, the olfactory (osparadial) ^nglion. 
(After Spengel.) B. Surface view of a rudimentary ctenidium of Patella, 
excised and viewed as a transparent object. (Original.) 


with the exterior by its papilla, and by a narrow passage 
with the pericardium. The connexion with the pericar- 



Fig. 33.— Vcrtiral section in a plane ninning riglit and left tlirongli the 
anterior part of the visceral hnmp of Patella, to show the two renal organs 
and their openings into the pericardium, a, large or extenial or right renal 
organ ; a&, narrow process of the same running belmv the intestine and lead- 
ing by 7; into the pericardium; ?/, small or median renal o^an ; peri- 
cardium ; d, rectum ; e, liver; / manyplies; ff, epithelium of the do^l sur- 
face ; 7i, renal epithelium lining the renal sacs ; i, aperture connecting the 
small sac with the pericardium ; 7r, aperture connecting the large sac thHi 
tiie pericardinm. (From an original drawing by Jlr J. T. Cunningham, Fellow 
f of University College, Oxford.) 


dium of the smaller of the two renal organs was demon- 
strated hy Lankester in 1867, at a time when the fact 


that the renal organ of the Mollusca, as a rule, opens into 
the pericardium, and is therefore a typical nephriclium 
Avas not known. ^ .-• .• . . ’ 


Subsequent investigations (27) carried 
direction of the 


on 


under the unection oi tne same 
naturalist have shown that the 
'larger as well as the smaller renal 
sac is in communication ivith the 
pericardium. The Avails of the 
renal sacs are deeply plaited and 
throAvn into ridges. Below the 
surface these Avails are excavated 
Avith blood-vessels; so that the sac 
is practically a series of blood-ves- 
sels covered Avith renal epithelium, 
and forming a mesh-AA^ork within 
a space communicating with the 
exterior. The larger renal sac (re- 
markably enough, that Avhich is 
aborted in other Anisopleura) ex- 
tends between the liver and the 
integument of the Ausceral dome Fig. 34 . — Nen*ous system of p.*!- 
very Avidely. It also bends round 
the liver as shoAvn in fig. 30, and 
forms a large sac on half of the 
upper surface of the muscular mass 
of the foot. Here it lies close 
upon the genital body (ovary or 
testis), and in such intimate rela- 
tionsWp Avith it that, when ripe, the gonad bm-sts into the 
renal “sac, and its products are carried to the exterior by 
the papilla on the right side of the anus (Eobin, Dali). 
This fact led Cuvier erroneously to the belief that a di 
existed leading from the gonad to this papilla, "’ll 
position of the gonad, best seen in the 



tella ; the visceral loop 
lightly shaded; the buccal 
ganglia are omitted, ce, cere- 
bral ganglia; c'c,cerebral com- 
missure ; pit pleural ganglion ; 
pe, pedal ganglion ; p'e, pedal 
nerve ; s, s', nen’es (nght and 
left) to the mantle ; o, olfac- 
tory ganglion, connected by 
nen'e to the Streptoneurous 
visceralloop, (After Spengel.) 


diagr^^rii *91* 



Fig 35 — Ken-ous system of Haliotis ; the visceral loop is lightly shaa 
the buccal ganglia are omitted, ce, cerebral ganglion ; pl.pe, the fused f 
and pedal ganglia ; pe, the nght pedal nerve ; cs.p?, the cerebro-pleural 
ncctive; ce.pe, the cerebro-pedal connective; s, s', right and left 
nerves ; aV, abdominal ganglion or site of same ; o, o, right and left olfact 
ganglia and osphradia receiring ne^^'e from nsceral loop. (After Sp^'^g*’’ 

section (fig. 31), is, as in other Zygohranchia, devoid 
a special duct commmiicating Avith the exterior, 
condition, probably an archaic one, distinguishes the Zj 
branchia among all Glossophorous Mollusca. 

The digestive tract of Patella offers some interc„ 
features. The odontophore is poAA-erfully developed; 
radular sac is extraordinarily long, lying coiled in a 
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The existence of two renal organs in Patella, and then- 
relation to the pericardium (a portion of the coelom), is 



Fig. 31. — Diagram of a vertical antero-postcro median section of n Limpet- 
Letters as in figs. 28, 29, with following additions : g, intestine in transverse 
section ; r, lingual sac (radular sac) ; rd, radula ; 5, lamellatcd stomach ; t, 
salivarj* gland ; n, duct of same ; i’, buccal cavity ; -lo, gonad ; l»r.a, branchLl 
advehent vessel (artery); &r,r, branchial efierent vessel (vein); 6 p, blood- 
vessel ; cdnij muscles and cartilage of the odontophorc ; cor, heart wthin the 
pcricaMium. (Original.) 

important. Each renal organ is a sac lined u-ith glandular 
einthelium (ciliated cells mth concretions) communicating 




Fjo. 32. — A. Section in a plane vertical to the surface of the neck of Patella 
through a, the rudimentary ctenidium (LankestePs organ), and 6, the ol- 
factory epithelium (osphradium) ; c, the olfactory (osphradial) ganglion, 
(.t-fter Spengel.) B. Surface view of a rudimentary ctenidium of Patella, 
excised and viewed as a transparent ohjeot. (Original.) 


with the exterior by its papilla, and by a narrow passage 
with the pericardium. The connexion with the pericar- 



Fig. 33.— Vertical section in a plane miming right and left throngli the 
anterior part of tlie visceral hump of Patella, to show the two renal oi^ns 
and their openings into the pericardium, a, large or extepal or right 
organ ; db, narrow process of the same running beJmv the intestine and leaa- 
ing by k into the pericardium; small or median renal or^n ; c, peri- 
cardium ; d, rectum ; c, liver ; / manyplies ; ff, epithelium of the uo^l sur- 
face ; 7i, renal epithelium lining the renal sacs ; f, aperture connecting the 
small sac with the pericaidium; 7;, aperture connecting the la^e s^'untn 
tiie pericardium. (From an original drawing by Jlr J. T. Cunnmgbam, Fellow 
f of University College, Oxford.) 


dium of the smaller of the two renal organs was demon- 
strated hy Lankester in 1867, at a time when the fact 


on 


that the renal organ of the Mollusca, as a rule, opens into 
the pericardium, and is therefore a typical nephriclium 
was not known. Subsequent investigations (27) carried 
under the direction of the same 
naturalist have shown that the 
-larger as well as the smaller renal 
sac is in communication ivith the 
pericardium. The walls of the 
renal sacs are deeply plaited and 
thrown into ridges. Below the 
surface these ivalls are excavated 
with blood-vessels; so that the sac 
is practically a series of blood-ves- 
sels covered -with renal epithelium, 
and forming a mesh-work within 
a space communicating with the 
exterior. The larger renal sac (re- 
markably enough, that which is 
aborted in other Anisopleura) ex- 
tends between the liver and the 

integument of the visceral dome Fig, 34 . — Nen*ous system of p.*!- 
very widely. It also bends round 

the liver as shown in fig. 30, and ganglia are omitted, ce, cere- 
forms a large sac on half of the 
upper surface of the muscular mass 
of the foot. Here it lies close 
upon the genital body (ovary or 
testis), and in such intimate rela- 
tionslup mth it that, when ripe, the gonad bm-sts into the 
renal “sac, and its products are carried to the exterior by 
the papilla on the right side of the anus (Eobin, Dali). 
This fact led Cuvier erroneously to the belief that a dr 
existed leading from the gonad to this papilla, "'ll 
position of the gonad, best seen in the diagmm .'ll' 



bral ganglia; c'c,cerebral com- 
missure ; pit pleural ganglion ; 
pf, pedal ganglion ; p'e, pedal 
nerve ; s, s', nen’es (nght and 
left) to the mantle ; o, olfac- 
tory ganglion, connected by 
nen'e to the Streptoneurous 
visceralloop. (After Spengel.) 



Fig 35 — Ken-ous system of Haliotis ; the visceral loop is lightly shaa 
the buccal ganglia are omitted, ce, cerebral ganglion ; pl.pe, the fused f 
and pedal ganglia ; pe, the nght pedal nerve ; ce.pi, the cerebro-pleural 
nective; ce.pe, the cerebro-pedal connective; s, s', right and left 
nen’es ; db, abdominal ganglion or site of same ; o, o, right and left olfact 
ganglia and osphradia receiring nen-e from nsceral loop. (After 

section (fig. 31), is, as in other Zygohranchia, devoid 
a special duct commmiicating -with the exterior, 
condition, probably an archaic one, distinguishes the Zj 
hranchia among aU Glossophorous Mollusca. 

The digestive tract of Patella offers some interc„ 
features. The odontophore is powerfully developed; 
radular sac is extraordinarily long, lying coiled in a 
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T(rui VI- View of the Stxbdivisioxs of the Class GASTROPODA, arranged so as to show their supposed Genetic 

Relationships. 


Class. — GASTROPODA. 
(Archisopleiirum . ) 


Sub-class 1.— ISOPLEL-RA. 


.Sub-cla.ss 2.— Anisopleura. 
{ArcMculJiyvairum. ) 


Brandi Streptonedra. 

(ArcJfizygobranchium. ) 


Branch b. — Euthynecra. 
{^ArMopislhobrancMum. ) 


Order 1.— Zyoobranchia. 


Order 2. — Azyoobranchia. 
[ArcMholochlamyd.utn. ) 


Order 1.— Opisthobranchia. 
^Archipalliatum. ) 


Order 2.— Pulmonata, 

{Archibasommatum . ) 


O 
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Sect. a. 
Jlcptardia. 


Sect. b. 
Katavlia. 


Sect. a. 
PalUata. 


Sect. 6. 
Non-Palliaia. 
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Sigarclus, Lam.; NcritopsU. Gratel. 
Family 12. — Enloconchidw. mirabilis, discovered by 

f mIhu 18Sl?pamsitic in SynapU. digilcUa. The adult 
form is not kno'vvn. 

’’ W<«, G.--; 

found to belong to the Zygobranchia). 

Calyplr.a, Lim. (fig. 40); TroebUa, 

Schum. 

Family 16. — Littorinidx. . . , , 40) . ^fodulus, Gray ; 

Leach. 

pS«\Kver-Snafl) (figs. 7, 21); Gray; 

Tanalia, Gray. 

Family 18. — Valvaiidw. 

Gmus: Vahata {Hg. 45 ), fresh-water. 

Family By means of the walls of 

cinb-order g.—Pneummochlamydn. 

’’“S™ L».; »>»«■'». 

ra rl,ipMogIc«« ..tW .to toi.- 

Lam. ; Proserpina, Guild. 


Sub-order Z.—Siphonochlamyda. 


or lameiiJiorjii uii-iici » a*. 

marine ; mostly carnivorous. 

* Tsc7iioglossa (3.1.3). 

^^Sm'rlSiJ’L.; Ptcroceras, Lam.; Bostcllaria, ■ 
(fig. 43). 

Family 2.— A[;7orrfiairf®. 

Genus : Aporrhais, Da Costa. 

Family Z.—Pcdicularidie. 

Genus : Pedieularia, Swains. 

’"Si'rSS'to.i »n., to.-, w.-», to., 

Swains. 

'“SiTwS; to («g.,42), !!.-«, to. 

* Toxiglossa (1.0.1). 

Family 7 .—Conidie. 

Genus : Conus, L. 

Family Z.—Terebridm. 

Genus : Tcrebra, Adans. • 

Family 9. — Pleurolomidw. 

Genus : PlmroUma, Lam. 

Family \ 0 .—CanceUaridm. 

Genus : CanceUaria, Lam. 

* Paehigiossa ( 1 . 1.1 or . 1 .)- 

»«», B^g., Bg- 

^ Lam. (fig- 38); TurUncUa, Lam. 

Family 12.--.B«<P"^‘^®- . „ j^ni. (fig. S): Purpura, 
Genera: Bitccinitm, Maailus Montf. 

(fi". 47): Conebolepas, Lam., Magnus, 

Family°i3.— 

Genus : Milra, Lam. yvT 82 
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Class. —GASTROPODA. 

{Archisoplcurum. ) 


Sub-cla.SS 1. — ISOPLEURA. 


Sub-c]a!5s 2. — AmsoPLmrRA. 
{ArcMcutliyncurun. ) 


Brandi a. — STnEProsEURA. 
{Arckizygohranxhium . ) 


O Order 1. — Z^'00BEA^•CHrA. 
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Order 2. — AzYooBnAKcntA. 

(Archikolochlami/dum. ) 


Sect. a. 
Hcptantia. 


Sect. h. 
Nataniia. 


Branch 5._— Eutiitsecra. 
{Archit^isthohranchitinu ) 


Order 1 . — Opistiiobranchia. 
{ArchipalUatum. ) 


Sect. a. 
Palliata. 


Order 2.— Pbljioxata, 
^Archihasommalum. ) 


Sect. 6. 
Non-Falliala. 
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Family 11, — A'aiicidie. 

Genera : Halica, Lam. ; Sigarelus, Lam. ; Kcritopsis, Gratel. 

Family 12. — EntoconcTiidw, 

The single genus and species Entoconcha mirahilis, discovered by 
Joh. Muller in 18S1, parasitic in Synapta digilcUa. The adult 
form is not knoivn. 

Family 13. — Marsmidw. 

Genera : Marsenia, Leach ; OncMdiopsis, Beck. 

Family 14. — Acmmidm. 

Genera: Aemwa, Eschsch.; LoUia, Gr.; (probably these will be 
found to belong to the Zygobranchia). 

Family 16, — Capulidm. 

Genera : C'apuhis, Jlontt ; Cahjplrtea, Lam. (fig. 40) ; TrochUa, 
Schum. 

Family 16. — lAttorinides. 

Genera ; JAUorina (the Periwinkles, fig. 46) ; jVodttltts, Gray ; 
Lacima, Turt.; Eissoa, Frem. ; BydrMd, Hartm.; Assiminia, 
Leach. 

Family 17. — Paludinidss. 

Genera : Paludina (River-Snail) (figs. 7, 21) ; BitJiynia, Gray ; 
Tanulia, Gray. 

Family 18. — Valvaiidm. 

Genus : Vahata (fig. 45), fresh-water. 

Family 19. — AmpitUaridee. 

Genus : Ampidlaria (can breathe air by means of the walls of 
the pallial chamber as well as water by the giU ; fresh-waters 
of tropical America, Africa, and East Indies). 

Sub-order 2. — Pncumonochlamydxi. 

Characters . — Pallial chamber a lung-sac ; no gdll; mouth on a 

rostrum, not a retractile proboscis; terrestrial habit 

Family 20. — Cyclosiomidm. 

Genera: Cyclostmna, Lam.; Cydophonis, Month; Fenisdna, 
Gratel.; Papina, Vignard. 

Family ^t.—Belicinidm (radula rhipidoglossate rather than tenio- 
glossate). 

Genera: gtoeusComa, Adams; Trochatclla, Swains.; Bdidna, 
Lam.; Proserpina, Guild. 

Family 22. — Aciadidm. 

Genera : Acicaia, Hartm. ; Geomelania, Pfr. 


Sub-order 3. — Siphonochlamyda. 

Characters . — Beptant Azygobranehia with the margin of ' 
mantle drawn out to form a trough-like siphon which notches 
lip of the shell ; shell always spiral ; usually an operculum, horn 
Or lamelliform ; either a rostrum or a retractile proboscis; exclusiv'"’ 
marine ; mostly carnivorous. 

* Teojiioglossa (3.1.3). 

Family 1. — Slrombidce. 

Genera: Stromhus, L.; Pteroceras, Lam.; BosUllaria, 

(fig. 43). 

Family' 2. — Aporrhaidm. 

Genus : Aporrhais, Da Costa. 

Family' 3. — Pedindaridee. 

Genus : Pedicularia, Swains. 

Family 4. — Dolidee. 

Genera : Cassis, Lam.; Cassidaria, Lam.; Dolium, Lam.; Field 
Swains. 

Family 5. — Tritonidw. 

Genera : Tritonium, Cnv. (fig. 42) ; Eanella, Lam. 

Family 6 . — Cypraddas (the Cowries). 

Genera : Gyprcea, L. ; Ovulum, Brug. (fig. 41) ; Erato, Risso. 

*Toxiglossa (1.0.1). 

Family 7. — Conidm. 

Genus : Conus, L. 

Family 8. — Tcrcbridm. 

Genus : Terebra, Adans. ■ 

Family 9. — Pleurolomidie. 

Genus : PleiiroUma, Lam. 

Famfly 10. — Cancellaridm. 

Genus: Cancellaria, Lam. 

*Pachighssa (1,1.1 or .1.). 

Family 11. — Muricidm. 

Genera : Murex, L. ; Trophon, Month ; Fusus, Brug. ; Pyr' 
Lam. (fig. 38); TarhinclJa, Lam. 

Family 12. — Suednidx. 

Genera: Buccinum, L.; Kassa, Lam. (fig. 5); Purpura, Ai 
(fig. 47): Concholcpas, Lam.; JlSagilus, Month 
Family 13, — Mitridw. 

Genus : Milra, Lam. 
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the renal organ, and consists of a single auricle receiving 
blood from the gill, and of a single ventricle which pumps 
it through the body by an anterior and posterior aorta 
(see fig. 105). The 
surface of the 
mantle between the 
rectum and the gill- 
plume is thrown 
into folds Avhich 
t!! many sea-snails 
(Whelks, (fee.) are 
very strongly deve- 

iopea. rue unoie tentnoles; foot; nmntlc.skirt.iNliichisn.itu- 
of this surface ap- ’'■''lly cJirried in n reliected condition so «s to 
„ , 1 cover in tlio sides of Hie sliell. 

pears to bo active 

in the secretion of a mucous-like substance. The single 
gill-plume hr lies to the loft of the median lino in natural 
position. It corresponds to the 
right of the two primitive cten- 
idia in the untwisted archaic 
condition of the ^folluscan bodj', 
and does not project freely into 
the branchial cavity, but its 
axis is attached (by concres- 
cence) to the mantle-skirt (roof 
of the branchial chamber). It 
is rare for the gill-plume of an 
Anisopleurous Gastrojiod to 
stand out freely as a plume, 
but occasionally this more ar- 
chaic condition is exhibited, as 
in Yalvata (fig. 45). Next be- 
yond (to the left of) the gill- 
plume wo find the so-called para- 
branchia, which is hero simple, 
but sometimes lamcllatcd as in 
Purpura (fig. 47). This organ 
has, without reason, been sup- 
posed to represent the second 
ctenidium of the typical Jlollusc, 
which it cannot do on account 
of its position. It should bo 
to the right of the anus were 
this the case. Recently Spengel 
has shown that the parabran- 
chia of Gastropods is the typical 
olfactory organ or osphradium 
in a highlj'-doveloped condition The minute structure 
of the epithelium which clothes it, as well as the origin of 
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Fia * 12 , — Section of the sticU of 
Tritoniuin, Cuv. a, ape\ ; ac, si* 
pliounl notcti of the inouth of the 
bhcll ; ac to jv, nioutli of the slioll; 
ir, IP, ^^l^orls of the shell ; s, s, sn* 
tmea. Occujiyhig the axis, and 
exposed hytho section, is seen the 
“columella ” or spiral pillar. Tlic 
ni>per wliorls of tlic shell are seen 
to 1)0 divided into separate cliaxn- 
liers by tho formation of succes* 
sively formed “septa/* (From 
On oiu) 




the nerve which is distributed to the parabranchia, proves 
it to bo the same organ which is found universally in JIol- 


luscs at the base of each gill-plume, and tests tho indrawn 
current of water by tho seuse.of smell. Tho nerve to this 




-I’nirala cn\«faln, Mull. 
0, inouth ; ej’, operculum ; hr, 
ctenidium (luunchnl plume) ; 
filiform nppcmla^ (? rudiment 
arj* ctenidium). The freely pro- 
jecting ctenidium of t>^>lcal fonu 
not having its avis fiispii to tho 
ivof of the branchial chamber ii 
ihc uoUiblc character ot this 
genus. 


organ is given off from tho superior (original right, soo 
fig. 19) visceral ganglion. 

Tho figures which are hero given of various Azygo- 
branchia are in most cases sulii- 
cicntly explained by tho refer- 
ences attached to them. As an 
excellent general tj'jm of tho 
nervous system, attention may 
bo directed to that of Pnludina 
drawn in fig. 21. On tho whole, 
tho ganglia are strongly indivi- 
dualized in tho Azygobranchin, 
nerve-cell tissue being concen- 
trated in tho ganglia and absent pm. 45 .. 
from tho cords (contrast ^^•ith Zy- 
gobranchia and Isoplcura). At 
the same time, the junction of 
the rdsceral loop above tho in- 
testine prevents in all Strepto- 
nonra tho shortening of tho vis- 
ceral loop, and it is rare to find a fusion of tho visceral 
ganglia with cither pleural, pedal, or ccrehral — a fusion 
wliich can and does 
take place where tho 
visceral loop is not 
above but below tho 
intestine, e.ff., in tho 
Euthynenra (fig. 67), 

Cophalopoda(fig. 1 1.2), 
and Lamellibrnncliia 
(fig. 144). As con- 
trasted with the Zygo- 
brauchia and tlio Iso- 
plcnra, we find that in 
the Azygobrancliia tho 
pedal nerves nro dis- 
tinctly nerves given off 
fromthepcdnl ganglia, 
rather than cord-like 
nerve-tracts contain- 
intj both nerve-cells 
or gaugliomc elements 
and nerve-fibres. Yet 
in some Azygohran- 
chia (Paludina) a lad- 
dcr-like arrangement 
of tho two pedal 
iiorvesnnd their lateral 
branches has been de- 
tected (30). Tho his- 
tology of tho nervous 
system of Jfollusca 
has yet to be seri- 
ously inquired into. 

The alimentary canal of tho Azygobrancliia presen 
little diversity of character, except in so far as tho Im- 
region is concerned. Salivary glands arc jire.'^ent, and 
some carnivorous forms (Dolinin) these secrete free t 



4(1, — Male of Liffonna Itlloialh, Lin., 
moved from its shell; the mantle-hkirtcul ’ 
its right line of attachment ami throuu u 
to the loft side of tho nmnnl so as to expose f 
oi'gans on its inner face. «, anuK ; i, intei.t 
r, nephridnim (kidney); r’, aperture of » 
iicphndium ; c, heart; hr, ctenidium (*•» 
plume); ptr, luixibrunchn (=the osphru*’' 
or olfactory patcli)* -r* glandulir himoUa* 
tho inner face of the nnntle skirt; y, aihvc 
(purpuriixTrous) gland: t, tej>lis; nt, va.s 
fereiis; j),penis; ine,columclU musclc(uui' 5 C” 
pniccss grasping the shell); r.stotrnch; A.Iii 
JV.i/, Note the simple snout or rostrum not 
txo\eited as a “proboscis." 


AZYOOBRiVNCIIIA.] 


M 0 L L U S C A 



the renal organ, and consists of a single auricle receiving 
blood from the gill, and of a single ventricle which pumps 
it through the body by an anterior and posterior aorta 
(see fig. 105). The 
surface .^• of the 
mantle between the 
rectum and the gill- 
plume is thrown 
into folds Avhich 
in many sea-snails 
(Whelks, (fee.) are 

very strongly deve- 
InnoH H'lirx Animnlnnd sliellot Ovnlnm. b, ccnlmUc 

iopea. rue uuoie tentnolcs; if, foot; a, imntlc.skirt.wIiicUisn.itu- 
of this surface au- ’'.■illy Cjirried ill n reliected condition so «s to 
„ , 1 covor in tlio sides of Hie sliell. 

pears to be active 

ill the secretion of a mucous-like substance. The single 
gill-plume hr lies to the loft of the median line in natural 
position. It corresponds to the 
right of the two primitive cten- 
idia in the untwisted archaic 
condition of the ^folluscan bodj', 
and does not project freely into 
the branchial cavity, but its 
axis is attached (by concrcs- 
conce) to the mantle-skirt (roof 
of the branchial chamber). It 
is laro for the gill-plume of an 
Anisopleurous Gastro 2 )od to 
stand out freely as a idume, 
but occasionally this more ar- 
chaic condition is exhibited, as 
in Yalvata (fig. 45). Next be- 
yond (to the left of) the gill- 
j)lume wo find the so-called para- 
branchia, which is hero simple, 
but sometimes laniollatcd as in 
Purpura (fig. 47). This organ 
has, without reason, been sup- 
posed to represent the second 
ctenidium of the typical Jlollusc, 
which it cannot do on account 
of its position. It should bo 
to the right of the anus wore 
this the case. Recently Spengel 
has shown that the parabran- 
chia of Gastro 2 )ods is the ty 2 iical 
olfactory organ or os23hradium 
in a highty-developed condition The minute structure 
of the e 2 nthelium which clothes it, as well as the origin of 


6ol 



‘Fin, 


-Section of the shell of 
Tritonium, Cuv. a, apex ; «c, si* 
phonal notch of tho mouth of the 
shell ; ac to jv, mouth of the shell; 
ir, ir, nliorls of the shell ; s, s, sii- 
tmes. Occu]>yiug the axis, ami 
cxpo'icd hytho section, is seen tho 
“columella ” or spiral pillar. Tlic 
upper wliorls of tlic shell are seen 
to \)(3 divided into separate cham- 
hers hy tho fornmliou of succes* 
sively formed “septa/* (From 
On on.) 




Fio. -IS.— Annnnl and shell of lioMaria rcctir(\stris. a, snout or ros^um; 
cephalic tentacle ; c, eye ; d, propodium and mesopodmm ; r, inotap^ium ; 
/, operculum ; ?/, invloiieod siphonnl notch of the shell occupied by the 
siphon, or troughdike process of tho inautle*slviit. (hroiu Owen.) 

the nerve which is distributed to the 2)arabranchia, proves 
it to bo tho same organ which is found universally in Mol- 


luscs at the base of each gill-plume, and tests tho indrawn 
current of water by the seuse.of smell. The nerve to this 




0 , mouth ; ej’, operculum ; hr, 
ctenidium Onunchnl plume) ; r, 
filiform appenda^ (? rudiment 
ar>* ctenidium). Tho freely pro- 
jecting ctenidium of t)i>ical fonu 
not having its axis fiiseil to (ho 
wof of the branchial chamber ii 
the notable character of this 
genus. 


PiQ. 44.— I'cmalo J.mtlihm, with opR.noat (a) .Ht.-ichcd to the foot ; A, ea-. 
capsules; c, ctenidium (giU-plunio) ; d, cephalic tentacles. 

organ is given off from tho superior (original right, see 
fig. 19) visceral ganglion. 

Tho figures which are hero given of various Azygo- 
branchia are in most cases sulii- 
cicntly explained by tho refer- 
ences attached to them. As an 
excellent general tj '210 of tho 
nervous system, attention may 
bo directed to that of Pnludina 
drarvn in fig. 21. On tho whole, 
tho ganglia are strongly indivi- 
dualized in tho Azygobranchin, 
nerve-cell tissue being concen- 
trated in tho ganglia and absent 
from tho cords (contrast ndth Zy- 
gobranchia and Isoplcura). At 
the same time, the junction of 
the rdsceral loop above tho in- 
testine prevents in all Strepto- 
noura tho shortening of tho vis- 
ceral loop, and it is rare to find a fusion of tho visceral 
ganglia with either pleural, pedal, or ccrchral— a fusion 
wliich can and does 
take place where tho 
visceral I 002 ) is not 
above but below the 
intestine, c.g., in tho 
Euthyneura (fig. 67), 

Co 2 )halopoda(fig. 112), 
and Lamellibrnncliia 
(fig. 144). As con- 
trasted with the Zygo- 
brauchia and tlio Iso- 
2 )lonra, we find that in 
the Azygobranchia tho 
pedal nerves arc dis- 
tinctly nerves given off 
from the 2 )cdol ganglia, 
rather than cord-liko 
nerve-tracts contain- 
ing both nervo- cells 
or ganglionic elements 
and nerve-fibres. Yet 
in some Azygobrnii- 
chia (Pnludina) a lad- 
der-like arrangement 
of tbo two pedal 
norvesnnd their lateral 
branches has been de- 
tected (30). Tlio his- 
tology of tho nervous 
system of Jkfollusca 
has yet to bo seri- 
ously inquired into. 

The alimentary canal of tho Atygobranchia presen 
littlo diversity of character, except in so far as tho bn- 
region is concerned. Salivary glands arc 2 )re.<ient, and 
some carnivorous forms (Rolium) theso sccicto free t 



4(;, — Male of I.ilhrtna Itlloialh, Llii., 
moved from its shell; the mantle-hkirtcnl ’ 
its right line of attachment ami thronn u 
to the loft side of tho amnnl so as to expose f 
oi'gans on its inner face. «, anus ; i, lntei.t 
r, nephridnim (kidney); r’, aperture of » 
nophndium; c, heart; hr, ctenidium (*•» 
plume); ptr, iximbranehn (=the osphru*’' 
or olfactory patcli); x, glandulir himolhe 
tho inner face of the nnntle skirt; y, aihvc 
(pnrpuriixTrous) gland: t, tet>tis; nt, xa-s d 
ferens; p.penis; ine,columclU innsclc(nin<c" 
pniccss grasping the shell); txstotrnch; A.Iii 
JV.i/, Note the simple snout or rostrum not 
Iroxcited as a “proboscis." 


AZYGOBRANCHIA.] 


MOLLUSCA 



the renal organ, and consists of a single auricle receiving 
blood from the gill, and of a single ventricle which x)umps 
it through the body by an anterior and posterior aorta 
(see fig. 105). The 
surface x of the 

mantle between the •’■M 

rectum and the gill- 
plume is throw 
into folds which 
in many sea-snails 
("Whelks, &c.) are 
very strongly deve- 
lonpf] Tbp toTipIp ■*!.— Animal and shell of Ovnlnm. h, cephalic 

JOpea. J.Jie wnoie tentacles ; il, foot ; ft, mantle-shirt, wldcli is natn- 
of this surface an- ’■‘"'"y corned in a reilectcd condition so as to 
,1 . . r cover in the sides of the shell. 

pears to be active 

in the secretion of a mucous-like substance. The single 
gill-lilume lies to the left of the median line in natural 
position. It corresponds to the 
right of the two primitive cten- 
idia in the untwisted archaic 
condition of the Molluscan body, 
and does not project freely into 
the branchial cavity, but its 
axis is attached (by concres- 
cence) to the mantle-skirt (roof 
of the branchial chamber). It 
is rare for the gill-plume of an 
Anisopleurous Gastropod to 
stand out freely as a plume, 
but occasionally this more ar- 
chaic condition is exhibited, as 
in Yalvata (fig. 45). Next be- 
yond (to the left of) the gill- 
plume we find the so-called para- 
branchia, which is here simple, 
but sometimes lamellated as in 
Purpura (fig. 47). This organ 
has, without reason, been sup- 
posed to represent_ the second 

ctenidium of the typical Mollusc, Tntonium, Cav. o, apex -, oc, si 
which it cannot do on account 
of its position. It should be 
to the right of the anus were 
this the case. Kecently Spengel 
has show that the parabran- 
chia of Gastropods is the typical 
olfactory organ or osphradium 
in a highly-developed condition 
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phonal notch of the mouth of tlic 
sliell ; actopc, mouth of the shell; 
iv, Wt Ai-horls of tlic shell ; s, su- 
tures. Occupying the axis, and 
exposed by the section, is seen the 
“columelia" orspiral pillar. Tlie 
upper Y'horls of the shell are seen 
to be divided into separate cham- 
bers by the formation of succes- 
sively fonned “septa.” (From 
Owen.) 


The minute structure 
of the epithelium which clothes it, as well as the origin of 




Fjo. nnd shell of Jlnsidlaria Tcctirostris. n, snout or rostrum; 

v, ccTihalic tentacle ; c, c>e ; d, propodium and inesopodium ; c, jnetapodium ; 

operculum ; prolonged siphonal notch of the shell occupied by the 
fcij»ljon, or trough-lihe process of the mantle-shirt. (From Owen.) 

the nerve which is distributed to the parabranchia, proves 
it to be the same organ which is found universally in 3foI- 


luscs at the base of each gill-plume, and tests the indrawn 
current of water by the sense, of smell. The nerve to this 




Valvafa crisfata, lilhll. 
mouth ; op, operculum ; br, 
ctcnidmm (branchial plume); x, 
filiform appendage (? nrdimcnt- 
ary ctenidmm). Tlie freely pro- 
jecting ctenidium of tj'pical form 
not having its axis fused to the 
roof of the hranchial chamber 
the notable character of tins 
genus. 


Fio. 44.--Female Janthlna, with egg-floafc (a) attached to the foot; h, egg- 
capsules; c, ctenidium (giil-plumc) ; d, cephalic tentacles. 

organ is given off from the superior (oriinnal ri"ht, see 
fig. 19) visceral ganglion. 

The figures which are here given of various Azygo- 
branchia are in most cases suffi- 
ciently explained by the refer- 
ences attached to them. As an 
excellent general type of the 
nervous system, attention may 
be directed to that of Paludina 
draw in fig. 21. On the whole, 
the ganglia are strongly indivi- 
dualized in the Azygobranchia, 
nerve-cell tissue being concen- 
trated in the ganglia and absent ^ 5 ._ 
from the cords (contrast with Zy- 
gobranchia and Isopleura). At 
the same time, the junction of 
the visceral loop above the in- 
testine prevents in all Strepto- 
neura the shortening of the vis- 
ceral loop, and it is rare to find a fusion of the visceral 
ganglia with either pleural, pedal, or cerebral— a fiusion 
which can and does 
take place where the 
visceral loop is not 
above but below the 
intestine, e.y., in the 
Euthyneura (fig. 67), 

Cephalopoda(fig. 1 1 2), 
and Lamellibranchia 
(fig. 144). As con- 
trasted ■with the Zygo- 
branchia and the Iso- 
pleura, we find that in 
the Azygobranchia the 
pedal nerves are dis- 
tinctly nerves given off 
from the pedal ganglia, 
rather than cord-like 
nerve- tracts contain- 
ing both nerve -cells 
or ganglionic elements 
and nerve-fibres. Yet 
in some Azygobran- 
chia (Paludina) a lad- F'o- •!(>■ 
der-like arrangement 
of the two pedal 
nerves and their lateral 
branches has been de- 
tected (30). The his- 
tology of the nervous 
system of Mollusca 
has yet to he seri- 
ously inquired into. 



Male of Littonna. Lin., re- 

moved from its shell; the inaiitle-skirtcutalon;; 
Its right line of attachment and thrown over 
to the left faidc of the animal so as to expose the 
organs on its inner face, a, anus ; i, intestine; 
r, nephridium (kidney); r', aperture of the 
nephndium; c, heart; hr, ctenidium (gill* 
jdumc); pbr, liarahranchia ( = thc osphradium 
or olfactorj' patch) ; z, glandular lamellaj of 
the inner tice of the mantle skirt; y, adreefal 
(purpuriparous) gland; t, testis; td, vn-s dc 
ferens; p, penis; me, columella muscle(rnuscnbr 
process grasping the shell); r, stomach; /i,li\tr. 

Kotc the Rimplc snout or ro-jtrum not in- 
troverted as a “ prolwscis." 


The alimentary canal of the Azj'gohranchia presents 
little diversity of character, except in so far as the buccal 
region is concerned. Salivary glands are present, and in 
some carnivorous forms (Dolium) these secrete free buI- 
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tlie renal organ, and consists of a single auricle receiving 
blood from the gill, and of a single ventricle which pumps 
it through the body by an anterior and posterior aorta 
(see fig. 105). The 
surfaee x of the 
mantle between the 
rectum and the gill- 
plume is throw 
into folds which 
in many sea-snails 
('Whelks, &c.) are 
very strongly deve- 
loDpd Tbp toTipIp 41.— Animal and shell ot Ovnlnm. h, cephalic 

iopea. J.ne wnoie tentacles ; d, foot ; ft, mantle-shirt, n-Wcli ianatn- 
of this surface ap- ’■‘"'"y carried in a reflected condition so as to 
„ „ i -u i- cover in the sides of the shell. 

pears to be active 

in the secretion of a mucous-like substance. The single 
gill-plume hr lies to the left of the median line in natural 
position. It corresponds to the 
right of the two primitive cten- 
idia in the untwisted archaic 
condition of the MoUuscan body, 
and does not project freely into 
the branchial cavity, but its 
axis is attached (by concres- 
cence) to the mantle-skirt (roof 
of the branchial chamber). It 
is rare for the gill-plume of an 
Anisopleurous Gastropod to 
stand out freely as a plume, 
but occasionally this more ar- 
chaic condition is exhibited, as 
in Valvata (fig. 45). Next be- 
3 'ond (to the left of) the gill- 
plume we find the so-called para- 
branchia, which is here simple, 
but sometimes lamellated as in 
Purpura (fig. 47). This organ 
has, without reason, been sup- 
posed to represent_ the second 

ctenidium of the typical hlollusc, aptonlum, Cav. o, apex; «c, si- 
which it cannot do on account 
of its position. It should be 
to the right of the anus were 
this the case. Kecently Spengel 
has show that the parabran- 
chia of Gastropods is the typical 
olfactory organ or osphradium 
in a highly-developed condition The minute structure 
of the epithelium which clothes it, as well as the origin of 
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phonal notch of the mouth of the 
sliell; ac to pc, mouth of the shell; 
iu, w, A;horls of the shell ; s, su- 
tures. Occupying the axis, and 
exposed by the section, is seen the 
columella" or spiral pillar. Tlie 
upper vhorls of the shell are seen 
to oe divided into separate cham- 
bers by the formation of succes- 
sively fonned septa.” (From 
Owen.) 




Fio. Animal and shell of nnsfellaria rectirostris. a, snout or rostiram; 

V, ccTJhalic tentacle ; c, c^e ; d, propodium and inesopodium ; c, jnctapodium ; 

/, operculum ; h\ prolonged siphonal notch of the shell occupied by the 
fcipljon, or trough-lihe process of the mantle-shirt. (From Owen.) 

the nerve which is distributed to the parabranchia, proves 
it to be the same organ which is found universally in Mol- 1 


luscs at the base of each gill-plume, and tests the indrawn 
current of water by the sense, of smell. The nerve to tins 




ctcmdmm(hranchial pUiinc); 
filiform appendage (? nrdimcnt^ 
ary ctenidmm). Tlic freely pro- 
jecting ctenidium of typical form 
not having its axi? fused to the 
roof of the branchial chamber is 
tl»e notable character of tins 
genus. 


Fio. 44.— Female Janthina, with egg-float (a) attached to the foot; h, egg- 
capsules; c, ctenidium (giil-plumc) ; d, cephalic tentacles. 

organ is given off from the superior (original right, see 
fig. 19) visceral ganglion. 

The figures which are here given of various Azygo- 
branchia are in most cases suffi- 
ciently explained by the refer- 
ences attached to them. As an 
excellent general type of the 
nervous system, attention may 
be directed to that of Paludina 
draw in fig. 21. On the whole, 
the ganglia are strongly indivi- 
dualized in the -Axygobranchia, 
nerve-cell tissue being concen- 
trated in the ganglia and absent ,s.-rah-a/a maii. 

from the cords (contrast with Zy- “qui'i :_»r, operculum ; hr, 

gobranchia and Isopleura). At 
the same time, the junction of 
the visceral loop above the in- 
testine prevents in all Strepto- 
neura the shortening of the vis- 
ceral loop, and it is rare to find a fusion of the visceral 
ganglia with either pleural, pedal, or cerebral — a fiusion 
which can and does 
take place where the 
visceral loop is not 
above but below the 
intestine, e.y., in the 
Euthyneura (fig. 67), 

Cephalopoda(fig. 1 1 2), 
and Lamellibrancliia 
(fig. 144). As con- 
trasted ■with the Zygo- 
branchia and the Iso- 
pleura, we find that in 
the Azygobranchia the 
pedal nerves are dis- 
tinctly nerves given off 
from the pedal ganglia, 
rather than cord-like 
nerve- tracts contain- 
ing both nerve -cells 
or ganglionic elements 
and nerve-fibres. Yet 
in some Azygobran- 

rhia fPaludinal a lad- F'O- 46.— Jfalc of I.xUonna lUtnrali^, I.in., rc- 
cma a auu fromite shell; the inaiitle-skirt cut along 

Its right line of attachment and thrown over 
to the left side of the animal so as to expose the 
organs on its inner face, a, amis ; i, intestine; 
r, ncphridium (kidney); r', aperture of the 
nephndium; c, heart; ftr, ctenidium (gill- 
plume); pbr, iiarahrancliia ( = tlic osphradium 
or olfactory' patch) ; z, glandular lamella; of 
the inner Hioe of the mantle skirt; y, adrcctel 
(purpuriparous) gland; f, testis; td, v-as dc 
ferens; p.penis; me,coluineIIa inuscle(muscular 
process grasping the shell); r, stomach; ft, liver. 
N.B. Note the simple snout or rostrum not in- 
trov erted as a “ prolwscis." 



der-like arrangement 
of the two pedal 
nerves and their lateral 
branches has been de- 
tected (30). The his- 
tology of the nervous 
system of ilollusca 
has yet to be seri- 
ously inquired into. 

The alimentary canal of the Azj'gohranchia presents 
little diversity of character, except in so far as the bucral 
remon is concerned. Salivary glands are present, and in 
some carnivorous forms (Dolium) these secrete free sul- 
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termed, -wbich is also tlie condition presented by tbc moutli- 
bearing region in nearly all other Gastropoda. One of the 
best examples of the introversible moutb-cylinder or pro- 
boscis ^rhich can be found is that of the Common melk 
and its immediate allies. In fig. 37 the proboscis is seen 
in an everted state ; it is only so carried when feeding, 
being witlidrami -when the animal is at rest. Probably 
its use is to enable the animal to introduce its rasinng 
and licking apjiaratus into very narrow apertures for the 
purjiosc of feeding, into a small bole bored in the shell 
of another Mollusc. 

The foot of the iizygobranchia, unlike the simple mus- 
cular disc of the Isoj)leura and Zygobranchia, is very often 
divided into lobe.s, a fore, middle, and hind lobe (pro-, 
nieso-, and meta-jiodium, see figs. 39 and 43). Very usually, 
but not universallj', the meta-podium carries an ojjcrculum. 
The division of the foot into lobes is a simple case of that 
much greater elaboration or breaking up into i)rocesses and 
regions which it undergoes in the class Cephalopoda. Even 
among some Gastropoda (viz., the Opisthobranchia), we 
find the lobation of the foot still further carried out by 
the development of lateral lobes, the epipodia, whilst there 
are many Az)’gobranchia, on the other hand, in which the 
foot ha.s a simple oblong form without any trace of lobes. 

The development of the Azygobranchia from the egg lias 
been followed in several examples, e.//., Paludina, Purpura, 
Nassa, Vennetus, Xeritina. As in other ifolluscan group.s, 
we find a wide variation in the early process of the forma- 
tion of the first embryonic cells, and their arrangement as 
a Diblastula dependent on the greater or less amount of 
food-yelk which is present in the egg-cell when it com- 
mences its embryonic changes. In fig. 7, the early stages 
of Paludina vivipara are represented. There is but 
very little food-material in the egg of this Azygobranch, 
and consequently the Diblastula forms by invagination ; 
the blastopore or orifice of invagination coincides with the 
anus, and never clo.se.s entirely. A well-marked Trocho- 
spherc Ls fonned by the development of an equatorial 
ciliated band; and subsequently, by the di.sj)roportionatc 
groivth of the lower hemisphere, the Trochosiihcre becomes 
a Veliger. The primitive shell-sac or shell-gland is well 
marked at this stage, and the jiharjmx is seen as a new 
ingrowth (the stomodteum), about to fuse arith and open 
into the primitively invaginated arch-enteron (fig. 7, F). 

In other Azygobranchs (and such variations arc repre- 
.sentative for all Jlollusca, and not characteristic only of 
.•^zygobranchia), we find that there is a very unequal 
division of the egg-cell at the commencement of embryonic 
develoiiment, as in Xassa (fig. 5). Consequently there is 
.strictly speaking no invagination (emboly), but an over- 
growth (epiboly) of the smaller cells to enclose the larger. 
The general features of this process and of the relation of 
the blastojjore to mouth and anus have been e.xplained 
above in treating of the development of Mollusca generally. 
In such cases the blastopore may entirely close, and both 
mouth and anus develop as netv ingrowths (stomodmum 
and proctodaium), whilst, according to the observations of 
Bobretzky, the closed blastopore may coincide in j)o.sition 
with the mouth in some instances (Nassa, <kc.), instead of 
with the anus. But in these cpibolic forms, just as^ in the 
embolic Paludina, the embryo proceeds to develop its cili- 
ated band and shell-gland, passing through tlm earlier con- 
dition of a Trochosphere to that of the Veliger; In the 
veliger stage many Azygobranchia (Purpura, Nassa, &c.) 
exhibit, in the dorsal region behind the head, a contractile 
area of the body-wall. This acts as a larval heart, but 
ceases to pulsate after a time. Similar rhythmically con- 
tractile areas are found on the foot of the embryo Pulmo- 
nate Limax and on the yelk-sac (distended foot-surface) 
of the Cophalopod Loligo (sec fig. 72**). 


The history of the shell in the development of Azveo- 
branchia_ (and other Gastropod.s) is important. Just as 
the primitive shell-sac aborts and gives place to a cap-like 
or boat-like shell, so in some cases (Marsenia, Krohn) has 
this first shell been observed to be shed, and a second shell 
of diilerent shape is fonned beneath it. 

A detailed treatment of what is known of the histo- 
genesis in relation to the cell-layers in these Mollusca would 
take us far beyond the limits of this article, which aims at 
exposing only the well-ascertained characteristic features 
of the Mollusca and the various subordinate groups. There 
is still a great deficiency in our knowledge of the develop- 
ment of the Gastropoda, as indeed of all classes of animals. 
The development of the gill (ctenidium) as well as of the 
renal organ, and details as to the process of torsion of the 
visceral hump, are still quite insufficiently knmvn. 

One further feature of the development of the Azygobran- 
chia deserves special mention. Many Gastropoda deposit 
their eggs, after fertilization, enclosed in capsules ; others, as 
Paludina, are viviparous ; others, again, as the Zygobranchia, 
agree with the Lamellibranch Conchifera (the Bivalves) in 
having simple exits for the ova without glandular walls, 
and therefore discharge their eggs unenclosed in capsules 
freely into the sea-water; such unencapsuled eggs are 
merely enclosed each in its own delicate chorion. VTien 
egg-capsules are formed they are often of large size, have 
tough walls, and in each capsule are several eggs floating 
in a viscid fluid. In some cases aU the eggs in a capsule 
develop ; in other cases one egg only in a capsule (Neri- 
tina), or a small proportion (Purpura, Buccinum), advance 
in dcvcloj)ment ; the re.st are arrested either after the first 
proce.ss of cell-division (cleavage) or before that process. 
The arrested embryos or eggs are then swallowed and 
digested by those in the same capsule which have advanced 
in development. Tlie details of this history require renewed 
study, our present knowledge of it being derived from the 
works of Koren and Danielssen, Carpenter and Claparfede. 
In any case it is clearly the same process in essence as that 
of the formation of a vdtellogenous gland from part of the 
primitive ovary, or of the feeding of an ovarian egg by 
the absorption of neighbouring potential eggs ; but here 
the period at which the sacrifice of one egg to another 
takes place is somewhat late. What it is that detennines 
the arrest of some eggs and the progressive development 
of others in the same capsule is at present unknown. 


Section b (of the Azygobranchia). — A'A TANTIA. 

diaracicrs. — Azygobranchiato Streptoncura which have the 
form and texture of tlie body adapted to a free-swimming pelagic 
liabit. Tlioy appear to he derived from holoehlamydie forms of 
Reptant Azygobranchia. Tlio foot takes the fonn of a swimming 
organ. The nen-ous system and sense-organs (eyes, otocysts, and 
osphradium) arc liighly developed. The odontophoro also is re- 
markably developed, its admedian teeth being mobile, and it serves 
as an efficient organ for attacking other pelagic foj-ms upon which 
the Natantia prey. The se.xes arc distinct as in all Streptoneura ; 
and genital ducts and accessor}^ glands and pouches are present as 
in all Azygobranchia. The Natantia e.vhibit a series of modifica- 
tions of the form and proportions of the visceral mass and foot, 
lc.ading from a condition readily compar.able with that of a typical 
Azygobranch such as Rostellaria, with the three regions of the foot 
(pro-, meso-, and meta- podium) strongly marked, and a coiled 
visceral hump of the usual proportions, up to a condition in which 
the whole body is of a tapering cylindrical shape, the foot a plate- 
like vertical fin, and the visccr,al hump almost completely atrophied. 
Three steps of this modification may be distinguished as three sub- 
orders, the Allanlucca, the Cariaariacca, and the Pterolnicheacea. 

Sub-order 1. — Allantacea. 

Characters.— 'Katantia. with a large sifirally-wound visceral hump, 
covered by a hyaline spiral shell ; mantle-skirt large, overhanging 
n well-developed sub-pallial branchial chamber as in Azygobranchia, 
to the wall of which is attached the branchial ctenidium ; foot 
well developed, divisible into a mobile propodium, a mesopodium 
on which is formed a sucker, and a metapodium which, when the 
animal is expanded, extends backwards beyond the shell and visceral 
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termed, -wbich is also tlie condition presented by tbc moutli- 
beariiig region in nearly all other Gastropoda. One of tbc 
best^ examples of tbe introversible moutb-cylinder or pro- 
bo.'icis n-liicb can be found is that of tbe Common Wbelk 
and its immediate allies. In fig. 37 tbe proboscis is seen 
in an everted state ; it is only so carried when feeding, 
being witlidrami -when tbe animal is at rest. Probably 
its use is to enable tbe animal to introduce its ras 2 )ing 
and licking apjiaratus into very narrow apertures for the 
I)ur]iosc of feeding, e.fj., into a small bole bored in tbe shell 
of another Mollusc. 

Tbe foot of tbc iizygobranebia, unlike the simple mus- 
cular disc of tbe Isoj)leura and Zygobranebia, is very often 
divided into lobe.s, a fore, middle, and bind lobe (pro-, 
meso-, and meta-jiodium, see figs. 39 and 43). Very usually, 
but not universallj', tbe meta-podium carries an ojjerculum. 
Tbe division of tbe foot into lobes is a simple case of that 
much greater elaboration or breaking up into luocesses and 
regions which it undergoes in tbc class Cephalopoda. Even 
among some Gastropoda (viz., tbe Oiiistliobrancbia), we 
find the lobation of tbc foot still further carried out by 
tbe development of lateral lobes, tbe epijwdia, whilst there 
are many Azygobranebia, on tbe other band, in which tbe 
foot ba.s a simple oblong form without any trace of lobes. 

Tbe development of tbe Azygobranchia from tbc egg lias 
been followed in several cxann)le.s, e.;/., Paludina, Purpura, 
Nassa, Vennetus, Xeritina. .iis in other Molluscan group.s, 
we find a wide variation in the early jiroccss of tbe forma- 
tion of tbe first embryonic cells, and their arrangement as 
a Diblas'tula dependent on the greater or less amount of 
food-yelk which is iircsent in the egg-cell when it com- 
mences its embryonic changes. In fig. 7, tbe early stages 
of Paludina vivipara are represented. There is but 
very little food-material in the egg of this Azygobranch, 
and consequently tbe Diblastula forms by invagination ; 
the blastoiiore or orifice of invagination coincides with the 
anus, and never closes entirely. A well-marked Troebo- 
sphere Is fonned by the development of an equatorial 
ciliated band; and subsequently, by tbe di-sjiroportionatc 
groivtb of tbe lower hemisphere, tbc Trocbosiibere becomes 
a Veliger. The primitive shell-sac or shell-gland is well 
marked at this stage, and tbc jibarjmx is seen as a new 
ingrowth (the stomodteum), about to fuse ultb and open 
into tbe primitively invaginated arcb-enteron (fig. 7, F). 

In other Azygobranebs (and such variations arc repre- 
.sentative for all Jlollusca, and not characteristic only of 
,-\zygobrancbia), we find that there is a very unequal 
division of tbe egg-cell at tbe commencement of embryonic 
develojiment, as in Nassa (fig. 5). Consequently there is 
.strictly speaking no invagination (emboly), but an over- 
growth (ei)iboly) of tbe smaller cells to enclose tbe larger, 
'fhe general features of this process and of the relation of 
tbe blastojjore to mouth and anus have been explained 
above in treating of the development of Mollusca generally. 
In such cases tbe blastopore may entirely close, and both 
mouth and anus develop as neiv ingrowths (stomodreum 
and proctodaium), whilst, according to the observations of 
Bobretzky, tbe closed blastopore may coincide in jiosition 
with tbe mouth in some instances (Nassa, <kc.), instead of 
with the anus. But in these cpibolic forms, just as^ in the 
embolic Paludina, the embryo proceeds to develop its cili- 
ated band and shell-gland, passing through tlm earlier con- 
dition of a Trochosphere to that of tbe Veliger; In tbe 
veliger stage many Azygobranchia (Purpura, Nassa, &c.) 
exhibit, in tbe dorsal region behind the bead, a contractile 
area of tbe body-wall. This acts as a larval heart, but 
ceases to pulsate after a time. Similar rhythmically con- 
tractile areas are found on the foot of tbc embryo Pulmo- 
nate Limax and on tbe yelk-sac (distended foot-surface) 
of tbe Copbalopod Loligo (see fig. 72**). 


The history of the shell in the development of Azyso- 
brancbia_ (and other Gastropod.s) is important. Just as 
the primitive shell-sac aborts and gives place to a cap-bke 
or boat-like shell, so in some cases (Marsenia, Krohn) has 
this first shell been observed to be shed, and a second shell 
of diilerent shape is fonned beneath it. 

A detailed treatment of what is known of the histo- 
genesis in relation to the cell-layers in these Mollusca would 
take us far beyond the limits of this article, which aims at 
exposing only the well-ascertained characteristic features 
of the Mollusca and the various subordinate groups. There 
is still a great deficiency in our knowledge of the develop- 
ment of the Gastropoda, as indeed of all classes of animals. 
The development of the gill (ctenidium) as well as of the 
renal organ, and details as to the process of torsion of the 
visceral hump, are still quite insufficiently knmvn. 

One further feature of the development of the Azygobran- 
chia deserves special mention. Many Gastropoda deposit 
their eggs, after fertilization, enclosed in capsules ; others, as 
Paludina, are viviparous ; others, again, as the Zygobranchia, 
agree with the Lamellibranch Conchifera (the Bivalves) in 
having simple exits for the ova without glandular walls, 
and therefore discharge their eggs unenclosed in capsules 
freely into the sea-water; such unencapsuled eggs are 
merely enclosed each in its own delicate chorion. VTien 
egg-capsules are formed they are often of large size, have 
tough walls, and in each capsule are several eggs floating 
in a viscid fluid. In some cases aU the eggs in a capsule 
develoj) ; in other cases one egg only in a capsule (Neri- 
tina), or a small proportion (Purpura, Buccinum), advance 
in dcveloj)ment ; the re.st are arrested either after the first 
proce.ss of cell-division (cleavage) or before that process. 
The arrested embryos or eggs are then swallowed and 
digested by those in the same capsule which have advanced 
in development. The details of this history require renewed 
study, our present knowledge of it being derived from the 
works of Koren and Danielssen, Carpenter and Claparfede. 
In any case it is clearly the same process in essence as that 
of the formation of a m'tellogenous gland from part of the 
primitive ovary, or of the feeding of an ovarian egg by 
the absorption of neighbouring potential eggs ; but here 
the period at which the sacrifice of one egg to another 
takes 2 >lace is somewhat late. IVhat it is that detennines 
the arre.st of some eggs and the progressive development 
of others in the same cajjsule is at ^jresent unknown. 


Section 1/ (of the Azygobranchia). — NA TANTIA. 

Cliaraclcrs. — Azygobranchiato Streptoncura which have the 
form and texture of tlie body adapted to a free-swimming pelagic 
habit. Tliey appear to be derived from holochlamydic forms of 
Reptant Azygobranchia. Tlio foot takes the fonn of a swimming 
organ. The nervous system and sense-organs (eyes, otocysts, and 
ospliradium) are higlily developed. The odontophoro also is re- 
markably developed, its admedian teeth being mobile, and it serves 
as an cfiicient organ for attacking other pelagic foj-ms upon which 
the Natantia prey. The se.xes arc distinct as in all Streptoneura ; 
and genital ducts and accessor}- glands and pouches are present as 
in all Azygobranchia. The Natantia e.vhibit a series of modifica- 
tions of the form and proportions of the visceral mass and foot, 
lc.ading from a condition readily compar.able with that of a typical 
Azygobranch such as Rostellaria, with the three regions of the foot 
(pro-, meso-, and meta- podium) strongly marked, and a coiled 
visceral hump of the usual proportions, up to a condition in which 
the whole body is of a tapering cylindrical shape, the foot a plate- 
like vertical fin, and the visceral hump almost completely atrophied. 
Three steps of this modification may be distinguished as three sub- 
orders, the Allcmlacca, the Carinariacca, and the Pterolracheacea. 

Sub-order 1. — Allantacca. 

Characters. — Xatantia with a large sinrally-wound visceral hump, 
covered by a hyaline spiral shell ; mantle-skirt large, overhanging 
n well-developed sub-pallial branchial chamber as in Azygobranchia, 
to the wall of which is attached the branchial ctenidium ; foot 
well developed, divisible into a mobile propodium, a mesopodmm 
on which is formed a sucker, and a metapodium which, when tho 
animal is expanded, extends backwards beyond the shell and visceral 
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Brandi l.—BVTUYFEURA (Spengel, 18S1). 

^ Chararters. — Gastropoda Anisopleura in wliicli the 
visceral loop (the conterminous visceral nerves) does not 
share in the torsion of the visceral hump, but, being sunk 
entirely below the body-wall, remains straight and un- 
twisted. Although the anus is not brought so far forward 



Fjg. W. littUa rextltum (Chcmnltr). ns seen crn^^l[nR. n, oral hood (compare 
S' nil T^cthys. ng. 02, 11), possibly a continuation of the cplpodln; b, V, cephalic 
tentacles. (From Owen ) i i > . . i 


by the visceral torsion as in the Streptoneura, and may even 
by .sceondf/ry growth assume a posterior median po3ition,yet, 
as fully developed, an asymmetry has resulted as in the 
Azj’gobranchia, only the original right renal organ, right 
ctenidiun (if any), right osphradium, right side of the heart, 
and right genital ducts being retained. All the Euthy- 
netira are hermaphrodite. The lingual ribbon has very 
usually numerous fine denticles 
iindifrercntiatcd into series in 
each row. The shell is light 
and little calcified; often it is 
not developed in the adult, 
though present in the embryo. 

An operculum, often found in 
the embr^'o, is never present in Fm. 53,— Tomutciia. shell; 6, 

the adult (except in Tornatclla, foot-./: operculum. 

fig. 5.3). Jfany Euthyneura show a tendency to, or a 
complete accomplishment of, the suppression of the mantle- 
skirt as well as of the .shell, also of the ctenidium, and ac- 
quire at the same time a more or less cylindrical (slug-like) 
form of bodj*. 

The Eutlijmeura comprise two orders, the Opistho- 
branchia and the Pulraonata. 



Order 1. — Opisthobranchia. 

Marine Euthjmoura the more archaic forms of which 
have a relatively large foot and a small visceral hump, 
from the base of which projects on the right side a short 
mantle-skirt. The anus is jilaced in such forms far back 



Fjo. 54 —Umbrella vtediterranrn. a, inoiitb ; 5, cejilnlic tentacle; h, gill 
(ctcnlillum) Tlie tree edge of the mantle is seen just belo" the margin of 
the shell (comiare " ith Aplj sia, Hg. C3) (From Owen.) 

beyond the mantle-skirt. In front of the anus, and only 
partially covered by the mantle-skirt, is the ctenidium with 
its free end turned backwards. The heart lies in front of, 
instead of to the side of, the attachment of the ctenidium, 
— hence Opisthobranchia as opposed to “ Pz'osobranchia,” 


which correspond to the Streptoneura. A shell is possessed 
in the adult state by but few Opisthobranchia, but all pass 
through a veliger larval stage with a nautiloid shell (fig 60') 
Many Opisthobranchia have 
by a process of atrophy lost 
the typical ctenidium and the 
mantle-skirt, and have deve- 
loped other organs in their 
place. As in some Azygo- 
branchia, the free margin of 
the mantle-skirt is frequently 
reflected over the shell when 
a shell exists; and, as in some 
iVzygobranchia, broad lateral 
outgroivths of the foot (epi- 
podia) are often developed, 
which, as does not occur in Azy- 
gobranchia, may be thrown 
over the shell or naked dorsal , 

suriace of the body. from above, h, mouth ; t, cephalic 

The variety of special deve- KekrlSl)' 
lopments of structure accom- 
panying the atrophy of typical organs in the Opisthobranchia 
and general degeneration of organization is very great, and 
renders their classification difficult. Two sections of the 
order may be distinguished, according as the typical 
Molluscan mantle-skirt (limbus pallialis) is or is not atro- 
phied, and wdthin each section certain sub-orders. 



Section a. — PALLIATA {=. TccHbranchiala, Woodward) — the 
typical Molluscan mantle-skirt or pallium retained. 
Sub-order 1 . — OlcnidiolrancMa. 

Characters, — Palliata in which the ctenidium is retained as the 
branchial organ ; with rare exceptions a delicate shell, ■which may 
be vciy small or completely enclosed by the reflected margin of the 
mantle ; epipodia (lateral outgron ths of the foot) fiequently present. 
Family 1. — TornaleUtdie. 

Genera : Tornatclla, Lam. (fig. 5S) ; Cimdia, Gray, &o. 

Fainilj' 2. — BiilUdie. 

Gcncia : Bulla, Lam. (fig. 52) ; Accra, Muller ; Scaphander, 
Jlontr. ; Bullwa, Lam. ; Doridixm, Meckel ; Qastropteron, 
Jlcckcl, &e. 

Family 3. — AphjsikliB. 

Genera: Aplysta, Gmelin (the Sea-Hare) (figs. 20, 56, &c.) ; 
Dolohclla, Lam.; Lohiger, Krohn, &c. 

Family i. — Blcurobranchidce. 

Gcneia: Plcurobranclms, Cuvier; HmSreffn, Chemnitz (figs. 54, 
55); lluncina, Forbes, &c. 


Sub-order 2. — Phyllidiobranchia. 

Characters. — Palliata in which the ctenidia have atrophied ; much 
as in Patcllidaj among the Zygobranchiate Streptoneura their place 
is taken by laterally-placed lamellre, developed from the inner surface 
of the bilaterally -disposed mantle-skirt in two lateral rows. 

Family 5. — Phyllidiadm. 

Gcnei-a : PhylUdia, Cuiver ; Phurophyllidia, Meek. (fig. 57). 


Section 5. — NON-PALLIATA. 

Characters. — The typical Molluscan mantle-skirt is atrophied in 
the adult. Ho shell is present in the adult, though the dorsal 
integument may be strengthened by calcareous spicules (Doris). The 
otocysts are not sessile on the pedal ganglia as in other Gastropods, 
but,asin the Natantia Azygobranchia,lie close to the cerebral ganglia. 
In one sub-order (Pygobranchia) the typical ctenidium appears to 
be retained in a modified form ; in the others special developments 
of the body-wall take its place, or no special respiratory processes 
exist at all. The general form of the body is slug-like, the foot 
and visceral hump being coextensive, and a secondary bilateral 
symmetry is asserted by the usually median (sometimes right-sided) 
dorsal position of the anus on the hinder part of the body. 

Sub-order 1. — Pygobranchia. 

Characters.— Tlw ctenidium assumes the form of acirclet of pinnate 
processes surrounding the median dorsal anus ; a strongly-marked 
epipodial fold may occur all round the foot and simulate a mantle- 
skirt (see fig. 62, C, Doris) ; papilla; or “ cerata ” of the dorsal integu- 
ment may occur as u ell as the true ctenidium (fig. 61). 

Family 6. — Dorididm. 

Genera: Doris, L ; Ooniodoris, Forbes; Triopa, Johnst.; Aigirus, 
Loven ; Thecaccia, Fleming ; Pohjeera, Cuvier ; Leuck- 

art ; ririciriu, Loven; Gera(oso7?ia, Adams; Onchidoris, Dlaiav, 
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Brandi h.—BVTUYNEJJRA (Spengel, 18S1). 

^ Chararters. — Gastropoda Anisopleura in wliicli the 
visceral loop (the conterminous visceral nerves) does not 
share in the torsion of the visceral hump, but, being sunk 
entirely below the body-wall, remains straight and un- 
twisted. Although the anus is not brought so far forward 
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Tcthya, lls. CJ, 11), possibly a contlminflon of the cplpodln; 4, V. ccpimllc 
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by the visceral torsion as in the Streptoneura, and may even 
by .seec/ndory growth assume a posterior median position, yet, 
as fully developed, an asymmetry has resulted as in the 
Azj’gobrancbia, only the original right renal organ, right 
ctenidiupi (if any), right osphradium, right side of the heart, 
and right genital ducts being retained. All the Euthy- 
neura are hermaphrodite. The lingual ribbon has very 
usually numerous fine denticles 
undifTerentiated into series in 
each row. Tiic shell is light 
and little calcified; often it is 
not developed in the adult, 
though present in the embryo. 

An operculum, often found in 
the embrj'o, is never present in Fia. 53,— Tornotciia. h, shell; t, 
the adult (except in Tornatclla, d, foot;/; opercainm. 

fig. 5.3). Jfany Euthyneura show a tendency to, or a 
complete accomplishment of, the suppression of the mantle- 
skirt as well as of the .shell, also of the ctenidium, and ac- 
(juire at the same time a more or less cylindrical (slug-Iike) 
form of bodj*. 

The Eutlijmeura comprise two orders, the Opistho- 
branchia and the Pulraonata. 



Order 1. — Opisthobranchia. 

Marine Euthjmeura the more archaic forms of which 
have a relatively large foot and a small visceral hump, 
from the base of which projects on the right side a short 
mantle-skirt. The anus is jilaced in such forms far back 
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(ctcnlillum) Tlie tree edge of the in.entlc is seen jUst belop the margin of 
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beyond the mantle-skirt. In front of the anus, and only 
partially covered by the mantle-skirt, is the ctenidium with 
its free end turned backwards. The heart lies in front of, 
instead of to the side of, the attachment of the ctenidium, 
— hence Opisthobranchia as opposed to “ Pi'osobranchia,” 


whk>h correspond to the Streptoneura. A shell is possessed 
in the adult state by but few Opisthobranchia, but all pass 
through a vehger larval stage with a nautiloid shell (fig 601 
Many Opisthobranchia have 
by a process of atrophy lost 
the typical ctenidium and the 
mantle-skirt, and have deve- 
loped other organs in their 
place. As in some Azygo- 
branchia, the free margin of 
the mantle-skirt is frequently 
reflected over the shell when 
a shell exists; and, as in some 
iVzygobranchia, broad lateral 
outgroivths of the foot (epi- 
podia) are often developed, 
which, as does not occur in Azy- 
gobranchia, may be throivn 
over the shell or naked dorsal ^ „ . , 

suriace of the body. from above, h, mouth ; t, cephalic 

The variety of special deve- Kekr&’ 
lopments of structure accom- 
panying the atrophy of typical organs in the Opisthobranchia 
and general degeneration of organization is very great, and 
renders their classification difficult. Two sections of the 
order may be distinguished, according as the typical 
Molluscan mantle-skirt (limbus pallialis) is or is not atro- 
phied, and wdthin each section certain sub-orders. 



Section (I . — PALLIATA {= TcctibrancJuiaia, Woodward) — the 
typical Mollnscan mantle-skirt or pallium retained. 
Sub-order 1 . — Clcnidiolranchia. 

Characters, — Palliata in which the ctenidium is retained as the 
branchial organ ; with rare exceptions a delicate shell, ■which may 
be very small or completely enclosed by the reflected margin of the 
mantle ; epipodia (lateral outgron ths ol the foot) frequently present. 
Family 1. — TornaleUtdie. 

Genera : Tornatclla, Lam. (fig. 5S) ; Cimdia, Gray, &c. 

Family 2. — BulUdK. 

Genera : Bulla, Lam. (fig. 52) ; Accra, Muller ; Scaphander, 
Jlontf. ; Bullica, Lam. ; Doridixm, Meckel ; Qastropteron, 
Jlcckcl, &c. 

Family 3. — Aplysiklw. 

Genera: Aplysia, Gmelin (the Sea-Hare) (figs. 20, 56, &c.) ; 
Dolohella, Lam.; Lohiger, Krohn, &c. 

Family 4. — Plcurobrandvidm. 

Gcneia: Plcurobranclms, Cuvier; DmSrcJln, Chemnitz (figs. 54, 
55); Buncina, Forbes, &c. 

Sub-order 2. — Phyllidiohranclda. 

Characters. — Palliata in which the ctenidia have atrophied ; much 
as in Patellidte among the Zygobranchiate Streptoneura their place 
is taken by laterally-placed lamellre, developed from the inner surface 
of the bilatcnally-disposed mantle-skirt in tivo lateral rows. 

Family 5. — Phyllidiadm. 

Genera : Phyllidm, Cuiver ; Pleuropliyllidia, Meek. (fig. 57). 


Section b—NON-PALLIATA. 

Characlcrs.—y\\<i typical Molluscan mantle-skirt is atrophied in 
the adult. Ho shell is present in the adult, though the dorsal 
integument may be strengthened by calcareous spicules (Doris). The 
otocysts are not sessile on the pedal ganglia as rn other Gastropods, 
but,asin the Natantia Azygobranchia.lie close to the cerebral ganglia. 
In one sub-order (Pygobranchia) the typical ctenidium appears to 
be retained in a modrfied form ; in the others special developments 
of thcbody-uall take its place, or no special respiratory processes 
exist at all. The general form of the body is slug-like, the foot 
and visceral hump being coextensive, and a secondary bilateral 
sjTOmetry is asserted by the usually median (sometimes right-sided) 
dorsal position of the anus on the hinder part of the body. 

Sub-order 1. — Pygobranchia. 

Characters. — ^The ctenidium assumes the form of acirclet of pinnate 
processes surrounding the median dorsal anus ; a strongly-marked 
enipodial fold may occur all round the foot and simulate a mantle- 
skirt (see fig. 62, C, Doris) ; papilla; or “ cerata ” of the dorsal integu- 
ment may occur as veil as the true ctenidium (fig. 61). 

Family 6. — Dondidw. 

Genera: Doris, L ; Goniodoris, Forbes; Triopa, Johnst. ; uBgirus, 
Loven; Thccacexa, Fleming ; Poii/ccro, Cuvier; Afaim, Leuck- 
art ; riwenia, Loven; Gera^osonia, Adams; Oncfiidoris, Blaxnv. 
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63 projecting from the branchial suh-paUial space. The 
relation of the delicate shell to the mantle is peculiar, 
since it occupies an oval area upon the visceral hump, 
the extent of which is indicated in fig. 

56, C, hut may he better imderstood 
by a glance at the figures of the aUied 
genus Umbrella (figs. 54, 55), in -which 
the margin of the mantle-skirt coin- 
cides, just as it does in the Limpet, 

■with the margin of the shell. But in 
Aplysia the mantle is reflected over 
the edge of the shell, and gro-ws over 
its upper surface so as to completely 
enclose if, excepting at the small cen- 
tral area s -ft-here the naked shell is 
exposed. This enclosure of the shell 
is a permanent development of the 
arrangement seen in many Strepto- 
neura (e.g., PjTula, Ovulum, see figs. 

38 and 41), -where the border of the 
mantle can be, and usually is, dra-wn 
over the shell, though it is -withdra-wn 
(as it cannot be in Aplysia) when they 

are imtated. From the fact that one of the Pygobrandu- 

ate Opistliot»ranchs{dor- 
sal viewj- a, anus ; hr, 
the ctenfdimn pecoliarly 
modified so as to encircle 
the anus; t, cephalic ten- 
tacles. External to the 
branchial ctenidinra arc 
seen ten clnb-like pro- 
cesses of the dorsal wall, 
these are the “cerata** 
which are characteristic- 
ally developed in another 
snb- order of Opistho- 
branchs, the Ccratonota 
fsee fig. 62, A). (From 
Gegenbanr, after Alder 
and Hancock.) 
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Aplysia commences its life as a free- 
swimming Veliger -with a nautiloid 
shell not enclosed in any way by the 
border of the mantle, it is clear that 
the enclosure of the shell in the adult 
is a secondary process. Accordingly, 
the shell of Aplysia must not be con- 
founded -with a primitive shell in its 
shell-sac, such as we find realized in 
the shells of Chiton and in the plugs 
which form in the remarkable tran- 
sitory “ shell-sac ” or “ shell-gland ” of ilolluscan embryos 



£o!ij papillosa (Lin.), dorsal -new. a, b, posterior and anterior cephalic 
tentacles ; c, the dorsal “cerata" (Iience Ceratobranchia). 

B TcfAys fewnmi, dorsal riew. a, the cephalic hood ;b, cephabc tentacles; 
c, neck; cf, genital pore; e, anus; A large cerata; smaller cerata; 
7i. marpn of the foot ^ j i ^ 

a Doris (Jctinoci/clus) rubercura«us{Ctiv.), seen from the pedal snrfa^ rn, 
month ; h, margin of the head ; /, sole of the foot ; spj the mantlc-Kke 

n. E. lateral view of Hyria (Actecm) riridi!. ep, epipodial out- 

groivths. (After Keferstein.) 

(sec figs. 7, G8, and 72'®'**). Aplysia, like other ilollusca. 


develops a prmitive shell-sac in its trochosphere stane of 
development_(fig 68), which disappears and Ls succeeded 
by a nautiloid sheU (fig. 60). This forms the nucleus of 
the adult shell, 


and, 

mal 


as the 



am- 

grows, be- 
comes enclosed 
by a reflexion of 
the mantle-skirt. 

In reference to 
the possible com- 
parison of the 
enclosed shell of 
Aplysia and its 
allies -with those 
of some Slugs and 
of Cuttle-fishes, 
the reader is re- 
ferred to the para- 
graphs dealing 
especially -with 
those MoUuscs. 

"When the shell 
of an Aplysia 

enclosed in its Fig. es. — Apfysiof!^/Oriiia(cnnitli«, Cm-.), vnthepipodio 
and mantle reflected awaj" from the mid-liiie. a, an- 
terior cephalic tentacle; 5, postenordo.; between « 
and b, the eyes; c, right epipodinm; d, left epipo- 
dium ; e, hinder part of visceral hump ; j^), posterior 
ertremity of the foot ; /a, anterior part of the foot 
nnderljing the head; c, the ctenidinm (branchial 
plmne) ; b, the mantle-skirt tightly spread over the 
homy shell and pushed with it towards the left side ; 
i, the spermatic groove ; the common genital pore 


mantle is pushed 
well to the left, 
the sub-pallial 
space is fully ex- 
posed as in fig. 
63, and the vari- 
ous apertures of 
the body are seen. 
Posteriorly 


„ , „ i non 

(male and female) ; I, orifice of the grape-shaped (sup- 
posed poisonons) gland ; tn, the ospnrodinm (olfac- 
tory organ of Spengel) ; n, outline of part of the renal 
sac (nephriditmi) below the surfoce ; o, ejrternal aper- 
ture of the nephridiam ; p, anus. (Onginal.) 


•^e 

have the anus, in front of this the lohate gill-plume, be- 
tiveen the two (hence corresponding in position to that of 
the Azygobranchia) we have the aperture of the renal 
organ. In front, near the anterior attachment of the gill- 
plume, is the osphradium (olfactory organ) discovered by 
iSpengel, yellowish in colour, in 
the ' tj*pical position, and overly- 
ing an olfactory ganglion -with 
typical nerve-connexion (see fig. 

20). To the right of Spengel’s 
osphradium is the opening of a 
peculiar gland which has, when 
dissected out, the form of a bunch 
of grapes ; its secretion is said to 
be poisonous. On the under side 
of the free edge of the mantle are 
situated the numerous small cu- 
taneous glands which, in the large 
Aplysia camelus (not in other 
species), form the purple secretion 
which was kno-wn to the ancients. 

In front of the osphradium is the 

single genital pore, the apertme ^ aece.sorr 

of the cominon. or hermaplirodite glands and ducts of Apiysix 
duct. From this point there 
stretches forward to the right 
side of the head a groove — the 
spermatic groove — do-wn which 
the spermatic fluid passes. In 
other Euthjmeura this groove may 
close up and form a canal. At 
its termination by the side of the head is the muscular 
intro^'erted penis. In the hinder part of the foot (not 
sho-wn in any of the diagrams) is the opening of a large 
mucous-forming gland very often found in the iIo]lus'''’n 
foot. 



1, ovo-testis ; h, liermaphrodit^^ 
duct; albuminirarous gland; 
/, vesicula semiualis; open- 
ing of the albuminipamus gland 
into the bermaphnxlite duct; 
c, henaapbrodite duct (ntenne 
jiortiOTi) ; I, ^'agiDal iMirtion of 
the uterine duct ; c, spernia- 
theca; d, its duct; c, goiiitnl 
pore. (Original ) 
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63 projecting from the branchial suh-paUial space. The 
relation of the delicate shell to the mantle is peculiar, 
since it occupies an oval area upon the visceral hump, 
the extent of which is indicated in fig. 

56, C, hut may he better imderstood 
by a glance at the figures of the allied 
genus Umbrella (figs. 54, 55), in which 
the margin of the mantle-skirt coin- 
cides, just as it does in the Limpet, 

■with the margin of the shell. But in 
Aplysia the mantle is reflected over 
the edge of the shell, and grows over 
its upper surface so as to completely 
enclose it, excepting at the small cen- 
tral area s where the naked shell is 
exposed. This enclosure of the shell 
is a iJermanent development of the 
arrangement seen in many Strepto- 
neura {e.ff., PjTula, Ovulum, see figs. 

38 and 41), where the border of the 
mantle can be, and usually is, dra'wn 
over the shell, though it is -withdra-wn 
(as it cannot be in Aplj'sia) when they 
are irritated. From the fact that 
Aplysia commences its life as a free- 
swimming Veliger -with a nautiloid 
shell not enclosed in any way by the 
border of the mantle, it is clear that 
the enclosure of the shell in the adult 
is a secondary process. Accordingly, 
the shell of Aplysia must not be con- 
founded -with a primitive shell in its 
shell-sac, such as we find realized in 
the shells of Chiton and in the plugs 
which form in the remarkable tran- 
sitory “shell-sac” or “ shell-gland ” of ifolluscan embryos 
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Frc. 61 . — Polycera crisiatat 
one of the Pygobranchi- 
ate Opistliot»ranchs{dor- 
sal viewj- a, anus ; hr, 
the ctenidima peculiarly 
modified so as to encircle 
the anus; <, cephalic ten- 
tacles. External to the 
branchial ctenidiura arc 
seen ten club-like pro- 
cesses of the dorsal wall, 
these are the “cerata*' 
which are characteristic- 
ally developed in another 
sub -order of OpUtho- 
branchs, the Ceratonota 
(see fig. 62, A). (From 
Gegenbanr, after Alder 
and Hancock.) 



^ A Eoiis papillosoi (Lin.), dorsal view, a, h, posterior and anterior cephalic 
tentacles ; c, the dorsal ‘*cerata" (Iience Ceratobranchia). 

B. Tethys Itporina, dorsal \itvr, a, the cephalic hood ; h, cephalic tenfacics ; 

c, neck; cf, genital pore; e, anus; A l^rgs cerata; p, smaller cerata; 
7i. znarpn of the foot. ^ j i 

C. Doris (Actinocydus) tuherculatus seen from the pedal surfe^ -m, 

mouth ; h, margin of the head ; fj sole of the foot ; spj the mantle-uke 

n. E. mSu'S lateral vieiv of Elysia (Aclieon) riridis. ep, epipodial out- 
groivths. (After Keferstein.) 

(sec figs. 7, G8, and 72'®-**). Aplysia, like other ilollusca. 


develops a P/mitive sheU-^c in its trochosphere stase of 
development_(fig 68), which disappears and is succ^^ded 
by a nautiloid sheU (fig. 60). This forms the nucleus of 
the adult shell, 
and, as the ani- 
mal grows, be- 
comes enclosed 
by a reflexion of 
the mantle-skirt. 

In reference to 
the possible com- 
parison of the 
enclosed shell of 
Aplysia and its 
allies -with those 
of some iSlugs and 
of Cuttle-fishes, 
the reader is re- 
ferred to the para- 
graphs dealing 
especially ■with 
those Molluscs. 

"When the shell 
of an Aplysia 

enclosed in its — Aptyjiofqioriiia(cnnitli«, Cnv.), mthepipodin 
and mantie reflected away from the znid-hne. a, an- 
terior cephalic tentacle; h, postenordo.; betn*een « 
and bf the eyes ; c, right epipodium ; d, left epipo- 
dium ; e, hinder part of visceral hump ; j^), posterior 
extremity of the foot ; /a, anterior part of the foot 
nnderijing the head; n, the ctenidium (branchial 
plmne); 7t, the mantle-skirfc tightly spread over the 
homy shell and poshed with it towards tlje left side ; 
i, the spermatic groove ; the common genital pore 
(male and female) ; I, orifice of the grape-sliaped (sup- 
posed poisonons) gland ; m, the osphradinm (olfac- 
tory organ of Spengel) ; n, outline of part of the renal 
sac (nephridiorn) below the surface ; o, ejrtemal aper- 
ture of tie nephridinin ; p, anus. (Onginal.) 



mantle is pushed 
well to the left, 
the sub-pallial 
space is fully ex- 
posed as in fig. 

63, and the vari- 
ous apertures of 
the body are seen. 

Posteriorly we 
have the anus, in front of this the lohate gill-plume, be- 
riveen the two (hence corresponding in position to that of 
the Azygobranchia) we have the aperture of the renal 
organ. In front, near the anterior attachment of the gill- 
plume, is the osphradium (olfactory organ) discovered by 
Spengel, yellowish in colour, in 
the ' typical position, and overly- 
ing an olfactory ganglion ■with 
typical nerve-connexion (see fig. 

20). To the right of Spengel’s 
osphradium is the opening of a 
peculiar gland which has, when 
dissected out, the form of a bunch 
of grapes ; its secretion is said to 
be poisonous. On the under side 
of the free edge of the mantle are 
situated the munerous small cu- 
taneous glands which, in the large 
Aflysia camehis (not in other 
species), form the purple secretion 
which was kno'wn to the ancients. 

In front of the osphradium is the 
single genital pore, the aperture 
of the common or hermaphrodite 
duct. From this point there 
stretches forward to the right 
side of the head a groove — the 
spermatic groove — down wliich 
the spermatic fluid passes. In 
other Euthjmeura this groove may 
close up and form a canal. At 
its termination hy the side of the head is the muscular 
introverted penis. In the hinder part of the foot (not 
slio^wn in any of the diagrams) is the opening of a large 
mucous-forming gland very often found in the iIo]lus'''’n 
foot. 



Fk:. 


-GonafJ, anti accessory 
pland'i anrl ducts of Aplysia. 
1 , ovo-testis ; h, lieniiapliroditf^ 
dnet; p, albuminirarous gland; 
/, vesicnla seminalis; open- 
inpof the albnminiparnus gland 
into the bermaphnxiite duct; 
c, hermaphrodite duct (ntenne 
portion) ; b, ^'ai;iDal iMirtion of 
the uterine duct ; c, spernia- 
theca; rf, its dnet; r, genital 
pore. (Original ) 
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Ajthjna hyhrirhi of tlie English coast), placed at its extreme 
limit, representing both the right and left ■visceral ganglia 
and the third or abdominal ganglion, v.'hich are ao often 
separately present. The diagram (fig. 20) &hov.a the ners'e 
connecting this abdoinino- 
vi.<-ceral ganglion svith the 
olfactory' ganglion of Spen- 
gel. It is also seen to be 
connected svith a more re- 
moteganglion — the genital. 

Such .special irregularities 
in the development of gan- 
glia upon the visceral loop, 
and on one or more of the 
main nerves connected svith 
it, are, as the figures of 
3Iollu-scan nervous syotems 
given in this article show, 
s-ery frequent. Our figure 
of the nervous syntem of 
Apd^nia does not give the 
small pair of buccal ganglia 
which are, as in all Glo^so- 
phorous Molluscs, pre-ent 
uj/on the nen-e-) p>a“iing from the cerebral rerpon to the 
odontophore. 

For a compari-on of various Oplsthobranchs, Apilysia will 
be found to pre-ent a convenient starting-point. It is 
one of the more t;,'pical Oputhobranchs, that is to say, 
it belongs to the .‘■ection Palliata, but other members of the 
Palliata, namely, Bulla and Tomatella (figs. 52 and 53), 
are le.->.s abnonnal than Aplysia in regard to their shells and 
the form of the s'hceral hump. They have naked sjarally- 
tssisted shells which may be concealed from view in the 
li't'ing animal bj* the exj/ansion and reflexion of the epdpodia. 


ntral Hona 

fori" of til*' O'TzU/notou^ Oj/Mlio 
ihcr/rin'^ & U'nrh'ucy U) fanion 
of til** griTJt'lBS. A, 
ral, Lhd viwjral ganglia ; v, 

dal ganglion; 6', Irjcoal gan^ion; ff, 
Cfewjdiag^l ganglion connect^i Trith the 
t>tiocal; a, ri'^'nx to cejiliallc 

; h, n^'r/e^ to iuft^ar ceplt^hc 
t/'ntacl'^; r, r^'r/* to g^'neratfTe organs; 
d, jy;/lalTj*T;'e; ^,i>e*lalcomrnl»--mrc; 

looji or (¥TGxn 

G*gailxitir, aft/'T llergjj.) 



r . — Vonn^r lar/a of an Opi^^hoh'^nch t/i, 

r, i/^r^lrp'ojf the “leliirn; c^'rif-lyral gangliwi de- 

•.elojdng from ^n.l/Lust, “ntmu toe alv> 

from * /, t, InV'Hn*- ; ry, r* * dtial natntr.e yelk; i\ j/nml- 
ti'.e or ‘■h'^lI'gk-U'L (Fr*>n 

but are not enclo-ed by the mantle, svhilst Toniatella is 
remarkable amongst all Euthyneura for po-.e.--.ing an oj>er- 
culurn like that of .so many >Streptoneura. 

The great development of the epipodia .‘•een in Aplysia 
Is usual in J’alliate Opisthohranchs; it occurs al-o in Ely.-ia 
(fig. 62, D) among Xon-?alliata ; in Doris it seems j)rob- 
able that the mantle-like fold overhanging the fwt is to 
l>e interpreted as epipodium, the mantle-skirt being alto- 
gether ab-ent, as shov.Ti by the naked pjosition of the gilE 
and anus on the dorsal sairface (fig^- 61 and 62, C). The 
whole s'urfaee of the body becomes greatly modified in 
tho-e Ison-Palliate form.s which have lost,^ not only the 
mantle-.4:lrt and the shell, but al-o the ctenidiurn. 3Iany 
of the-e (Ceratonota) have ]>eculiar proce-.-e.^ develof)ed 
on the dor.-al .surface (fig. 62, A, B), or retain jmrely 


negative characters (fig. 62, D). Tire chief modifiration of 
internal organization presented by the=e forms, as cornmred 
svith Aply.'^ia, is found in the condition of the alimentary- 
canal, Tlie liver is no longer a comjiact organ opening 
by a pair of ducts into the median dige.stive traat, bnt we 
find sery numerous hepiatic diverticula on a shortened 
axial tract (fig, 66). Tlic-e diverticula extend umally'one 
into each of the doraul jfajiilte or “cerata” when the-e are 
pr&-ent. They are not merely dige.-,tive glands hiit are 
.sTifficiently wide to act as receptacles of food, and in them 
the dige-ition of food proceeds ju‘--t as in the axial jKjrtion 
of the canal. A precDely similar modification of the liver 
or great digestive gland is found in the Scorjnori.^, where 
the axial iwrtion of the digestive canal is .short and straight, 
and the lateral ducts sufficiently wide to admit food into 
the ramifications of the gland there to be digested ; whil-t 
in the Spiders the gland is reduced to a series of simple 
eieca. 

The tyqacal character is rctainf^d by the heart, peri- 
cardium, and the communicating nephridiurn or renal orgsm 
in all Oj)i.sthobranch.s. An intere-ting exarnjJe of this is 
famished by the fish-like transparent Phyllirhoe (fig. 58^ 
in which it Is pos-ible mo-t .“atl-factorily to .'-tiidy in the 
living animal, by mean.s of the micro-cope, the conr-e of 
the blood-‘-tream, and al-o the reno-pericardial communi- 
cation, With reference to the existence of j)ore-> placing 
the vascular .sy.-tem in open communication with the 
.-iirrounding water, see the j^aragraph us to Moliusca gener- 
ally-, In a form closely allied to Aplysia (Pleurohranchtfo) 
such a i>ore leading outwards from the branchial vein ha-i 
been preci-ely de.-cribed by Lacaze Duthiers, Xo such |)ore 
has been deterted in Aplyria. In many of the Xon-Paliiate 
Opisthohranchs the nervous sysstern prasents a concentra- 
tion of the ganglia (fig. 67), contrasting greatly with what 
v;e, have seen in Aply.da. Xot only are the pleural ganglia 
fu-ed to the cerebral, but al.-o the vi.-ceral to the-e (see in 
further illustration the condition attained by the Dilmonate 
LiinnaJU“, fig. 22), and the -visceral loop i-> astoni-hingly short 
and in-ignificant (fig, 67, ^ ), That the j/arts arc rightly thus 
identified is prol.;able from Spengel’s ob-ervation of the 
phradiurn and ito nerve-supply in tha-.e forms ; the nerve to 
that organ, which i.s placed somewhat anteriorly — on the dor- 
.<-al .■'Tirfsice — being given off from thebinderpart(vi-ceral) of 
tbe riglit compound ganglion — the fellowtothat marked. V in 
fig, 67, Tlie Ceratonotous Opisthobranch-7, amongst other 
specialitia-) of .structure, are stated to i>o-„-a--> (in ."orne ca-as 
I at any rate) aperturas at the apices of the “cerata” or 
' dor.al jjapillse, which lead from the exterior into the htf>atic 
I cjcca. IIils requires confirmation. Some arriong-.t them 
: (Tergipas, Eolis) are al-o remarkable for po-.u— ing 
peculiarly modified epidf^nnic cells placed in saas at the 
aj)ica-> of these same papilla;, svliich rasemble the “ thread- 
cel!.- 5 ”of the Planarian Ilatworras and of the CVelentcra. 

I Tlie exiitence of tha-e thread-celL it rufficitntlj- remark- 
able, .seeing that the Xon-Palliate Opisthohranchs re-emble 
in general form and habit the Planarian wonn.-, many of 
whfcli al-o po-..-e--s thread-cells. But it is not conceivable 
that theirpre-ence i-> an indication of genetic affinity lictween 
the two groujH, rather they- are instancas of homopla-y. 
The development of many Opi->thobranchia^ ha- been 
examined — e.y., Aply.sia, Plcurobranchidiurn, Elyria, Poly- 
cera, Dori.«, Tergijias. All jiu-s through trfx:hoophere and 
veliger stagas, and in all a nautiloid or boat-like shell i^ 

devdoped,prcce/Iedbyawell-markf;d “shell-gland” (“cefigs. 

60 and 68;. The tranrition from the free-swimming veliger 
larva vrith its nautiloid .riiell (fig. 60) to the adult form has 
not been properly observed, and many intera-ting jioirit^ as 
to the true nature of fohE (whether epijxKiia or mantle or 
velnrn) have yet to be cleared np by a knowledge of .‘■uch 
development in forms like Tethy,s, Dori-^, Phyllislia, 
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Ajthjna hyhri'hi of tlie Engllsli coast), placed at its extreme 
limit, representing both the right and left wceral ganglia 
and the third or abdominal ganglion, v.hich are so often 
eeparately present. The diagram (fig. 20) shov. ■> the nerve 
connecting this abdoinino- 
vi-ceral ganglion v.ith the 
olfactory' ganglion of Spen- 
gel. It is also =een to be 
connected i^ith a more re- 
moteganglion — the genital, 

.Sufh ‘-pccial irregularities 
in the development of gan- 
glia upon the "visceral loop, 
and on one or more of the 
main nen connected ith 
it, are, as the figures of 
^lolluAcan nervous nyntems 
given in this article f-hovv, 
very frequent. Our figure 
of the nervous Fy^tem of 
AjAysia does not give the 
small pair of buccal ganglia 
v.hich are, as in all Glo-vo- 
phorous Molluscs, pre-ent 
uj/on the nencs f>a'-sing from the cerebral rerpon to the 
odontophore. 

I'or a compari-on of various Opisthobranchs, Aplysia will 
be found to present a convenient starting-point. It is 
one of the more typical Opisthobranchs, that is to ray, 
it belongs to the •■ection Palliata, but other members of the 
Palliata, namely, Bulla and Tomatella ffigs. ~)2 and 53), 
are le.s.s abnonnal than Apl j ria in regard to their shells and 
the form of the vi-ccral hump. They hav c naked «ijirally- 
tvdvted shells which maybe concealed from view in the 
living animal bj* the exiran-ion and reflexion of the epipodia. 
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hut are not cnf'Io hy the mantle, v.hil*'t Tomatella i-5 
remarkable amongst all lluthyneura for po— es--ing an oj>er- 
culurn like that of ‘-o many Streptoneura. 

The great development of the epipodia ‘•een in Apljsia 
is usual in Palliate Opi-ihobranchs; it occurs al-o in Elj-ia 
(fig. 62, D) among Is on-?alliata ; in Doris it j-eems prob- 
able that the rnantle-like fold overhanging the fwt is to 
l>e interpreted as epipodium, the mantle— kirt being alto- 
gether ab-ent, as shov.-n by the naked po-Ition of the gills 
and anus on the dorsal surface (figs- 61 and 62, O). The 
whole surface of the body becomes greatly modified in 
tho e Ison-Palliate forms which have lost, not only the 
mantle— kirt ancl the rhell, but al-o the ctenidiurn. 3rany 
of the-e (Ceratonota) have ]>ecailiar proce— Cs dev'clopccl 
on the dor-al ‘-urfac.e (fig. 62, A, B), or retain jmrely 


negativ e characters (fig. 62, D). Tire chief modifiration of 
internal organization presented by thc^»e fonns, as cornmred 
vv'ith Aplysia, is found in the condition of the alimcntarv' 
canal, Tlie liver is no longCT a comj>a(;t organ opening 
by a pair of ducts into the median digestive tract, but we 
find very numerous hepatic diverticula on a shortened 
axial trae-t (fig, 66). Tlie-e diverticmla extend umally one 
into each of the dorsal jnpilte or “ccrata” when the-e are 
pre-ent. They are not merely digestive glancD, hut are 
sTifficiently wide to act as receptacles of food, ancl in them 
the digestion of food proceeds jm-t as in the axial iKirtion 
of the canal. A prcchely similar modification of the liv er 
or great digestive gland is found in the Sccnq.ion-, wliere 
the axial jKjrtion of the digestiv e canal is short and straight, 
and the lateral ducts sufiiciently wide to aclmit food into 
the ramifications of the gland there to be dige-sted , wlnl-t 
in the (Spiders the glanci i- recluced to a fcries of simple 
tieca. 

The t 5 q(ical character is retained by the Inrart, peri- 
cardium, and the communicating nephridiurn or renal organ 
in all Opisthobranchs. An iiitcrc-ting cxamjJe of this is 
famished by tbc fish-like transparent Phjlhrhoe (fig. 5b), 
in which it is pos-ible mo-t rati-factorily to '-tiidy in the 
living animal, by means of the micTO-cope, the conr-c of 
the blood-c-trcam, and al-o the rencj-pcricardial communi- 
cation, With reference to the existence of j)Orts j/lacmg 
the va-cular sy-tem in open comrnunic.ation with the 
-lUTounding water, ‘ee the fiaragraph as to Moll u-ca gener- 
ally. In a form clo-cely allic./! to Apljsia (Pleurohranclius) 
such a jtore leading outwards from the branchial vein lias 
been preei-ely dc--cmbed by Lacaze Duthien-, Xo ssich jwre 
has been detected in Aply'ia. In many of the Non-Paliiate 
Opisthobranchs the nervcjus sjstcrn pra-cents a concentra- 
tion of the ganglia (fig. 67), contrasting greatly with vhat 
w e hav e teen in Aply-ia. Xot only are tlie pleural ganglia 
fu-ed to the cerebral, but al-o the vi-eeral to the-e (‘•ce m 
further illu-tration the condition attained by the Ihilmonate 
Limmctt“, fig. 22), and the visceral loop is astoni-hingh ‘•liort 
ancl in-ignificant (fig, 67, /). That the jiarts are nglitl} thus 
identified is proliable from Spcmgel’s ob-ervation of the Os- 
phradiurn and its nerve-^sipply in tha e forms ; the nerve to 
that organ, w hich isplaeed somewhat antenorlj — on the dor- 
ral ■'Tirface — being given off from thelunder part(v i-eeral) of 
the nglit eompounej ganglion — the fellowtothat marl ed.V in 
fig, 67. Tlie C'eratonotous OpisthcAjranchs, amongst otlier 
‘•p'ciahtias of =truc:ture, are ■•tated to i>o -e-s (m "omc easc.,s 
( at any rate) aperturc.-s at the apices of the “ccrata” or 
' doraal jiapillai, which Icacl from the exterior into the hcfcatic 
1 ca ea. lliis requires eonfinnatic/n. (Some amongst them 
(Tergipas, Bohs^ are al-o remarkable for po ^c mg 
peculiarly modified epidermic cells placed in fac.-s at the 
ajneas oi these -arne papilla;, which rascmble the “thread- 
cclIs”of the Planarian Ilatwormsand of the CV/Ientcra. 

I 'flic existemre of tha-e threacj-celis is ruffieiently remark- 
able, c-c^ing that the Xon-Palhate Opisthobranchs rc -emble 
in generarform and habit the Planarian wonn-, many of 
whuli al-o po-.,-e--s thread-cells. But it is not conreivahle 
that theirpre-c nee is an inclic.ationof genetic affinity Icctv c c,n 
the two grouji-c, rather they are instances of homopIa.-y. 
The development cjf many Opisthobranclna ha- been 
cjamined — cc/., Apljsia, Pleurobranchidiurn, Bljdo, Poly- 
cera, Dori«, Tergiji'-s. -AH jeu'-o through trexhosphere and 
velifccr '-tages, and in alia nautihiicl or boat-like ‘hell is 
dev eloped, prec ethd by awell-markc d “s-hell-gland ” (“c efigs. 
60 and 68;. The tran-ition from the freccswainming v ehg‘ r 
larva with its nautiloid riiell (fig. 60) to the aclult form has 
not been properly ob^erv cd, and many intere-ting jioirits as 
to the true- nature of fold- (whether epijKxiia or mantle or 
velum) have- yet to be cleared up by a knovlf/lge of '■-uch 
development in fc/nus bke Tethy,s, Doris, Phjllidia, dex 



PULJIONATA.] 


MOLLUSOA 


661 


The same general range of body-form is shorra in Pul- 
monata as in the Natant Azygobranchia and in the Opis- 
thobranchia ; at one extreme rve have Snails with coiled 
visceral hump, at the other cylindrical or flattened Slugs 
(see fig. 69). Limpet-like forms are also 
found (fig. 71, Ancylus). The foot is al- 
ways simjile, with its flat crawling surface 
extending from end to end, but in the 
embryo Limnoeus (fig. 4, H) it shows a 
bilobed character, -which leads on to the 
condition characteristic of Pteropoda. ^'5 

ihe adaptation of the Pulmonata to ter- form .iquatic Pui- 
restrial life has entailed little modification 
of the internal organization. The vascular system appears 
to be more complete in them than in other Gastropoda, 
fine vessels and even capillaries being present in place of 
lacuna;, in which arteries and veins find their meeting- 
point. The subject has not, however, been investigated 
by the proper methods of recent histology, and our know- 




ledge of it, as of the vascular system of Molluscs generally, 
is most unsatisfactory. In one genus (Planorbis) the 
jilasma of the blood is coloured red by hemoglobin, this 



theca is simple. In other species of Helix a second duct 
(as large in Helix aspersa as the chief one) is given off from 
the spermathecal duct, and in the natural state is closely 
adherent to the wall of the uterus. This second duct has 
normally no spermathecal gland at its tennination, which 
is simple and blunt. Put in rare cases in Helix (ispei*s(X a 
second spermatheca is found at the end of this second duct. 
Tracing the -widening female duct onwards we now come 
to the openings of the digitate accessory glands d, d, which 
probably assist in the formation of the egg-capsule. Close 
to them is the remarkable dart-sac pi, a thick-walled sac, 
in the lumen of which a crystalline four-fluted rod or dart 
consisting of carbonate of lime is found. It is supposed 
to act in some way as a stimulant in copulation, but pos- 
sibly has to do with the calcareous covering of the egg- 
capsule. Other Pulmonata exhibit variations of secondary 
importance in the details of this hermaphrodite apparatus. 

The nervous system of Helix is not favourable as an 
example on account of the fusion of the ganglia to form 
an almost uniform ring of nervous matter around the 
oesophagus. The Pond-Snail (Limnseus) furnishes, on the 
other hand, a very beautiful case of distinct ganglia and 
connecting cords (fig. 22). The demonstration which it 
afibrds of the extreme shortening of the Euthyneurous vis- 
ceral nerve-loop is most instructive and valuable for com- 
parison with and explanation of the condition of the nervous 
centres in Ce 2 )halopoda, as also of some Oi^isthobranchia. 
The figure (fig. 22) is sufficiently described in the letter- 
press attached to it ; the pair of buccal ganglia joined by 
the connectives to the cerebrals are, as in most of our figures, 
omitted. Here we need only further draw attention to the 
osphradium, discovered by Lacaze Duthiers (32), and shown 
by Spengel to agree in its innervation with that organ in all 
other Gastropoda. On account of the shortness of the 
visceral loop and the prox-imity of the right visceral 
ganglion to the cesophageal nerve-ring, the nerve to the 
osphradium and olfactory ganglion is very long. The posi- 
tion of the osphradium corresponds more or less closely 
rvith that of the vanished right ctenidium, rvith which it is 
normally associated. In Helix and Limax the osphradium 
has not been described, and possibly its discovery might 
clear up the doubts which have been raised as to the nature 
of the mantle-chamber of those genera. In Planorbis, which 
is dexiotropic (as are a few other genera or exceptional 
varieties of various Anisopleurous Gastropods) instead of 
being leiotrojnc, the osphradium is on the left side, and 
receives its nerve from the left -visceral ganglion, the whole 
series of unilateral organs being reversed. This is, as might 
be expected, what is found to be the case in all “ reversed ” 
Gastropods. It is also the case in the Pulmonate Auricula, 
which is leiotropic. 

The shell of the Pulmonata, though always light and 
delicate, is in many cases a well-developed spiral “ house,” 
into which the creature can -vrithdraw itself ; and, although 
the foot possesses no operculum, yet in Helix the aperture 
of the shell is closed in the -winter by a complete lid, the 
“ hybemaculum,” more or less calcareous in nattxre, which 
is secreted by the foot. In Clausiba a peculiar modifica- 
tion of this lid exists permanently in the adult, attached 
by an elastic stalk to the mouth of the shell, and known as 
the “ clausilium." In Limnmus the permanent shell i.s 
preceded in the embryo by a well-marked shell-gland or 
primitive shell-sac (fig. 72*'^*), at one time supposed to be 
the developing anus, but sho-wn by Lankester to be identical 
-ndth the “shell-gland” discovered by him in other I^fol- 
lusca (Pisidium, Pleurobranchidium, Neritina, itc.). As in 
other Gastropoda Anisopleura, this shell-sac may abnorm- 
ally develop a plug of chitonous matter, but normally it 
flattens out and disappears, whilst the cap-like rudiment of 
the permanent shell is shed out from the dome-like surface 
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The same general range of body-form is shorra in Pul- 
monata as in the Natant Azygobranchia and in the Opis- 
thobranchia ; at one extreme we have Snails with coiled 
visceral hum]), at the other cylindrical or flattened Slugs 
(see fig. 69). Limpet-like forms are also 
found (fig. 71, Ancylus). The foot is al- 
ways simi)le, with its flat crawling surface 
e.xtending from end to end, but in the 
embryo Limnoeus (fig. 4, H) it shows a 
bilobed character, -which leads on to the 
condition characteristic of Pteropoda. 

The adaptation of the Pulmonata to ter- form Vquatic Pul- 
restrial life has entailed little modification 
of the internal organization. The vascular system appears 
to be more complete in them than in other Gastropoda, 
fine vessels and even capillaries being present in place of 
lacuna;, in which arteries and veins find their meeting- 
point. The subject has not, however, been investigated 
by the proper methods of recent histology, and our know- 



Flc. 72. — /VroMMt Tougie^ a lifforal Piilinonato, fniind o» the shores of the Jndhin 
and Taclfic Oceans (Mauritius, Japan). 



ledge of it, as of the vascular system of Molluscs generally, 
i.s most unsatisfactory. In one genus (Planorbis) the 
])lasma of the blood is coloured red by hmmoglobin, this 
being the only instance of the pro- f 
sence of this body in the blood of 
Glossophoroas Mollusca, though it 
occurs in corpuscles in the blood 
of the bivalves Area and >Solen 
(Lankester, 31). 

Tlie generative apparatus of the /{^. 

Snail (Helix) may serve as an ex- 
ample of the hermaphrodite appa- 
ratus common to the Pulmonata 
and Opisthobranchia (fig. 72*). 

Prom the ovo-testis, which lies 
near the apex of the visceral coil, 
a common hermaphrodite duct v.e 
proceeds, which receives the duct 
of the compact white alburaini- 
parous gland E.d., and then be- 
comes much enlarged, the addi- 
tional width being due to the 
development of glandular folds, 
w'hich are regarded as forming a 
uterus 11 . Where these folds cease 
the* common duct splits into two 

portions, a male and a female, fio.72 . — 

The male duct v.d. becomes ne.sny Sn.-in ^lUUx hortensis). 
and muscular near its termination „r.«, ]icniiaj»hro- 

at the genital pore, forming^ the 
penis p. Attached to it is a diver- 
ticulum fl., in -(vhich the sperma- 
tozoa W'hich have descended from 
the ovo-testis are stored and mo- 
delled into sperm ropes or sperma- 
tophores. The female portion of 
the duct is more complex. Soon 
after quitting the uterus it is joined by a long duct leading 
from a glandular sac, the spermatheca (R.f). In this duct 
and sac the spermatophores received in copulation from 
another snail are lodged. In Helix hortensis the S 2 )erma- 
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dltc duct ; I2.d., olbumlnlpar- 
ous ghirid ; «, uterine dilata- 
tion of the hermaphrodite 
duct; il, digitate accessory 
glands on the female duct; 
p.8, calciferous gland or dart- 
sac on the female duct; li./f 
spermatheca or receptacle of 
the sperm in copulation, open- 
ing into the female duct ; v.cf, 
male duct <vas deferens); p, 
penis; flagellum. 


theca 18 simple. In other .species of Helix a second duct 
(as large in llehx aspersa as the chief one) is given off from 
the spermathecal duct, and in the natural state is closely 
adherent to the ivall of the uterus. This second duct has 
normally no spermathecal gland at its tennination, which 
is simple and blunt. _ But in rare cases in Helix aspei-sa a 
second spermatheca is found at the end of this second duct. 
Tracing the widening female duct onwards we now come 
to the openings of the digitate accessory glands d, d, which 
probably assist in the formation of the egg-capsule. Close 
to them is the remarkable dart-sac pi, a tbick-walled sac, 
in the lumen of w'hich a crystalline four-fluted rod or dart 
consisting of carbonate of lime is found. It is supposed 
to act in some way as a stimulant in copulation, but pos- 
sibly has to do with the calcareous covering of the egg- 
capsule. Other Pulmonata exhibit variations of secondary 
importance in the details of this hermaphrodite apparatus. 

The nervous system of Helix is not favourable as an 
example on account of the fusion of the ganglia to form 
an almost uniform ring of nervous matter around the 
oesophagus. The Pond-Snail (Limiioeus) furnishes, on the 
other hand, a very beautiful case of distinct ganglia and 
connecting cords (fig. 22). The demonstration which it 
affords of the extreme shortening of the Euthyneurous vis- 
ceral nerve-loop is most instructive and valuable for com- 
parison w'ith and explanation of the condition of the nervous 
centres in Cephalopoda, as also of some Opisthobranchia. 
The figure (fig. 22) is sufficiently described in the letter- 
press attached to it ; the pair of buccal ganglia joined by 
the connectives to the cerebrals are, as in most of our figures, 
omitted. Here we need only further draw attention to the 
osphradium, discovered by Lacaze Duthiers (32), and shown 
by Spengel to agree in its innervation w'ith that organ in all 
other Gastropoda. On account of the shortness of the 
visceral loop and the proximity of the right visceral 
ganglion to the cesophageal nerve-ring, the nerve to the 
osphradium and olfactory ganglion is very long. The posi- 
tion of the osphradium corresponds more or less closely 
with that of the vanished right ctenidium, rvith which it is 
normally associated. In Helix and Limax the osphradium 
has not been described, and possibly its discovery might 
clear up the doubts which have been raised as to the nature 
of the mantle-chamber of those genera. In Planorbis, which 
is dexiotropic (as are a few other genera or exceptional 
varieties of various Anisopleurous Gastropods) instead of 
being leiotropic, the osphradium is on the left side, and 
receives its nerve from the left visceral ganglion, the whole 
series of unilateral organs being reversed. This is, as might 
be expected, what is found to be the case in all “ reversed ” 
Gastropods. It is also the case in the Pulmonate Auricula, 
which is leiotropic. 

The shell of the Pulmonata, though ahvays light and 
delicate, is in many cases a well-developed spiral “ house,” 
into which the creature can withdraw itself ; and, although 
the foot possesses no operculum, yet in Helix the aperture 
of the shell is closed in the winter by a complete lid, the 
“hybemaculum,” more or less calcareous in nattxre, which 
is secreted by the foot. In Clausiba a peculiar modifica- 
tion of this lid exists permanently in the adult, attached 
by an elastic stalk to the mouth of the shell, and known as 
the “ clausilium.” In Limnisus the permanent shell is 
preceded in the embryo by a well-marked shell-gland or 
primitive shell-sac (fig. 72*^*), at one time supposed to be 
the developing anus, but shorvn by Lankester to be identical 
-ndth the “ shell-gland ” discovered by him in other !Mol- 
lusca (Pisidium, Pleurobranchidium, Neritina, itc.). As in 
other Gastropoda Anisopleura, this shell-sac may abnorm- 
ally develop a plug of chitonous matter, but normally it 
flattens out and disappears, whilst the cap-like rudiment of 
the permanent shell is shed out from the dome-like surface 
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“mesoblasts,” which bud off from the invaginated arch- 
enteron, partly to cells derived from the ectoderm, wliich 
at a very early stage is connected by long processes with 
the invaginated endoderm, as sho\vn in fig. 3, D. The ex- 
ternal form of the embryo goes through the same changes 
as in other Ga.stropods, and is not, as was held previously 
to Lankester’s observations, exceptional. Wlien the middle 
and hinder regions of the blastopore ar6 closing in, an 
equatorial ridge of ciliated cells is formed, converting the 
embryo into a typical “ Trochosphere ” (fig. 4, E, F). 

The foot now protrudes below the mouth (fig. 4), and the 
post-oral hemisphere of the Trochosphere grows more rapidly 
than the anterior or velar area. Tlie young foot sho%vs a 
bilobed form (fig. 4, D, /). Within the velar area the eyes 
and the cejAalic tentacles commence to rise uji (fig. 4, D, t), 
and on the surface of the post^oral region is formed a cap- 
like shell and an encircling ridge, which gradually increases 
in prominence and becomes the freely depending mantle- 
skirt. The outline of the velar area becomes strongly 
emarginated and can be traced through the more mature 
embryos to the cephalic lobes or labial processes of the 
adult Limnicus (fig. 70). 

This permanence of the distinction of the part known 
as the velar area through embryonic life to the adult .state 
is exceptional among Mollusca, and is therefore a point of 
especial interest in Limmeus. None of the figures of 
adult Limnffius in recent works on Zoology show properly 
the form of the head and these velar lobes, and accordingly 
the figures here given have been specially sketched for the 
present article. The increase of the visceral dome, its 
.spiral twisting, and the gradual closure of the .space over- 
hung by the mantle-skirt so as to convert it into a lung-sac 
with a .small contractile aperture, belong to stages in the 
development later than any represented in our figures. 

We may now revert briefly to the internal organization 
at a period when the Trochosphere is beginning to show a 
prominent foot growing out from the area where the mid- 
region of the elongated blastopore was situated, and having 
therefore at one end of it the mouth and at the other the 
anus. Fig. 12**^ represents such an embryo under .slight 
compression as seen by transmitted light. The ciliated 
band of the left side of the velar area is indicated by a 
line extending from n to n ; the foot / is seen between the 
pharynx and the pedicle of invagination pi. The mass 
of the arch-enteron or invaginated endodermal sac has 
taken on a bilobed form (compare Pisidium, fig. 151), and 
its cells are swollen (ys and tge). This bilobed sac becomes 
entirely the liver in the adult ; the intestine and stomach 
are formed from the pedicle of invagination, whilst the 
pharynx, oesophagus, and crop form from the stomodaeal 
invagination ph. To the right (in the figure) of the 
rectal peduncle is seen the deeply invaginated shell-gland 
es, vith a secretion sh protruding from it. The shell-gland 
is destined in Limnaeus to become very rapidly stretched 
out, and to disappear. Farther up, Avithin the velar area, 
the rudiments of the cerebral nerve-ganglion ng are seen 
separating from the ectoderm. A remarkable cord of cells 
having a position just beloAv the integument occurs on each 
side of the head. In the figure the cord of the left side is 
seen, marked re. This paired organ consists of a string of 
cells which are perforated by a duct. The opening of the 
duct at either end is not known. Such cannulated cells 
are characteristic of the nephridia of many Avorms, and it 
is held that the organs thus formed in the embryo Limnaeus 
are embryonic nephridia. The most important fact about 
them is that they disappear, and are in no AA'ay connected 
Avith the typical nephridium of the adult. In reference 
to their first observer they are conveniently called “Stiebel s 
canals.” Other Pulmonata possess, Avhen embryo.s, Stiebel’s 
canals in a more fully-developed state, for in.stance. the 


common slug Limax (fig. 12**, ph). Here too theydisan- 
pear during embryonic life. Further knoAvledge concern- 
ing them is gi'eatly needed. It is not clear whether there 
is anything equivalent to them in the embryos of marine 
Gastropoda or other Mollu.sca, the ectodermal cells called 
“embryonic renal organs” in some Gastropod embryos hav- 
ing only a remote resemblance to them. The three pairs 
of transient embryonic neiihridia of the medicinal leech, 
the ciliated ceplialic pits of Nemertines, and the anterior 
nephridia of Gephyreeans, all suggest themselves for com- 
jiarison Avith these enigmatical canals. 

_ Marine Pulmonata. — ^Wliilst the Pulmonata are essen- 
tially a terrestrial and fresh-Avater group, there is one 
genus of slug-like Pulmonates Avhich frequent the sea- 
coast (Peronia, fig. 72), AA'hilst their immediate congeners 
(Onchidium) are found in marshes of brackish Avater. Sem- 
per (33) has shoAvn that these slugs have, in addition to 
the usual pair of cejdialic eyes, a number of eyes developed 
U])on the donsal integument. These dorsal eyes are A'ery 
perfect in elaboration, possessing lens, retinal nerve-end 
cells, retinal pigment, and optic nerve. Curiously enough, 
hoAA-ever, they differ from the cephalic Molluscan eye (for 
an account of AA’hich see fig. 118) in the fact that, as in 
the A'ertcbrate eye, the filaments of the optic nerve pene- 
trate the retina, and are connected Avith the surfaces of the 
nerve-end cells nearer the lens instead of Avith the opposite 
end. The significance of this arrangement is not knOAvn, 
but it is important to note, as shoAvn by Hensen, Hickson, 
and other.s, that in the bivalves Pecten and )Spondylu.s, 
Avhich also have eyes upon tlie mantle quite distinct from 
typical cephalic eyes, there is the same relationship as in 
Oncludiadaj of the optic nerve to the retinal cells (fig. 145). 
In botli OnchidiadiE and Pecten the pallial eyes have pro^ 
ably been developed by the modification of tentacles, such 
as coexist in an unmodified form with the eyes. The 
OnchidiadEe are, according to Semper, pursued as food 
by the leaping fish Periophthalmus, and the dorsal eyes 
are of especial A'alue to them in aiding them to escape 
from this enemy. 


Class II.— SCAPHOPODA. 


Characters . — Mollusca GlossophoraAvith the foot adapted 
to a BUEF.oAviNG life in sand (figs. 73, 74, /). The body. 



a. 73.~Denlalivm vuhjare. Da C. (.after Lararo Dntlilcrs). Ventral mow 
of the animal removed from its shell. B. Dorsal view of the same. C. Date- 
ral view of the same. D. Tlie shell in section. K. Surface yieiv of the sljcll 
with sill-tentacles exserted as in life, a, mantle ; c', lonfiitndinal muscle ; 
a", fringe snrrounding the anterior opening of the mantlc.chamlwr ; n , the 
DOHterjOT appendix of the mantle ; anterior circular muscle of the mantle ; 
V, posterior do. ; c, </, lonfcdtudinal muscle of mantle ; e, liver ; y; gonad ; f:, 
bncc.'ii mass (showing through tlie mantle) ; 7, left nephndiuni ; s , clnt>*shapcd 
4 v»r>f. • 11/. lorifvitndinal blood-sinus of the mantle. 


and to a much greater extent the mantle-skirt and the foot, 
are elongated along the primitive antero-postcrior (oro-anal) 
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“mesoblasts,” whicli bud off from the invaginated arch- j 
enteron, partly to cells derived from the ectoderm, wliich 
at a very early stage is connected by long processes u-ith 
the invaginated endoderm, as shown in fig. 3, D. The ex- 
ternal form of the embryo goes through the same changes 
as in other Ga.stropods, and is not, as was held previou-sly 
to Lankester’s observations, exceptional. Wlien the middle 
and hinder regions of the blastopore ard closing in, an 
equatorial ridge of ciliated cells is formed, converting the 
embryo into a typical “ Trochosphere ” (fig. 4, E, F). 

The foot now protrudes below the mouth (fig. 4), and the 
post-oral hemisphere of the Trochosphere grows more rapidly 
than the anterior or velar area. Tim young foot sho%vs a 
bilobed form (fig. 4, D, /). Within the velar area the eyes 
and the cei)halic tentacles commence to rise up (fig. 4, D, t), 
and on the surface of the post-oral region is formed a cap- 
like shell and an encircling ridge, which gradually increases 
in prominence and becomes the freely depending mantle- 
skirt. The outline of the velar area becomes strongly 
emarginated and can be traced through the more mature 
embryos to the cephalic lobes or labial processes of the 
adult Limmcus (fig. 70). 

This permanence of the distinction of the part known 
as the velar area through embryonic life to the adult .state 
is exceptional among Mollusca, and is therefore a jjoint of 
especial interest in Limnmu.s. None of the figures of 
adult Limnaeus in recent works on Zoology show properly 
the form of the head and these velar lobes, and accordingly 
the figures here given have been specially sketched for the 
present article. The increase of the visceral dome, its 
•spiral twisting, and the gradual closure of the space over- 
hung by the mantle-skirt so as to convert it into a lung-sac 
with a small contractile aperture, belong to stages in the 
development later than any represented in our figures. 

We may now revert briefly to the internal organization 
at a period when the Trochosphere is beginning to show a 
prominent foot growing out from the area where the mid- 
region of the elongated blastopore was situated, and having 
therefore at one end of it the mouth and at the other the 
anus. Fig. 72*** represents such an embryo under slight 
compression as seen by transmitted light. The ciliated 
band of the left side of the velar area is indicated by a 
line extending from v to v- the foot / is seen between the 
pharynx ph and the pedicle of invagination pi. The mass 
of the arch-enteron or invaginated endodermal sac has 
taken on a bilobed form (compare Pisidium, fig. 151), and 
its cells are s^vollen (ys and tge). This bilobed sac becomes 
entirely the liver in the adult ; the intestine and stomach 
are formed from the pedicle of invagination, whilst the 
pharynx, oesophagus, and crop form from the stomodajal 
invagination ph. To the right (in the figure) of the 
rectal peduncle is seen the deeply invaginated shell-gland 
es, vith a secretion sh protruding from it. The shell-gland 
is destined in Limnajus to become very rapidly stretched 
out, and to disappear. Farther up, Avithin the velar area, 
the rudiments of the cerebral nerve-ganglion ng are seen 
separating from the ectoderm. A remarkable cord of cells 
having a position just beloAv the integument occurs on each 
side of the head. In the figure the cord of the left side is 
seen, marked re. This paired organ consists of a string of 
cells which are perforated by a duct. The opening of the 
duct at either end is not known. Such cannulated cells 
are characteristic of the nephridia of many Avorms,^ and it 
is held that the organs thus formed in the embryo Limneeus 
are embryonic nephridia. The most important fact about 
them is that they disappear, and are in no AA'ay connected 
Avith the typical nephridium of the adult. In reference 
to their first observer they are conveniently called “Sticbel s 
canals.” Other Pulmonata possess, Avhen embryos, Stiebel’s 
canals in a more fully-developed state, for in.stance. the 
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common slug Limax (fig. 72**, ph). Here too theydl.^a,.. 
pear during embryonic life. Further knoAvledge concern- 
ing them IS greatly needed. It is not clear whether there 
IS anything equivalent to them in the embryos of marine 
Gastrojioda or other Mollu.sca, the ectodermal cells called 
“embryonic renal organs” in some Gastropod embryos hav- 
ing only a remote resemblance to them. The three pairs 
of transient embryonic neiihridia of the medicinal leech, 
the ciliated cephalic pits of Nemertines, and the anterior 
nephridia of Gephyreeans, all suggest themselves for com- 
jiarison Avith these enigmatical canals. 

_ Marine Pulmonata . — ^Wliilst the Pulmonata are essen- 
tially a terrestrial and fresh-Avater group, there is one 
genus of slug-like Pulmonates Avhich frequent the sea- 
coast (Peronia, fig. 72), Avhilst their immediate congeners 
(Onchidium) are found in marshes of brackish Avater. Sem- 
per (33) has shoAvn that these slugs have, in addition to 
the usual pair of cephalic eyes, a number of eyes developed 
upon the dorsal integument. These dorsal eyes are very 
perfect in elaboration, possessing lens, retinal nerve-end 
cells, retinal pigment, and optic nerve. Curiously enough, 
hoAvever, they differ from the cephalic Molluscan eye (for 
an account of AA’hich see fig. 118) in the fact that, as in 
the A'ertcbrate eye, the filaments of the optic nerve pene- 
trate the retina, and are connected Avith the surfaces of the 
nerve-end cells nearer the lens instead of Avith the opposite 
end. The significance of this arrangement is not knOAvn, 
but it is important to note, as shoAvn by Hensen, Hickson, 
and other.s, that in the bivalves Pecten and Spondylu.s, 
Avhich also have eyes upon the mantle quite distinct from 
typical cephalic eyes, there is the same relationship as in 
Onchidiadaj of the optic nerve to the retinal cells (fig. 145). 
In both Onchidiadaj and Pecten the pallial eyes have prob- 
ably been developed by the modification of tentacles, such 
as coexist in an unmodified form with the eyes. The 
Onchidiadse are, according to Semper, pursued as food 
by the leaping fish Periophthalmus, and the dorsal eyes 
are of especial Aulue to them in aiding them to escape 
from this enemy. 

Class II.— SCAPHOPODA. 

Characters . — Mollusca GlossophoraAvith the foot adapted 
to a BUEF.oAviNG life in sand (figs. 73, 74, /). The body. 



Fio. 73,'^Deiilalinm vrthjare, Da C, (after Lacaze Dntlilcrs). X, Ventral mow 
of the animal removed from its shell. B. Dorsal view of the bame. C. Date* 
ral view of the same. D. Tlic shell in section. K. Surface yiev/ of tlic siicu 
with Kill-tcnticles exserted as in life, a, mantle; a', longitudinal muscle; 
ft", fringe surrounding the anterior opening of the mantlc-charn wr; n , the 
posterior appendix of the mantle ; h, anterior circular muscle of the mantle ; 
i', posterior do. ; c, o', longitudinal muscle of mantle ; e, liver ; y; gonad ; n, 
huccal mass (showing througli the mantle) ; 7, left nephridium ; s , clnr>*shapcd 
extremity of the foot ; le, 10', longitudinal blood-sinus of the mantle. 

and to a much greater extent the mantle-skirt and the foot, 
are elongated along the primitive antero-posterior (oro-anal) 
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like processes, either very short and conical (Clio, Eurybia), 
or lengthy (Pncuinodermon, Octopus) j thasc may be beset 
with suckers or hooks, or both. The mid-foot (fig. 75, vif) 
is ejqianded into a pair of muscular lobes right and left, 
which cither are used for striking the water like the wings 
of a butterfly (Ptcropoda), or are bent round towards one 
another so that their free margins meet and constitute a 
short tubo,^ — the sijdiou or funnel (Siphonopoda). The hind 
foot is cither very small or absent. 

A distinctive feature of the Cephalopoda is the Ausnxci: 
of anything like the touhion of the visceral mass seen in 
the Ani.sopleurous Gastroiioda, although ns an exception 
this torsion occurs in one family (the Limacinidai). 

Tlie .VKiT.s, although it may be a little displaced from 
the median line, is (e.xcept in Lirnacinidte) approximately 
median and posterior. The mantee-skuit may be aborted 
(G 3 unnosomatoua Ptoro])oda) ; when present it is deeplj' 
jiroduccd poderiorh', fonning a large sub-pallial chamber 
around the anus. As in our schematic ^folbisc, bj' the side 
of tlie anus arc placed the single or jiaired aiicrturcs of the 
NEi'jnnniA, the cjenitae ArEnTnj’.rv5 (paired only in Nau- 
tilus, in female Octoj)odn, female Ommastrephes, and male 
Eledone), and the paired crr.siniA (absent in all Ptcropoda). 
The visoi’.r.Aii jiumi’ or dome is elevated, and maj' be very 
much elongated (.'•ce fig. 75, (-1), (5), (G)) in a direction 
almO't at right angles to the priniaiy horizontal a.xis (A, P 
in fig. 75) of the foot. 

A SHr.i.i. is frequently, but not invariablj', secreted on 
the visceral hump and mantle-skirt of Cephalopoda ; but 
there are both Ptcropoda and Siidionopoda devoid of any 
.shell. The .shell is usually- light in subitance or lightened 
b^’ air-chambers in correlation with the free-swimming 
habits of the Ccphalnijoda. It may be cxtcninl, when it is 
lK)X-likc or Iwat-like, or internal, when it is plate-like. Verj' 
immerous minute pigmentetl sacs capable of expansion and 
contraction, and known as cHl:o^rATO^^OI^!;s, arc usually 
jir&^-cnt in the integument in both branches of the class. The 
ooNAUS of both .«cxes arc develoj>ed in one individual in some 
Cephalopoda (Ptcropoda), in others the sexes are separate. 

Sr.sstxuiOANS, t'-pccially the cephalic eyes and the oto- 
c.VRts, are verj* highl}' developed in the higher Cejihalopoda. 
Tlie esphradia have the ts'pical form and position in the 
lower fonn*?, but ajqiear to be more or less completely 
replaced bj' other olfactorj’ organs in the higher. The 
normal M;uvi;-r:ANr;uA are present, but the connectives are 
shortened, and the ganglia concentrated and fused in the 
cephalic region. Large .special ganglia (optic, stellate, and 
sujim-buccal) arc developed in the liigher forms (Siphono- 
poda). 

Tlie Cephalopoda exhibit a greater range from low' to 
liigh organization than anj' other ^folluscan class, and liencc 
the^' arc difficult to characterize in regard to several groups 
of organs ; but they are definitely held together by the 
existence in all of the cncroaclunent of the fore-foot so as 
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Fig. 77. 

. iu. muimmnr,, ... ..... J.!tn,icinMai cnI.irKql (from 

Owen). C 6’, i>t< n»iK>filal of the mid*foot; f, optTCulnni carried on tlio 
h'lid'foot; ftpiral 

Tio. 77. — Op^’rculnm of Splrlalls rnlari'ctl. 

to surround the licad, and bj' the functionally important 
I!IIX)nATION OF THE MID-FOOT. 







Two very distinct branches of the Cephalopoda are to 
be recognized : the one, the Pteroj^oda, more arcliaic in 
the condition of its bi- 
lobcd mid-foot, including 
a number of minute, and 
in all probability degen- 
erate, oceanic forms of 
simplified and obscure 
organization ; tlie other, 
the Siphonopoda, con- 
taining the Pearly Nau- 
tilus and the Cuttles, 
which have for ages (as 
their fossil remains show) 
dominated among the in- 
habitants of the sea, be- 
ing more highly gifted 
in special sense, more 
varied in movement, 
more powerful in pro- 
portion to size, and more 

...... ...Ui Fio. "a.— Cymljulia reronil, Cuvier (from 

Iica\ii3 equipped with Owen). C, the expunJeS pteropodial 
dc-itructive we.apons of ''"s of tiie mid-foot. 

ofience than any other marine organisms. 

Brancli a. — PTEROPODA . 

Clinmrters. — Cejthalopoda in which tlie mid-region of 
the foot is (as compared with the Siphonopoda) in its more 
primitive condition, being 
relatively- largclj- developed 
and drawn out into a pair 
of wing-like muscular lobes 
(identical with the two halves 
of the siphon of the Siphon- 
opoda) which are used as 
paddle.s (see figs. 7G-86). The 
liind- region of the foot is 
often aborted, but may carry 
an operculum (figs. 76, 77). 

The fore -region of the foot 
(that embracing the head) is 
also often rudimentarj-, but 
may be dr.awn out into one 
or more pairs of tentacles, 
simulating cephalic tentacles, 
and provided with suckers 
(figs. 84, 85). 

Though the visceral hump 
is not twisted except in the 
Limacinidc-e (fig. 76), there is 
a very general tendency to 
one-sided development of the 
viscera, and of their external 
apertures (as contrasted w-ith 
Siphonopoda). The ctenidia 
are aborted, with the possible 
exception of the processes (fig. 

85, c) at the end of the body 
of Fneumodermon. The vas- 
cular system resembles that 
of the Gastropoda. The ne- 
phridium is a single tubular f.o. 

body corresponding to tne utoiobegof tuo mid-foot;(i, mcdiai) 
right nephridium of the typi- 
cal pair of the archi-Molluse. 

placed a little to the left of the median line, more rarely 
to the right. In the Limacinidio it has an exceptional 
position, owing to the torsion of the visceral mass, as in 
Anisopleurous Gastropoda. 
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like processes, either very short and conical (Clio, Euryhia), 
or lengthy (Pncuinodermon, Octopus) j thasc may he haset 
with suckers or hooks, or both. The mid-foot (fig. 76, vif) 
is cjqianded into a pair of muscular lobes right and left, 
which cither are used for striking the water like the wings 
of a butterfly (Ptcropoda), or are bent round towards one 
another so that their free margins meet and constitute a 
short tube,^ — the sijdiou or funnel (Siphonopoda). The hind 
foot is cither very small or absent. 

A distinctive feature of the Cephalopoda is the Ansnxci: 
of anything like the touhion of the visceral mass seen in 
the Anisopleurous Gastroiioda, although ns an exception 
this torsion occurs in one family (the Limacinidaj). 

Tlie AKiTS, although it may bo a little displaced from 
the median line, is (e.xcept in Lirnacinidie) nppro.ximatcIy 
median and posterior. The mantle-skiht may be aborted 
(G 3 unnosomatoua Ptoro])oda) ; when present it is deejdy 
jiroduccd poderiorh', fonning a large sub-pallial chamber 
around the anus. As in our schematic Mollusc, b}- the side 
of the anus arc placed the single or jiaired a[iertures of the 
NEi'jnnniA, the n!;.N-iTAi. Ai'EnTnj:r:.s (paired only in Nau- 
tihw, in female Octojioda, female Ommastrejihcs, and male 
Eledone), and the paired crr.sini.v (absent in all Ptcropoda). 
The visei’.r.Aii iinMP or dome is elevated, and may be very 
much elongated (see fig. 76, (-1), (6), (G)) in a direction 
almO't at right angles to the primaiy horizontal axis (A, P 
in fig. 76) of the foot. 

A stir.i.i. is frequentl}', but not invariablj’, secreted on 
the visceral hump and mantle-skirt of Cephalopoda; but 
there are both I’teropoda and Siphonopoda devoid of anj' 
.shell. Tlie .shell is u.suall)- light in substance or lightened 
b^’ air-chambers in correlation Avith the frec-.swimming 
habits of the Ccphaloi)oda. It may be cxtcnial, when it is 
lK)X-likc or Iwat-like, or internal, when it is platc-likc. Very 
immerous jnimitc pigmented saivs caj)ablc of e.xpansion and 
contraction, and known as ciinojfATornontts, arc usually 
jirt-cnt in the integument in both branches of the class. The 
CONAKS of both .sexes arc develojted in one individual in some 
Ccphaloj>oda (Ptcropoda), in others the sexes are separate. 

Sr.ssjXji’.OAKs, especially the cephalic eyes and the oto- 
ev’sts, are verj* higlil}' developed in the higher Cephalopoda. 
Tlie c.sphradia have tlie typical form and po.sition in the 
lower fonns, hut ajijicar to he more or less coini>lctclj' 
replaced bj' other olfactorj’ organs in the higher. The 
normal M;uvi:-oANr;uA arc present, hut the connectives are 
shortened, and the ganglia concentrated and fused in the 
cephalic region. Large .special ganglia (optic, stellate, and 
sujira-buceal) arc developed in the liigher forms (Siphono- 
poda). 

Tlie Cephalopoda exhibit a greater range from low to 
high organi7.atioa than anj' other 3folluscan cla.s.s, and Jicncc 
the^’ arc difficult to cliaractcrizc in regard to several groups 
of organs ; but they are definitely held together by the 
existence in all of the encroachment of the fore-foot so as 
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Fig. 77. 

i iu. ... ..ImMinl.te cnI.itKql <fmm 

Owen). C C, ].)< n.iKxllnl lobes of the mid-foot; f, op<TCnl«m carried on tlio 
h'lpl'foot; ftpiral hIjMI. 

Tio. 77. — Op^’rculnmof Splrlall*! rnlari^ctl. 

to surround the licad, and hj' the functionally important 
lUIXUlATION OF THi; XIID-rOOT. 
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. . Cyvihnlia Peronil. Cuvier (from 

Owen). C, the expaiuled pteropodiaJ 
lot>es or wing'like fins of the mid-foot. 


Tavo vciy distinct hranche.s of the Cephalopoda are to 
be recognized : the one, tlic Pteroj^oda, more arcliaic in 
the condition of its bi- 
lobcd mid-foot, including 
a number of minute, and 
in all probability degen- 
erate, oceanic forms of 
simplified and obscure 
organization ; the other, 
the Siphonopoda, con- 
taining the Pearly Nau- 
tilus and the Cuttle.s, 

AA'hich have for ages (as 
their fossil remains shoAv) 
dominated among the in- 
habitant.s of the sea, be- 
ing more highly gifted 
in special sense, more 
A'aried in movement, 

!norc poAvcrfnl in pro- 
])ortion to size, and more 
hcavilj' equipped Avith 
dc-itructive Ave.apons of 
ofteiice tlian any other marine organisms. 

Branch a.—PTEROPODA. 

Clinrifters . — Cejihalopoda in which the mid-region of 
the foot is (as compared Avith tlie Siphonopoda) in its mnrp. 
primitiA-o condition, being 
relatively largely developed 
and draAvn out into a pair 
of Aving-like muscular lobes 
(identical Avith the tAA’o halves 
of the siphon of the Siplion- 
opoda) Avliich arc used as 
paddle.s (see figs. 7 G-86). The 
liind-region of the foot is 
often aborted, but may carry 
an operculum (figs. 7G, 77). 

The fore-region of the foot 
(that embracing the head) is 
also often rudimentarj', but 
inaj' be dniAvn out into one 
or more pairs of tentacles, 
simulating cephalic tentacles, 
and provided AA-ith suckers 
(fig.s. 84, 86). 

Though the visceral hump 
is not tAA'isted except in the 
Limacinidm (fig. 7G), there is 
a A'cry general tendency to 
one-sided development of the 
A-iscera, and of their external 
apertures (as contrasted AAntli 
Siphonopoda). The ctenidia 
are aborted, with the possible 
exception of the processes (fig. 

85, c) at the end of the body 
of Pneumodermon. Tlie vas- 
cular system resembles that 
of the Gastropoda. The ne- 
phridium is a single tubular 

body corresponding to tne Uhoiobea of tUo mid-foot; d, median 
right nephridium of the typi- 
cal pair of the archi-Mollusc. 

placed a little to the left of the median line, more rarely 
to the right. In the Limacinidie it has an exceptional 
position, OAring to the torsion of the visceral mass, as m 
Anisopleurous Gastropoda. 
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‘ which surrounds the mouth, as 

in all Cephalopoda, is drai™ out into four or five pairs of 
lobes, sometimes short, but usuallj-- elongated and even fih- ' 
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Fig- 84. Fig. 85. 

Tio. S4.— L-jm-r of Pncarnwlermon (from Balfour, after Gegenbaor). Tlie 
pnr^oral ciliat<jd band of the trocliospbere stage (velum) has atroplded. In 
A three post-oral circlets of cilia are present, llie ob^ysts are seen, and 
the nidinients of a pair of proce.sses CTO^ing from the head. In B the fore- 
most ciliatefi ring has disappeared ; the cephalic region is greatly developed, 
and, as compared vrith the adult (fig. 8 ^), is large and free ; the pair of hook- 
r^nng processes on each aide of the moutli are retractile, probably part of 
the fore-foot. At the base of the ceplialic snout are seen the pair of arm- 
iike processes (fore-foot) provided Trith suckers, and behind these the broad 
pt/Topodial lobes or vring-llkc fins of the mid-foot 
Fio. 85,— PneuTno'lemon rioloofum, d’Orb. ; magnifie^l five diameters, a, tbe 
sucker-bearing arms ; b, the fins of the mid-foot (in the middle line, between 
these, IS seen the sucker-like median portion of the foot, by means of which 
the animal can crawl as a (Jastropod) ; c, tlie foar branchial processes. (Afler 
Kcferatcin.) 

form. These lobes either carry peculiar sheathed tentacles 
(Nautilus), or, on theother hand, acetabulifonn suckers, which 
may be a.s.sociated with claw-like hooks (Dibranchiata). 
The hind-foot is probably' represented by the valve which 
depends from the inner c 

wall of the siphon in 

many cases. Z- 

A shell (figs. 89, 100) 
i.s veiy generally present, c < 

affording protection to 

the visceral mas.s and ^ 

attachment for mtiscles. 

It may be external or en- ' 

clo.sed in dorsal upgrow- Fjo, SO.—aione Imalis, L. ; magniSed tiro 
inrr fnidi; of tbp mantlp <l' 3 'nefera,— postero-rentralasriect. o.tite ! 
jijg JOiQb 01 ..Ifle mailuO, cephahe region cernung a' — three pairs of i 
■which (except in Spirilla) cephaIicjMnc.s provided wch with very nU; 

close up at an earlyperiod 
of development, so as to 
form a shut sac in which 
the shell i.s'secreted. The 
ctenidia are well deve- 
loped as paired gill-plume.s, serving as the efficient bran- 
chial organs (fig-s. 101, 103, 
and fig. 2, B). 

The vascular system is 
very highly developed; the 
heart consists of a pair of 
auricles and a ventricle (figs. 

104, 105). Branchial hearts 
are formed on the advehent 
v&sseLs of the branchiae. It 
is not known to what extent 
the minute subdivision of 
the arteries extend-s, or 
whether there is a true 
capillary system. 

The pericardium is ex- 
tended so as to form a veiy 
large sac passing among 
the viscera dorsal wards and 
sometimes containing the 
ovary or testis — the viscero- 
pericardial sac — ^which opens to the exterior either directly 


merous minute sucker-like processes, and 
.surrounded b>' a hood-like upgrowth, — 
and b, the more elongated tentacles (the 
retractile eye-tentacles are not seen, being 
j>laced dorsally); r, tbe pteropodial fins; 
d, the median portion of the foot ; o, the 
anas ; y, the vagina ; a, the penis, ^rom 
Owen, after Eschricht.) 
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Osp. 


Yig. ST. —Enlarge^! diagram of the nprre- 
centres of Pneumodermon (from Spen- 
gel, after Sonleyet). C?P, right cere- 
bral ganglion; Pl.R, right plcnral 
ganglion ; Pe, rigfit pedal ganglion ; 
VisJl., riglitTlsceral^nglion; VisJj., 
left visceral ganglion ; < 7 >e, right cerc- 
bro-p^Jal connective; ccre- 

Tyro-pleural connective ; Osp.^ ospbra- 
diara conn^te^l by a nerve with the 
right vLsceral ganglion. 
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or through the nephridia. It has no connexion with the 
vascular system.^ The nephridia are always paired sacs 

1 branchial advcLnt vessels 

(figs. 1 04, 1 08). Tliey open each by a pore into the viscero- 

' / 
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Fio. S3.— Male (npper) and female (lower) specimens of Kautih* f/mpUh^g a** 
seen in the expanded condition, the observer looking doim on to the buccal 
cone e; one-third the natural fdzo linear. Tlje drawings have l»ccn made 
from actual specimens by A G, Bourne, B.Sc., and serve to show the 
natural disposition of the tentaculiferons lobes and tentacles of the circum- 
oral portion of the foot in the firing state, as well as the great difftTcnces 
between the two sexes, a, the shell ; h, the oi'Vr ring-like expansion (annular 
lobe) of the circum-oral mnscnlar mass of the fore-foot, carrying nineteen 
tentacles on each side— posteriorly this is enlarged to form tlje “hood” 
(m 3 rk(xl r in fig. S9 and m, in figs. 00 and PI), giving off the pair of tentacles 
marked ff in the jirescnt figure ; c, the right and left inner lob^ of the fore- 
foot each carrying twelve tentacles in the female, in the male suWirided 
intop, the “sx>ax^^^" or hectocotylns on the left side, and * 7 , the “anti-spadix," 
a group of four tentacles on the right side, — it is thus seen that the sutxlividcd 
ri;dit and left inner lobes of'thc male correspond to the nndividwl right and 
left inner lobes of the female ; d, the inner inferior lol)c of the fore-foot, a 
bilateral structure in the female canying tsvo groups, each of fourteen tente- 
cles, separated from one another by a lamellated organ n, snppo«c<J to Ijc 
olfactori' in function — in the male the inner inferior Mjo of the forefoot is 
very much reduced, and ha.s the form of a palrerl ^^nonp of lamcll/n (d in the 
upper fignte); e, the buccal cone, rising from the centre of the three Inner lolxjs, 
and Binging the protrndc<I calcareous beaks or jaws with a Furies of minute 
papnia ; f, the tentacles of the outer circum-oral lolie or annular lolic of the 
fore-foot projecting from their sheaths ; ff, the two most posterior tentacles 
of this series belonging to that part of the annular lol>e which forms the 
hood (m. in figs. PO and PI); 1 , superior ophthalmic tcnt.sclc; k, Infirior 
ophthsimic tentacle; /, eye; nz, paired Inniruited organ on each side of the 
lxv«e of the inner inferior }o\>e (d) of the female, prolxihly olfactoiy in func- 
tion ; n, olfactory lamellje upon the inner inferior lol>c (In the female) ; o, 
the siphon (mid-foot) ; p, the spadix (in the male), the hcctocotyfired pfirtlon 
of the left inner lobe of the fore-foot representing four nio<IiIlcd tentacles, 
eight being left unmorfified ; 7 , the anti-spadix (in the male), l>cing four of 
the tweU'c tentac]t?s of the right inner lol>c of the fore-foot iHolatcd from 
the remaining ciglit, and representing on the right aide the diirercnllated 
spadix of the l^ft side. Tlie four tentacles of the anti-spadix arc set, three 
on one ba.se and one on a separate Ixisc. 

Tlienj arc thus in the female, where they are most numerous, ninety-four 
tentacles, thirty-eight on the outer annular lohe, four ophthalmic (a pair w 
each eye), twelve on each of the right and left inner loliea, and twenty-eight 
on the inner Inferior lolic. 

pericardial sac except in Nautilus,' Tbe anal aperture is 
median and raised on a papilla. J aws (fig. O vo 

goal ribbon (fig. 107) are weU developed. T 'o 
tbe form of a pair of po'^c/ful beaks ei b« ,,.ouuds. 


(Nautilixs), and arc capable of mtlict 
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Family l.—NautilidiB. 

Genera : [Orpwceras], Breyn.; [Ci/riocercK], Goldfuss; \Gmnp7io. 
arasl lilunster; [Phratpnoeeras], Brod. ; \_Gyroceras\, Meyer; 
]Ascoceras\ Bamiide ; [Oncoccrasl Hall; iMtuilcsl Brejm. 
[Trochoccrael Barraude ; lYauCilm, L. (figs. 88, 89, 90. &c.) 
ifanst. ; Barraude. 

Family 2. — Ammonilidx. 

Genera : [Baclrilesl Sanderg.; \Goniatitcsl do Haan ; [Ithahdo- 
Hauer; \ClydoniUs\, Hauer; {CodilourasX Hauer; 
\Baciaxnd\ d’Orb. ; \Ceratitcs\, do Haan ; [JSacHZtto], Lam. ; 
[ JoaajcerasJ, d Orb.; [C'n'oeeras], Leveille ; {PLychoceras^iBOth.- 
{Hamilesl Parkinson; [Atwylocerasl d’Orb.; iScapJiitcsl 
laikmson: lAmmonilcs], Breyn.; [TurHlilcs\, Lam. ; fHcKo- 
ceras\, dOrb. ; [IIclcroccras\, d’Orb. 

— The names in brackets are those of extinct genera. 

Order 2. — ^DibrancMata (=Holosipbona, Acetabulifera). 

Characters. — Siphonopodous Ceplialopods in which the 
inflected lateral margins of the mid-foot are fused so as to 
form a complete tubular siphon (flg. 96, t). The circuni- 
oral lobes of the fore-foot carry suckers disposed upon them 
in rows (as in the Pteropod Pneumodermon), not tentacles 
(see figs. 92, 95, 96), There is a single pair of typical 
ctenidia (fig. 10.3) acting as gills (hence Dibranchiata), and 
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Fjo. 02.-~Sepla o^lcinaVtB, Jj,, half the natural .‘lize, as seen Tvlicn deaf], the long 
prehensile anns being from the pouches at the side of the head, 

in which they are carried daring life when not actually in use. a, neck ; 
h, lateral fm of the mantle-sac ; c, tiie eight shorter arms of tlie fore-lbot ; rf, 
the two long prehensile arms ; the eyes. 

a single pair of nepbridia opening by apertures right and 
left of the median anus (fig. 103, ?■), and by similar internal 
pores into the pericardial chamber, which consequently does 
not open directly to the surface as in Jfautilus. The ovi- 
ducts are sometimes paired right and left (Octopoda), 
sometimes that of one side only is developed (Decapoda, 
except Ommastrephes). The sperm-duct is always single 
except, according to Keferstefn, in Ekdone moschata. 

A plate-like shell is developed in a closed sac formed by 
the mantle (figs. 98, 99), except in the Octopoda, which have 
none, and in Spirula (fig. 100, D) and the extinct Belemni- 
tidoe, which have a small chambered shell resembling that 


of Nautilus with or without the addition of plate-like and 
cylindrical accessory developments (fig. 100, C). 

The pair of cephalic eyes are highly-developed vesicle-s 
^vlth a refractive lens (fig. 120), cornea, and Jid-fold.s,— the 
vesicle being in the embryo an open sac like that of Nautilns 
(fig. 119). Osphradia are not present, hut cephalic olfac- 
tory organs are recognized. One or two pairs of large 
.salivary glands with long ducts are pre.scnt. An ink-sac 
formed as a diverticulum of the -rectum and opening near 
the anus is present in all Dibranchiata (fig. 103, t), and ha.s 
been detected even in the fos.sil Belemnitidfc. Branchial 
hearts are developed on the two branchial advcheiit blood- 
vessels (fig. 101, VC, vi). 

The Dibranchiata are divisible into two sub-orders, accord- 
ing to the number and character of the arm-like sucker- 
bearing processes of the fore-foot. 
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Fig. 03. — Dccapwloii.? Stplionopods; onc-fourtli flio nafnral sire linear. A. 
Chciroleulhis Veranyi, d’Orb. (from the Jlcditcrrancan) 1). TUysanotaithis 
rhombus, Trosclicl (from J!es.sina). C. IMigopsis cyclnra, Ft-r. and d'Orli. 
(from the Atlantic Ocean). 

Sub-order 1. — Dccajmla. 

Cliaraclers.—Bibranchiata vrith tlie fore-foot drawn out into 
eight shorter and two longer arms (prehensile arms), the latter being 
jdaced right and left between the third and fourth shorter amts. 
’Die suclfors are stalked and strengthened by a horny ring. Tlie 
eyes are large and have a horizontal in place of a sphinctcr-likc lid. 
The body is elongated and provided with lateral fins (laniellifonn 
expansions of the mantle). The mouth has a buccal membrane. 
The mantle-margin is locked to the base of the .sijihon by a specially- 
developed cartilaginous apparatus. Kumcrons watcr-jiorcs arc ]irc- 
•sent in the head and anterior region of the body, leading into rc- 
cesses of the integument of unknown significance. 'The oviduct is 
single ; large nidamcntal tdands are present. The viscero-pericar- 
dial .space is large, and lodges the ovaiy (.Scjiia). There is always 
a shell pireseiit which is enclosed by the npgiowth of the mantle, 
so as to become “internal.” 

Section a. — Decapoda Calcijthora. 

Character . — Internal shell calcareous. 

Family 1. — Spinilida:. 

Genus : Spirula, Lam. (fig. 100, D), 

Family 2. — Bckmnitidx. 

Genera : [Spirulirostrd\, d’Orb. (fig. 100, C) ; [Beloplcra'], Hesh. ; 
{Belcmnosis}, Edtr. ; [Conolcuthis], d’Orb, {fig. 100, A); [Aeon- 
thotcidkisl, E. "Wag.; [Bclcmniles], Lister, 1078; [Bclcmnilelld], 
d’Orb. : [Xiphotaithis% Hu-xley, 

Family 3. — Sepiadw. 

Genera: Sqda, L. (figs. 92, 93, kc.); [Bclosepin], Voltz; Cocco- 
' teuthis, Owen. 
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FaJnily 1. — Kautilid;e. 

Genera : Breyn. ; \pijrlo(xr<M\, Goldfuss; IGmmiho. 

Kras\ ]\Iunster; IFlt^racpmceras], Brod. ; [ffj/roceros], Moyer; 
Uscoccras-\, Bawande ; [Oncoccrasl Hall; lIAhiitesl BrejTi. 
[TrocJwccras] Banmdo ; KauUhcs, L. (figs. 88, 89, 90, &c.) 
\plyTnc7it^f j \Nothocci"(xs\f Barraude. 

Family 2. — Ammonitidx. 

Genera : [Baclrilcsl Sandorg.; {Goniatitcsl do Haan ; [Illiabdo- 
cerasl Hauer; [Cli/domles], Hauer; [C'odLlocerasl Hauer - 
^^acidinal d’Orb.; {CeratUcs], do Haan; {BacuUiesX Lam. ! 
l_Toxoccrusj,d Orh^'f [CVioairas], Levcille ; [P/2/c7toccras],d^Orb * 
[Ilamtles], Parkinson; [Hnci/?ocera.s], d’Orb.; [ScaphUcs} 
Parkinson : [Amnonilcs], Breyn.; ITurriliCcs], Lam. ; fHeKo- 
ceras], d’Orb.; [JTclcroccras], d’Orb. 

— The names in brackets are those of extinct genera. 

Order 2.— DibrancMata (=Holosipbona, Acetabulifera). 

Characters. — Siphonopodous Ceplialopods in tvbicb tbe 
inflected lateral margins of the mid-foot are fused so as to 
form a complete tubular siphon (fig. 96, i). The circuni- 
oral lobes of the fore-foot carry suckers disposed upon them 
in rows (as in the Pteropod Pneumodermon), not tentacles 
(see fig.s. 92, 95, 96). There is a single pair of typical 
etenidia (fig. 103) acting as gills (hence Dibranchiata), and 


6G9 



Fio. 02. — Sep{a ojicinalis, L., half tJie natural size, as seen "n’licn dead, thelon;^ 
prehensile anns being from the pouches at the side of the head, 

in which they are carried daring life when not actually in use. o, neck ; 
h, lateral fm of the mantle-sac ; c, tiie eight shorter arms of tlie fore-foot ; d, 
the ^0 long prchensflc arms ; <r, tlie eyes. 

a single pair of nephridia opening by apertures right and 
left of the median anus (fig. 103, »■), and by similar internal 
pores into the pericardial chamber, w’bich consequently does 
not open directly to the svudace as in Nautilus. The ovi- 
ducts are sometimes paired right and left (Octopoda), 
sometimes that of one side only is developed (Decapoda, 
except Ommastrephes). The sperm-duct is always single 
except, according to Keferstein, in Eledone moschata. 

A plate-like shell is developed in a closed sac formed by 
the mantle (figs. 98, 99), except in the Octopoda, which have 
none, and in Spirula (fig. 100, D) and the extinct Belemni- 
tidee, which have a small chambered shell resembling that 


of Nautilus with or without the addition of plate-like and 
cylindrical accessory developments (fig. 100, C). 

The pair of cephalic eyes are highly-developed vesiclas 
■mth a refractive lens (fig. 120), cornea, and lid-folds,— the 
vesicle being in the embryo an open sac like that of Nautilus 
(^ 0 * 119). Osphradia are not present, but cephalic olfac- 
toiy organs are recognized. One or two pairs of large 
salivary glands isuth long ducts are pre.scnt. An ink-sac 
formed as a diverticulum of the -rectum and opening near 
the anus is present in all Dibranchiata (fig. 103, t), and ha.s 
been detected even in the fos.sil Belemnitidfc. Branchial 
hearts are developed on the two branchial advehent blood- 
vessels (fig. 101, VC, vi). 

The Dibranchiata are divisible into two suh-orders, accord- 
ing to the number and character of the arm-like sucker- 
hearing processes of the fore-foot. 



Fic. 93.— Bccapwloii.? SIpTionopods; one-fourth the natural size linear. A. 
Cheiroleuthis Feranyi, cl’Orb. (from the Jlcditcrranean) U. Thymnoteulhis 
rhombus, Troschcl (from hlessitia). C. laliyopsis cyelura, Fir. and d'Orli. 
(from the Atlantic Ocean). 

Sub-order 1. — Decapoda. 

C/wrfldcrA— Dibranchiata with tlie fore-foot drawn out into 
eightshorter and two longer arms (prehensile amis), the latter being 
jdaced right and left between tbe third and fourth shorter anus. 
’Die suckers are stalked and strengthened hy a horny ring. Tlie 
eyes are large and have a horizontal in place of a sphincter-like lid. 
The body is elongated and provided with lateral fins (laniellifonn 
expansions of the mantle). The mouth has a huccal memhrauc. 
The mantle-margin is locked to the base of the .sijihon hy a specialh-- 
derelopcd cartilaginous apparatus. Kumcrons watcr-i>orcs arc ]irc- 
•sent in the head and anterior region of the body, leading into rc- 
ccs.ses of the integument of unknown significance. The oviduct is 
single; large nidamcntal glands are present. _ The viscero-pericar- 
dial .space is large, and lodges the ovary (.Sejiia). There is always 
a shell present which is enclosed hy the npgiowth of the mantle, 
so as to become “ internal.” 

Section a . — Decapoda Calciphora. 

Character . — Internal shell calcareous. 

Fami!)' 1. — Spirulidm. 

Genus; Spirula, Lam. (fig. 100, D). 

Family 2. — Bckmniiidw. 

Genera : [Spirulirostra], d’Orb. (fig. 100, C) ; [Belopicra], Desh. ; 
[Belemnosif}, Edw. ; [Conoleuthis], d’Orh, (fig. 100, A); [Jean- 
thotcidhis], li. Vi'ag.; [Bclcmnites], Lister, ICfS; [Bclcmnitella}, 
d’Orb.; [Xipliotatthis\, Hu.xlcy. 

Family 3. — Sepiadw. 

Genera: Sepia, L. (figs. 92, 93, Ac.); [Bchsepin], Voltz; Coceo- 
'teutkis, Owen. 
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body. ^ Amongst Gastropods it is not very unusual to find 
the animal slipping forward in its shell as growth advances 
and leaving an unoccupied chamber in the apex of the shell. 
This may indeed become shut off from the occupied cavity 
by a transverse septum, and a series of such sejita may be 
formed (fig, 42), but in no Gastropod are these apical 
chambers known to contain a 
,gas during the life of the 
animal in whose shell they 
occur, A further peculiarity 
of the Nautilus shell and of 
that of the allied extinct Am- 
monite.s, Scaphites, Orthoceras, 

<kc., and of the living Spirula, 
is that the series of deserted 
air-chambers are traversed by 
a cord-like pedicle extending 
froin the centro-dorsal area of 
the visceral hump to the small- 
est and first-formed chamber of 
the series. No structure com- 
parable to this siphuncular 
pedicle is known in any other 
Mollusca. Its closest repre- 
sentative is found in the so- 
called “ contractile cord ” of 
the remarkable form Rhabdo- 
pleura, referred according to 
present knowledge to the foly- 
zoa. There appears to be no 
doubt that the deserted cham- 
bers of the Nautilus shell con- 
tain in the healthy living 
animal a gas which serves to 
lessen the specific gravity of 
the whole organism. The gas 
is said to be of the same com- 
position as the atmosphere, 
rvith a larger proportion of 
nitrogen. With regard to its 
origin we have only conjec- 
turus. Each septum shutting 
off an air-containing chamber 
is formed during a period of 
quiescence, probably after the 
reproductive act, when the vis- 
ceral mass of the Nautilus may 
be slightly shrunk, and gas is 
secreted from the dorsal inte- 
gument so as to fill up the 
space previously occupied by 
the animal. A certain stage 
is reached in the growth of 
the animal when no new cham- 
bers are formed. The whole 
process of the loosening of the 
animal in its chamber and of 
its slipping forrvard when a 
new septum is fonned, as well as the mode in which the 
air-chambers may be used as a hydrostatic apparatus, and 
the relation to this use, if any, of the siphuncular pedicle, 
is involved in obscurity, and is the subject of much in- 
genious speculation. In connexion urith the secretion of 
gas by the animal, besides the parallel cases ranging from 
the Protozoon Arcella to the Physoclistic Pishes, from 
the Hydroid Siphonophora to the insect-larva Corethra, 
we have the identical phenomenon observed in the closely- 
allied Sepia when recently hatched. Here, in the pores 
■of the internal rudimentary shell, gas is observable, which 
has necessarily been liberated by the tissues which secrete 
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Tic. 07 . — Hend and circnm-oral pro- 
ces'iCs of the fore-foot of Onycho- 
teuthls (from Owen), a, neck; h, 
eye ; c, the eight short arms ; long 

prehensile arms, the clavate extre- 
mities of which are jjrovided with 
snckeTB at e, and %nth a double row 
of hooks txjyondat/, Tlie tempo- 
rary conjunction of the arms by 
means of the suckers enable.? them 
to act in comWnation. 


the shell, and not derived from any external source 
(Huxley). 

The coiled^ shell of Nautilus, and by analogy that of the 
Ammonites, is peculiar in its relation to the body of the 
animal, inasmuch as the curvature of the coil proceeding 



Fig. 98. 


Fig. 99. 


Fin. OS.— Tlie calcareous internal slicll of Sepia qjjteinalls, tlio so-called cuttle- 
lioiic. a, lateral expansion; b, anterior cancellated region; c, laminated 
region, ttie laminic enclosing air. 

Fio. 00.— Tlie liomy internal shell or gladins or pen of Lollgo. 

from the centro-dorsal area is towards the head or fonvard, 
instead of away from the head and backwards as in other 
discoid coiled shells such as Planorbis ; the coil is in fact 
absolutely reversed in t^e two eases. Amongst the extinct 
allies of the Nauti- 
lus (Tetrabranch- 
iata) we find shells 
of a variety of 
shapes, open coils 
such as Scaphite.s, 
leading on to per- 
fectly cylindrical 
.shells vdth chamber 
•succeeding cham- 
ber in a straight 
line (Orthocera.s), 
whence again we 
may pass to the 
cork-screw spire.s 
formed by the shell 
of Turrilites. 

Whilst the Tetra- 
hranchiata, so far as 
we can recognize 
their remains, are 

characterized by . 

these large chambered shells, which, as in Eautalus, were 
with the exception of some narrow-mouthed fomis such 
a.s Gomphoceras but very partially covered by reflexions 
of the mantle-skirt (fig. 89, b), the Dibrancbiato present 
an interesting series of gradations, in wbic ^ , 

(a) the diminution in relative size of the chambered 
shell • (b) its complete investiture by reflected folds of 
Se m^tle (S ' k fig. 100, D); (c) the concrescence 



Fio. 100.— Internal aliells of Cephalopoda Sipliono- 
pexia. A. SlicH of Concteuttiis “ O"’; 

(from the Neocomian of France) B. “t 

Sepia cn-biffniana, Fir. Plcditcrninean^ C. St ell 
of Spirutirostra BeUaTdn, <i Orb. (Bom the llio- 
ccnc of Tnrin). Tlie specimen ts cut so ns to shon 

in section the chambered shell of 

••gnard" deposited upon its snriaee. D. Shell ot 
Spirula larcis. Gray (New Zealand). 
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body. ^ Amongst Gastropods it is not very unusual to find 
the animal slipping forward in its shell as growth advances 
and leaving an unoccupied chamber in the apex of the shell. 
This may indeed become shut off from the occupied cavity 
by a transverse septum, and a series of such sejita may be 
formed (fig, 42), but in no Gastropod are these apical 
chambers known to contain a 
,gas during the life of the 
animal in whose shell they 
occur, A further peculiarity 
of the Nautilus shell and of 
that of the allied extinct Am- 
monite.s, Scaphites, Orthoceras, 

<kc., and of the living Spirula, 
is that the series of deserted 
air-chambers are traversed by 
a cord-like pedicle extending 
froin the centro-dorsal area of 
the visceral hump to the small- 
est and first-formed chamber of 
the series. No structure com- 
parable to this siphuncular 
pedicle is known in any other 
Mollusca. Its closest repre- 
sentative is found in the so- 
called “ contractile cord ” of 
the remarkable form Rhabdo- 
pleura, referred according to 
present knowledge to the Polj*- 
zoa. There appears to be no 
doubt that the deserted cham- 
bers of the Nautilas shell con- 
tain in the healthy living 
animal a gas which serves to 
lessen the specific gravity of 
the whole organism. The gas 
is said to be of the same com- 
position as the atmosphere, 
rvith a larger proportion of 
nitrogen. With regard to its 
origin we have only conjec- 
ture;. Each septum shutting 
off an air-containing chamber 
is formed during a period of 
quiescence, probably after the 
reproductive act, when the vis- 
ceral mass of the Nautilus may 
be slightly shrunk, and gas is 
secreted from the dorsal inte- 
gument so as to fill up the 
space previously occupied by 
the animal. A certain stage 
is reached in the growth of 
the animal when no new cham- 
bers are formed. The whole 
process of the loosening of the 
animal in its chamber and of 
its slipping fonvard when a 
new septum is fonned, as well as the mode in which the 
air-chambers may be used as a hydrostatic apparatus, and 
the relation to this use, if any, of the siphuncular pedicle, 
is involved in obscurity, and is the subject of much in- 
genious speculation. In connexion urith the secretion of 
gas by the animal, besides the parallel cases ranging from 
the Protozoon Arcella to the Physoclistic Pishes, from 
the Hydroid Siphonophora to the insect-larva Corethra, 
we have the identical phenomenon observed in the closely- 
allied Sepia when recently hatched. Here, in the pores 
■of the internal rudimentary shell, gas is observable, which 
has necessarily been liberated by the tissues which secrete 
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the shell, and not derived from any external source 
(Huxley). 

The coiled^ shell of Nautilus, and by analogy that of the 
Ainnionites, is peculiar in its relation to the body of the 
animal, inasmuch as the curvature of the coil jiroceeding 



Fig. 98. 


Fig. 99. 


Tin. 07 . — Hend and circnm-oral pro- 
oes'ics of the fore-foot of Onycho- 
teuthis (from Owen), a, neck; h, 
eye ; c, the eight short arms ; long 

prehensile arms, the elevate extre- 
mities of which are provided witli 
suckers at e, and ■with a douhlc row' 
of hooks t«yond at/. Tlie tempo- 
rary coniunction of the arms by 
means of the suckers enaMe.s them 
to act in comWnation. 


Fio. 98.— Tlic calcareous internal shell of oficimlU, the so-called cuttle- 

bone. a, jaleral expansion ; b, anterior cancellated region ; c, laminated 
region, the laminfc enclosing air. 

Ffo. 99.— TIjc homy internal shell or gladins or pen of Loligo. 

from the centro-dorsal area is towards the head or forward, 
instead of away from the head and backwards as in other 
discoid coiled shells such as Planorbis ; the coil is in fact 
absolutely reversed in the two cases. Amongst the extinct 
allies of the Nauti- < 
lus (Tetrabranch- 
iata) ive find shells 
of a variety of 
shapes, open coils 
such as Scaphite.s, 
leading on to per- 
fectly cylindrical 
.shells with chamber 
.succeeding cham- 
ber in a straight 
line (Ortbocera.s), 
whence again we 
may pass to the 
cork-screw spires 
fonned by the shell 

of Tnrrilitps Tio. 100.— Internal aliells of Cephalopoda Sipliono- 

A. SlicH of ConoteuOm 

Wllllst the Tetra- (from the Xeocoiman of Trance) B. 
branchiata, so far as a'-orb! (froA the 3Uo- 

we, can recognize 

their remains, are *‘goar<l" deposited upon its surfiice. D. Shell r 

characterized by 

these large chambered shells, which, as in ^ tis, were 
with the exception of some narrow-mouthed fomis such 
as Gomphoceras but very partially covered by reflexions 
of the mantle-skirt (fig. 89, 1), the Dibrancbiata present 

an interesting series of "'chaXred 



(a) the diminution in relative size 
shell • (b) its complete investiture by reflected 
ifniSe fS.- k fig. 100, D); (c) the con 


folds of 
concrescence 
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sac opens by a pore into each nephridium instead of 
directly to the surface. A single pair of ctenidia (gill- 
plumes) is present instead of the two pairs in Nautilus. 
The existence of two pairs of ctenidia and of two pairs 
of nephridia in Nautilus, placed one behind the other, is 
highly remarkable. The interest of this arrangement is in 
relation to the general morphology of the Mollusca, for 
it is impossible to view this repetition of organs in a linear 
series as anything else than an instance of metameric seg- 
mentation, comparable to the segmentation of the ringed 
worms and Arthropods. The only other example which 
we have of this metamerism in the Mollusca is presented 
by the Chitons. There we find not two pairs of ctenidia 
merely, but sixteen pairs (in some species more) accom- 
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Fio, 103.— View of the postero-vcntnil surface of a male Sepia, obtained by 
catting longitudinally the finn mantle-skirt and dra^*ing the divided halves 
apart. Tliis figure is strictly comparable ivith iig. 101. C, the head ; J, the 
mid'foot or siphon, ^vJij'ch has been cat open so as to display tJic valve t ; R, 
the glandular tissue of the left nephridium or renal-sac, which has been cut 
open (see fig. lOS); F, P, the lateral fins of the mantle-skirt ; Sr^ the single 
Tvair of branchifc (ctenidia) ; a, the anus,— immediately below it is the open- 
ing of the Ink-bag ; c, cartilaginon.s socket in the siphon to receive o', the 
cartilaginous knob of the mantle-skirt,— the two constituting the ‘‘pallial 
hinge apparatus " characteristic of Decapoda, not found in Octopoda ; g, the 
azygos genital papilla and aperture ; % valve of the siphon (possibly the rudi- 
mentarj' hind-foot); m, muscular band connected with the fore-foot and 
mid-foot (siphon) and identical with the muscular mass k in fig. 91 ; r, renal 
papUlre, carrying the apertures of the nephridia; r.hr, branchial efferent 
blood-vessel ; r.or , bulbous enlargements of tlie branchial blood vessels (see 
figs. 304, 108); t, ink-bag. (From Gegenbaur,) 

panied by a similar metamerism of tbe dorsal integument, 
which carries eight shells. In Chiton the nephridia are 
not affected by the metamerism as they are in Nautilus. 
It is impossible on the present occasion to discuss in the 
way which their importance demands the significance of 
these two instances among Mollusca of incomplete or partial 
metamerism ; but it would he wrong to pass them by with- 
out insisting upon the great importance which the occur- 
rence of these isolated instances of metameric segmentation 
in a group of otherwise unsegmented organisms possesses, 
and the light which they may he made to throw upon the 
nature of metameric segmentation in general. 

The foot and head of Nautilus are in the adult inex- 
tricably grown together, the eye being the only part belong- 
ing primarily to the head which projects from the all- 
embracing foot. The fore-foot or front portion of the foot 


in Nautilus has the form of a number of lobes carrying 
teitacles and completely surrounding the mouth (figs 88^ 
“^d-foot IS a broad median muscular process 
which exhibits in the most interesting manner a curling in 
of ite margins so as to form an incomplete siphon (fig 
101), a condition which is completed and rendered per- 
manent in the tubular funnel, which is the form presented 
by the corresponding part of Dibranchiata (fig. 96). The 
hind-foot possibly is represented by the valvular fold on the 
surface of the siphon-like mid-foot. In the Pteropoda the 
wing-like swimming lobes (epipodia or pteropodia) corre- 
spond to the two halves of the siphon, and are much the 
largest element of the foot. The fore-foot surrounding 
the head is often quite small, but in Clione and Pneum(> 
dermon carries lobes and suckers. A hind-foot is in Ptero- 
poda often distinctly present ; it is open to doubt as to 
whether the corresponding region of the foot in Siphono- 
poda is developed at all. 

_ The lobes of tbe fore-foot of Nautilus and of the other 
Siphonopoda require further description. It has been 
doubted whether these lobes were rightly referred (by 
Huxley) to the fore-foot, and it has been maintained by some 
zoologists (Grenacber, Jbering) that they are truly processes 
of the bead. It appears to the present writer to be im- 
possible to doubt that the lobes in question are the fore- 
portion of the foot when their development is examined 
(see fig. 121, and especially fig. 72**), further, when the fact 
is considered that they are innervated by the pedal ganglion, 
and, lastly, when the comparison of such a Siphonopod as 
Sepia is made with such a Pteropod as Pneumoderraon in its 
larval (fig. 84) as well as iu its adult condition (fig. 85). The 



Fio. 104. — Circulatory and excretory organs of Sepia (from Gegenbaur, after 
John Hunter), br, branchiai (ctenidia) ; c, ventricle of the heart ; a, antenor 
artery (aorta) ; o', posterior artery ; v, the right and left auricles (enlarge- 
ments of the efferent branchial veins) ; r*, efferent branchial vein on the free 
fece of the gill-plume ; v.c, vena cava ; vi, vc', advehent branchial vessels 
(branches of the vena cava, see fig. 108) ; I’c", abdominal veins ; ir, branchial 
hearts and appendages ; re, e, glandular substance of the nephridia developed 
on the Trail of the great veins on their Tvay to the gills. The arrows indicate 
the direction of the blood-current, 

larval Pueumodermon shows clearly that the sucker-bearing- 
processes of that Mollusc are originally far removed from 
the head and close in position to the pteropodial lobes of 
the foot. By differential growth they gradually embrace 
and obliterate tbe bead, as do tbe similar sucker-bearing 
processes of Sepia. In botb cases tbe sucker-bearing pro- 
cesses are “fore-foot.” The fore-foot of Nautilus completely 
surrounds the buccal cone (fig. 88, e), so as to present an 
appearance -with its expanded tentacles similar to that of the 
disc of a sea-anemone (Actinia). No figure has hitherto 
been published exhibiting this circum-oral disc -ndth its- 
tentacles in natural position as when the animal is alive and 
s'svimining, the small figure of Valenciennes being deficient 
in detail. All the published figures, represent the actual 
appearance of the contracted spirit-specimens. Mr A. G. 
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sac opens by a pore into each nephridium instead of 
directly to the surface, A single pair of ctenidia (gill- 
plumes) is present instead of the two pairs in Nautilus. 
The existence of two pairs of ctenidia and of two pairs 
of nephridia in Nautilusj placed one behind the other, is 
highly remarkable. The interest of this arrangement is in 
relation to the general morpholo^ of the Mollusca, for 
it is impossible to view this repetition of organs in a linear 
series as anything else than an instance of metameric seg- 
mentation, comparable to the segmentation of the ringed 
worms and Arthropods. The only other example which 
we have of this metamerism in the Mollusca is presented 
by the Chitons. There we find not two pairs of ctenidia 
merely, but sixteen pairs (in some species more) accom- 
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hinge apparatus " characteristic of Decapoda, not found in Octopoda ; g, the 
arygos genital papilla and aperture ; % valve of the siphon (possibly the rudi- 
mentarj' hind-foot); w, muscular band connected with the fore-foot and 
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blood-vessel ; r.or , bulbous enlargements of tlie branchial blood vessels (see 
figs. 304, 108); it ink-bag. (From Gegenbaur,) 

panied by a similar metamerism of the dorsal integument, 
which carries eight shells. In Chiton the nephridia are 
not aSected by the metamerism as they are in Nautilus. 
It is impossible on the present occasion to discuss in the 
way which their importance demands the significance of 
these two instances among Mollusca of incomplete or partial 
metamerism ; but it would be wrong to pass them by with- 
out insisting upon the great importance which the occur- 
rence of these isolated instances of metameric segmentation 
in a group of otherwise unsegmented organisms possesses, 
and the light which they may be made to throw upon the 
nature of metameric segmentation in general. 

The foot and head of Nautilus are in the adult inex- 
tricably grown together, the eye being the only part belong- 
ing primarily to the head which projects from the all- 
embracing foot. The fore-foot or front portion of the foot 
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101), a condition which is completed and rendered per- 
manent in the tubular funnel, which is the form presented 
by the corresponding part of Dibranchiata (fig. 96). The 
hind-foot possibly is represented by the valvular fold on the 
surface of the siphon-like mid-foot. In the Pteropoda the 
wing-like swimming lobes (epipodia or pteropodia) corre- 
spond to the two halves of the siphon, and are much the 
largest element of the foot. The fore-foot surrounding 
the head is often quite small, but in Clione and Pneum(> 
dermon carries lobes and suckers. A hind-foot is in Ptero- 
poda often distinctly present ; it is open to doubt as to 
whether the corresponding region of the foot in Siphono- 
poda is developed at all. 

^ The lobes of the fore-foot of Nautilus and of the other 
Siphonopoda require further description. It has been 
doubted whether these lobes were rightly referred (by 
Huxley) to the fore-foot, and it has been maintained by some 
zoologists (Grenacber, Jbering) that they are truly processes 
of the bead. It appears to the present writer to be im- 
possible to doubt that the lobes in question are the fore- 
portion of the foot when their development is examined 
(see fig. 121, and especially fig. 72**), further, when the fact 
is considered that they are innervated by the pedal ganglion, 
and, lastly, when the comparison of such a Siphonopod as 
Sepia is made with such a Pteropod as Pneumodermon in its 
larval (fig. 84) as well as in its adult condition (fig. 85). The 
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larval Pneumodermon shows clearly that the sucker-bearing 
processes of that Mollusc are originally far removed from 
the head and close in position to the pteropodial lobes of 
the foot. By differential growth they gradually embrace 
and obliterate the head, as do the similar sucker-hearing 
processes of Sepia. In both cases the sucker-bearing pro- 
cesses are "fore-foot.” The fore-foot of Nautilus completely 
surrounds the buccal cone (fig. 88, e), so as to present an 
appearance with its expanded tentacles similar to that of the 
disc of a sea-anemone (Actinia). No figure has hitherto 
been published exhibiting this circum-oral disc udth its- 
tentacles in natural position as when the animal is alive and. 
sAvimming, the small figure of Valenciennes being deficient 
in detail. All the published figures, represent the actual 
appearance of the contracted spirit-specimens. Mr A. G. 
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Octopoda they are not unfreqnently connected by a web, 
and form an efiBcient swinuning-belL The suckers are placed 
on the ad-oral surface of the arms, and may be in one, 
two, or four rows, and very numerous. In place of suckers 
in some genera we find on certain arms or parts of the 
arms homy hooks j in other cases a hook rises from the 
centre of each sucker. The hooks on the long arms of 
Onychoteuthis are drawn in fig. 97. The fore-foot, with 
its apparatus of suckers and hooks, is in the Dibranchiata 
essentially a prehensile apparatus, though the whole series 
of arms in the Octopoda serve as swimming organs, and in 
many {e.g., the Common Octopus or Poulp) the sucker- 
bearing surface is used as a crawling organ. 

In the males of the Dibranchiata one of the arms is 
more or less modified in connexion with the reproductive 
function, and is called the “hectocotylized arm.” This 
name is derived from the condition assumed by the arm 
in those cases in which its modification is carried out to 
the greatest extent. These cases are those of the Octo- 
pods Argmauta argo and Parasira catenulata (fig. 96). 
In the males of these the third arm (on the left side in 
Argonauta, on the right side in Parasira) is foimd before 
the breeding season to be represented by a globular sac of 
integument. This sac bursts, and from it issues an arm 
larger than its neighbours, ha^-ing a small sac at its extremity 
in Parasira (fig. 96, x), from which subsequently a long 
filament issues. Before copiilation the male charges this 
arm ■nith the spermatophores or packets of spermatozoa 
removed from its generative orifice beneath the mantle-skirt, 
and during coitus the arm becomes detached and is left 
adhering to the female by means of its suckers. A new arm 
is formed at the cicatrix before the next breeding season. 
The female, being much larger than the male, swims a'w'ay 
with the detached arm lodged beneath her mantle-skirt. 
There, in a way which is not understood, the fertilization 
of the eggs is efiected. Specimens of the female Parasira 
with the detached arm adherent were examined by Cuvier, 
who mistook the arm for a parasitic worm and gave to it 
the name Hectocotjdus. Accordingly, the correspondingly 
modified arms of other Siphonopoda are said to be hecto- 
cotylized. Steenstrup has determined the hectocotylized 
condition of one or other of the arms in a number of male 
Dibranchs as follows : — ^in all, excepting Argonauta and 
Parasira, the modification of the arm is slight, consisting in 
a small enlargement of part or the whole of the arm, and 
the obliteration of some of its suckers, as shown in fig. 95, 
A, B ; in Octopus and Eledone the third right arm is 
hectocotylized] in Kossia the first left arm is hectocotylized 
along its whole length, and the first right arm also in the 
midSe only ; in Sepiola only the first left arm along its 
whole length j in Sepia it is the fourth left arm which is 
modified, and at its base only ; in Sepioteuthis, the same at 
its apex; in Loligo, the same also at its apex; in Loliolus, 
the same along its whole length] in Ommastrephes, 
Onychoteuthis, and Loligopsis no hectocotylized arm has 
hitherto been observed. 

In the females of several Dibranchs (Sepia, <tc.) the 
packets of spermatozoa or spermatophores received from 
the male have been observed adhering to the smaller arms. 
How they are passed in this case by the female to the ova 
in order to fertilize them is unknown. 

Ilmculature, Fins, and Cartilaginous Slxleton . — Without 
entering into a detailed account of the musculature of 
Hautilus, we may point out that the great muscular masses 
of the fore-foot and of the mid-foot (siphon) are idtimately 
traceable to a large transverse mass of muscular tissue, 
the ends of which are visible through the integument on 
the right and left surfaces of the body dorsal of the 
free flap of the mantle-skirt (fig. 89, I, I, and fig. 91, /•)• 
These muscular arese have a certain adhesion to the shell. 


iiiiii serve oom 


r in its stiell and as the 

feed supports for the various movements of the tentaculi- 
ferous lobes and the siphon. They are to be identified 
vrith the nng-hke area of adhesion by which the foot-muscle 
of the Limpet is attached to the shell of that animal (see 
fig. 2/ ). In the Dibranchs a similar origin of the musclar 
masses of the fore-foot and mid-foot from the sides of the 

shell ^modified, as this is, in position and relations can be 

traced. 


In nautilus there are no fin-like expansions of the integu- 
ment, whereas such occur in the Decapod Dibranchs along 
the sides of the visceral hump (figs. 92, 93). As an excep- 
tion among Octopoda lateral fins occur in Pinnoctopus (fig. 
94, A), and in Cirrhoteuthis (fig. 94, D). In the Ptero^ 
podous division of the Cephalopoda such fin-like expansions 
of the dorsal integument do not occur, which is to be con- 
nected with the fact that another region, the mid-foot, which 
in Siphonopods is converted into a siphon, is in them 
expanded as a pair of fins. 

In Nautilus there is a curious plate-like expansion of 
integument in the mid-dorsal region just behind the hood, 
lying between that structure and the portion of mantle- 
skirt which is reflected over the shell. This is shown in 
fig. 90, b. IS we trace out the margin of this plate we 
find that it becomes continuous on each side with the 
sides of .the siphon or mid-foot. In Sepia and other Deca- 
pods (not in Octopods) a closely similar plate exists in an 
exactly corresponing position (see b in figs. 110, 111). In 
Sepia a cartilaginous development occms here immediately 
below the integument forming the so-called “ nuchal plate,” 
drawn in fig. 116, D. The morphological significance of 
this nuchal lamella, as seen both in Nautilus and in Sepia, 
is not obvious. Cartilage having the structure shown in 
fig. 117 occurs in various regions of the body of Siphono- 
poda. In all Glossophorous Mollusca the lingual apparatus 
is supported by internal skeletal pieces, having the char- 
acter of cartilage ] but in the Siphonopodous Cephalopoda 
such cartilage has a wider range. 

In Nautilus a large H-shaped piece of cartilage is found 
forming the axis of the mid-foot or siphon (fig. 116, A, 
B). Its hinder part extends up into the head and supports 
the peri-CESophageal nerve-mass («), whilst its two anterior 
rami extend into the tongue-like siphon. In Sepia, and 
Dibranchs generally, the cartilage takes a different form, 
as shown in fig. 116, C. The processes of this cartilage 
cannot be identified in any way with those of the capito- 
pedal cartilage of Nautilus. The lower larger portion of 
this cartilage in Sepia is called the cephalic cartilage, and 
forms a complete ring round the oesophagus ] it completely 
invests also the ganglionic nerve-collar, so that all the 
nerves from the latter have to pass through foramina in 
the cartilage. The outer angles of this cartilage spread 
out on each side so as to form a cup-like receptacle for the 
eyes. The two processes springing right and left from this 
large cartilage in the median line (fig. 116, C) are the 
“ pr£e-orbitai cartilages ] ” in front of these, again, there is 
seen a piece like an inverted T, which forms a support to 
the base of the “ arms ” of the fore-foot, and is the “ basi- 
brachial ” cartilage. The Decapod Dibranchs have, further, 
the “ nuchal cartilage " already mentioned, and in Seina, a 
thin plate-like “ sub-ostracal ” or (so-called) dorsal cartilage, 
the anterior end of which rests on and fits into the concave 
nuchal cartilage. In Octopoda there is no nuchal cartilage, 
but two band-fike “dorsal cartilages.” In Decapods there 
are also two cartilaginous sockets on the sides of the funnel 
— “ siphon-hinge cartilages ” — ^into which fleshy knobs of 
the mantle-skirt are loosely fitted. In Sepia, along the 
whole base-line of each lateral fin of the mantle (fig. 92), 
is a “basi-pterygial cartilage.” It is w’orthy of remark that 
we have, thus developed, in Dibranch Siphonopods a more 
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Octopoda they are not unfreqnently connected by a -n-eb, 
and form an efiBcient swinuning-belL The suckers are placed 
on the ad-oral surface of the arms, and may be in one, 
tnro, or four rows, and very numerous. In place of suckers 
in some genera we find on certain arms or parts of the 
arms homy hooks •, in other cases a hook rises from the 
centre of each sucker. The hooks on the long arms of 
Onychoteuthis are drawn in fig. 97. The fore-foot, with 
its apparatus of suckers and hooks, is in the Dibranchiata 
essentially a prehensile apparatus, though the whole series 
of arms in the Octopoda serve as swimming organs, and in 
many {e.g., the Common Octopus or Poulp) the sucker- 
bearing surface is used as a crawling organ. 

In the males of the Dibranchiata one of the arms is 
more or less modified in connexion with the reproductive 
function, and is called the “hectocotylized arm.” This 
name is derived from the condition assumed by the arm 
in those cases in which its modification is carried out to 
the greatest extent. These cases are those of the Octo- 
pods Argmauta argo and Parasira catenulaia (fig. 96). 
In the males of these the third arm (on the left side in 
Argonauta, on the right side in Parasira) is foimd before 
the breeding season to be represented by a globular sac of 
integument. This sac bursts, and from it issues an arm 
larger than its neighbours, having a small sac at its extremity 
in Parasira (fig. 96, x), from which subsequently a long 
filament issues. Before copiilation the male charges this 
arm n-ith the spermatophores or packets of spermatozoa 
removed from its generative orifice beneath the mantle-skirt, 
and during coitus the arm becomes detached and is left 
adhering to the female by means of its suckers. A new arm 
is formed at the cicatrix before the next breeding season. 
The female, being much larger than the male, swims a'w'ay 
with the detached arm lodged beneath her mantle-skirt. 
There, in a way which is not understood, the fertilization 
of the eggs is efiected. Specimens of the female Parasira 
with the detached arm adherent were examined by Cuvier, 
who mistook the arm for a parasitic worm and gave to it 
the name Hectocotjdus. Accordingly, the correspondingly 
modified arms of other Siphonopoda are said to be hecto- 
cotylized. tSteenstrup has determined the hectocotylized 
condition of one or other of the arms in a number of male 
Dibranchs as follows ; — ^in aU, excepting Argonauta and 
Parasira, the modification of the arm is slight, consisting in 
a small enlargement of part or the whole of the arm, and 
the obliteration of some of its suckers, as shown in fig. 95, 
A, B ; in Octopus and Eledone the third right arm is 
hectocotylized] in Eossia the first left arm is hectocotylized 
along its whole length, and the first right arm also in the 
midSe only ; in Sepiola only the first left arm along its 
whole length j in Sepia it is the fourth left arm which is 
modified, and at its base only ; in Sepioteuthis, the same at 
its apex; in Loligo, the same abo at its apex] in Loliolus, 
the same along its whole length; in Ommastrephes, 
Onychoteuthis, and Loligopsis no hectocotylized arm has 
hitherto been observed. 

In the females of several Dibranchs (Sepia, Ac.) the 
packets of spermatozoa or spermatophores received from 
the male have been observed adhering to the smaller arms. 
How they are passed in this case by the female to the ova 
in order to fertilize them is unknown. 

Ilmculature, Fins, and Cartilaginous Skeleton . — Without 
entering into a detailed account of the musculature of 
Hautilus, we may point out that the great muscular masses 
of the fore-foot and of the mid-foot (siphon) are ultimately 
traceable to a large transverse mass of muscular tissue, 
the ends of which are visible through the integmnent on 
the right and left surfaces of the body dorsal of the 
free flap of the mantle-skirt (fig. 89, I, I, and fig. 91, k). 
These muscular arese have a certain adhesion to the shell. 
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In Hautilus there are no fin-like expansions of the integu- 
ment, whereas such occur in the Decapod Dibranchs along 
the sides of the visceral hump (figs. 92, 93). As an excep- 
tion among Octopoda lateral fins occur in Pinnoctopus (fig. 
94, A), and in Cirrhoteuthis (fig. 94, D). In the Ptero^ 
podous division of the Cephalopoda such fin-like expansions 
of the dorsal integument do not occur, which is to be con- 
nected with the fact that another region, the mid-foot, which 
in Siphonopods is converted into a siphon, is in them 
expanded as a pair of fins. 

In Nautilus there is a curious plate-like expansion of 
integument in the mid-dorsal region just behind the hood, 
lying between that structure and the portion of mantle- 
skirt which is reflected over the shell. This is shown in 
fig. 90, b. If we trace out the margin of this plate we 
find that it becomes continuous on each side with the 
sides of .the siphon or mid-foot. In Sepia and other Deca- 
pods (not in Octopods) a closely similar plate exists in an 
exactly corresponing position (see b in figs. 1 10, 1 1 1 ). In 
Sepia a cartilaginous development occurs here immediately 
below the integument forming the so-called “ nuchal plate,” 
drawn in fig. 116, D. The morphological significance of 
this nuchal lamella, as seen both in Nautilus and in Sepia, 
is not obvious. Cartilage having the structure shown in 
fig. 117 occurs in various regions of the body of Siphono- 
poda. In all Glossophorous MoUusca the lingual apparatus 
is supported by internal skeletal pieces, having the char- 
acter of cartilage ; but in the Siphonopodous Cephalopoda 
such cartilage has a wider range. 

In Nautilus a large H-shaped piece of cartilage is found 
forming the axis of the mid-foot or siphon (fig. 116, A, 
B). Its hinder part extends up into the head and supports 
the peri-CESophageal nerve-mass («), whilst its two anterior 
rami extend into the tongue-like siphon. In Sepia, and 
Dibranchs generally, the cartilage takes a different form, 
as shown in fig. 116, C. The processes of this cartilage 
cannot be identified in any way with those of the capito- 
pedal cartilage of Nautilus. The lower larger portion of 
this cartilage in Sepia is called the cephalic cartilage, and 
forms a complete ring round the oesophagus ; it completely 
invests also the ganglionic nerve-collar, so that all the 
nerves from the latter have to pass through foramina in 
the cartilage. The outer angles of this cartilage spread 
out on each side so as to form a cup-like receptacle for the 
eyes. The two processes springing right and left from this 
large cartilage in the median line (fig. 116, C) are the 
“ pr£e-orbital cartilages ; ” in front of these, again, there is 
seen a piece like an inverted T, which forms a support to 
the base of the “ arms ” of the fore-foot, and is the “ basi- 
brachial ” cartilage. The Decapod Dibranchs have, further, 
the “ nuchal cartilage " already mentioned, and in Seina, a 
thin plate-like “ sub-ostracal ” or (so-called) dorsal cartilage, 
the anterior end of which rests on and fits into the concave 
nuchal cartilage. In Octopoda there is no nuchal cartilage, 
but two band-like “dorsal cartilages.” In Decapods there 
are also two cartilaginous sockets on the sides of the funnel 
— “ siphon-hinge cartilages ” — ^into which fleshy knobs of 
the mantle-skirt are loosely fitted. In Sepia, along the 
whole base-line of each lateral fin of the mantle (fig. 92), 
is a “basi-pterygial cartilage.” It is worthy of remark that 
we have, thus developed, in Dibranch Siphonopods a more 
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in relative size as tlie voluinc of the sac increases. Its 
outer surface acquires a metallic iridescence similar to that 
of the integuments of many fishes. The opening of the 
ink-sac is in the adult sometimes distinct from but near to 
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Flo. 109. — to show the rchitions of the four nephridlal s-ics, the visccro- 
pcric.'irdial rac, oml the Iirart and larpc vessels in Nautilus (drawn hy A. G. 
honnic). nepti, iieph, on the ripht side point to the two ncpliridta of tli.at 
side (tlie two of tlic opiiosite side are not lettered),— each is scen to have an 
independent aperture ; a: is the vtscero-peri cardial sac, the dotted line indicat- 
ing its liaekward citension ; r isc.per.(ijKrt marks an- arrow introduced into 
tlie right aperture of tlie visccro-pcricardial sac; r.e., r.c., point to the 
glandular enlarged w,alls of the advehent hranchi.al vcs.scls, — two small 
glandular hodie.s of the kind arc seen to protect into each ncphridtal sac, 
whilst a larger hody of the same kind depends from each of the four hranchiai 
advehent vessels into the visccro-pcricardial s-ac; I'.c., vena cava; vent, 
ventricle of the heart; oo., cephalic aorta (the small alnloininal aorta not 
drawn) ; o,!),r, advehent hrancliial vessel ; e.r.ti., ederent branchial vessel. 

the anus (Sepia) ; in other cases it opens into the rectum 
near the anus. The ink-bag of Dibranch Siphonopoda is 
possibly to be identified ivith the adrectal (purpuriparous) 
gland of some Gastropoda. 

Ccelom, JSloodrvasculai- System, and Excretory Organs . — 
Nautilus and the other Siphonopoda conform to the 



Fio. 110.— DiaCTam representing a vertical approximately median aiitcro 
posterior ficciion of AVni(fi ^(5 fiomjyilius (from a drawing by A. G. Bourne). 

partfi which are quite black are the cut muscular surfaces of the foofcand 
buccal mass, a, the shell ; h, the nuchal plate identical with the nuchal 
cartilage of Sepia (see fig. 00, h ) ; c, the integument covering the visceral 
hump ; df the mantle flap or skirt in the dorsal region where ft rests against 
the coil of the shell ; e, the inferior mar^pn of the mantle-skirt resting on tlie 
lip of the shell rei)rescnted by the dotted line ; /, the pallial chamber with 
two of the four gills; g, the vertically cut metlian portion of the mid-foot 
(siphon); ft, the capito-pcdal cartilage (sec fig. 116); i, the valve of the 
siphon ; I, the siphuncnlar pedicle (cut short); m, the hood or dorsal enlarge- 
ment of the annular lobe of the fore-foot ; n, tentacles of the annular lobe ; 
p, tentacles of the inner Inferior IoImj; q, buccal membrane; r, upper jaw or 
beak ; «, lower jaw or beak ; f, lingual ribbon ; z, tlm viscero-pericanlial sac ; 
7 i,c, nerve-collar ; o^, a'sophagus ; cr, crop ; gizz, gizzard ; int, intestine ; an, 
anus; ni, nldamczital gland; 7icpt, ai>erture of a ncpliridial sac; r.c, renal 
glandular masses on the walls of the afferent branchial veins (see fig. 109); 
a.l.v., afferent branchial vessel ; c.l^.t^ efferent branchial vessel ; rt, ventricle 
of the heart. 

general Molluscan characters in regard to these organs. 
Whilst tlie general body-cavity or coelom forms a lacunar 


blood-system or senes of narrow spaces, connected with 
the trunks of a well-developed vascular system, that part 
of the original ccelom surrounding the heart and known 
as the Molluscan pericardium becomes shut off from this 
general blood-lymph system, and communicates, directly in 
Nautilus, in the rest through the nephridia, with the exte- 
rior. In the Siphonopoda this specialized pericardial cavity 
is particularly large, and has been recognized as distinct 
from the blood-carrying spaces, even hy anatomists who 
have not considered the pericardial space of other Mollusca 
to be thus isolated. The enlarged pericardium, which may 
even take the form of a pair of sacs, has been variously 
named, but is best known as the viscero-pericardial sac or 
chamber. In Nautilus this sac occupies the Avhole of tlie 
postero-dorsal surface and a part of the antero-dorsal (see 
fig. 110, x), investing the genital and other viscera which 
lie below it, and having the ventricle of the heart sus- 
pended in it. Certain membranes forming incomplete 
septa, and a curious muscular band — the pallio-cardiac 
band — -traverse the sac. The four branchial advehent veins, 
which in traversing the walls of the four nephridial sacs 
give off, as it were, glandular diverticula into those sacs, 
also give off at the same points four much larger glandular 


cub.V. 



apert. 

Fio. Ill, — Dinp-ajn icproscnting a vertical approximately median antero- 
posterior section of Sepia oJUcinalls (fi-oiii a drawing by A, G. Bourne). TJie 
lettering corresponds with tliat of fig, 110 , with wldch this drawing is intended 
to be compared, o, shell (liere enclosed by a growth of the mantle) ; h, tho 
nuchal plate (here a cartilage); c (the reference line should be continued 
through the black area representing the sliell to tlie outline below it), tho 
integument covering the visceral hump; d, the reflected portion of the 
mantle-skirt fonning the sac which encloses the sliell ; c, the inferior margin 
of the mantle-skirt (moutli of the pallial chamber); f, the pallial chamber; 
g, the vertically cut median portion of tlie mid-foot (siphon); f, the valve of 
the siphon ; in, the two upper lobes of the f^ore-foot; 7i, the long prehensile 
annu of the same ; o, the filth or lowermost lobe of the fore-foot ; 3 ), the third 
lobe of the fore-foot ; q, the buccal membrane ; v, the upper beak or jaw ; s, 
the lower beak or jaw ; t, the lingual ribbon ; z, tlie viscero-pericardial sac ; 
ii.c, the ner\*c-collar ; cr., the crop ; gizz., the gizzard ; an, the anus ; c.t., the 
left ctenidium or gill-plume; vent, ventricle of the heart; a,h.x\, aflerent 
branchial %'essel ; e.h.v, efferent branchial vessel ; re, renal glandular mans ; 

left iiephridifil aperture; visc.per.apert., viscero-pericanlial aperture 
(sec fig. 108) ; ir.b., branchial heart ; ajyp., appendage of the same ; i.e., ink- 
bag. 

masses, which hang freely into the viscero-pericardial 
chamber (fig. 109, r.e). In Nautilus the viscero-pericardial 
sac opens to the exterior directly hy a pair of apertures, one 
placed close to the right and one close to the left posterior 
nephridial aperture (fig. 101, viseper.). This direct opening 
of the pericardial sac to the exterior is an e.vception to what 
occurs in all other Mollusca. In all other Molluscs the 
pericardial sac opens into the nephridia, and through them 
or the one nephridium to the exterior. In Nautilus there 
is no opening from the viscero-pericardial sac into the 
nephridia. Therefore the external pore of the viscero-peri- 
cardial sac may possibly he regarded as a shifting of_ the 
reno-pericardial orifice from the actual wall of the nejjhridial 
sac to a position alongside of its orifice. Parallel cases 
of such shifting are seen in the varying position of the 
orifice of the ink-bag in Dibranchiata, and in the orifice 
of the genital ducts of Mollusca, which in some few cases 
{e.g., Spondylus) open into the nephridia, whilst in other 
cases they open close hy the side of the nephridia on the 
surface of the body. The viscero-pericardial sac of tho 
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in relative size as the volume of the sac increases. Its 
outer surface acquires a metallic iridescence similar to that 
of the integuments of many fishes. The opening of the 
ink-sac is in the adult sometimes distinct from but near to 


677 



vonL 


Flo. 109. — Diataam to show the rchitiona of the four nephridlal s.ics, the visccro- 
peric.'irdial rac, ami the heart and larpe vessels in Nautilus (drawn hy A. 6. 
llonnic). nr/ih, neph, on tho ripht side point to the two nephridia of tliat 
side (the two of the opiiosite side are not lettered),— each is scen.to have an 
independent aperture ; a: is the viscero-peri cardial sac, the dotted iine indicat- 
ing its liackward citension ; i iie.per.opert marks an- arrow introduced into 
tlic right aperture of the visccro-pericardial sac; r.e., r.e., point to the 
glandular enlarged w.alls of tlic advehent hranciiiai vesseis, — trvo small 
glandular hodie.s of the kind arc seen to project into each nephridtal sac, 
whilst a larger body of the same kind depends from each of the four hranchial 
advehent vessels into the visccro-peric.ardial s.ac; v.c., vena cava; rent, 
ventricle of the heart; oo., cephalic aorta (the small alnloininal aorta not 
drawn); o.!i.r, advehent hranciiiai vessel ; e.v.b., eflerent branchial vessel. 

the anus (Sepia) ; in other cases it opens into the rectum 
near the anus. The ink-bag of Dibranch Siphonopoda is 
possibly to be identified ivith the adrectal (purpuriparous) 
gland of some Gastropoda. 

Coelom, JSlood-vasctilar System, and Excretory Oryans . — 
Nautilus and the other Siphonopoda conform to the 



Fio. 110.— Dia^m representing a vertical approximately median aiitcro 
posterior ficciion of yaulilus fiomjyilius (from a drawing by A. G. Bourne). 

partfi whicli are quito black are the cut muscular surfaces of the foofcand 
buccal mass, a, the shell ; h, the nuchal plate identical witli the nuchal 
cartilage of Sepia (see fig. 00, h ) ; c, the integument covering the visceral 
hump ; tl, the mantle flap or akirt in the dorsal region where it rests against 
the coil of the shell ; e, the inferior mar^pn of the mantle-skirt resting on t)«e 
lip of the shell rei)rescnted by the dotted line ; /, the pallial chamber with 
two of the four gills; g, the vertically cut metlian portion of the mid-foot 
(siphon); ft, the capito-pcdal cartilage (sec fig. 116); i, the valve of the 
siphon ; I, the siphuncular pedicle (cut short); in, the hood or dorsal entorge- 
ment of the annular lobe of the fore-foot ; n, tentacles of the annular lobe ; 
p, tentacles of the inner Inferior IoImj; g, buccal membrane; r, upper jaw or 
beak ; «, lower jaw or beak ; t, lingual ribbon ; x, the viscero-pericanlial sac ; 
7i,c, nerve-collar ; oe, a'sophagu.s ; cr, crop ; gizz, gizzard ; int, intestine ; an, 
anus ; nt, nldamcntal gland ; nept, ajHirture of a ncphridial sac ; r.e, renal 
glandular masses on the walls of the aiferent branchial veins (see fig. 109); 
a.b.v., afferent branchial vessel; e.h,v, efferent branchial vessel ; f/, ventncle 
of the heart. 

general Molluscan characters in regard to these organs. 
Whilst tlie general body-cavity or coelom forms a lacunar 


blood-system or senes of narrow spaces, connected with 
j ■'vell-developed vascular system, that part 

of the original ccelom surrounding the heart and known 
as the Molluscan pericardium becomes shut off from this 
general blood-lymph system, and communicates, directly in 
Nautilus, in the rest through the nephridia, with the exte- 
rior. In the Siphonopoda this specialized pericardial cavity 
is particularly large, and has been recognized as distinct 
from the blood-carrying spaces, even hy anatomists who 
have not considered the pericardial space of other Mollusca 
to be thus isolated. Tlie enlarged pericardium, which may 
even take the form of a pair of sacs, has been variously 
named, but is best known as the viscero-pericardial sac or 
chamber. In Nautilus this sac occupies the Avhole of tlie 
postero-dorsal surface and a part of the antero-dorsal (see 
fig. 110, ;>■), investing the genital and other viscera which 
lie below it, and having the ventricle of the heart sus- 
pended in it. Certain membranes forming incomplete 
septa, and a curious muscular band — the pallio-cardiac 
band — -traverse the sac. The four branchial advehent veins, 
which in traversing the walls of the four nephridial sacs 
give off, as it were, glandular diverticula into those sacs, 
also give off at the same points four much larger glandular 
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Fio. 111. — Dinp-am icprosenting a vertical approximately median antero- 
posterior section of Sepia ojlicinalis (fi-oin a drawing by A. G. Bourne). Tlie 
lettering corresponds with tliat of fig. 110, with wliich this drawing is intended 
to be compared, a, shell 0»ere enclosed by a growth of the mantle) ; ft, tho 
nuchal plate (here a cartilage); c (the reference line should be continued 
through the black area representing the sliell to tlie outline below it), tho 
integument covering tlie visceral hump; d, the reflected portion of the 
mantle-skirt fonning the sac which encloses the shell ; c, the inferior margin 
of tlic mantle-skirt (moutli of the pallial chamber); f, tlie pallial chamber; 
g, the vertically cut median portion of tlie mid-foot (siphon); i, the valve of 
the siphon ; in, the two upper lobes of the I^ore-foot; n, the long prehensile 
anns of the same ; o, the filth or lowermost lobe of the fore-foot ; p, the third 
lobe of the fore-foot ; q, the buccal membrane ; v, the upper beak or jaw ; s, 
the lower beak or jaw ; /, the lingual ribbon ; x, tlie viscero-pericartlial sac ; 
ii.c, tlic nen’c-collar ; cr., the crop ; gizz., the gizzard ; «?i, the anus ; c.f., the 
left ctenidium or gill-plume; vent, ventricle of the heart; a,h.v., aflerent 
branchial vessel ; e.b.v, efferent branchial vessel ; re, renal glandular mass ; 
n.ii.a, left nephridifil aperture; visc.per.apert., viscero-pericanlial aperture 
(sec fig. 108) ; ftr.ft., branchial heart ; vpp., appendage of the same ; i.s., ink- 
bag. 

masses, which hang freely into the viscero-pericardial 
chamber (fig. 109, r.e). In Nautilus the viscero-pericardial 
sac opens to the exterior directly hy a pair of apertures, one 
placed close to the right and one close to the left posterior 
nepliridial aperture (fig. 101, viseper.). This direct opening 
of the jiericardial sac to the exterior is an exception to what 
occurs in all other Mollusca. In all other Molluscs the 
pericardial sac opens into the nephridia, and through them 
or the one nephridium to the exterior. In Nautilus there 
is no opening from the viscero-pericardial sac into the 
nephridia. Therefore the external pore of the viscero-peri- 
cardial sac may possibly he regarded as a shifting of^ the 
reno-pericardial orifice from the actual wall of the nejihridial 
sac to a position alongside of its orifice. Parallel cases 
of such shifting are seen in the varying position of the 
orifice of the ink-bag in Dibranchiata, and in the orifice 
of the genital ducts of Mollusca, which in some few cases 
{e.g., Spondylus) open into the nephridia, whilst in other 
cases they open close hy the side of the nephridia on the 
surface of the body. The viscero-pericardial sac of tho 



CErnALO-ODA.] 


MOLLUSCA 


679 


of the two nephridia to fonn one sac is still more obvious, 
since the ventral portions are united. In Octopus the 
nephridia are quite separate. 

Tegumental pores have not been described in Nautilus, 
but exist in Dibranchiata, and have , been (probably 
erroneously, but further investigation is needed) supposed 
to introduce water into the vascular system. A pair of 




Fig. 113. Fig. 114. 

rio**. 113, 114. — Kcn*c*ccntres of Octopus. I'lgiirc 113 gives ft view from the 
dorsftl Aspect, figure 114 one from tlio ventral aspect. the huccal mftss ; 
P^d, pedal gjinglion ; opf, optic ganglion ; o?r, cerebral ganglion ; jj?, plenral 
ganglion ; riV, visceral ganglion ; ccs, oesophagus; /, foramen In the nerve* 
mass formtKl by pedal, pleural, and visceral gnnglion-paira, traversed by a 
blood*vesseI. 


such pores leading into sub-tegumental spaces of consider- 
able area, the nature of which is imperfectly knoAvn, exist 
on the back of the head in Philonexis, Treraoctopus, and 
Argonauta. At the base of the arms and mouth four such 
])ores are found in Histioteuthis and Ommastrephes, six 
in Sepia, Loligo, Onychoteuthis. Lastly, a pair of such 
pores are found in tlio 
Dccapoda at the base 
of the long anns, lead- 
ing into an extensive 
sub-tegumental poucli 
on each side of the head 
into which the long 
arms can be, and usually 
are, withdrawn. In 
Sepia, Scpiola, and Ros- 
sia the whole arm is 
coiled up in these sacs ; 
in Loligo only a part 
of it is so ; in Histio- 
teuthLs, Ommastrephes, 
and Onychoteuthi-s, the 
sacs are quite small 
and do not admit the 
arms. 

Ifervoiis System. — 

Nautilus, like the other 
Cephalopoda {e.g., Pneu- 
modermon, fig. 87 ; 

Octopus, fig. 113), ex- 
hibits a great concentra- 
tion of the typical Mol- n^.—Lateml view of tlio nen-ons centres 
luscan ganglia, as shmvn and nen-e? of the right side of Octopm ml- 

In 119 Tlio 0-1 ti. ) 7 aris(fromadrawinghyA.G. Bourne), hi/, 

in ng. xnc buccal ganglion; cer., cerebral ganglion; 

glia take on a band-like IW*"! ganglion ; pU, pleural, and vise., 

? 1 1 i Till visceralregionofthcplcuro-viseeralgangllon; 

form, and are but little stelC, the right stellate ganglion of the 

difTerpntintpfl from their mantle connected hy a nen-c to the plenral 
umerenuaieu iroiu tucu potion; n.vtsc., the right visceral nerve; 

commissures and con- n.al/., its (prohahly) olfactory branches; 
nective.S,— an archaic mhr.. its hnmchial branches. 

condition reminding us of Chiton. The special optic out- 
growth of the cerebral ganglion, the optic ganglion (fig. 
112, o), is characteristic of the big-eyed Siphonopoda. 
The cerebral ganglion-pair (a) lying above the oesophagus 
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IS connected with two sub -oesophageal ganglion-pairs of 
band-like form. The anterior of these is the pedal 6 h 
and supplies the fore-foot with nerves t', t, as also the 
mid-foot (siphon). The hinder band is the visceral and 
pleural pair_ fused (compare fig. 112 with fig. 87, and 
especially ivith the typical Euth3Tieurous nervous system 
of Limnams, fig. 22) ; from its pleural portion nerves pass 
to tho mantle, from its visceral portion nerves to the 
branchife and genital ganglion (d in fig. 112), and in 
immediate connexion with the latter is a nerve to the 
osphradium or olfactory papilla. No buccal ganglia have 
been observed in Nautilus, nor has an enteric nervous system 
been described in this animal, though both attain a special 
development in the Dibranchiata. The figures (114 and 
115) representing the nerve-centres of Octopus serve to 
exhibit the disposition of these parts in the Dibranchiata. 
The ganglia are more distinctly swollen than in Nautilus. 
In Octopus an infra-buccal ganglion-pair are present cor- 
responding to the buccal ganglion-pair of Gastropoda. In 
Dccapoda a supra-buccal ganglion-pair connected with 
these are also developed. Instead of the numerous radi- 
ating pallial nerves of Nautilus, we have in the Dibran- 
chiata on each side (right and left) a large pleural 
erve passing from the pleural portion of the pleuro- 
^^sceral ganglion to the mantle, where it enlarges to 
form the stellate ganglion. From each stellate ganglion 
nerves radiate to supply the powerful muscles of the 
mantle-skirt. The nerves from the visceral portion of the 
pleuro-visceral ganglion have the same course as in Nautilus, 
but no osphradial papilla is present. An enteric nervous 
system is richly developed in the Dibranchiata, connected 
with the somatic nervous centres through the buccal 
ganglia, as in the Arthropoda through the stomato-gastric 
ganglia, and anastomosing with deep branches of the vis- 
ceral nerves of the viscero-pleural ganglion-pair. It has 
been especially described by Hancock (39) in Omma- 
strephes. Upon the stomach it forms a single large and 
readily-detected gastric ganglion. It is questionable as to 
how far this and the “ caval ganglion ” formed in some 
Decapoda by branches of the visceral nerves which accom- 
pany the vena cava are to be considered as the equivalents 
of the “abdominal ganglion," which in a typical Gastropod 
nervous system lies in the middle of the visceral nerve-loop 
or commissure, having the right and left visceral ganglia 
on either side of it, separated by a greater or less length 
of visceral nerve-cord (see figs. 20, 21, 22). There can be 
little doubt that the enteric nervous system is much more 
developed in the Dibranchiata than in other Mollusca, and 
that it effects a fusion ivith the typical “ visceral ” cords 
more extensive than obtains even in Gastropoda, where 
such a fusion no doubt must also be admitted. 

Special Sense-Organs . — Nautilus possesses a pair of 
osphradial papiliai (fig. 101, olf) corresponding in position 
and innervation to Spengel’s organ placed at the base of the 
ctenidia (branchi®) in all classes of Mollusca. This organ 
has not been detected in other Siphonopoda._ In Ptero- 
poda it is well developed as a single ciliated pit, although 
the ctenidia are in that group aborted (fig. 87, Osp.). 
Nautilus possesses other olfactory organs in the region 
of the head. Just below the eye is a small triangular 
process (not seen in our figures), having the structure of a 
shortened and highly-modified tentacle and sheath. By 
Valenciennes, who is followed by Keferstein, this is regarded 
as an olfactory organ. The large nerve which runs to this 
organ originates from the point of juncture of the pedal 
with the optic ganglion. The lamelliform organ upon the 
inner inferior tentacular lobe of Nautilus is possibly also 
olfactory in function. In Dibranchs behind the eye is a 
pit or open canal supplied by a nerve corresponding in 
origin to the olfactory nerve of Nautilus above mentioned. 
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of the two nepliridia to fonn one sac is still more obvious, 
since the ventral portions are united. In Octopus the 
nepliridia are quite separate. 

Tegumental pores have not been described in Nautilus, 
but exist in Dibranchiata, and have , been (probably 
erroneously, but further investigation is needed) supposed 
to introduce water into the vascular system. A pair of 




Fig. 113. Fig. 111. 

Tioi. 113, 114. — Kcn*c*ccntrefl of Octopu'j. Figure 113 giveq ft view from the 
dorsftl ftspcct, figure 114 one from the ventral o-spcct. l»uc, the buccal mass ; 
P^d, pedal ganglion ; fypt, optic ganglion ; <^r, cerebral ganglion ; pi, pletiral 
ganglion ; riw, visceral ganglion ; cu, ccaopbagus; /, foramen in the nerve* 
mass formetl by pedal, pleural, and visceral ganglion-pairs, traversed by a 
blood-vessel. 


such pores leading into sub-tegumental spaces of consider- 
able area, the nature of which is imperfectly known, exist 
on the back of the head in Philonexis, Tremoctopus, and 
Argonauta. At the base of the arms and mouth four such 
l)ores are found in Histiotenthis and Ommastrephes, six 
in Sepia, Loligo, Onychoteuthia. Lastly, a pair of such 
pores are found in tlio 
Decapoda at the base 
of the long anns, lead- 
ing into an extensive 
snb-tegumental pouch 
on each side of the head 
into which the long 
arms can be, and usually 
arc, withdrawn. In 
Sepia, Sepiola, and Ros- 
sia the whole arm is 
coiled up in these sacs ; 
in Loligo only a part 
of it is so; in Histio- 
teuthLs, Ommastrephe.s, 
and Onychoteuthi-s, the 
sacs are quite small 
and do not admit the 
arms. 

A’ervojw System. — 

Nautilus, like the other 
Cephalopoda {e.g., Pneu- 
modermon, fig. 87 ; 

Octopus, fig. 113), ex- 
hibits a great concentra- 
tion of the typical Mol- view of tlic nervous centres 

luscan ganglia, as shoivn and nen-es of the right side of Oclopm mil- 

in fin- 119 Tlio 0-1 ti. ) 7 aris(fromadrawinghyA.G. Bourne), hi/, 

in ng. J-ilO gan i,uacal ganglion; ccr., ccrebtal g.snglion; 

clia take on a band-like Jiol., pelal ganglion ; pi, plcnral, and vise., 

? - , , 1-Ai.i viBCcralrcCTonofthcplcuro-visccralgangllon; 

fOriTlj and arc but little ^an^. stell., the rlgiit stcllats ganglion of the 

diffprpntintpfl from their m.sntle connected hy a nenre to the plcnral 
amerentiaiea iroill lUCli n.vlsc., the nght visceral nerve; 

commissures and con- -n.al/., its (prohahly) olfactory branches; 
nective.S,— an archaic its hmochlal branches. 

condition reminding us of Chiton. The special optic out- 
growth of the cerebral ganglion, the optic ganglion (fig. 
112, o), is characteristic of the big-eyed Sipbonopoda. 
The cerebral ganglion-pair (a) lying above the msophagus 
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is connected with two sub-cesopbageal ganglion-pairs of 
band-like form. The anterior of these is the pedal 6 h 
and supplies the fore-foot with nerves t', t, as also the 
mid-foot (siphon). The hinder band is the visceral and 
pleural pair fused (compare fig. 112 with fig. 87, and 
especially ivith the typical Eutli3Tieurous nervous system 
of Limnams, fig. 22) ; from its pleural portion nerves pass 
to the mantle, from its visceral portion nerves to the 
branchiie and genital ganglion (d in fig. 112), and in 
immediate connexion with the latter is a nerve to the 
osphradium or olfactory papilla. No buccal ganglia have 
been observed in Nautilus, nor has an enteric nervous system 
been described in this animal, though both attain a special 
development in the Dibranchiata. The figures (114 and 
115) representing the nerve-centres of Octopus serve to 
exhibit the disposition of these parts in the Dibranchiata. 
The ganglia are more distinctly swollen than in Nautilus. 
In Octopus an infra-buccal ganglion-pair are present cor- 
responding to the buccal ganglion-pair of Gastropoda. In 
Decapoda a supra-buccal ganglion-pair connected with 
these are also developed. Instead of the numerous radi- 
ating pallial nerves of Nautilus, we have in the Dibran- 
chiata on each side (right and left) a large pleural 
erve passing from the pleural portion of the pleuro- 
risceral ganglion to the mantle, where it enlarges to 
form the stellate ganglion. From each stellate ganglion 
nerves radiate to supply the powerful muscles of the 
mantle-skirt. The nerves from the visceral portion of the 
pleuro-visceral ganglion have the same course as in Nautilus, 
but no ospbradial papilla is present. An enteric nervous 
system is richly developed in the Dibranchiata, connected 
with the somatic nervous centres through the buccal 
ganglia, as in the Arthropoda through the stomato-gastric 
ganglia, and anastomosing with deep branches of the vis- 
ceral nerves of the viscero-pleural ganglion-pair. It has 
been e.specially described by Hancock (39) in Omma- 
strephes. Upon the stomach it forms a single large and 
readily-detected gastric ganglion. It is questionable as to 
how far this and the “ caval ganglion ” formed in some 
Decapoda by branches of the visceral nerves which accom- 
pany the vena cava are to be considered as the equivalents 
of the “abdominal ganglion," which in a typical Gastropod 
nervous system lies in the middle of the visceral nerve-loop 
or commissure, having the right and left visceral ganglia 
on either side of it, separated by a greater or less length 
of visceral nerve-cord (see figs. 20, 21, 22). There can be 
little doubt that the enteric nervous system is much more 
developed in the Dibranchiata than in other Mollusca, and 
that it effects a fusion ivith the typical “ visceral ” cords 
more extensive then obtains even in Gastropoda, where 
such a fusion no doubt must also be admitted. 

Special Seme-Organs . — Nautilus possesses a pair of 
ospbradial papillai (fig. 101, olf) corresponding in position 
and innervation to Spengel’s organ placed at the base of the 
ctenidia (branchiie) in all classes of Mollusca. This organ 
has not been detected in other Sipbonopoda. In Ptero- 
poda it is well developed as a single ciliated pit, although 
the ctenidia are in that group aborted (fig. 87, Osp.). 
Nautilus possesses other olfactory organs in the region 
of the head. Just below the eye is a small triangular 
process (not seen in our figures), having the structure of a 
shortened and highly-modified tentacle and sheath. By 
Valenciennes, who is followed by Keferstein, this is regarded 
as an olfactory organ. The large nerve which runs to this 
organ originates from the point of juncture of the pedal 
with the optic ganglion. The lamelliform organ upon the 
inner inferior tentacular lobe of Nautilus is possibly also 
olfactory in function. In Dibranchs behind the eye is a 
pit or open canal supplied by a nerve corresponding in 
origin to the olfactory nerve of Nautilus above mentioned. 
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lens forms as a structureless growth, projecting inwards from 
the front wall of this vesicle (fig. 1 23, B, 1). The integument 
around the primitive optic vesicle which has sunk below 
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Fia. 119. — Diagram.? of sections showing the early stage of ScTelopment of the 
eye of Loligo when it is, like the pennanent eye of Nautilns and of Patella, 
an open sac. A. First appearance of the eye as a ring-like upgrowth. B. 
Ingrowth of the ring-like wall so as to form a sac, the primitive optic vesicle 
of Loligo. (From lankcster.) 

the surface now rises up and forms firstly nearest the axis 
of the eye the iridian folds (if in B, fig. 123 ; ik in fig. 120 ; 
Ir in fig. 118), and then secondly an outer circular fold 
grows up like a wall and completely closes over the iridian 
folds and the axis of the primitive vesicle (fig. 120, C). 
This covering is transparent, and is the cornea. In the 
oceanic Decapoda the cornea does not completely close, 
but leaves a central aperture traversed by the optic axis. 
These forms are termed Oigopsidm by d’Orbigny (42), whilst 
the Decapoda with closed cornea are termed Myopsidm. 
In the Octopoda the cornea is closed, and there is yet 
another fold thrown over the eye. The skin surrounding 
the cornea presents a free circular margin, and can be drawn 
over the surface of the cornea by a sphincter muscle. It 
thus acts as an adjustable diajihragm, exactly similar in 



movement to the iris of Vertebrates. Sepia and allied Deca- 
pods have a horizontal lower eyelid, that is to say, only 
one-half of the sphincter-like fold of integument is movable. 
The exact history of the later growth of the lens in the 
Dibranchs’ eye is not clear. As seen in fig. 120, it appears, 
after attaining a certain size, to push through the front 
wall of the primitive optic vesicle at the point correspond- 
ing to its centre of closure, and to project a little into the 
anterior chamber formed by the cornea. The wall of the 
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primitive optic vesicle adjacent to the embedded lens iW 
now becomes modified, forming a so-called “ciliary body” 
in which muscular tissue is present, serving to regulate the 
focus of the lens (ci in fig. 120). Bobretzky (43) differs 
from Lankester, whose view is above given, in assigning a 
distinct origin to the protruding anterior segment^of the 
lens (l^ in fig. IIS). The optic ganglion, as well as the 
other large ganglia of the Dibranchiata, originate in the 
mesoblast of the embryo. The connexion between the cells 
of the retina and the nerve-fibres proceeding from the optic 
ganglion must therefore be a secondary one. 

Chromatophpres. — ^In Nautilus these remarkable struc- 
tures, which we mention here as being intimately asso- 
ciated with the nervous system, appear to be absent. In 
Dibranchiata they play an important part in the economj”, 
enabling their possessor, in conjunction udth the discharge 
of the contents of the ink-bag, to elude the observation of 
either prey or foe. They consist of large vesicular cells 
(true nucleated cells converted into vesicles), arranged in 
a layer immediately below the epidemus. Each chroma- 
tophore-cell has from six to ten muscular bands attached 
to its walls, radiating from it star-wise. The contraction 
of these fibres causes the chromatophore-cell to widen 
out; it returns to its spherical resting state by its own 
elasticity. In the spherical resting state such a cell may 
measure ’01 mm., whilst when fully stretched by its radiat- 
ing muscles it covers an area of '5 mm. The substance 
of the chromatophore-ceUs is intensely coloured with one 
of the following colours — scarlet, yellow, blue, brown — 
which are usually of the greatest purity and brilliance. The 
action of the chromatoivhores may be watched most readily 
in young Loligo, either under the microscope or with the 
naked eye. The chromatophores arc suddenly expanded, 
and more slowly retracted unth rapidly-recurring alter- 
nation. All the blue, or all tlio red, or all the yellow 
may be expanded and the other colours left quiescent. 
Thus the animal can assiune any particular hue, and 
change its appearance in a dazzling way with extraordinary 
rapidity. There is a definite adaptation of the colour 
assumed -in the case of Sepia and others to the colour of 
the surrounding rock and bottom. 

Gonads and Genital Ducts. — In Nautilus it has recently 
been shown by Lankester and Bourne (37) that the genital 
ducts of both sexes are paired right and left, the left duct 
being rudimentary and forming the “ pyriform appendage,” 
described by Owen as adhering by membranous attach- 
ment to the ventricle of the heart, and shown by Kefer- 
stein to communicate by a pore with the exterior. Thus 
the Cephalopoda agree wdth our archi-MoUusc in having 
bilaterally symmetrical genital ducts in the case of the 
most archaic member of the class. The ovary (female 
gonad) or the testis (male gonad) lies in Nautilus as in 
the Dibranchs in a distinct cavity walled off from the 
other viscera, near the centro-dorsal region. This chamber 
is formed by the coelomic or peritoneal wall; the space 
enclosed is originally part of the coelom, and in Sepia 
and Loligo is, in the adult, part of the viscero-pericardial 
chamber. In Octopus it is this genital chamber which 
communicates by a right and a left canal with the nephrid- 
ium, and is the only representative of pericardiiun. The 
ovary or testis is itself a growth from the inner wall of thi.s 
chamber, which it only partly fids. In Nautilus the right 
genital duct, which is functional, is a simple continuation 
to the pore on the postero-dorsal surface of the membran- 
ous walls of the capsule in which lies the ovary or the 
testis, as the case may be. The gonad itself appears to 
represent a single median or bilateral organ. 

The true morphological natvue of the genital ducts of the 
Cephalopoda and of other Mollusca is a subject which in vit<^ 
speculation and inquiry. In all the cases in which such 
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lens forms as a structureless growth, projecting inwards from 
the front wall of this vesicle (fig. 1 23, B, 1). The integument 
around the primitive optic vesicle which has sunk below 


A 



Fia. 119. — Diagram.? of sections showing the early stage of development of the 
eye of Loligo when it is, like the pennanent eye of Nautilns and of Patella, 
an open sac. A. First appearance of the eye as a ring-like upgrowth. B. 
Ingrowth of the ring-like wall so as to form a sac, the primitive optic vesicle 
of Loligo. (From Lankester.) 

the surface now rises up and forms firstly nearest the avis 
of the eye the iridian folds {if in B, fig. 123 ; ik in fig. 120 ; 
Ir in fig. 118), and then secondly an outer circular fold 
grows up like a wall and completely closes over the iridian 
folds and the axis of the primitive vesicle (fig. 120, C). 
This covering is transparent, and is the cornea. In the 
oceanic Decapoda the cornea does not completely close, 
but leaves a central aperture traversed by the optic axis. 
These forms are termed Oigopsidm by d’Orbigny (42), whilst 
the Decapoda with closed cornea are termed Myopsidm. 
In the Octopoda the cornea is closed, and there is yet 
another fold thrown over the eye. The skin surrounding 
the cornea presents a free circular margin, and can be drawn 
over the surface of the cornea by a sphincter muscle. It 
thus acts as an adjustable diajihragm, exactly similar in 



movement to the iris of Vertebrates. Sepia and allied Deca- 
pods have a horizontal lower eyelid, that is to say, only 
one-half of the sphincter-like fold of integument is movable. 
The exact history of the later growth of the lens in the 
Dibranchs’ eye is not clear. As seen in fig. 120, it appears, 
after attaining a certain size, to push through the front 
wall of the primitive optic vesicle at the point correspond- 
ing to its centre of closure, and to project a little into the 
anterior chamber formed by the cornea. The wall of the 
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primitive optic vesicle adjacent to the embedded lens iW 
now becomes modified, forming a so-called “ ciliary body ” 
in which muscular tissue is present, sendng to regulate the 
focus of the lens {d in fig. 120). Bobretzky (43) differs 
from Lankester, whose view is above given, in assigning a 
distinct origin to the protruding anterior segment^of the 
lens (fi in fig. 118). The optic ganglion, as well as the 
other large ganglia of the Dibranchiata, originate in the 
mesoblast of the embryo. The connexion between the cells 
of the retina and the nerve-fibres proceeding from the optic 
ganglion must therefore be a secondary one. 

Chromatophpres . — ^In Nautilus these remarkable struc- 
tures, which we mention here as being intimately asso- 
ciated with the nervous system, appear to be absent. In 
Dibranchiata they play an im 2 iortant 2 iart in the economj', 
enabling their possessor, in conjunction udth the discharge 
of the contents of the ink-bag, to elude the observation of 
either prey or foe. They consist of large vesicular cells 
(true nucleated cells converted into vesicles), arranged in 
a layer immediately below the epidermis. Each chroma- 
tophore-cell has from six to ten muscular bands attached 
to its walls, radiating from it star-wise. The contraction 
of these fibres causes the chromatophore-cell to widen 
out] it returns to its spherical resting state by its own 
elasticity. In the spherical resting state such a cell may 
measure ’01 mm., whilst when fully stretched by its radiat- 
ing muscles it covers an area of '5 mm. The substance 
of the chromatophore-cells is intensely coloured with one 
of the following colours — scarlet, yellow, blue, brown — 
which are usually of the greatest purity and brilliance. The 
action of the chromato 2 )hores may be watched most readily 
in young Loligo, either under the microscope or with the 
naked eye. The chromatophores arc suddenly expanded, 
and more slowly retracted vdth rapidly-recurring alter- 
nation. All the blue, or all tlio red, or all the yellow 
may be expanded and the other colours left quiescent. 
Thus the animal can assiune any particular hue, and 
change its appearance in a dazzling way ivith extraordinary 
rapidity. There is a definite adaptation of the colour 
assumed -in the case of Sepia and others to the colour of 
the surrounding rock and bottom. 

Gmads and Genital Duels . — In Nautilus it has recently 
been shown by Lankester and Bourne (37) that the genital 
ducts of both sexes are paired right and left, the left duct 
being rudimentary and forming the “ pyriform appendage,” 
described by Owen as adhering by membranous attach- 
ment to the ventricle of the heart, and shovui by Kefer- 
stein to communicate by a pore with the exterior. Thus 
the Cephalopoda agree with our archi-MoUusc in having 
bilaterally symmetrical genital ducts in the case of the 
most archaic member of the class. The ovary (female 
gonad) or the testis (male gonad) lies in Nautilus as in 
the Dibranchs in a distinct cavity walled off from the 
other viscera, near the centro-dorsal region. This chamber 
is formed by the coelomic or peritoneal wall; the space 
enclosed is originally part of the coelom, and in Se 2 na 
and Loligo is, in the adult, part of the viscero-pericardial 
chamber. In Octopus it is this genital chamber which 
communicates by a right and a left canal with the nephrid- 
ium, and is the only representative of pericardiiun. The 
ovary or testis is itself a growth from the inner wall of this 
chamber, which it only partly fids. In Nautilus the right 
genital duct, which is functional, is a simple continuation 
to the pore on the postero-dorsal surface of the membran- 
ous walls of the capsule in which lies the ovary or the 
testis, as the case may be. The gonad itself appears to 
represent a single median or bilateral organ. 

The true morphological nature of the genital ducts of the 
Cephalopoda and of other Mollusca is a subject which in vit<^ 
speculation and inquiry. In all the cases in which such 
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that in the chick the orifice of closure of the overspreading 
blastoderm does not represent the Tvhole of the blastopore, 
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F*o. 121, — ^Development of Loligo. (1) View of the cleavage of the egg daring 
the first formation of erahrjonic cells. (2) lateral view of the egg at a liUle 
later stage, a, limit to which the layer of cleavage-celLs has spread over the 
h, portion of the egg(shaded)as yet uncovered by cleavage-cells; ap^the 
autoplasts ; 7,7>, cleavage-^le where first cells were formed, (3) Later stage, 
the limit a now extended so as to leave but little of the egg-surface (b) unen- 
closed. The eyes (ci), month (eX and mantle-sac (u) have appeared. (4) lAter 
stage, antenor surface, the embryo is becoming nipped off from the yelk 
sac (p). (5) View of an embryo similar to (3) from the cleavage-pole or 

centro^orsal area. (6) Later stage, posterior surface. (7) Section in a 
median dorso-ventral and antero-posterior plane of an embryo of the same 
age as (4). (8) View of the anterior face of an older embryo, (9) View of the 
posterior face of an embryo of the same age as (8). Letters in (3) to (9) a, 
lateral fins of the mantle; b, mantle-skirt; c, supra-ocular invagination to 
form the “ white body” ; d, the eye ; e, the mouth ; /i, 2, 3, 4^ e, the five paired 
processes of the fore-foot ; g, rhythmically contractile area of the yelk-sac, 
V hich is itself a hemia-Iike protrusion of the median portion of the fore foot 
(see fig. 72**); A, dotted line showing internal area occupied by yelk (food- 
matenal of the egg) ; 7:, first rudiment of the mid-foot (jwired ridges which 
unite to form the siphon or funnel) ; Z, sac of the radula or lingual nbbon ; 
m, stomach ; n, rudiments of the gills (paired ctenidia); o, the otocysts, — a 
pair of invaginations of the surface of the mid-foot ; p, the optic gangbon ; 
g, the distal portion of the ridges which form the siphon or mid-foot, fc being 
the basal portion of the same stnicturc ; r, the vesicle-like rudiment of the in- 
testine formed independently of the parts connected with the mouth, s, k, m, 
and without invagination ; s, rudiment of the salivary glands ; t in (7), the 
shell-sac at an earlier stage open (see fig. 122), now closed up; -u, the open 
shell-sac formed by an uprising ring-like gro^Hb of the centro^iorsal ari^; 
IP in (3), the mantle skirt commencing to be raised np around the area of the 
shell-sac. In (7) mes points to the middle cell-layer of the embryo, ep to the 
outer layer, and h to the deep layer of fusiform cells which separates every- 
where the embrj'o from the yelk or food-material lying within it. (Original.) 

but that this is in part to be sought in the rvidely-separated 
primitive streak. The present writer has little doubt that 


a stracture corresponding to the primitive streak of the 
chic^ and lying near the Mastic pole, will he found in 
bepia and Loligo, and the strange vesicular origin of the 
mid-gut ■will he traced to and explained by it. 

Leaving this difficult question of the cell-layers of the 
emh^o, we would draw the reader’s attention to the series 
of sketches representing the semi-transparent embryo of 
Lohgo, drawn in fig. 121. When the cleavage cells have 
nearly enclosed the yelk, the upper or embryonic area 
shows the rudiments of the centro-dorsal mantle-sac or 
pen-sac, the mouth, the paired optic pits, and the paired 



Fic. 122. — Section through the still open shell-sac occupying the centro-dorsal 
area of an embryo of Ii)ligo ; the position is inverted as compared with fig. 
121 (3) and (7). ep, outer cell-lajer; m, middle cell-la>er; m", deep cell- 
layer of fusiform cells; y, the granular yelk or food-matenal of the egg; 
ths, the still open sheU-sac, (From Lankester.) 

otic pits (fig. 121, (3), (5)). The eye-pits close up (fig. 
119), the orifice of the mantle-sac narrows, and its margin 
becomes raised and freely produced as mantle-skirt; 
at the same time an hour-glass-like pinching in of the 
whole embryo commences, separating the embrjm proper 
from the so-called yelk-sac (fig. 121, (4)). Around the 
“waist” of constriction, pair by pair, ten lobes arise (fig. 
121, (8) ), — the arms of the fore-foot. It now becomes 
obvious that the yelk-sac is but the median surface of the 
fore-foot bulged out inordinately by food-yelk, just as the 
hind region of the foot is in the embryo slug (see fig. 72^^, 
and explanation). Just as in the slug, this dilated yelk- 
holding foot is rhythmically contractile, and pulsates 
steadily over the area ff in fig. 121, (4). At this stage, 
and long subsequently, the mouth of the young Cephalopod 
is in no way surrounded by the fore-foot, but lies well 
above its nascent lobes (e in fig. 121). Subsequently it 
sinks, as it were, between the right and left most anterior 
pair of the series, which grow towards one another and 
fuse above it, and leave no trace of their original position 
and relations. Fig. 121, (6) gives a view of the postero- 
dorsal smface of an embryo, in which the important fact 
is seen of the formation of the funnel or siphon by the 
■union of two pieces (q), which grow up each independently, 
one right and one left, like the sides of the siphon of 
Nautilus or the s'vrimming lobes of a Pteropod, and subse- 
quently come together, as shoivn in (9), where the same 
letter q indicates the same part. The explanations of figs. 
121 and 123 are given very full, and here, therefore, we 
shall only allude to two additional points. A curious mass 
of tissue of unkno'nm significance occurs in the orbit of 
Dibranchs, kno-mn as the white body (w in fig. 120). A 
strongly-marked invagination just above the orbit is a very 
prominent feature in the embryo of Loligo, Sepia, and 
Octopus, and appears to give rise to this so-called wliite 
body. This invaginated portion of the outer cell-layer is 
seen in fig. 121, (8) and (9), lettered c; in fig. 123, A and 
B, it is lettered wh. 

Lastly, in fig. 123, A, the origin^ of the optic nerve- 
ganglion nff from the cells of the middle layer should he 
especially noticed. In some other Molluscs the neire- 
ganglia have been definitel'V' traced to the outer cell-layer,. 
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F*o. 121, — ^Development of Loligo. (1) View of the cleavage of the egg daring 
the first formation of emhrjonic cells. (2) Lateral view of the egg at a liUle 
later stage, a, limit to which the layer of cleavage-celLs has spread over the 
h, portion of the egg(shaded)as yet uncovered by cleavage-cells; ap, the 
autoplasts ; 7,7>, cleavage-pole where first cells were formed. (3) Later stage, 
the limit a now extended so as to leave but little of the egg-suiface fh) nnen- 
closed. The eyes (d), month («), and mantle-sac (u) have appeared. (4) lAter 
stage, antenor soiface, the embryo is becoming nipped off from the yelk 
sac (p). (5) View of an embryo similar to (3) from the cleavage-pole or 

centro^orsal area. (6) later stage, posterior surface. (7) Section in a 
median dorso-ventral and antero-posterior plane of an embryo of the same 
age as (4). (8) View of the anterior face of an older embryo. (9) View of the 
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lateral fins of the mantle; h, mantle-skirt; c, supra-ocular invagination to 
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pair of invaginations of the surface of the mid-foot ; p, the optic gangbon ; 
q, the distal portion of the ridges which form the siphon or nud-foot, fc being 
the basal portion of the same structure ; r, the vesicle-like rudiment of the in- 
testine formed independently of the parts connected with the mouth, s, k, m, 
and without invagination ; s, rudiment of the salivary glands ; / in (7), the 
shell-sac at an earlier stage open (see fig. 122), now closed up ; «, the open 
shell-sac formed by an uprising ring-like gro^rth of the centro-dorsal area ; 
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a stracture corresponding to the primitive streak of the 
chic^ and lying near the Mastic pole, will he found in 
bepia and Loligo, and the strange vesicular origin of the 
mid-gut will he traced to and explained by it 

Leaving this difficult question of the celldayers of the 
embryo, we would draw the reader’s attention to the series 
of sketches representing the semi-transparent embryo of 
Lohgo, drawn in fig. 121. When the cleavage cells have 
nearly enclosed the yeUc, the upper or embryonic area 
shows the rudiments of the centro-dorsal mantle-sac or 
pen-sac, the mouth, the paired optic pits, and the paired 
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otic pits (fig, 121, (3), (5)). The eye-pits close up (fig. 
119), the orifice of the mantle-sac narrows, and its margin 
becomes raised and freely produced as mantle-skirt; 
at the same time an hour-glass-like pinching in of the 
whole embryo commences, separating the embrj’o proper 
from the so-called yelk-sac (fig. 121, (4)). Around the 
“ waist ” of constriction, pair by pair, ten lobes arise (fig, 
121, (8) ), — the arms of the fore-foot. It now becomes 
obvious that the yelk-sac is but the median surface of the 
fore-foot bulged out inordinately by food-yelk, just as the 
hind region of the foot is in the embryo slug (see fig. 72^^, 
and explanation). Just as in the slug, this dilated yelk- 
holding foot is rhythmically contractile, and pulsates 
steadily over the area ff in fig. 121, (4). At this stage, 
and long subsequently, the mouth of the young Cephalopod 
is in no way surrounded by the fore-foot, but lies well 
above its nascent lobes (e in fig. 121). Subsequently it 
sinks, as it were, between the right and left most anterior 
pair of the series, which grow towards one another and 
fuse above it, and leave no trace of their original position 
and relations. Fig. 121, (6) gives a view of the postero- 
dorsal smdace of an embryo, in which the important fact 
is seen of the formation of the funnel or siphon by the 
■union of two pieces (g), which grow up each independently, 
one right and one left, like the sides of the siphon of 
Nautilus or the s'wimming lobes of a Pteropod, and subse- 
quently come together, as shoivn in (9), where the same 
letter q indicates the same part. The explanations of figs. 
121 and 123 are given very fuU, and here, therefore, we 
shall only allude to two additional points. A curious mass 
of tissue of unknoTvn significance occurs in the orbit of 
Dibranchs, kno'sm as the white body (w in fig. 120). A 
strongly-marked invagination just above the orbit is a very 
prominent feature in the embryo of Loligo, Sepia, and 
Octopus, and appears to give rise to this so-called wliite 
body. This invaginated portion of the outer cell-layer is 
seen in fig. 121, (8) and (9), lettered c; in fig. 123, A and 
B, it is lettered wb. 

Lastly, in fig. 123, A, the origin of the optic nerve- 
ganglion nq from the cells of the middle layer should be 
especially noticed. In some other Molluscs the nerve- 
ganglia have been definite^' traced to the outer cell-layer,. 
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LiJIEtilBEAjrCHIA- ] 


SIOLLTJSCA 


Teloped only in those feTr forms ttHcIi are ineqaiTalve. 
The typical PEEiCAEWtTir is rrell developed. It appears, 
as in other lloUasca, not to be a blood-space although 
developed from the coelom, and it communicates vrith the 
exterior by the pair of nephridia. As in Cephalopoda (and 
possibly other Mollnsca) ivater can be introdaced throngh 
the nephridia into this space. The AUQnnrxAET caitai. 
heeps very nearly to the median vertical plane "K-hilst ex- 
hibiting a number of fieznres and loopings in this plane.' 
A pair of large glandular ontgrovrths, the so-called "liver” 
or great digestive gland, exists as in other ilollnscs. A 
pair of pedal otoctsts, and a pair of ospheadia. at the 
base of the gills, appear to be altrays present. A typical 
ysHvocs STSTEsr is present (fig. 144), consisting of a 
cerebro-plenro-visceral ganglion-pair, united by connectives 
to a pedal ganglion-pair and an osphradial ganglion-pair 
(parieto-splanchnic), 

A Special caecum connected vrith the pharynx is some- 1 
times found, contmning a tough fiexihle cylinder of frans- 
p^arent cartilaginons appearance and uhknovm significance, 
called the “crystalline style” (ilactra), -svhieh possibly 
represents the radular sac of Glosophora. In many Lamelli- 
brancLs a gland is found on the hinder surface of the foot 
in the mid line, which secretes a substance which sets into 
the form of threads — the so-called “byssus” — ^by means of 
which the animal can fix itself. Sometimes this gland is 
found in the young and not in the adnit (Anodon, Unio, 
Cyclas). In some Lamellibranchs (Pecten, Spondylus, 
PhoIa.s, llactra, Tellina, Pecnmculus, Galeomma, kc.), 
althou^ cephalic eyes are always absent, special eyes 
are develop^ on the free mar^n of the mantle-sKrt, 
apparently by the modification of tentacles which are 
commonly found there (fig. 145). The existence of pores 
in the foot and elsewhere in Lamellihranchia by which liquid 
can pa-s-s into and out of the vascular system, although 
asserted as in the case of other llollnsca, appears to be 
improbable. It ha.s yet to be shown by satisfactory micro- 
scopic sections that the supposed pores are anything hut 
epidermal glands. 

The Lamellihranchia live chiefiy in the sea, some in 
fresh waters. A very few have the power of swimming by 
opening and shutting the valves of the shell (Pecten, Lima); 
most can slowly crawl or rapidly burrow; others are, wheu 
adu!:, permanently fixed to stones or rocks either by the 
shell or the byssns. In development some Lamellibrancbia 
pass tbrongh a free-swimming trocbosphere stage with prm- 
oral ciliated band ; other fresh-water forms which carry the 
young in brood-pouches formed by the ctenidia have sup- 
pressed this larval phase. 

The following classification and enumeration of genera 
are based primarily upon the characters of the adductor 
muscles. The Heteromya and ilonomya must be conceived 
of as derived from forms resembling such Gastropodons 
Isomya as Ifucula and Trigonia, which undoubtedly are 
the nearest living representatives of the ancestral Lrpo- 
cephala, and bring us nearest to the other branch of the 
lloUusca, the G2o=sophora. 


Order 1. — ^Ikoiays. 

ChcToctiT . — Anterior and. posterior adductor tansdes of approii- 
rnately eqnal size. 

Snb-crder I. — IrltmxyzllirL. 

Cr^rai^f.n . — ^Ifarginal attacbment of tbe mantle to tbs shell not 
iii£ected to form a sines ; stphoui sot developed in some, present 
in most. 

ramilv 1, — Araxitrjt. 

Genera: Area, L. (£m 1-32) ; CucuUsa, Lam. •,Fiiiur.ailu3, Lam. ; 
Lirrj-/t.tU, Sassi; '^Kuaxla, Lam. (Sg: 134) ; Afsoroj, ilEnster: 
Uda, Seba.; ToUia, 31511 ; SoUvAtta, Sowerby, Ac. 

FamSy 2. — Trigor.iau’ji.- ^ r. i 

Gensra : Friyoaib, Bmz. ; AjdriuSt Sow . j JjvrcdesrrjXj Conrad. 


Family 3. — XJnionaaa. 

Genera : Vnw, Beta ; CoMia, Ua. ; Ancdrjv., Cav. (fics. 124 
„ ’ Lam. ; 2Tif<xtcpus, d’Orb., Ac. '' ' 

Family 4, — LveiPMcsa. 

Cnv.; mplcdorda, Brown* 
Tnrton;Ag:t4 Tsrt’as;^.: 
cmJ7ia,Tii^s ; Asiarie, Sow. ; Crassatilla, Lam. ; Cardiria 
Ag. ; Cardita, Brng-., Ac. ' ’ 

Family S.^^Cyprinacjua. 

Genera: Tridac^,m C. ; ^ma, L. ; Inm.jo, Eon. ; DAerar, 
Lk. ; ^m. ; Eippopcdium, Sow. ; CaTdium, L. ; 

Ck^Uada, yieg.; Cmena, Lk; Cudas, Brng. (£<.. ue) ■ hnd- 
lum. Pm. (figs. I4S-15.3) ; Ci/prina, Lam., A-n ° ' 


Seb-order 2. — SinupaTlia. 

Charaders. — 3rarginal attachment of the mantle to the shell in- 
fixed HO as to form a sinus into which the paliial siphons can be 
withdrawn ; siphons always present, and large. 

Family 6. — Fmarcuea. 

Genera: Cypneardia, Lam.; Tape-J, hlegh ; Cvdina, Desk; 
CytfierM,_ I^m. (figs. 125, Ac.) ; Chime, 3Ie^. ; Fenue, L. ; 
Lucirtopds, F. H. ; Sanguinoiaria, Lam. ; Peammohia, Lam. 
(fig. 130) ; Tellina, L. ; Demax^ L. ; SortAicularia, Schn. ; 
Cuningia, Sow. ; Pangia, DsmL ; Jfadra, L. (%. 140); Trigo- 
TiiUa, Da C. ; FaganeUa, Gr. ; Lviraria, Lam, 

Family 7. — ilyacea. 

Genera : ^ LlyodiaT/in, Stb, ; Chammirea, Eois ; Pandora, Sol. ; 
Thracia, Leach ; Theiis, Sow. ; Ph.clademya, Sovr. ; Corbula, 
Brag. ; Jfya, Lam, ; Saxitava, Flenr ; Panopsa, Ad. ; Glyd- 
meris, Lam, ; Siligua, hlhlfi, Izc. ; Soltn, L. 

Family 8, — Pholadacea. 

Genera : Claragella, Lam. ; Aspergillum, Lam. (figs. 12S, 125) ; 
Humphreyia, Gr, ; Pholas, L. ; Fholadidea, Tnri. ; Teredo, L. ; 
Teredina, Lmn. ; Furcella, Ohen, Aa 

Order 2. — Heteromya. 

Charaders . — Anterior adductor (paHial adductor) much smaller 
than the posterior adductor (pedal adductor) ; siphons rarely present. 
Family 1. — Eyiilacea. 

Genera ; ilAilus, L. (fig. IZZ)’, Hcdidla, Lam.; Crenella, Brown ; 
Lithcdr/mm, Cnv. ; Zdeisiena, Ben, (fig. 135) ; Modiolarca, 
Gr., Ac. 

Family 2. — Eutteriacea. 

Genera; Attheria, Lam. ; LluUeria, Fer, 

Order 3. — hloscraja. 

CrxLTadtTS . — ^Anterior adductor absent in the adult; siphons 
never developed. 

Family 1. — Aticulaaa. 

Genera : Cardiola, Brdp. ; Aricula, EL ; Jfalleus, Lam. ; Tno- 
ceramu-i. Sow. ; Crinaf.ula, Lam. ; Pema, Bmg., Ac. 

Family 2. — Odraeea. 

Genera : Oslrea, L. (fig. 6) ; Anemia, L. ; Spondylus, L. ; Pliealula, 
Lam. ; Fulsella, Lam. ; Lima, Brng. ; Peden, L . ; Eiuniles, 
Dfr., Ac. 


Further FemarJn m the Lamellfljranchia . — The LameUi- 
branchia are the only members of the Lipocephalons branch 
of ilollnsca existing at the present day; and we most 
suppose that, whilst on the one hand the earliest Glosso- 
phorous forms were developing from the archi-llollusca by 
the ekboration of the buccal apparatus, the biralved sessile 
Lamellibranchs were developing in another direction from 
univalve cephalopborous ancestors. The large bilobed 
mantle-fiap with its pair of shells covering in the whole 
animal, the cunent-prodneing largely-expanded ctenidia, 
and the reduced cephalic region are characters which go 
hand in hand, and were simultaneously acquired, each being 
related to the development of the others. Unless the 
“crystalline style” of LameUibranchs is to be considered 
as the rudiment of the “radular sac” of Glossophora, as 
suggested by Balfour, there is no indication whatever that 
the^cestois of the Lamellihranchia had acquired a repre- 
sentative of the buccal apparatus — so highly developed in 
Glossophora — ^before diverging from the archi-MoUnsca ; 
that is to say. the common ancestors of the two great 
branches of iloUnsca presented the distinctive ^racier 
of neither branch— they had not an aborted cephah'c region, 
and they had not a lingual ribboiL^ 

As ail example of the organization of a Lamellibranch, 
we shall review the structure of the Common Pond-ilnssel 
{Anodonta cyjnea), comparing its structure with those of 
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XJJIEtilBEAS’CHIA- ] 


MOLLUSCA 


Teloped only in those feTr forms ttHcIi are ineqnivaJve. 
The typical peeicaeditth is rrell developed. It appears, 
as in other ^loUusca, not to he a blood-space alfhongh 
developed from the coelom, and it communicates vdth the 
exterior liy the pair of nephridia. As in Cephalopoda (and 
possibly other Mollnsca) ivater can be introduced through 
the nephridia into this space. The AUcrEsriAET caitai, 
heeps very nearly to the median vertical plane -R-hilst ez- 
hihiting a number of fiezures and loopings in this plane,' 
A pair of large glandular outgrovrths, the so-called “liver” 
or great digestive gland, exists as in other ifoUnscs. A 
pair of pedal oxocrsTS, and a pair of ospheadia. at the 
base of the gills, appear to be al-svays present. A typical 
>'£EV0C5 STSTEsr is present (fig. 144), consisting of a 
cerebro-pleuro-visceral ganglion-pair, united by connectives 
to a pedal ganglion-pair and an osphradial ganglion-pair 
(parieto-splanchnic), 

A special caecum connected vrith the pharynx is some- 
times found, containing a tough flexible cylinder of trans- 
parent cartilaginous appearance and nnfcnoTvn signiflcance, 
called the “crystalline style” (ilactra), -srhieh possibly 
represents the radular sac of Glosophora. In manyLamelli- 
branchs a gland is found on the hinder surface of the foot 
in the mid line, vrhich secretes a substance vrbich sets into 
the form of threads — the so-called “byssus” — ^by means of 
vrhieh the animal can fi.x itself. Sometimes this gland is 
found in the young and not in the adnit (Anodon, Unio, 
CVclas), In some Lamellibranchs (Pecten, Spondylns, 
Pholas, llactra, Tellina, Pecnmculns, Galeomma, Ac.), 
althou^ cephalic eyes are always absent, special eyes 
are develop^ on the free mar^n of the mantle-shxrt, 
apparently by the modification of tentacles which are 
commonly found there (fig. 145). The existence of pores 
in the foot and ebewhere in Lamellihranchia by which liquid 
can pa.=.s into and out of the vascular system, although 
asserted as in the case of other ilollnsca, appears to be 
improbable. It has yet to be shown by satisfactory micro- 
scopic sections that the supposed pores are anything hut 
epidermal glands. 

The Lamellihranchia live chiefly in the sea, some in 
fresh waters, A very few have the power of swimming by 
opening and shutting the valves of the shell (Pecten, Lima); 
most can slowly crawl or rapidly burrow; others are, when 
adu!:, permanently fixed to stones or rocks either by the 
shell or the brssus. In development some Lamellibranchia 
pa.s3 through a free-swimming trochosphere stage with prm- 
oral ciliated band ; other fresh-water forms which carry the 
young in brood-pouches formed by the ctenidia have sup- 
pressed this larval phase. 

The following cl^sification and enumeration of genera 
are based primarily upon the characters of the adductor 
muscles. The Heteromya and ilonomya must be conceived 
of as derived from forms resembling such Gastropodous 
Isomya as Ifucula and Trigonia, which undoubtedly are 
the nearest living representatives of the ancestral Lrpo- 
cephala, and bring us nearest to the other branch of the 
lloUusca, the G2o=sophora. 

Order 1. — ^Ikoiays. ; 

Charadtr . — Anterior and posterior addccior tonsdes of approii- 
mafely eqpzl size, 

Snb-crder I. — IrJtmTXznia. 

Criaradtrs . — IfaridnAl attacbraent of the mantle to tbs snell not 
iii£ected to form a sinna ; stphoai not developed in some, present 
in most. 

rarsilv 1, — Arcaas. 

Genera: Area, L. (fic, 1-32) ; CucuUda, Lam. ; A’erfnrer/ttr, Lam. ; 

Zirwara, Sassi; A~ucula, Lam. (Sg. 1Z4} ; Iscarca, 3IEnster: 

Uda, Setm; Yoldia, 31511 ; SoldieXla, Sower'oy, £c. 

Family 2. — Trigoaiaeta.- __ r- 3 

Genera : XTigemia, Bmm , Adtrrus, Sow , ; JjvrtdesirM, Conrad. 


Family 3, — Unionacea. 

Genera e Unio, Betx ; Ca^iia, W ; Anodon, Cnv. 124 

^) r Lam. ; d’Orh., be. '' ’ 

X aisiiiy — Luci nacm, 

Cnv.; mplcdorda. Brown* 

omjna,^ndMn - Aitarit, So^. ; C'rassaleila, Lam. ; Cariinia, 
Jxg. ; Cardiia, Brng., ' 

Pamily h.-^Cyjrrinaaa. 

Genera : Trida^, Da C. ; ^ma, L. ; IHmga, Eon. ; Dzoeran 
Lk. ; ^m. ; Eippopedium, Sow. ; Cardium, L. ; 

CorUada, Aieg.; Cirrena, Lk.; Codas, Bmz. (£<.. 1^6) • hnd- 
rum. Pm. (figs. 148-15-3) ; Cvpnna, ° ' 


Snb-order 2. — SinupaTlia. 

CiairadoTs . — 3rarginal attachment of the mantle to the shell ic- 
fi^ed so as to form a sinns into which the pallial siphons can be 
withdrawn ; siphons always present and large. 

Family 6. — Yeneraoea. 

Genera: Cvprieardia, Lam.; Taj^r, MegL ; Cvdina, Desk; 
Cy;herttr,_ I^m. (figs. 125, _A-c.) ; Ckione, 3Ie^. ; Venus, L. ; 
Lucinopris, F- H. ; Sannuindtaria, Lam. ; Tsammoida, Lam. 
(fig. 130) ; Tellina, L. ; Demnx, L. ; Serotncularia, Schn. ; 
Cumingia, Sow. ; Futngia, DsmL ; Madra, L. (%. 140); Trigo- 
neXla, Da C. ; YaganeUa, Gr. ; Lutraria, Lam. 

Family 7. — ilyacm. 

Genera : EyodoirAn, Stb, ; Chamod.rea, Eois ; Pandora, Sol. ; 
Tltrttcia, Leach ; Thetis, Sow. ; Pholadr/mya, Sow. ; Carhula, 
Bmg- ; Eya, lam. ; Saxieara, Fleur ; Fanopsa, Ad. ; Glyd- 
meris, Lam, ; Siliqua, 31hlf., ho. ; Solen, L. 

Family 8, — Fholadaua. 

Genera : Clamgella, Lam, ; AspergUlnm, Lam. (figs. 128, 122) ; 
Eumphrqna, Gr. ; Pholas, L. ; Fholadidea, Titri. ; Teredo, L. ; 
TeredirM, Lam. ; FurceUa, Ohen, Ac. 


Order 2. — Heteromya. 

Charad-ers . — Anterior adductor (paHial addnetor) much smaller 
than the posterior addnetor (pedal addnetor) ; siphons rarely present 
Family 1. — EyiUaeea. 

Genera ; ilAilus, L. (fig. IZZ) •, Modiola, Lam.; Crenella, Brown ; 
Liihedr/mns, Cnv. ; Ereissena, Ben. (fig. 135) ; Modiolarca, 
Gr., Ac. 

Family 2, — EvMeriaeea. 

Genera; Aetheria, Lam . ; Jlulleria, Fer, 

Order 3. — ^ilonomya. 

Ckaraders , — ^Anterior adductor absent in the edclt; siphons 
never developed. 

Family I. — Atteulaeea. 

Genera : Cardiola, Brdp. ; Arieula, EL ; EaUeus, Lam, ; Tm~ 
cerarnus. Sow. ; Crenaf.ula, Lam . ; Perr.a, Bmg., he. 

Family 2. — Osiraeea. 

Genera: Oitrea, L. (fig. Z)-, Ancmia,L.-, Syondylus, L.; FlieaLula, 
Lam. ; Vulsella, Lam. ; Lima, Bmg. ; Peden, L . ; Eiunites, 
Dfr., Ac. 

Further FemarJrs m the Lamellibranchia . — The Lamelli- 
branchia are the only members of the Lipocephalous branch 
of 3IoIIusca existing at the present day; and we must 
suppose that, whilst on the one hand the earliest Glosso 
phorous forms were developing from the archi-ilollusca by 
the elaboration of the buccal apparatus, the bivalved sessile 
Lamellibranchs were developing in another direction from 
univalve cephalophorons ancestors. The large bilobed 
mantle-fiap with its pair of shells covering in the whole 
animal, the current-producing largely-expanded ctenidia, 
and the reduced cephalic region are characters which go 
hand in hand, and were simultaneously acquired, each being 
related to the development of the others. Unless the 
“crystalline style” of Lamellibranchs is to he considered 
as the rudiment of the “radular sac” of Glossophora, as 
sus<^ested by Balfour, there is no indication whatever that 
the'ancestoTS of the Lamellihranchia had acquired a repre- 
sentative of the buccal apparatus — so highly developed in 
Glossophora — ^before diverging from the archi-iloflusca ; 
that is to say. the common ancestors of the two great 
branches of ilollnsca presented the distinctive ^racter 
of neither branch— they had not an aborted cephalic region, 
and they had not a Imgual ribbom^ 

As ail example of the organization of a Lamellibranch, 
we shall review the structure of the Common Pond-ilnssel 
(Anodemta cvjnea), comparing its structure with those of 
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that the Monoinya have heen developed from Isomya- 
like ancestors, and have lost by atrophy their anterior 
adductor. The single adductor muscle of the Monomya 
is separated by a . nt 

difference of fibre ^ 

into t'wo portions, 
but neither of these 
can be regarded as 
possibly rejDresent 
ing the anterior 
adductor of the 
other Lamelli- 
branchs. One of 
these portions is 
more ligamentous, 
and serves to keep 
the tu'o shells con- 
stantly attached to 
one another, whilst Fra. 127. — ^Left valve of the same shell from the inner 
the more fleshy por- 

tion serves to close the shell rapidly when it has been gaping. 

In removing the valves of the shell from an Anodon, it 
is necessary not only to cut through the muscular attach- 
ments of the body-waU to the shell but to sever also a 
strong elastic ligament, or spring resembling india-rubber, 
joining the two shells about the umbonal area. The shell 
of Anodon does not present these parts in the most strongly 
marked condition, and accordingly our figures (figs. 125, 
126, 127) represent the valves of the Sinupalliate genus 
Cytherea. The corresponding parts are recognizable in 
Anodon. Referring to the figures (125, 126) for an ex- 
planation of terms applicable to the parts of the valve and 
the markings on its inner surface — corresponding to the 
muscular area which we have already noted on the surface 
of the animal’s body — must specially note here the posi- 
tion of that denticulated thickening of the dorsal margin 
of the valve which is called the hinge (fig. 127). By this 
hinge one valve is closely fitted to the other. Below this 
hinge each shell becomes concave, above it each shell rises a 
little to form the umbo, and it is into this ridge-like upgrowth 
of each valve that the elastic ligament or spring is fixed (fig. 
127). As shown in the diagram (fig. 

127*) representing a transverse sec- 
tion of the two valves of a Lamelli- 
branch, the two shells form a double 
lever, of which the toothed-hinged is 
the fulcrum. The adductor muscles 
placed in the concavity of the shells 
act upon the long arms of the lever 
at a mechanical advantage ; their con- 
traction keeps the shells shut, and 
stretches the ligament or spring A. 

On the other hand, the ligament A 
acts upon the short arm formed by 
the umbonal ridge of the shells; when- 
ever the adductors relax, the elastic 
substance of the ligament contracts, 
and the shells gape. It is on this 
account that the valves of a dead La- 
mellibranch always gape; the elastic 
ligament is no longer counteracted by 
the effort of the adductors. The state 
of closure of the valves of the shell is 
not, therefore, one of rest ; when it is 
at rest — that is, when there is no 
muscular effort — the valves of a LameUibranch are slightly 
gaping, and are closed by the action of the adductors when 
the animal is disturbed. The ligament is simple in Anodon ; 
in many Lamellibranchs it is separated into two layers, an 
outer and an inner (thicker and denser). That the condition 
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Fig. 127*. — ^Diagram ofascc- 
ti'on of a I^rnellibrancJi’s 
shells, ligament, and ad- 
ductor muscle, a, right 
and left ■v'alves of the 
shell ; c, d, the umbones 
or short aims of thelever ; 
e,/, the long arms of the 
lever; the hinge; ft, tlie 
ligament ; i, the adductor 
muscle. 


of gaping of the shell-valves is essential to the life of the 
LameUibranch apprars from the fact that food to nourish 
it, water to aerate its blood, and spermatozoa to fertilize 
its eggs, are aU introduced into this gaping chamber by 
currents of water, which are set going by the highly- 
developed ctenidia. The current of water enters into the 
sub-paUial space at the spot marked e in fig. 124, (1), 
and, after passing as far forward as the mouth in fig. 124’ 
(5), takes an outward course and leaves the sub-pallial 
space by the upper notch d. These notches are known 
in Anodon as the afferent and efferent siphonal notches 
respectively, and correspond to the long tube-like afferent 
inferior and efferent superior “siphons” formed by the 
mantle in many other Lamellibranchs (fig. 130). 

Whilst the valves of the sheU are equal in Anodon we 
find in many Lamellibranchs (Ostn-ea, Chama, Corbula, <tc.) 
one valve larger, and the other smaller and sometimes flat, 
whilst the larger sheU may be fixed to rock or to stones 
(Ostrffia, &c.). A fmrther variation consists in the develop- 
ment of additional shelly plates upon the dorsal line be- 
tween the two large valves (Pholadidse). In Pholas daciylxis 
we find a pair of umbonal plates, a dors-umbonal plate and 
a dorsal plate. It is to be remembered that the whole of the 
cuticular hard product produced on the dorsal surface and 
on the mantle-flaps is to be regarded as the “shell,” of 
which a median band-like area, the ligament, usuaUy remains 
uncalcified, so as to result in the production of two valves 
united by the elastic ligament. But the shelly substance 
does not always in boring forms adhere to this form after 
its first grovdh. In Aspergilliun the whole of the tubular 
mantle area secretes a continuous shelly 
tube, although in the young condition two 
valves were present. These are seen (fig. 
129) set in the firm substance of the adult 
tubular shell, which has even replaced the 
ligament, so that the tube is complete. In 
Teredo a similar tube is formed as the animal 
elongates (boring in wood), the original shell- 
valves not adhering to it but remaining mov- 
able and provided with a special muscular 
apparatus in place of a ligament. 

Let us now examine the organs which lie 
beneath the mantle-skirt of Anodon, and are 
bathed by the current of water which cir- 





Fig. 129. 


Fig. 128. 

Fro 12s.— Shell of Xo 5 crffiIIum fosini/erum (from Owen). _ 

Fig. 129.— Shell oi Aspergillum 

embedded in a continuous calcification of tubular form (from Onen). 

culates through it. This can be done by lifting up and 
throwing back the left half of the mantle-skirt as is re- 
presented in fig. 124, (3). We thus expose the 
like foot (/), the two left labial tentacles, and the two 
left gill-plates or left ctenidium. In fig. 124, (o), one of 
the labial tentacles n is also thrown back so as to show 
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that the Monomya have been developed from Isomya- 
like ancestors, and have lost by atrophy their anterior 
adductor. The single adductor muscle of the Monomya 
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is separated by a 
difference of fibre 
into t'wo portions, 
but neither of these 
can be regarded as 
possibly rejDresent 
ing the anterior 
adductor of the 
other Lamelli- 
branchs. One of 
these portions is 
more ligamentous, 
and serves to keep 
the two shells con- 
stantly attached to 
one another, whilst Fra- 127. — ^Left valve of the same shell from the inner 
the more fleshypor- 

tion serves to close the shell rapidly when it has been gaping. 

In removing the valves of the shell from an Anodon, it 
is necessary not only to cut through the muscular attach- 
ments of the body-wall to the shell but to sever also a 
strong elastic ligament, or spring resembling india-rubber, 
joining the two shells about the umbonal area. The shell 
of Anodon does not present these parts in the most strongly 
marked condition, and accordingly our figures (figs. 125, 
126, 127) represent the valves of the Sinupalliate genus 
Cytherea. The corresponding parts are recognizable in 
Anodon. Eeferring to the figures (125, 126) for an ex- 
planation of terms applicable to the parts of the valve and 
the markings on its inner surface — corresponding to the 
muscular area which we have already noted on the surface 
of the animal’s body — must specially note here the posi- 
tion of that denticulated thickening of the dorsal margin 
of the valve which is called the hinge (fig. 127). By this 
hinge one valve is closely fitted to the other. Below tiiis 
hinge each shell becomes concave, above it each shell rises a 
little to form the umbo, and it is into this ridge-like upgrowth 
of each valve that the elastic ligament or spring is fixed (fig. 
127). As shown in the diagram (fig. 

127 #) representing a transverse sec- 
tion of the two valves of a Lamelli- 
branch, the two shells form a double 
lever, of which the toothed-hinged is 
the fulcrum. The adductor muscles 
placed in the concavity of the shells 
act upon the long arms of the lever 
at a mechanical advantage ; their con- 
traction keeps the shells shut, and 
stretches the ligament or spring A. 

On the other hand, the ligament A 
acts upon the short arm formed by 
the umbonal ridge of the shells; when- 
ever the adductors relax, the elastic 
substance of the ligament contracts, 
and the shells gape. It is on this 
account that the valves of a dead La- 
mellibranch always gape; the elastic 
ligament is no longer counteracted by 
the effort of the adductors. The state 
of closure of the valves of the shell is 
not, therefore, one of rest ; when it is 
at rest — that is, when there is no 
muscular effort — the valves of a LameUibranch are slightly 
gaping, and are closed by the action of the adductors when 
the animal is disturbed. The ligament is simple in Anodon ; 
in many LameUibranchs it is separated into two layers, an 
outer and an inner (thicker and denser). That the condition 



Fig. 127*. — Diagram ofasec- 
tion of a I^meliibrancJi's 
sheila, ligament, and ad- 
ductor muscle. a, right 
and left ■N'alves of the 
shell ; Cy d, the nmbones 
or short aims of thelever ; 
ff/, the long arms of the 
lever ; ff, the hinge ; ft, tlie 
ligament ; i, tlie adductor 
muscle. 


of gaping of the shell-valves is essential to the life of the 
LameUibranch apprars from the fact that food to nourish 
it, water to aerate its blood, and spermatozoa to fertilize 
its eggs, are aU introduced into this gaping chamber by 
currents of water, which are set going by the highly- 
developed ctenidia. The current of water enters into the 
sub-paUial space at the spot marked e in fig. 124, (1), 
and, after passing as far forward as the mouth ?» in fig. 124’ 
(5), takes an outward course and leaves the sub-pallia’l 
space by the upper notch d. These notches are known 
in Anodon as the afferent and efferent siphonal notches 
respectively, and correspond to the long tube-like afferent 
inferior and efferent superior “siphons” formed by the 
mantle in many other LameUibranchs (fig. 130). 

Whilst the valves of the sheU are equal in Anodon we 
find in many LameUibranchs (Ostrma, Chama, Corhula, Ac.) 
one valve larger, and the other smaller and sometimes flat, 
whilst the larger sheU may be fixed to rock or to stones 
(Ostrffia, &c.). A further variation consists in the develop- 
ment of additional shelly plates upon the dorsal line be- 
tween the two large valves (Pholadidse). In TAolas dactylxis 
we find a pair of umbonal plates, a dors-umbonal plate and 
a dorsal plate. It is to he remembered that the whole of the 
cuticular hard product produced on the dorsal surface and 
on the mantle-flaps is to be regarded as the “shell,” of 
which a median band-like area, the ligament, usuaUy remains 
uncalcified, so as to result in the production of two valves 
united by the elastic ligament. But the sheUy substance 
does not always in boring forms adhere to this form after 
its first growth. In Aspergilliun the whole of the tubular 
mantle area secretes a continuous sheUy 
tube, although in the young condition two 
valves were present. These are seen (fig. 
129) set in the firm substance of the adult 
tubular shell, which has even replaced the 
Ugament, so that the tube is complete. In 
Teredo a similar tube is formed as the animal 
elongates (boring in wood), the original sheU- 
ralres not adhering to it but remaining mov- 
able and provided with a special muscular 
apparatus in place of a ligament. 

Let us now examine the organs which lie 
beneath the mantle-skirt of Anodon, and are 
bathed by the current of water which cir- 



Fig. 128 . ^ 29 . 

Fio 12 s.— Shell of . 10 >crffiUumros;nf/erum (from Owen). _ „„„ 

fIo. 129.— Shell orMpeTpitlum ’ 

embedded in a continuous calcification of tubular form (from Owen). 

culates through it. This can be done by lifting up and 
throwing back tbe left half of the mantle-skirt as is re- 
presented in fig. 124, (3). We thus expose the plou^- 
like foot (/), the two left labial tentacles, and the two 
left gill-plates or left ctenidium. In fig. 124, (5), one of 
the labial tentacles n is also thrown back so as to show 
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doubled on themselves in fact — and thus form an additional 
row of filaments (see fig. 133, B). Consequently, each primi- 
tive filament has a descending and an ascending ramus, and 
instead of each row forming a simple plate, the plate is 
double, consisting of a descending and an ascending lamella. 
As the axis of the ctenidium lies by the side of the body, 
and is very frequently connate with the body, as so often 
happens in Gastropods also, we find it convenient to speak 
of the two plate-like structures formed on each ctenidial 
axis as the outer and the inner gill-plate ; each of these is 



Fio, 133.— Tilaments of the ctenidium of Mytilus eduUs (after Holman Peck). 
A- Part of four fllaraents seen from the outer face in order to show the ciliatw 
junctions c.j. B. Diagram of the posterior face ofa single complete filament 
■with descending ramus and ascending ramus ending in a hook like process. 
ep,f ep.^ the ciliated junctions ; tV.j., inter-Iamelbr junction. C. Transverse 
section of a filament taken so as to cut neither a ciliated Junction nor an 
inter-lamellar junction. frontal epithelium ; f./c'., I f.?',, the two rows 

of latero-frontal epithelial cells with long cilia; ch, chitonous tubular lining 
of the filament ; lac., blood lacuna traversed by a few processes of connective 
tissue cells ; h.c., blood-corpuscle. 

composed of two lamellm, an outer (the reflected) and an 
adaxial in the case of the outer gill-plate, and an adaxial and 
an inner (the reflected) in the case of the inner gill-plate. 
This is the condition seen in Aica and Mytilus, the so- 
called plates dividing upon the slightest touch into their 
constituent filaments, which are but loosely conjoined by 
their “ciliated junctions.” Complications follow upon 
this in other forms. Even in Mytilus and Area a con- 
nexion is here and there formed between the ascending 
and descending rami of a filament by hollow extensible 
outgrowths called “ interlamellar junctions ” {il.j in B, fig. 
133). Nevertheless the filament is a complete tube formed 
of chitonous substance and clothed externally by ciliated 
epithelium, internally by endothelium and lacunar tissue — 
a form of connective tissue — as shown in fig. 133, C. 
Now let us suppose, as happens in the genus Dreissena — 
a genus not far removed from Mytilus — that the ciliated 
inter-filamentaf junctions (fig. 136) give place to solid 
permanent inter-fiiamentar junctions, so that the filaments 
are converted, as it were, into a trellis-work. Then let us 
suppose that the inter-lamellar junctions which we have 
already noted in Mytilus become very numerous, large, 
and irregular ; by them the two trellis-works uf filaments 
would be united so as to leave only a sponge-Kke set 
of spaces between them. Within the trabeculae of the 
sponge-work blood circulates, and between the trabeculae 
the water passes, having entered by the apertures left 


in ^^° t"«|;is-work formed by the united gill-filaments 
(fig. 138, A, B). The larger the intra-lam cllar spongy 



of the axis ; cp, canal in the same ; A, B, line along which the cross-scction 
C of the plate is taken. B. Animal of a male Huada prorima, Say, as s<?/*n 
when the left valve of the shell and the left half of tlie mantle-skirt are re- 
moved, n.a., anterior adductor mnscle ; p.a., posterior adductor muscle ; 
v.m, visceral mass; /, foot; g, rill; I, labial tentacle; l.a., filamentous 
appendage of the labial tentacle ; lb, hood-like appendage of the labial ten- 
tacle ; m, membrane suspending the gill and attached to the body along the 
line a:, y, z, w; p, postenor end of the gill (ctenidium). C. Section across 
one of the gill-plates (A, B, in A) comparable with fig. 183, C. i.o., 
bonier; d.a., axial border; l.f., latero-frontal epithelium; c, epithelium u* 
general surface ; r, dilated blood-space ; h, chitonous lining (compare A). 


growth becomes, the more do the original gill-filaments 
lose the character of blood-holding tubes and tend tc 
become dense elastic rods for the simple purpose of sup 
porting the spongy growth. This is seen both in tlr 
section of Dreissena gill (fig. 136) and in those of Anoi j‘ 
(fig. 137, A, B, C). In the drawing of Dreissena 
individual filaments/, /,/ are cut across in one lamella a' 
the horizon of an inter-fflamentar junction, in the othc' 
(lower in the figure) at a point wliere they are free. 1 
chitonous substance ch is observed to he greatly thicken- 
as compared -ndth what it is in fig. 133, C, tending 
fact to obliterate altogether the lumen of the filament 
And in Anodon (fig. 137, C) this obliteration is effected. !■ 
Anodon, besides being thickened, the skeletal substance ■ 
the filament develops a specially dense rod-Hke body O' 
each side of each filament. Although the structure of tl 
ctenidium is thus highly complicated in Anodon, it is - 
more so in some of the Siphonate genera of Xamellibran'’^ 
The filaments take on a secondary grouping, the surface c 
the lamella being throum into a scries f^f half-cylindri' 
ridges, each consisting of ten or twenty filaments; a filamer 
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doubled on themselves in fact— and thus form an additional 
row of filaments (see fig. 133, B). Consequently, each primi- 
tive filament has a descending and an ascending ramus, and 
instead of each row forming a simple plate, the plate is 
double, consisting of a descending and an ascending lametta 
As the axis of the ctenidium lies by the side of the body, 
and is very frequently connate ivith the body, as so often 
happens in Gastropods also, we find it convenient to speak 
of the two plate-like structures formed on each ctenidial 
axis as the outer and the inner gill-plate ; each of these is 



Fio, 133.— Tilaments of the ctenidium of Mytilus edulis (after Holman Peck). 
A. Part of four fUaraenta seen from the outer face in order to show the ciliaW 
junctions e.J, B. Diagram of the posterior face of a single complete filament 
with descending ramus and ascending ramus ending in a hook like process. 

eji., the ciliated junctions ; tV.j., inter-Iamellar junction. C. Transverse 
section of a filament taken so as to cut neither a ciliated Junction nor an 
inter-lamellar jnnetion. frontal epithelium ; L/y,, f/.e''., the two rows 
of latero-frontal epithelial cells with long cilia; ch, chitonous tubular lining 
of the filament ; fac., blood lacuna traversed by a few processes of connective 
tissue cells ; h.c., blood-corpuscle. 

composed of two lamell®, an outer (the reflected) and an 
adaxial in the case of the outer gill-plate, and an adaxial and 
an inner (the reflected) in the case of the inner gill-plate. 
This is the condition seen in Area and Mytilus, the so- 
called plates dividing upon the slightest touch into their 
.constituent filaments, which are but loosely conjoined by 
their “ciliated junctions.” Complications follow upon 
this in other forms. Even in Mytilus and Area a con- 
nexion is here and there formed between the ascending 
and descending rami of a filament by hollow extensible 
outgrowths called “ interlamellar junctions ” (il.J in B, fig. 
133). Nevertheless the filament is a complete tube formed 
of chitonous substance and clothed externally by ciliated 
epithelium, internally by endothelium and lacunar tissue — 
a form of connective tissue — as shown in fig. 133, C. 
Now let us suppose, as happens in the genus Dreissena — 
a genus not far removed from Mytilus — that the ciliated 
inter-filamentar junctions (fig. 136) give place to solid 
permanent inter-filamentar junctions, so that the filaments 
are converted, as it were, into a trellis-work. Then let us 
suppose that the inter-lamellar junctions which we have 
already noted in Mytilus become very numerous, large, 
and irregular ; by them the two trellis-works uf filaments 
would be united so as to leave only a sponge-like set 
of spaces between them. Within the trahecid® of the 
sponge-work blood circulates, and between the trabecul® 
the water passes, having entered by the apertures left 


m tne trelHs-work formed by the united gill-filaments 
(fig. 138, A, B). The larger the intra-lam ellar spongy 



Fio. 134. — Strnctare of the ctenidia of Nncula (after Mitaukmi); see also 
fig, 2. A. Section across the axis of a ctenidium with a mir of plates— 
flattened and shortened filaments— attached, i, j, k, fj arc placed on or ne.'ir 
the membrane which attaches the axis of the ctenidium to the side of the 
Oy h extremities of the plates (filaments); d, mid-line of the 
inferior border ; e, surface of the plate ; t, its upper border ; h, chitonous 
lining of the plate ; r, dilatcfl blood-space ; u, fibrous tract; o, upper blocxl- 
vessel of the axis ; n, lower blood-vessel of the axis ; «, chitonous framework 
of the axis ; cp, canal in the same ; At B, line along which the cross-scction 
C of the plate is taken. B. Animal of a male Kttcida prozimat Say, as sc/*n 
when the left valve of the shell and the left half of tlie mantle-skirt are re- 
moved, a.a.j anterior adductor muscle ; p.a., posterior adductor muscle ; 
v.m, visceral mass; /, foot; g, gill; I, labial tentacle; ka., filamentous 
appendage of the labial tentacle; Th, hood-like appendage of the labial ten- 
tacle ; m, membrane suspending the gill and attached to the body along the 
line X, y, r, w ; p, postenor end of the gill (ctenidium). C. Section across 
one of the gill-plates (A, in A) comparable with fig. 183, C. i.o., 
bonier; d.o., axial border; 1./, latero-frontal epithelium; c, epithelium u* 
general surface ; r, dilated blood-space ; h, chitonous Immg (compare A). 

growth becomes, the more do the original gill-filamentc 
lose the character of blood-holding tubes and tend tc 
become dense elastic rods for the simple purpose of sup 
porting the spongy growth. This is seen both in tlr 
section of Dreissena gill (fig. 136) and in those of Anoi ji 
(fig. 137, A, B, C). In the drawing of Dreissena 
individual filaments /,/,/ are cut across in one lamella a' 
the horizon of an inter-filamentar junction, in the othc' 
(lower in the figure) at a point wliere they are free. 1 
chitonous substance ch is observed to he greatly thicken- 
as compared •ndth what it is in fig. 133, C, tending 
fact to obliterate altogether the lumen of the filament 
And in Anodon (fig. 137, C) this obliteration is effected. !■ 
Anodon, besides being thickened, the skeletal substance ■ 
the filament develops a specially dense rod-like body O' 
each side of each filament. Although the structure of tl 
ctenidium is thus highly complicated in Anodon, it is - 
more so in some of the Siphonate genera ofXamellibran'’’ 
The filaments take on a secondary grouping, the surface i, 
the lamella being throum into a scries f'f half-cylindri' 
ridges, each consisting of ten or twenty filaments; a filamer 
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get the arrangement Bho-wn diagrammatically in fig. 135, 
C, and more correctly in fig. 142. In this region the inner 
lamellae of the inner gill-plates are no longer a ffix ed to the 
foot. Passing still further back behind the foot, ■we find 



Tjo. 1S8. — Gni-lamells of Anodon (after Peck). A, Fragment of the enter 
lamella of an inner gill-plate tom from the connected inner lamella, the snb- 
filamentar tissue also partly cut away round the edges so as to expose the 
filaments, their transverse junctions (r, and the “windows" left in the lattice- 
work ; ifi, internal surlkce of the lamella ; r, vesseL B. Diagram of a block 
cut from the outer lamella of the outer ^Tl-plate and seen from the inter- 
lamellar surface (after Feck). /, constituent filaments ; ir/, fibrous tissue of 
the transverse inter-filamentar junctions ; r, blood-vessel; i!j, inter-lamellar 
Junction. The series of oval holes on the hack of the lamella are the water- 
pores which open between the filaments in irregular rows separated horizon- 
tally by the transverse inter-filamentar junctions. 


concres- 
ff. In 



in Anodon the condition sho-wn in the section D, fig. 135. 
The axes i are non' free ; the outer lamellte of the outer 
gill-plates (er) still adhere by concrescence to the mantle- 
sHrt, nrhdst the inner lameUm of the inner gill-plates meet 
one another and 
fuse by_ 
cence at 
the lateral ■vietv of 
the animal -with 
reflected mantle - 
skirt and gill- 
plates, the line of 
concrescence of the 
inner 

fhp inripr mil the relations of ji, the foot ; i^, the branebi® ; and 

ine inner gUl- ^.^themanUe. (FromGegenhanr.) 
plates IS readily 

seen; it is marked aa in fig. 124, (5). In the same 
figure the free part of the inner lamella of the inner 
gUl-plate resting on the foot is marked z, tvhilst the 
attached part — the most anterior — has been snipped 
■with scissors so as to sho^w the genital and nephridial 
apertures x and y. The concrescence, then, of the 
free edge of the reflected lamelte of the gill-plates of 
Anodon is very extensive. It is important, because such 
a concrescence is by no means universal, and does not 
occur, for example, in blytilus or in Area ; further, because 


1 n ^ — TransreTsc sections of & LamelHbranch, 

IQJnOihQ of and B, an Isoplenrons Gastropod (ChitonX to sborr 


® ? once appreciated, the reduction of 
the gm-plates of Anodon to the plume-type of the siinr.lest 
ctem^um presents no difficulty; and, lastly, it has import- 
ance m reference to its physio- ^ 

logical significance. The me- 
chanical result of the concres- 
cence of the outer lamellfe to ^ 
the mantle-flap, and of the 
inner lamelke to one another 
as shoivn in section D, fig. 

135, is that the sub-pallial 
space is divided into two 



spaces by a honxontal sep- 
tum. Ilie upper space (t) 
communicates ■with the outer 
world by the excurrent or su- 
perior siphonal notch of the 
mantle (fig. 124, d); the lower 
space communicates by the 


Fro. 140.— Laternl vfpwof a ^tactra, 
the right rake of the <hen and nght 
TnantJe-flap removed, and the ai. 
phons retracted, hr, hr', outer and 
inner gill-plates; f, labial tent.ack; 
to, tr, upper and lower siphons ; tv, 
siphonal mnscle of the mantle flap ; 
tn^r, anterior adductor mn«cle ; np, 
posterior adductor muscle ; p, foot ; 
Cj umbo. (From Gegenljaur.) 


lower siphonal notch (e in fig. 124). The only communica- 
tion between the two spaces, excepting through the trellis- 
work of the gill-plates, is by the slit (z in fig. 124, (5)) left 
by the non-concrescence of a part of the inner lamella of the 
inner gill-plate -with the foot. A probe (y) is introduced 
through this slit-like passage, and it is seen to pass out by 
the excurrent siphonal notch. It is through this passage, 
or indirectly through the pores of the gill-plates, that the 
water introduced into the lower sub-paUial space must pa.s.s 
on its way to the excurrent siphonal notch. Such a 
subdivision of the pallial chamber, and direction of the 



currents set up "within it do not exist in a number of 
Lamellibranchs which have the gill-lamellse comparatively 
free (Mytilus, Area, Trigonia, <fcc.), and it is in these f< 
that there is least modification by concrescence of the pr: 
mary filamentous elements of the lamellae. Probably th 
giU-structure of Lamellibranchs will ultimately fui- '«)• 
some classificatory characters of value when they ha 
been thoroughly investigated throughout the class. 

The alimentary canal of Anodon is shown in fig. 124, (4) 
The mouth is placed between the anterior adductor an< 
the foot; the anus opens on a median papilla overlj-in 
the posterior adductor, and discharges into the superio« 
pallial chamber along -which the excurrent stream passes 
The coil of the intestine in Anodon is similar to that _e 
other Lamellibranchs, but the crystalline style and 
diverticulum are not present here. The rectum traver. 
the pericardium, and has the ventricle of the heart wrapj ' ' 
as it were, around it. This is not an unusual arrangemp 
in Lamellibranchs, and a similar disposition occurs in tv." 
Gastropoda (Haliotis). A pair of ducts (a/) lead from tL 
first enlargement of the alimentary tract called sfoniav 
into a pair of large digestive glands, the .‘•o-called li.,i 
the branches of which are closely packed in this regie 
(a/). The food of the Anodon, as of other Laraellibrancli 
consists of microscopic animal and vegetable organi'^m 
which are brought to the mouth by the stream wliich se-i 
into the snb-paliial chamber at the lower siiihonal note 
(e in fig. 124). Probably a straining of water from sol: 
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by the non-concrescence of a part of the inner lamella of the 
inner gill-plate with the foot. A probe (y) is introduced 
through this slit-like passage, and it is seen to pass out by 
the excurrent siphonal notch. It is through this passage, 
or indirectly through the pores of the gill-plates, that the 
water introduced into the lower sub-paUial space must pass 
on its way to the excurrent siphonal notch. Such a 
subdivision of the pallial chamber, and direction of the 




Fio. 1S$. — Gni-latnell» of Anodon (aft€r Peck). A* Fragment of the outer 
lamella of an inner giU-plate tom from the connected inner lamella, the snb- 
filamentar tissue also partly cut away round the edges so as to expose the 
filaments, their transrerse junctions tr, and the “windows** left in the lattice- 
work ; ffSy internal surlkce of the lamella ; r, vesseL B. Diagram of a block 
cut from the outer lamella of the outer gill-plate and seen from the inter- 
lamellar surface (after Peck). /, constituent ^laments ; tr/, fibrous tissue of 
the transverse inter-filamentar jnnctiODS ; r, blood-vessel ; ilj, inter-lamellar 
junction Ibe series of oval holes on the back of the lamella are the water- 
pores which open between the filaments in irregular rows separated horizon- 
tally by the transverse inter-filamentar junctions. 

in Anodon the condition shown in the section D, fig. 135. 
The axes i are now free ; the outer lamellm of the outer 
gill-plates (er) still adhere by concrescence to the mantle- 
skirt, whDst the inner lamellse of the inner gill-plates meet 
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plates IS readily 

seen; it is marked aa in fig. 124, (5). In the same 
figure the free part of the inner lamella of the inner 
gill-plate resting on the foot is marked z, whilst the 
attached part — the most anterior — has been snipped 
with scissors so as to show the genital and nephridial 
apertures x and y. The concrescence, then, of the 
free edge of the reflected lamelte of the gill-plates of 
Anodon is very extensive. It is important, because such 
a concrescence is by no means universal, and does not 
occur, for example, iu Ilytilus or in Area ; further, because 



Fic. 141.— The same animal as fig. 140, vrith its foot and siphons eipanlM. 

Letters as in fig. 140. (F rom Gegmlnar.) 

currents set up within it do not exist in a number of 
Lamellibranchs which have the gill-lamellai comparatively 
free (ilytilus. Area, Trigonia, 4:c.), and it is in these f- 
that there is least modification by concrescence of the pr: 
mary filamentous elements of the lamellae. Probably th 
giU-stmeture of Lamellibranchs will ultimately fui- '>!?• 
some classificatory characters of value when they ha 
been thoroughly investigated throughout the class. 

The alimentary canal of Anodon is shown in fig. 124, (4) 
The mouth is placed between the anterior adductor an< 
the foot; the anus opens on a median papilla overlj-in 
the posterior adductor, and discharges into the .superio« 
pallial chamber along which the excurrent stream passes 
The coil of the intestine in Anodon is similar to that k. 
other Lamellibranchs, but the crystalline .style and 
diverticulum are not present here. The rectum traver. 
the pericardium, and has the ventricle of the heart wrap; ' ' 
as it were, around it. This is not an unusual arrangemp 
in Lamellibranchs, and a similar disposition occurs in tv." 
Gastropoda (Haliotis). A pair of ducts (ai) lead from tL 
first enlargement of the alimentary tract called stoniaf 
into a pair of large digestive glands, the .‘•o-called li._,i 
the branches of which are closely packed in this regie 
(af). The food of the Anodon, as of other Lamellibrancli 
consists of microscopic animal and vegetable organi'^m 
which are brought to the mouth by the stream vhich se' 
into the snb-paliial chamber at the lower sii)honal note 
(e in fig. 124). Probably a straining of water from sol: 
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moutii (fig. 144, B, a) and connected in front of it by a 
commissure, are the representatives of the cerebral, pleural 
and visceral ganglia of the typical Mollusc, which are not 
here differentiated as they are in Gastropods (compare, 
however, fig. 67). A pair placed close together in the foot 
(fig. 144, B, b, and fig. 

124, (6), ax) are the typ- 
ical pedal ganglia ; they 
are joined to the cerehro- 
pleuro - visceral ganglia 
by connectives. 

Posteriorly beneath 
the posterior adductors, 
and covered only by a 
thin layer of elongated 
epidermal cells, are the 
olfactory ganglia, their 
epidermal clothing con- 
stituting the pair of os- 
phradia, which are thus 
seen in Lamellibranchs 
to occupy their typical 
position and to have the 
tj'pical innervation, — th e 

X- .1^ „nTimrl- cords of three 
nerve to eacn ospnraa- I^inellibranchs (from GeRenhaur): A, of 
ium being given off by Teredo ; B, of Anodonta ; t, of rectcD. a, 
.1 • crrcbral ganglion pair (scerebro plcnro 

tllC VlSCGtHl ganglion aisccral); pedal ganglion-pair; ol/ac* 

that is to say, by the tory (osphratfial) ganglion pair. 

undifferentiated cerebro-pleuro-visceral ganglion of its 
proper side. This identification of the posterior ganglion- 
pair of Lamellibranchs is due to Spengel (11). Other 
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Fig 145 — Pallial cre of fipondjlus (from Hickson) a, pra>corncal cpjtht- 
linm; cellular kns; c, retinal body; d, tapetum; e, pigment; /, retinal 
ner\e; ^7, complementary ner\c; A, epithelial cells filled wth pigment; /, 
tentacle 

anatomists have considered this ganglion-pair as corre- 
sponding to either the pleural or the visceral of Gastropoda, 
or to both, and very usually it is termed “ the parieto- 
splanchnic ” (Huxley). 

The sense-organs of Anodon other than the osphradia 
consist of a pair of otoe 3 ^sts attached to the pedal ganglia 
(fig. 124, (6), ay). The otocysts of Cyclas are peculiarly 
favourable for study on account of the transparency of the 
small foot in which they lie, and may be taken as typical 
of those of Lamellibranchs generally. The structure of 
one is exhibited in fig. 146. A single otolith is present 
as in the veliger embryos of Opisthobranchia. In adult 
Gastropoda there are frequently a large number of rod-like 
otoliths instead of one. 

Anodon has no eyes of any sort, and the tentacles on the 
mantle edge are limited to its posterior border. This 
deficiency is very usual in the cla.ss; at the same time, many 
Lamellibranchs have tentacles on the edge of the mantle 
supplied by a pair of large well-developed nerves, which 
are given off from the cerebro-pleuro-visceral ganglion-pair, 



and veiy frequently some of these tentacles have undergone 
a special metamorphosis converting them into highlv- 
organized eyes. Such eyes on the mantle-edge are found 
m Pecten, Spondylus, Lima, Ostrea (?), Pinna, Pectunculus. 
Modiola, Mytilus (i), Cardinm, Tellina, 

Mactra, Venus, Solen, Pholas, and Ga- 
leomma. They are totally distinct from iff 
the cephalic eyes of tjqiical Jlollusca, and k 
have a different structure and historical de- V 
velopmcnt. They have not originated as 
pits but as tentacles. They agree with the „ 
dorsal eyes of Onchidium (Pulmonata) in or cld7°‘(7n.m 
the curious fact that the optic nerve pene- „ , q 

tratGS tne capsule of the eye and passes in ccfis iming the 
front of the retinal body (fig. 145), so that 
its fibres join the anterior faces of the nen'C-end cells as 
in Vertebrates, instead of their posterior faces as in the 
cephalic eyes of Mollusca and Arthropoda ; moreover, the 
lens is not a cuticular product but a cellular structure, 
which, again, is a feature of agreement with the Vertebrate 
eye. It must, however, be distinctly borne in mind that 
there is a fundamental difference beriveen the ej'e of Verte- 
brates and of all other groups in the fact that in the 
Vertehrata the retinal body is itself a part of the central 
nervous system, and not a separate modification of the 
epidermis — myelonic as opposed to epidermic. The struc- 
ture of the rej)Uted eyes of several of the above-named 
genera has not been carefully examined. In Pecten and 
Spondylus, however, they have been fully studied (see fig. 
145, and explanation). 

The gonads of Anodon are placed in distinct male and 
female individuals. In some Lamellibranchs — for instance, 
the European Oyster and the Puidiumpitiillum — the sexes 
are united in the same individual; but here, as in most 
hermaphrodite animals, the two sexual elements are not 
ripe in the same individual at the same moment. It has 
been conclusively shown that the Ostrea edulis does not 
fertilize itself. The American Oyster {0. nrginiana) and 
the Portuguese Oyster {0. angxdaia) have the sexes sepa- 
rate, and fertilization is effected in the open water after 
the discharge of the ova and the spermatozoa from the 
females and males respectively. In the Ostrea edtdis fertil- 
ization of the eggs is effected at the moment of their escape 
from the uro-genital groove, or even before, by means of 
spermatozoa drawn into the sub-pallial chamber hj’ the in- 
current ciliary stream, and the embryos pass through the 
early stages of development whilst entangled beUeenthe 
gili-lamell® of the female parent (fig. 6). In Anodon the 
eggs pass into the space between the two lamellte of the 
outer giU-plate, and are there fertilized, and ad\ance whilst 
A /„ B 
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Fio 147.— Two stages in the development of Anodonta (from Uilfour) Boflt 

figures represent the glochidiom stage K, when /J'”,,® L 

tvro dentigerous valves widely open B, a later sUge, ‘T 

of a fish eh, shell ; ad, adductor muscle ; », teeth of tl c shell , hj s . 
a ad, anterior adductor ; p ad, postenor adductor ; mt, nnntle fl p , 

6r, branchial filaments ; au.v, otocyst; cd, alimentar) canal 

still in this position to the glochidium phase of develop- 
ment (fig. 147). They may be found here in thousan^ 
in the summer and autumn months. Tlie gonads them 
selves are extremely simple arborescent 
to the exterior by two simple ducts, one nght and 
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moutii (fig. 144, B, a) and connected in front of it by a 
commissure, are the representatives of the cerebral, pleural 
and visceral ganglia of the typical Mollusc, which are not 
here differentiated as they are in Gastropods (compare, 
however, fig. 67). A pair placed close together in the foot 
(fig. 144, B, b, and fig. 

124, (6), ax) are the typ- 
ical pedal ganglia ; they 
are joined to the cerehro- 
pleuro - visceral ganglia 
by connectives. 

Posteriorly beneath 
the posterior adductors, 
and covered only by a 
thin layer of elongated 
epidermal cells, are the 
olfactory ganglia, their 
epidermal clothing con- 
stituting the pair of os- 
phradia, which are thus 
seen in Lamellibranchs 
to occupy their typical 
position and to have the 

tj'pical innervation, — th e 

X- . 1 ^ 5 Fio 144 —Sen c ganglia and cords of three 

ncire to eacil OSpflraCl ijarnelUbranchs (from Gegenliaur): of 
ium being given off by Teredo ; B, of Anodonta ; C, of Pccten. a, 
,, • ° 1 - '' cerebral ganglion pair (=ccrebro plenro 

the Visceral ganglion aisceral); g pedai ganglion-pair ; c, olfac- 

that is to say, by the tory (osphradial) ganglion pair. 

undifferentiated cerebro-pleuro-visceral ganglion of its 
proper side. This identification of the posterior ganglion- 
pair of Lamellibranchs is due to Spengel (11). Other 
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Fio 145 — Fallial eye of Bpondj Ins (from Hickson) 


a, pno-comeal cpitht- 

linm; b, cellular 'kns ; c, 'retinal body; d, tapetuin; e, pigment;/, retinal 
nene; a, complementary nene; fi, epithelial cells filled mth pigment; 1, 
tentacle 

anatomists have considered this ganglion-pair as corre- 
sponding to either the pleural or the visceral of Gastropoda, 
or to both, and very usually it is termed “the parieto- 
splanchnic ” (Huxley). 

The sense-organs of Anodon other than the osphradia 
consist of a pair of otoe 3 ^sts attached to the pedal ganglia 
(fig. 124, (6), ay). The otocysts of Cyclas are peculiarly 
favourable for study on account of the transparency of the 
small foot in which they lie, and may be taken as typical 
•of those of Lamellibranchs generally. The structure of 
one is exhibited in fig. 146. A single otolith is present 
as in the veliger embryos of Opisthobranchia. In adult 
Gastropoda there are frequently a large number of rod-like 
otoliths instead of one. 

Anodon has no eyes of any sort, and the tentacles on the 
mantle edge are limited to its posterior border. This 
deficiency is very usual in the cla.ss; at the same time, many 
Lamellibranchs have tentacles on the edge of the mantle 
supplied by a pair of large well-developed nerves, which 
are given off from the cerebro-pleuro-visceral ganglion-pair. 



and veij frequently some of these tentacles have undercono 
a special metamorphosis converting them into hichlv- 
organized eyes. Such eyes on the mantle-edge are found 
m Pecten, Spondylus, Lima, Ostrea (?), Pinna, Pectunculus. 
Modiola, Mytilus (!), Cardium, Tellina, ^ 

Mactra, Venus, Solen, Pholas, and Ga- 
leomma. They are totally distinct from 
the cephalic eyes of tjqiical Jlollusca, and | 
have a different structure and historical de- 
velopmcnt. They have not originated as 
pits but as tentacles. They agree with the „ 
dorsal eyes of Onchidium (Pulmonata) in or cld7°‘(7n.m 
the curious fact that the optic nerve pene- „ , q 

trates tne capsule of the eye and passes in ceiis iming the 
front of the retinal body (fig. 145), so that 
its fibres join the anterior faces of the nen'C-end cells as 
in Vertebrates, instead of their posterior faces as in the 
cephalic eyes of hlollusca and Arthropods ; moreover, the 
lens is not a cuticular product but a cellular structure, 
which, again, is a feature of agreement with the Vertebrate 
eye. It must, however, be distinctly borne in mind that 
there is a fundamental difference between the ej'e of Verte- 
brates and of all other groups in the fact that in the 
Vertebrata the retinal body is itself a part of the central 
nervous system, and not a separate modification of the 
epidermis — myelonic as opposed to epidermic. The struc- 
ture of the repiuted eyes of several of the above-named 
genera has not been carefully examined. In Pecten and 
Spondylus, however, they have been fully studied (see fig. 
145, and explanation). 

The gonads of Anodon are placed in distinct male and 
female individuals. In some Lamellibranchs — for instance, 
the European Oyster and the Phidiumpusillum — the sexes 
are united in the same individual; but here, as in most 
hermaphrodite animals, the two sexual elements are not 
ripe in the same individual at the same moment. It has 
been conclusively shown that the Ostrea edults does not 
fertilize itself. The American Oyster (0. mrginiana) and 
the Portuguese Oyster (0. angidata) have the sexes sepa- 
rate, and fertilization is effected in the open water after 
the discharge of the ova and the spermatozoa from the 
females and males respectively. In the Ostrea edtdis fertil- 
ization of the eggs is effected at the moment of their escape 
from the uro-genital groove, or even before, by means of 
spermatozoa drawn into the sub-pallial chamber by the in- 
current ciliary stream, and the embryos pass through the 
early stages of development whilst entangled beUeenthe 
gill-lamellae of the female parent (fig. 6). In Anodon the 
eggs pass into the space between the two lamellae of the 
outer giU-plate, and are there fertilized, and ad\ance whilst 
A r ^ B 
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Fio. 147.— Two stages in the development of Anodonta (from 
^ figures represent the glochidiom stage A when 
tvTO dentigerous valves widely open B, a later sUge, '"fi**”' ‘-f 
of a fish th, shell ; ad, adductor muscle ; teeth of ti e shell , hjs . 
a ad, antenor adductor ; p ad, postenor addnetor; mt, 1 nntle flap, /, foot, 
hr, branchial filaments ; ati.v, otocyst; cd, alimentary canal 

Still in this position to the glochidium phase of develop- 
ment (fig. 147). They may be found here in 
in the summer and autumn months. Tlie gonads them 
selves are extremely simple arborescent 
to the exterior by two simple ducts, one nght and one 
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The embryonic cells continue to divide, and form an oval 
vesicle containing liquid (fig. 149); within this, at one pole, 
is seen the lUass of inva^nated cells (fig, 150, hy). These 
invaginated cells are the arch-enteron ; they proliferate and 
give off branching cells, which apply themselves (fig. 150 
C) to the inner face of the vesicle, thus forming the meso- 


695 



Fio. 152. — Diagram of cmbrj’o of Pi.^i(liiim In tlio same stage as E in fig. 151. 
m, month ; /, foot ; ph, pharjux ; gs, met-enteron ; pi, rectal peduncle or 
pedicle of invagination ; ihs, slicll-gland. (From Ijankestcr.) 

blast or ccelomic outgrowths. The outer single layer of 
cells which constitutes the surface of the vesicle (fig. 
147) is the ectoderm or epiblast or deric cell-layer. The 
little mass of hypoblast or 
enteric cell-mass now en- 
larges, but remains con- 
nected with the cicatrix of 
the blastopore or orifice of 
invagination by a stalk, the 
rectal peduncle (fig, 151, A, 
rj?). The enteron itself be- 
comes bilobed and is joined 
by, a new invagination, that 
of the mouth and stomo- 
dseum, p7i. Fig. 151, B 
shows the origin of the 
mouth 0 , being a deeper 

view of the same specimen Fia.l53.—Diagramorcml)r}-oofPi5idinm, 
' ,, t ■ 1 - in same stage as F in tig. 151 (after Lan- 

in the same position which - tester), m, month; J, anus; /.foot; hr, 

is drawn in fiir 1 51 A hranchialfllamcnts ; mn, margin of the 
IS urawn in n„. lOi, a. mantle-skirt ; D, organ of Bojanus (nc- 

ihe mesoblast multiplies phridinm). Tlie nii.sliadcd area gives 
its cells, which become the position of timshell-valve. 

partly muscular and partly skeleto-trophic. Centro-dor- 
sally now appears the embryonic shell-gland (fig. 151, 
C, sh). The pharynx or stomodseum is stiU small, the 
foot not yet prominent. A later stage is seen in fig. 
152, where the pharynx is wddely open and the foot pro- 
minent. No ciliated velum or prte-oral (cephalic) lobe 
ever develops. The shell-gland disappears, the mantle- 
skirt is raised as a ridge (fig. 151, E, mn), the paired 
shell-valves are secreted, the anus opens by a proctodaeal 
ingrowth into the rectal peduncle, and the rudiments of 
the gills (5r) and of the nephridia (B) appear (figs. 151, 
F, and 153, dorsal and lateral views of same stage), and 
thus the chief organs and general form of the adult are 



growth of the shell-valve?- over the whole area of the 
mantle-flaps, and in the multiplication of the gill-fila 
ments and their consolidation to form gill-plates It 
IS important to note that the gUl-filaments are formed 
one hy one posUnorly. The labial tentacles are formed 
late. In the allied genus Cyclas, a byssus gland is fonned 
in the foot and subsequently disappears, but no such gland 
ocems in Pisidium. The nerve-ganglia and the otocysts 
probably form from thickenings of the epiblast, but detailed 
observation on this and other points of histogenesis in the 
Lamellibranchia is still wanting. 

List 0/ ifemplTS, referred to hy numhers in the preceding article.— n\ G 
Vsi'f ‘I « Vanatomie des Mollusqile^^ris, 

eommgne histoHa et anatome, 
illustrata, vols. f.-iii., fol., Pama, 1791-1795 and 1S20-1627. 
{ ) St deiie Chi8je, Meinorie svlla siona t tiofomia degli animali senm vertfbre 
del regno di Napoh, ^aple3, 1823-1829; new edit, with 172 plate.i, foh, 1843. 
(4) .h langhan riiompson, Zoological Researches, Cork, 1830; memoir iv , "On 
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MOLLUSCOIDS. See Beachiopoda and Polyzoa. 
MOLOCH, or Molech — ^in Hebrew, with the doubtful 

exception of 1 Kings xi. 7, always with the article — 
is the name or title of the divinity which the men of J udah 


1 the last ages of the kingdom were wont to propitiate by 
le sacrifice of their oivn children. The phrase emplo} e 
1 speaking of these sacrifices is “to make ones son or 
Luster pis through fire to the Moloch” (2 Kings xxul 
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The embryonic cells continue to divide, and form an oval 
vesicle containing liquid (fig. 149); within this, at one pole, 
is seen the mass of invaginated cells (fig, 150, hy). These 
invaginated cells are the arch-enteron ; they proliferate and 
give off branching cells, which apply themselves (fig. 150 
C) to the inner face of the vesicle, thus forming the meso^ 
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m, month ; /, foot ; ph, pharjTix ; gs, niet-cnteron ; pi, rectal peduncle or 
pedicle of invagination ; ihs, slicll-gland. (Prom Ijankestcr.) 

blast or ccelomic outgrowths. The outer single layer of 
cells which constitutes the surface of the vesicle (fig. 
147) is the ectoderm or epiblast or deric cell-layer. The 
little mass of hypoblast or 
enteric cell-mass now en- 
larges, but remains con- 
nected with the cicatrix of 
the blastopore or orifice of 
invagination by a stalk, the 
rectal peduncle (fig. 151, A, 
rp). The enteron itself be- 
comes bilobed and is joined 
by, a new invagination, that 
of the mouth and stomo- 
deeum, ph. Fig. 151, B 
shows the origin of the 
mouth 0 , being a deeper 

view of the same specimen Fia.l53.—Diagramorcml)r}-oofPi5idmm, 
• ., -i' 1 • -L in same stage as F in fig. 151 (after Dan- 

in the same position which - J,-C.stcr). m, month ; x, anus ; /, foot ; hr, 
in Hmavn in fitr 1^51 A branchial filaments ; mn, margin of the 
13 arawn in ng. mantle-skirt ; n, organ of Uojanus (nc- 

ihe mesohlast multiplies phridinm). Tlie uii.sliadcd area gives 
its cells, which become the position of the shell-valve. 

partly muscular and partly skeleto-trophic. Centro-dor- 
sally now appears tbe embryonic shell-gland (fig. 151, 
C, s/t). The jiharynx or stomodseura is stiU small, the 
foot not yet prominent. A later stage is seen in fig. 
152, where the pharynx is widely open and the foot pro- 
minent. No ciliated velum or prie-oral (cephalic) lobe 
ever develops. The shell-gland disappears, the mantle- 
skirt is raised as a ridge (fig. 151, E, mv), the paired 
shell-valves are secreted, the anus opens by a proctodaeal 
ingrowth into the rectal peduncle, and the rudiments of 
the gills Qjr) and of the nephridia (B) appear (figs. 151, 
F, and 153, dorsal and lateral views of same stage), and 
thus the chief organs and general form of the adult are 



growth of the shell-valve?, over the whole area of the 
mantle-flaps, and in the multiplication of the aill-fila 
ments and their consolidation to form gill-plates. It 
IS important to note that the gill-filaments are formed 
one by one posteriorly. The labial tentacles are formed 
late. In the allied genus Cycles, a byssus gland is fonned 
in the foot and subsequently disappears, hut no such gland 
occOTS in Pisidium. The nerve-ganglia and the otocysts 
probably form from thickenings of the epiblast, hut detailed 
observation on this and other points of histogenesis in the 
Lamellibranchia is still wanting. 

Dts« of Jhmoirs, &c., referred to by numbers in the nrecedino arme—n) n 

« Vanatomie des Mo!lusquesri’oTis, 
V vtnmque^ SipHtc, eommqne Ustoria et anatome, 

tafiuiis ncneis 49 illustrata, vols. i.-in., fob, Pama, 1791-1795 and 1S20-1627. 
(t>) at dellc Chiaje, stilla storia e notomia degli animali senza verttbre 

del regno di Napoh, Daples, 1823-1829 ; new edit, mth 172 plate.i, fol., 1843. 

Xliompson, Zoological Researches, Cork, 1830; memoir iv., “On 
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Kowalcwsky, “ Entwickelungsgeschichte der einfachen Ascidien,” inJIfe'm. de 
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dc3 Amphionis lanceolatus," ibid., 1807. (6) J. Vaughan Tlwmpson, Zoological 
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(Abhand. d. k. Akad. d. Wissenschafteti in Berlin, 
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giques snr les Bolypiers de France, Paris, 1841-1844. (9) Vi. H. Caldwell, “On 
the development of Plioronis,” Froc. Boy. Soc., 1882. PO) Richard Owen, Memoir 
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Lankester, “Development of tbe Pond-Snail," Quart. Journ. Microsc. Sc., 1874, 
and “Sliell-gland of Cyclas and Planula of Limnams," ibid., 1870. (IG) R. 
Horst, “Development of tlic European Oyster," Quart. Joum. Microsc. Sc., 
1882, p, 341. (17) E. Ray Lankestcr, “Coincidence of the blastopore and 
anus in Palndina," Quart. Journ. Microsc. Sc., 187G. (18) Id., “Zoological 

Observations made at Naples," Annals and Mag. Nat. Hist., Febmarj-, 1673. 
(19) W. K. Brooks, “Development of the American Oyster,” Report of the 
Commissioners of Fisheries of Maryland, 1880. (20) Henri Milne-Edwards, 
Papers in tlio Annates des Sciences Naturelles, 1841-1860. (21) H. do Lacaze 
Duthiers, Papers in the Annaies des Sciences Naturelles, e.g., “ Anomla" (1854), 
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“ Vormetus " (1860). (22) A. Kblliker, Entwkkihmgsgeschichte der Cephalopoilen, 
Zurich, 1844. (23) C. Gogenhaur, Vntersuchungen iiber Pleropoden und Jfelero- 
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system der Mollnskcn," Zeitschr.f. utiss. Zool., 1881. (25) A. A. Vi. Huhrccht, 
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and histology of the Amphincura," Niederldndisches ArchivfiirZoologie, supple- 
ment volume, 1881. (26) Adam Sedgrvick, “On certain points in the anatomy 
of Chiton," Proc. Roy. Soc. Bond., 1881. (27) E. Ray Lankestcr, “On some 
undescribed points in the anatomy of the Limpet," Annals and Mag. Nat, 
History, 1807 ; J. T. Cunningham, “Tlic Renal Organs of Patella," Quart. Joum. 
Microsc. Sc., 1883. (28) P. Fraisse, “Ueher MoIIuskenaugen mit embryonaiem 
Typns," Zeilschr. f. miss. Zool, 1881. (29) L. v. Graff, “Ueber lihoiope Peranii, 
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MOLLUSCOIDS. See Beachiopoda and Polyzoa. 
MOLOCH, or Molech — ^in Hebrew, with the doubtful 

exception of 1 Kings xi. 7, always 'il^n with the article — 
is the name or title of the divinity which the men of J udah 


1 the last ages of the kingdom were wont to propitiate by 
le sacrifice of their oivn children. The phrase emplo} ed 
1 speaking of these sacrifices is “to make ones son or 
Lughter pL through fire to the Moloch” (2 Kings xxim 
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thus distributed over an area measuring about 450 miles 
from east to west, and about 800 from north to south, and 
include — (1) the Moluccas proper or Temate group, of which 
Jilolo is the largest and Temate the capital ; (2) the Bat- 
cliian, Obi, and Sula groups ; (3) the iiiibon or Amboyna 
group, of which Ceram (Serang) and Buru are the largest; 
(4) the Banda Islands (the spice or nutmeg islands par 
excellence), of which Lantoic or Great Banda is the largest, 
and Neira politically the most important; (5) the south- 
eastern islands, comprising Tenimber or Timor- Laut, 
Larat, (fcc. ; (6) the Kei Islands and the Aru Islands, of 
which the former are sometimes attached to the south- 
eastern group; and (7) the south-western islands or the 
Babber, Sermatta, Letti, Wetter, Roma, and Damme groups. 
At the close of the 16th century this part of the archi- 
pelago was divided among four rulers settled at Temate, 
Tidore, Jilolo, and Batchian. The northern portion be- 
longs to the Dutch residentship of Temate, the southern 
portion to that of Aanboyna. 

The name Moluccas seems to be probably derived from 
the Arabic for “king.” Argensola (1609) uses the forms 
islas Mabtcas, Malnco, and el Malvco- Coronel (1623), Idas 
del Moluco ; and Camoens, Malnco. 

Compare the articles on Indian Aiicnii’ELAGO, Anu Islands, 
Jilolo, Teiinate, Ac., and J. J. de Hollander, Handlcidiwj bij 
de Bcocfcning dcr Land- en Volkenkundc von Hcd, Oost. Jndie, 
Breda, 1877 and 1882. 

MOLYBDENUM, one of the rarer metallic elements 
(sjunbol for atomic weight, Mo = 96; H=l), occui’s in 
nature chiefly in the two forms of Yellow Lead Ore 
(PbOiloO^) and ilolybdenite (hIoS„). The latter mineral 
is very similar in. appearance and in mechanical properties 
to graphite or black lead, and, in fact, was long confounded 
ivith it chemically, until Scheele in 1778 and 1779 proved 
their difference by shotving that only the mineral now 
called molybdenite yields a white earth on o.xidation. 
The metallic radical of the earth, after its discovery by 
Hjelm, was called molybdenum, from /xd7.v^8os, lead. 

By heating molybdenite in a combustion tube in a current of air, 
■we obtain the trioside JIoOj (molybdic acid) as a white ciystalline 
sublimate. This sub.stauce, when lieatcd to redness in close vessels, 
fuse.s without much volatilization into a yellow liquid, which, on 
cooling, freezes into a ciysLallinc radiated mass of 4'39 spccilic 
graiit}’. It dLssolves in 500 parts of cold, and in 900 of liot 
water. It dissolves readily in aqueous ammonia or alkalies, form- 
ing molybdates. Like silica, it combines with ba.ses in a great 
variety of proportions. Of these many salts, an ammonia salt of 
the composition SlNHAjO, IJInOj + IH-D (known in laboratory 
parlance simply as molybdate of ammonia) is the most important, 
affording, as it docs, the most delicate, cliaractciistic, and widely 
applicable precipitant for ortho-pho.sphoric acid. To detect phos- 
phoric acid in any substance soluble in water or nitric acid, add 
first to a solution of molybdate of ammonia an exce.ss of nitric acid, 
and then (not too much) of the nitric solution of the phosphate, 
and keep the mixture at 40° C. ; the whole of the pho.sphoric acid 
gradually separates out in the shape of a canary-yellow crystalline 
precipitate of “ jihosplio-molybdatc of ammonia," of the composition 

2431003 . PA . SfNHJjO ^ I . jeH 0 
-t243Io03. PA - 2 (NHj)30. J 

(according to Gibbs), which is insolnble in the reagent, even in the 
presence of dilute nitric acid, but soluble in excess of phosphoric acid. 
By treatment of this complex ammonia salt with aqua regia we can 
eliminate its acid 243 I 0 O 3 . PoOj . SH-O as a substance -soluble in 
water and crystallizing from this solution avith 59 molecules of 
avatcr. 

This phospho-raolybdic acid plays a great part in chemical toxi- 
coloCT, being a gencrically characteristic precipitant for all (organic) 
alkaloids, avhich combine aadth it, pretty much as ammonia_ does, 
into precipitates insoluble in dilute mineral acids. A solution of 
the acid sufficient for this purpose may bo obtained by saturating 
carbonate of soda solution irith molybdic acid, adding phosphate 
of soda, one part for every five of 3 I 0 O 3 , evaporating to dryness, 
fusing, dissolving in water, filtering, anil adding nitric acid until 
the liquid becomes yellow. 

3Ietallic molybdenum is obtained by reduction of the trioxide in 
hydrogen gas at very high temperatures. It is thus obtained in 
small crystalline granules which are infusible even in the oxy- 
hydrogen flame. An alloy of the metal rrith four or five per cent. 
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wff ^“epted as molybdenum) fuses in the oxv- 

hjdrogen flame into a silver-white metal, of 8-G sriecilic cravitv 
■which IS harder than topaz (Dcbray) peeiiic giaiitj, 

_ in all its'forms is readily converted into 

V oxidmtig agents, such as nitric acid ; or if in non- 
volarile forms into alkaline molybdate by fusion with carbon.ate 
of alMi and mtre. Alkaline molybdate is soluble in water ; the 
solurion, on a g^dual addition of hydrochloric acid, gives first a white 
precipitate, winch then dissolves in the excess of acid, iviien a 
piece of zinc is added to such a solution, the latter, thromdi 
^dual reduction of its JIoOj to lower oxides, assumes first a blue 
timn a OTeen, and lastly a deep blackish-broivn colour. 3Iolybdic 
acid colours the blowpipe flame ycllmvish green. It dissolves in 
fused borax, formin" a head which in the oxidizing flame becomes 
yellow m the heat, but almost colonrlcss on cooling ; the reducing 
flaine colours it dark bro^ra, and may cause the separation of brown 
flakes of MoOg. Compare Chemistky, vol. v. pp. 541, 542. 

MOMBASA, or less correctly Mombas, the Mvnta of the 
Sawahili, a town on the east coast of Africa, in 4° 4' S. 
lat., ■with the best harbour on all the Zanzibar mainland. 
The^ coralline island of which it occupies the eastern 
portion is 3 miles long by 2^ broad, and lies in the 
middle of a double inlet of the sea stretching northivard 
into Port Tudor (so called after the English officer ■who 
surveyed it) and westward into Port Reitz (after the 
English resident who died while exploring the Pangani 
river in 1823). Except at the western end, the coast 
of the island consists of cliffs from 40 to 60 feet high. 
In the vicinity of the towm palms, mangoes, guavas, 
baobabs, and cinnamon -trees flouri.sh abundantly, and 
farther to the west are stretches of virgin forest, the 
haunt of monkeys, wild hogs, and hymnas. The citadel, 
originally constructed by Xeixas and Cabrera in 1635, 
still remains in good condition,, “a picturesque yellow 
pile with long buttressed curtains,” but has preserved 
little of its Portuguese architecture. Of the twenty 
Portuguese churches ■n’hich Mombasa once contained, only 
two or three can be identified. A few of the houses are 
built of stone, but most of them are mere thatched huts. 
The population in 1844 was, according to Dr Krapf, from 
8000 to 10,000, mostly 'W'asaiN'ahili, butmth a considerable 
number of Arabs and some thirty or forty Banyans. In 
1857 Burton estimated the inhabitants at 8000 to 9000, 
and in 1883 they numbered about 20,000. The Arabs, 
the Wamirita, and the Wakilindini (the tivo divisions of 
the Wasaw'ahili residents, of which the former is the original 
stock) have each their oivn chief. In 1875-76 the Church 
Missionary Society, which made Mombasa one of its stations 
in 1844, established a settlement for liberated slaves at 
FreretOAvn (Kisaimi) on the mainland, ojiposite i)Iomba.sa. 
By 1881 it consisted of about 450 persons, of ■whom about 
one-fourth "vs'ere children attending school. The pupils are 
taught to read both English and Sawahili (Gfi. Miss. 
Ivielligencer, 1875-76 and 1881). A branch station at 
Rabbai numbers 600 inhabitants. 

llombasa takes its name from 3Iombasa in Oman. It is men- 
tioned by Ibn Batata in 2331 as a large place, and at tiie time of 
Vasco da Gama’s visit it was the residence of Calicut Banyans ana 
Christians of St Thomas, and the .seat of considerable commerce. 
The “king” of the city, however, tried to entrap Da Gama, and 
with this began a series of troubles which give full force to the 
native name J/mita (war). The princip.al incidents are the capture 
and burning of the place by Alineyda (1505), buno da Cunha 
(1529), and Duarte de Jlenezes (1587) — this last as a revenge for ita 
Umikon to the sultan of Constantinoplc-the bui ding of the 
PortuKuese fort (1.594), the revolt of Yusuf ibu Ahmed (1C..1), the 
erection of the Portuguese citadel (1635), the five yc.ars nege by the 
imam of Oman (1660-65), and the final cxiiulsiou of the I 
(1698) In 1823 the ilazara family, ‘wlio had ruled in ilomha.'i 
from the early part of the 18th ccntuiy, placed 
British protection; but Britain 

to be bombarded and captured by Sayyid Said of ’ , 

was obliged to make repeated attacks between 3829 and 1S.>3, and 
onTy got°posses,sion in 1834 by treachery:- A revolt against /aim- 
bar in 1875 was put down by Bntish assistoice. 

jBarton, -Zanzildir, (ISt 2). XVI SS 
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thus distributed over an area measuring about 450 miles 
from east to west, and about 800 from north to south, and 
include — (1) the Moluccas proper or Temate group, of which 
Jilolo is the largest and Temate the capital ; (2) the Bat- 
cliian. Obi, and Sula groups ; (3) the iiiibon or Amboyna 
group, of which Ceram (Serang) and Buru are the largest; 
(4) the Banda Islands (the spice or nutmeg islands par 
excellence), of which Lantoir or Great Banda is the largest, 
and Neira politically the most important; (5) the south- 
eastern islands, comprising Tenimber or Timor-Laut, 
Larat, (fcc. ; (6) the Kei Islands and the Aru Islands, of 
which the former are sometimes attached to the south- 
eastern group; and (7) the south-western islands or the 
Babber, Sermatta, Letti, "Wetter, Koma, and Damme groups. 
At the close of the 16th century this part of the archi- 
pelago was divided among four rulers settled at Temate, 
Tidore, Jilolo, and Batchian. The northern portion be- 
longs to the Dutch residentship of Temate, the southern 
portion to that of Amboyna. 

The name Moluccas seems to be probably derived from 
the Arabic for “king.” Argensola (1609) uses the forms 
Idas 2[ahtcas, 2[aluco, and el Malvco-, Coronel (1623), islas 
dd 2[olueo ; and Camoens, 2fah(co. 

Compare the articles on Indian Aiicini'ELAGO, Anu Islands, 
Jilolo, Tei'.nate, Ac., and J. J. de Hollander, Handleidiwj bij 
de Bcocfcning dcr Land- en Volkenkundc von Ned. Oost. Indie, 
Breda, 1877 and 1882. 

MOLYBDENUM, one of the rarer metallic elements 
(s}Tnbol for atomic weight, Mo = 96; H=l), ocem-s in 
nature chiefly in the two forms of Yellow Lead Ore 
(PbOiloOj) and Molybdenite (MoSj). The latter mineral 
is very similar in .appearance and in mechanical properties 
to graphite or black lead, and, in fact, was long confounded 
tvith it chemically, until Scheele in 1778 and 1779 proved 
their difierence by shotving that only the mineral now 
called molybdenite yields a white earth on o.xidation. 
The metallic radical of the earth, after its discovery by 
Hjelm, was called molybdenum, from no/.vfiSos, lead. 

By heating molybdenite in a combustion tube in a current of air, 
vre obtain the trioxido JIoOj (molybdic acid) as a white ciystalline 
sublimate. This sub.stauce, when lieatcd to redness in close vessels, 
fuses without much volatilization into a yellow liquid, which, on 
cooling, freezes into a crj'stallinc radiated mass of 4'39 spccilic 
gra-vit}’. It dissolves in 500 parts of cold, and in 900 of hot 
water. It dissolves readily in aqueous ammonia or alkalies, form- 
ing molybdates. Like silica, it combines with bases in a great 
varietj’ of proportions. Of these many salts, an ammonia salt of 
the composition SlNHAjO. IJIoOj + tILO (known in laboratory 
parlance simply as molybdate of ammonia) is the most importont, 
affording, as it docs, the most delicate, charactciistic, and widely 
applicable precipitant for ortho-pho.sphoric acid. To detect phos- 
phoric acid in any substance soluble in water or nitric acid, add 
first to a solution of molybdate of ammonia an e,xce.ss of nitric acid, 
and then (not too much) of the nitric solution of the phosphate, 
and keep the mixture at 40° C. ; the whole of the pho.sphoric acid 
gradually separates out in the shape of a canary-yellow ciystalline 
precipitate of “ phosplLO-molybdatc of ammonia," of the composition 


-fl6H.,0 


24 JloOa . V.,0 „ . 3(NH4),0 1 

-^24MoOJ. r:Oi. 2 (NHa;o. h „6 j 

(according to Gibbs), which is insoluble in the reagent, even in the 
presence of dilute nitric acid, but soluble in excess of phosphoric acid. 
By treatment of this complex ammonia salt with aqua regia we can 
eliminate its acid 24 JI 0 O 3 . P 2 O 5 . 3H-0 as a substance soluble in 
water and ciystallizing from this solution with 59 molecules of 
water. 


This phospho-molj'bdic acid plays a great part in chemical toxi- 
coloCT, being a gencrically characteristic precipitant for all (organic) 
alkaloids, which combine with it, pretty much as ammonia^ does, 
into precipitates insoluble in dilute mineral acids. A solution of 
the acid sufficient for this purpose may bo obtained by saturating 
carbonate of soda solution irith molybdic acid, adding phosphate 
of soda, one part for every five of JI 0 O 3 , evaporating to dryness, 
fusing, dissolving in water, filtering, anil adding nitric acid until 
the liquid becomes yellow. 

Metallic molybdenum is obtained by reduction of the trioxide in 
hydrogen gas at very high temperatures. It is thus obtained in 
small crystalline granules which are infusible even in the oxy- 
hydrogen flame. An alloy of the metal rrith four or five per cent. 


accepted as molybdenum) fu6e.s in the oxv- 
hjdrogen flame into a silver-white metal, of 8-G sriecific cravitv 
which IS harder than topaz (Debray). pecinc giaiitj, 

Molybdmum in all its forms is readily converted into 
molybdic acid by oxidiang agents, such as nitric acid ; or if in non- 
volarile forms into alkaline molybdate by fusion with earboZo 
of alltali and mtre. Alkaline molybdate is soluble in water ; tlio 
Eolurion, on a g^dual addition of hydrochloric acid, gives first a white 
precipitate, which then dissolves in the excess of acid IVheii a 
piece of zinc is added to such a solution, the latter, through 
gnauai reduction of its M 0 O 3 to lower oxides, assumes first a bhie 
then a CTcen, and lastly a deep blackish-broivn colour. Jlolybdic 
acid colours the blowpipe flame ycllmrish green. It dissolves in 
fused borax, forming a head which in the oxidizing flame becomes 
yellow in the heat, but almost colourless on cooling ; the rcduciu" 
flaine colours it dark bro^vui, and may cause the separation of brown 
flakes of MoOg. Compare Chemistky, vol. v. pp. 541, 542. 

MOMBASA, or less correctly Mombas, the JIvjita of the 
Sawahili, a town on the east coast of Africa, in 4° 4' S. 
lat., with the best harbour on all the Zanzibar mainland. 
The_ coralline island of which it occupies the eastern 
portion is 3 miles long by 2^ broad, and lies in the 
middle of a double inlet of the sea stretching northivard 
into Port Tudor (so called after the English officer who 
surveyed it) and westward into Port Keitz (after the 
English resident who died while exploring the Pangani 
river in 1823). Except at the western end, the coast 
of the island consists of cliffs from 40 to 60 feet high. 
In the vicinity of the toivn palms, mangoes, guavas, 
baobabs, and cinnamon-trees flomash abundantly, and 
farther to the west are stretches of virgin forest, the 
haunt of monkeys, wild hogs, and hyicnas. The citadel, 
originally constructed by Xeixas and Cabrera in 1635, 
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Portuguese fort (1.594), the revolt of Yusnf ibn Ahmed (1C..1), the 
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LTy got°posses,siou in 1834 by trrachcry:. A revolt against /aim- 
iiir in 1 875 was T)ut (louTi bv British assistance. t> * i 
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were urged on to still greater severity of life when the rapid 
progress of Christianity brought large numbers of merely 
nominal converts in, whose practice fell too conspicuously 
below their profession. The desire of protest against such 
a state of thing.s led to the gradual separation of the 
devotees into a kind of order within the main body, and 
to their actual withdrawal from habitual intercourse ivith 
their Jess strict fellow-s, wliich Jed in turn to their departure 
from the tosvns into more secluded places, even before any 
formal conception of the monastic life had shaped itself in 
their minds. But the first glimpse obtainable of the 
“common life,” and that only an indistinct one, is in the 
New Testament, and applies to women alone. There is 
mention in the pastoral epistles (1 Tim. v. 9-12) of a class 
of vddows, apparently not as more recipients of relief, but 
as constituting an ecclesiastical grade ; while in Acts ix. 
39 it appears as if a number of women belonging to this 
order were united in some kind of community under the 
Iieadship of Dorcas, for the narrative rather implies that 
they were her assistants in making clothing for the poor 
than themselves the objects of her bounty. This conjectuie 
receives some confirmation from the mention of “ the virgins 
who are called \vidows ” (ras irapdevov; ra? Xeyopevas XVP"-'^) 
in the shorter recension of the Tgnatian Epistle to the 
Smyrnajans, and from the statement of Athanasius, 
that Anthony, when himself about to begin the solitary 
life wJiicli lie is regarded as having instituted, first placed 
his sister in a convent of virgins (-TrapOa’Iova ), — facts which 
prove the organization of women at an earlier date in com- 
munity life than of men, and lend some probability to the 
notion that it may liavo begun very soon indeed, especially 
when the prominence given to the virgins as a separate and 
seemingly long-established order in the church by such 
early writers as Tertullian and Cyprian is borne in mind. 

Two other causes must be taken into account as tend- 
ing to stimulate monachism when once it began. Fir.st is 
the theological opinion, early formulated, and never since 
without many advocates, that two distinct standards of 
life and holiness are set forth in the gospel : that of pre- 
cept, and that of “counsels of perfection,” — the former 
binding all Christians "without exception, tlie latter being 
voluntary, and merely offered for acceptance to such as 
aim at especial sanctity. The second, and even more 
powerful, agent was Gnosticism, not only in its earlier 
forms and in the kindred spirit of Montanism, but still 
more in its hlanichman development, when its dualism led 
to exaggeration of the antagonism between flesh and spirit, 
and the Jmman body "was regarded no longer as a servant 
to be trained, but as an enemy to be crushed and beaten 
down with unrelenting hostility. But in every age of 
monachism, from the earliest to the latest, social disoiders 
and insecurity have proved the chief feeders of the cloister, 
never "widely popular in times of Jiealthy and orderly 
national life, but eagerly resorted to as a place of shelter 
from social turbulence. 

There are five main classes of monastic institutions, each 
of which approximately marks a new departure in the 
history of Western monachism (for the East lias never had 
more than the first), as they .succeed one another in chrono- 
logical order, without in any instance involving the aban- 
donment of the previous foundations. They are — ( 1 ) Monks ; 
(2) Canons Regular ; (3) Militarj' Orders ; (4) Friars ; (5) 
Clerks Regular. All of these have communities of women, 
either actually affiliated to them, or formed on similar 
lines. 

There is no doubt as to the time and the person, when, 
• and by whom, the first decisive step was taken which left 
a marked interval for all time between those ascetics wlio 
continued to live in family life, if not really part of it, or who 
at least dwelt close to some ordinary church, to which they 


resorted habitually, and the seekers after some more retired 
^d separate mode of life, whether singly or in communities. 
During the stress of the Deeian persecution (249-'>r)0 a n ) 
Paul, a native of the Lower Thobaid, bom of vcaltliv 
paients about 228, was denounced by his brother-in-law 
to the authorities as a Christian, and fled for .safety in- 
to the desert, where he established himself in a ca^ern 
shaded by a palm-tree, and with a spring of water clo^o 
by. There he remained till extreme old age, dying, if 
we may accept Jerome’s chronologj’, in his hundred and 
thirteenth year, about 342. Although he did not collect 
any band of disciples around him, nor even, so far ns is re- 
corded, attract any casual visitors, except his moie famous 
successor, Anthony, who is alleged, in a nanati-\e con- 
taining^ many legendary details, to have had an inters icw 
"with him w’hen himself a very old man, the day before 
Paul’s death ; yet there seems reason to belicu’e that the 
fame of his example .spread sufficiently to induce imitation 
of it, and that anchoretic cells began to be set up sparsolj’ 
in the deserts even before Anthony adojited that mode of 
life. Anthony’s career difiered in various respects from 
that of his precursor. In the first place, it uas voluntaiy 
choice, not fear of persecution, which .sent him into solitude. 
He was bom about 250 at Coma in Upper Egjpt, of 
wealthy Christian parents, and was left at eighteen ycni.s 
of age in possession of a large fortune and of the guardian- 
shi]) of a younger sister. He liad received wliat uas prob- 
ably a fair vernacular education, but distaste for study, 
or perhaps more probably that difficulty which contempla- 
tive intellects experience in the acquisition of languages, 
left him unacquainted with G'leek or Latin; yet the 
intimate knowledge of Scripture which he aftcruaids 
displayed cannot be satisfactorily accounted for in any 
other way than as the result of attentive peui'.al, since no 
mere listening to the lections in church would suffice to con- 
vey it ; and we must therefore take Athanasius’s statement 
of his ignorance of letters to denote the absence of culture, 
not as implying actual illiteracy. One day, hearing the gospel 
read, “ Go and sell that thou hast, and give to the poor . . . 
and come, and follow Me,” he took it ns a direct address 
to himself, and at once returned home, distributed his pro- 
])crty amongst Jiis neighbours, reserving only a small sum 
for the support of his sister whom he placed in charge 
of some Christian virgins, and then betook himself to a 
solitary life, first visiting the ino.st eminent ascetirs and 
anchorets he could find, in order that he might learn the 
peculiar merit of each, and imitate it. He fixed his duell- 
ing first in a tomb, then in a ruined fort near the Nile, 
wheie he remained for twenty years, leaving it but once, 
in 311, to encourage the Christians of Alexandria during 
the persecution of Maximin ; and lastly in a small grose of 
date-palms, a few miles west of the we.stern coast of the 
Red Sea, near the base of Mount Kolzim, uherc ho made 
an enclosure and planted it as a garden. He quitted tins 
retirement but once in Jiis remaining life, uhen he again 
visited Alexandria in 335, at the request of Athan- 
asius, to preach against the Arians. Yet his fame drew 
not only frequent visitors to his cell, but numerous di'^cijiles 
and imitators around him, attracted not alone by his jiious 
austerities, but by Jiis cheerful and couiteous mauneis and 
shrewd practical judgment. He made the solitary- life 
honourable and popular, fully justifying Jerome s phrase 
in comparing him with Paul, “Hujus vitie auctor Paulu", 
illustrator etiam Antonius.” When Anthony died in 
365, aged one hundred and five, the desert vas alrcary 
studded srith hermitages in every directmii, and the second 
great step in the development of nionarhimi had been long 
&en by Pachomiu-s, who stands out in history- at once as the 

founder of the comobitic life amongst Clinstians am as^the 

author of the first formal monastic mle. Bom about 
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While the system -won the admiration of all the most emi- 
nent Christian teachers of the age which saw its birth and 
early growth, and while we are met by a still more remark- 
able fact that from the time when monachism was fairly 
established till we enter on the Middle Ages there are 
but two or three names of distinction amongst the clergy, 
whether as -wi-iters or administrators, to be found outside 
the ranks of monachism, amongst whom the most famous 
are Ambrose and Leo the Great, nevertheless, there is 
a heavy account on the other side. Not only did the 
institute speedily find itself caricatured by the Messalians, 
Euchites, Gyrovagi, Sarabaites or Eemoboth, Circumcel- 
liones, and other companies of professed ascetics, wild in 
doctrine, vagrant in habits, and turbulent in conduct, but 
the more genuine societies had scarcely fewer faults in too 
many cases. Lay in their origin, and for the greater part 
of their earlier history having but rarely' ecclesiastics 
amongst them (a single priest ordained for each monastery 
to minister to its inmates being the utmost allowed for a 
considerable time), they were not subject to the same strict 
inspection and discipline as the clergy, in case a whole 
community chose to disregard its rule ; though of course it 
was easy to deal "with an offender who had the tone of his 
monastery against him. The clergy were subject to the 
direct control of the bishops, and many disciplinary canons 
of councils laid do^vn rules for their conduct ; but this was 
not the case wth the monks for a considerable time — nor 
indeed ever effectively in the East — and their lay character 
gave them practical independence of any authority external 
to their abbot. And, despite the stringency of the mon- 
astic rule itself, which, even before actual vows began 
to be introduced (probably on the recommendation of 
Basil), always involved during compliance mth it , the 
three engagements to the observance of poverty, chastity, 
and obedience, which make up the stajffo of the monastic 
principle, and though pains were taken to exclude unfit 
applicants (such as criminals, slaves who had fled for rea- 
sons other than ill-treatment, or persons who had kindred 
dependent on them), while a long probation was exacted 
from all who were accepted, yet it was impossible that 
more than a small proportion of the many thousands who 
flocked in during the first enthusiasm for the new move- 
ment should have had any real sympathy with the re- 
straints and. aspirations of such a mode of life. Severe 
asceticism operates differently on diff'erent natures, and 
wliile there are some whom it does but discipline and 
refine there are more whom it tends to coarsen and to 
brutalize, even apart from the many whom it is apt to 
affect with morbidness, if not actual insanity. And it is 
unquestionable that vast numbers of those who entered 
on the monastic life came from the poorer classes, in 
search of some less toilsome mode of existence than they 
had previously led, preferring the contemplative societies, 
wherein almost no labour, certainly none of a severe and 
trying cast, w'as practised, .to those where agriculture and 
other active employments, requiring more energy than mat 
and basket weaving, were enjoined. )Such men, unedu- 
cated and undisciplined, were liable to be thrown entirely 
out of gear by the complete revolution in their mode of 
life, — especially when the community they joined w'as not 
only contemplative, but situated in some place where the 
ungrateful soil made tillage nearly impracticable, and the 
vast numbers crowded together were far too numerous for 
any tasks which could be assigned them. From the bosom 
of such societies came not only single examples of exagger- 
ated spiritual pride, bitter fanaticism, avaricious greed of 
the scanty articles whose usufruct was permitted, fierce 
sensuality, and wild religious delusions, but they gave 
birth to companies like the ftoa-Kol, or “ grazing monks,” 
of Mesopotamia and Palestine, who roved about, shelter- 


less ^d nearly naked, as Sozomen and Evagrius tell us, in 


the mountains and deserts, grovelling on the earth, and 
browsing like cattle on the herbs they casually found ; and 
to those fierce bands of Nitrian and SjTian ascetics who 
reared in the narrowest of schools, treated any divergence 
from their oivn standard of opinion as a crime which they 
were entitled to punish in their own riotous fashion, two 
instances of which have left an indelible brand on their 


history-—the murder of Hj'patia in Alexandria, and that of 
the patriarch Flavian at the Robber Synod of Ephesus. An 


equally singular, but more sporadic and temporary, form 
of asceticism was that of the Stylites or Pillar-hermits 
(o-rvktTai, Kiovirai), who followed a fashion first set by 
Simeon, a Syrian monk who spent almost half of the 5th 
centuiy on the summit of a column 60 feet in height. 
This unwonted kind of austerity at first gave rise to strong 
objections, even from hermits themselves, and a messenger 
was sent to Simeon, bidding him in the name of a sjmod 
of bishops to descend from his pillar, but with instnic- 
tions to permit him to remain if he showed himself ready 
to comply. Such proved to be the case; and, having thus 
assured themselves that he was not influenced by .spiritual 
pride, they left him to follow his own devices. And we 
have the direct personal testimony of the wise and tem- 
perate Theodoret that he exercised a strong and salutary 
influence over the nomadic Saracen tribes, converting many 
hundreds and even thousands to Christianity, besides being 
the shrewd and trusted adviser, not only of the peasants 
who flocked to him for counsel, but of Arab princes, Per- 
sian kings, and even Roman emperors. He cannot be 
judged, therefore, by ordinary standards, and it is more 
than likely that a less extraordinary mode of life would 
have given him less power for good ; but he is the only 
eminent figure in the class to wliich he belongs, and the 
fashion he set may be said to have died out with his name- 
sake, the younger Simeon, a century later. Even when 
the healthier side of monachism as it appeared in Eg}'pt 
and Syria is dwelt upon, and the fullest weight is allowed 
to the contemporary pictures drawn by great Christian 
writers of the monasteries as schools of a philosojfliy truer 
and purer than that of the Porch or the Academy, as 
places where the equality and brotherhood, merely dreamed 
of as unrealizable fancies in the outer world, could be seen in 
living action — where children, deserted by their parents or 
otherwise orphaned, were carefully reared— where the sick 
were lovingly tended — ^^vhere calmness, piety, and self-for- 
getfulness were the rule of all, — it must be confessed that 
the complaint of the Government, embodied in the hostile 
legislation of the emperor Valens in 373, subjecting 
monks to the conscription (which drew forth an indignant 
protest from Chrysostom), that monachism was injurious 
to society and to the healthy condition of civil^ life by 
draining off so large a fraction of the population into the 
backwater of the cloister, was perfectly well founded. 
And no small part of the overthrow of Clinstiamty m 
E"ypt and Syria by Islam is due to the practical vath- 
drawal of all the devout from family and public^ life, leaving 
no spiritual energy to cope ivitii the Koran in the towns 
and villages whither the conquering Arabs came to settle 

The history of monachism in the West is far more varied, F 
chequered, and interesting than in the East. It takes 
its beginning from the visit of Athanasius to Rome m 
340, during his second term of exile, when he brought 
with him Ids IJfe of St Anthony, and pressed his example 
on the Roman Christians who mourned as P“t™ts, not I 
than as devotees, over the ax and 
society. The popular imagination was caught at once, 
and not only was the basis of monachism .successfully aid 
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more than a small proportion of the many thousands who 
flocked in during the first enthusiasm for the new move- 
ment should have had any real sympathy with the re- 
straints and. aspirations of such a mode of life. Severe 
asceticism operates differently on diflerent natures, and 
wliile there are some whom it does but discipline and 
refine there are more whom it tends to coarsen and to 
brutalize, even apart from the many whom it is apt to 
affect Avith morbidness, if not actual insanity. And it is 
unquestionable that A’ast numbers of those Avho entered 
on the monastic life came from the poorer classes, in 
search of some less toilsome mode of existence than they 
had previously led, preferring the contemplative societies, 
wherein almost no labour, certainly none of a severe and 
trying cast, Avas practised, to those Avhere agriculture and 
other active employments, requiring more energy than mat 
and basket Aveaving, were enjoined. )Such men, unedu- 
cated and undisciplined, Avere liable to be throAvn entirely 
out of gear by the complete revolution in their mode of 
life, — especially Avhen the community they joined was not 
only contemplative, but situated in some place Avhere the 
ungrateful soil made tillage nearly impracticable, and the 
vast numbers croAvded together Avere far too numerous for 
any tasks Avhich could be assigned them. From the bosom 
of such societies came not only single examples of exagger- 
ated spiritual pride, bitter fanaticism, avaricious greed of 
the scanty articles Avhose usufruct Avas permitted, fierce 
sensuality, and Avild religious delusions, but they gave 
birth to companies like the ftoa-Kol, or “ grazing monks,” 
of Mesopotamia and Palestine, Avho roved about, shelter- 


kss and nearly naked, as Sozomen and Evagrius tell us in 
the mountains and deserts, grovelling on the earth, and 
browsing like cattle on the herbs they casually found ; and 
to those fierce bands of Nitrian and SjTian ascetics Avho 
reared in the narrowest of schools, treated any dii'ergence 
from their oivn standard of opinion as a crime Avhich they 
were entitled to punish in their OAvn riotous fashion, tivo 
instances of Avhich have left an indelible brand on tlieir 
hi8tory-—the murder of Hypatia in Alexandria, and that of 
the patriarch h lavian at the Bobber Sjmod of Ephesus. An 
equally singular, but more sporadic and temporary, form 
of asceticism Avas that of the Stylites or Pillar-hermits 
{(TTvXirai, KiovLTai), Avho folloAved a fashion first set by 
Simeon, a Syrian monk who spent almost half of the 5th 
centuiy on the summit of a column 60 feet in height. 
This unAvonted kind of austerity at first gave rise to strong 
objections, even from hermits themseh'es, and a messenger 
Avas sent to Simeon, bidding him in the name of a sjmod 
of bishops to descend from his pillar, but Avith instnic- 
tions to permit him to remain if he shoAved himself ready 
to comply. Sucli proA^d to be the case; and, having thus 
assured themselves that he Avas not influenced by .spiritual 
pride, they left him to folloAV his OAA'n devices. And Ave 
have the direct personal testimony of the Aviso and tem- 
perate Theodoret that he exercised a strong and salutary 
influence over the nomadic Saracen tribes, converting many 
hundreds and even thousands to Christianity, besides being 
the shrcAvd and trusted adviser, not only of the peasants 
Avho flocked to him for counsel, but of Arab princes, Per- 
sian kings, and even Roman emperors. He cannot be 
judged, therefore, by ordinary standards, and it is more 
than likely that a less extraordinary mode of life would 
have given him less poAver for good ; but he is the only 
eminent figure in the class to Avliich he belongs, and the 
fashion he set may be said to have died out Avith his name- 
sake, the younger Simeon, a century later. Even Avlien 
the healthier side of monachism as it appeared in Egj'pt 
and Syria is dAvclt upon, and the fullest Avcight is alloAved 
to the contemporary pictures draAvn by great Christian 
Avriters of the monasteries as schools of a philosophy truer 
and purer than that of the Porch or the Academy, as 
places Avhcrc the equality and brotherhood, merely dreamed 
of as unrealizable fancies in the outer Avorld, could be seen in 
living action — where children, deserted by their parents or 
otherAvise orphaned, were carefully reared — AA’here the sick 
Avere lovingly tended — ^AA’here calmness, piety, and self-for- 
getfulness Averc the rule of all, — it must be confessed that 
the complaint of the Government, embodied in the hostile 
legislation of the emperor Valens in 3/3, subjecting 
monks to the conscription (Avhich drcAV forth an indignant 
protest from Chiysostom), that monachism was injurious 
to society and to the healthy condition of civil^ life by 
draining off so large a fraction of the population into the 
backAvater of the cloister, Avas perfectly avcII founded. 
And no small part of the overthrow of Cliristiamty m 
E”ypt and Syria by Islam is due to the practical A\ath- 
draAval of all the devout from family and public life, leaving • 
no .spiritual energy to cope Avith the Koran in the toAvns 
and villages Avhither the conquering Arabs came to settle 

The history of monachism in the West is far more varied, F 
chequered, and interesting than in the East It takes 
its beginning from the vi.sit of Athanasius to Rome m 
340, during his second term of exile, Avhen he brought 
with him Ids lAfe of St Anthony, and pressed his example 
the Roman Christians Avho mourned as patnots not less 
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ixiau as devotees, over the lax 
society The popular imagination was caught at once, 
and not only wL the basis of monachism .successfully aid 
Rome itself, but Eusebius of Vercelli introduced it 
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of tlio introduction of monacliism there, all that is certain 
being that it had made its footing good before 380, the 
date of n council of Saragossa (Ctesaraugusta) which for- 
bade loriests to assuino the monkish habit. Still more 
obscurity hangs over the first establishment of monachism 
in Britain, as to ivhich no trustworthy records liavo come 
down to us, though all probability points to its importation 
from Gaul in some variety of the Pachomian nilo; while 
Germany did not receive the institute till the following 
century. 

It must not bo supposed, however, that the principle of 
monachism met with no opposition in the cour.se of its 
progre.ss. Apart from the opjiosition of those who di.slikcd 
it precisely for its merits, for its protest against the 
dissolute morals and enervated habits of a luxurious and 
rotting sociot}', and for the manner in which it won to 
itself many of the noblest and most promising of the 
young and ardent of both sexes, and without taking into 
account the more reasonable objections of statesmen, there 
were not lacking warnings of the dangers attending 
exaggerations of the jirinciiilo of monachism, uttered by 
some of its most eminent upholders. Augustine’s .shaqi 
cen.sures have been already mentioned, and to them may 
be added the decrees of the council of Gnngra in 363, 
or thereabouts, wliich anathematize those who adopt a 
celibate life on the ground tliat marriage is evil, who wear 
a peculiar dre.ss ns a mark of holinc.s.s, condemning such 
as use ordinary clothing, or who desert their iiarents or 
children dependent on them under the plea of desiring to 
lead an ascetic life. So, too, the great Chrysostom, him- 
self a n-ann advocate of monachism, found hmacU obliged 
to teach his flock the sanctity of Christian family'life, and 
the truth that there was often ns much Rclfi.shncss as piety 
in retirement to a hermitage from the eares and duties of 
society. These arguments and decisions were, however, 
aimed only at abuses and exaggerations of the monastic 
idea. It remained for .Tovinian and Yigilantius to assail the 
actual principle. Their writings have not survived, and 
wo can judge of their arguments only from the account 
given of them by their chief opponent Jerome, whose 
eminent gifts, however, did not include cither moderation 
or controversial fairness, so that it is not safe to assume 
that we have all their case before us. As regards 
Yigilantius, he accurately represents the Puritan tyi)o of 
mind protesting against the external part of the popular 
religion of his day, often with good reason, but also show- 
ing equal intolerance for hannless, if not useful, practices ; 
BO that his condemnation of monachism is only part of his 
general objection to the tem])er of his time. But Jovinian’s 
objections seem to have gone deeper. He had been him- 
self a monk (and indeed never re.sumed secular life), but 
he disputed absolutely the thesis that any merit lay in 
monachism, celibacy, fasting, and asceticism considered in 
themselves, save in so far as tliey contributed to foster the 
Christian temper and life, which might and did flourish 
equally, ho urged, under quite different conditions, while 
it was by no means unfrequent for spiritual pride, if not 
Jranichrean error, to lay hold of those who devoted them- 
selves to the ascetic profession. This was, in fact, going 
very little further than Chrysostom had done, or than 
•Nilus did a short time later. But Jovinian’s divergence 
•from the standard of his day was not confined to practical 
■questions ; it extended to theological doctrines also, and 
accordingly liis strictures on monachism, probably more 
incisive and less qualified than those of its other critics, 
were involved in his condemnation as a heretic by synods 
at Rome and Milan in 390. The reaction, of which he 
may be regarded as the mouthpiece rather than as the 
sole representative, was thus eficctually crushed, and that 
for centuries. And though Jovinian is undoubtedly more 


in accord than his opponents with the modern temper on 
the subject of monachism, and while it maybe allowed 
Wiat his teaching might have been a useful corrective in 
Eastern Christendom, where family life was all but over- 
borne by asceticism, yet the impartial historian must 
admit that his success would have been an irreparable 
misfortune for civilization in the West. Such a dispas- 
sionate estimate of asceticism as his, if widely entertained, 
would have been fatal to the spread of monachism, and 
thus one of the most important conservative and statical 
forces in the preservation of the older culture, one of the 
most powerful dynamical forces in reducing the chaotic 
materials of early mediieval society to order and coherence, 
would have boon lost to Europe; nor is it easy to conjecture 
what effectual substitute could have taken its place. As 
it was, the movement was not checked for a moment by 
this partial reaction ■ and not only did the older com- 
munities thrive and spread during the 5th and early 6th 
centuries, but new ones were established, — chief among 
which stand those of Caisarius of Arles and of Donatus 
of BcsanQon in southern Gaul, that of Isidore of Seville 
in Spain, and the early Celtic code, of which only tradi- 
tional fragments survive, but which seems in Britain to 
have been strongly affected by tribal influences, so that 
a monastery was often recruited from a single clan, and 
the abbacy became hereditary in the family of the chief- 
tain, a fact which is noticeable even in the succession of 
the abbots of Iona, wlio for ton elections after Columba 
were of liis family in the tribe of Conall Gulban.i 

But, swiftly as monachism spread in Europe during the 
breaking-up of the Western empire, some of the causes 
which hastened its progress also tended to its rapid dc- 
c<ay. The disturbed state of society, and, in particular, the 
prevalence of petty warfare, drove many thousands of 
persons to seek a quiet refuge in the cloister without any 
more directly religious motive. When once there, they 
found in every jjlacc some rule in force Avhich was either 
imported directly from Egypt or Syria, or else, like that 
of Cresarius, modelled on Eastern lines, and therefore 
ill suited to the severer elimato of Europe and the more 
active habits of the people. The austerities were thus too 
oppressive for general observance, and the result was a 
■widespread neglect of rules which continued nominally in 
force, while at the same time the very monks who had 
ceased to keep them laid claim to special sanctity on the 
])rctenco of their strict way of life. The time was ripe 
for a reform, or rather for a wholly new departure in 
the shape of a rule devised to meet Western needs, and 
not merely adapted more or less clumsily from Oriental 
asceticism. The fitting man to accomplish this difficult 
task appeared in the person of Benedict of Nursia, author 
of the most famous of all monastic codes. Born of a 
respectable family about 480, he adopted the ascetic life 
at fourteen in a cave near Siibiaco, not far from Rome, 
where ho remained for three years, at^ the e.xpiration 
of Avhich ho was chosen abbot of a neighbouring con- 
vent, then in a very relaxed state. His rule 2 ’ro'''cd 
too kern for his new subjects, who attempted to poison 
him whereupon ho resigned his office and returned 
to Subiaco, around which ho soon erected twelve monas- 
teries, each peoifled by an abbot and twelve monks. 
Fresh attempts on liis life’ and on the discipline of Ins 
society drove him out again in the year 528, when he fixed 
his dwelling at Monte Cassino, the place where his cel^ 
brated rule was drafted in the following year, and which 
has ever since prided itself on its rank as the cradle of tlio 
Benedictine Order and the premier abbey of Western 
Christendom. The famous institute ivliich he devised 
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of tlio introduction of monacliism there, all that is certain 
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eminent gifts, however, did not include cither moderation 
or controversial fairness, so that it is not safe to assume 
that we have all their case before us. As regards 
Vigilantius, he accurately represents the Puritan tyi)o of 
mind protesting against the external part of the popular 
religion of his day, often with good reason, but also show- 
ing equal intolerance for hannless, if not useful, practices ; 
so that his condemnation of monachism is only part of his 
general objection to the tem])er of his time. But .Tovinian’s 
objections seem to have gone deeper. He had been him- 
self a monk (and indeed never rc.sumed secular life), but 
he disputed absolutely the thesis that any merit lay in 
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Christian temper and life, which might and did flourish 
equally, ho urged, under quite different conditions, while 
it was by no means unfrequent for spiritual pride, if not 
Jranichrean error, to lay hold of those who devoted them- 
selves to the ascetic profession. This was, in fact, going 
very little further than Chrysostom had done, or than 
.Nilus did a short time later. But Jovinian’s divergence 
•from the standard of his day was not confined to practical 
■questions ; it extended to theological doctrines also, and 
accordingly liis strictures on monachism, probably more 
incisive and less qualified than those of its other critics, 
were involved in his condemnation as a heretic by synods 
at Rome and Milan in 390. The reaction, of which he 
may be regarded as the mouthpiece rather than as the 
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for centuries. And though Jovinian is undoubtedly more 


in accord than his opponents with the modern temper on 
the subject of monachism, and while it maybe allowed 
ttiat Ins teaching might have been a useful corrective in 
Eastern Christendom, where family life was all but over- 
borne by asceticism, yet the impartial historian must 
admit that his success would have been an irreparable 
misfortune for civilization in the West. Such a dispas- 
sionate estimate of asceticism as his, if widely entertained, 
would have been fatal to the .spread of monachism, and 
thus one of the most important conservative and statical 
forces in the preservation of the older culture, one of the 
most powerful dynamical forces in reducing the chaotic 
materials of early mediieval society to order and coherence, 
would have been lost to Europe; nor is it easy to conjecture 
what effectual substitute could have taken its place. As 
it was, the movement was not checked for a moment by 
this partial reaction ; and not only did the older com- 
munities thrive and spread during the 5th and early 6th 
centuries, but new ones were established, — chief among 
which stand those of C.T3sarius of Arles and of Donatus 
of Besan^on in southern Gaul, that of Isidore of Seville 
in Spain, and the early Celtic code, of which only tradi- 
tional fragments survive, but which seems in Britain to 
have been strongly affected by tribal influences, so that 
a monastery was often recruited from a single clan, and 
the abbacy became hereditary in the family of the chief- 
tain, a fact which is noticeable even in the succession of 
the abbots of Iona, wlio for ton elections after Columba 
were of liis family in the tribe of Conall Gulban.i 

But, swiftly as monachism spread in Europe during the 
breaking-up of the Western empire, some of the causes 
which hastened its progress also tended to its rapid do- 
c.ay. The disturbed state of society, and, in particular, the 
prevalence of petty warfare, drove many thousands of 
persons to seek a quiet refuge in the cloister without any 
more directly religious motive. When once there, they 
found in every jjlaco some rule in force which was either 
imported directly from Egypt or Syria, or else, like that 
of Cfcsarius, modelled on Eastern lines, and therefore 
ill suited to the severer climate of Europe and the more 
active habits of the people. The austerities were thus too 
oppressive for general observance, and the result was a 
widespread neglect of rules which continued nominally in 
force, while at the same time the veiy monks who had 
ceased to keep them laid claim to special sanctity on the 
])rctcnco of their strict way of life. The time was rip 
for a reform, or rather for a wholly new departure in 
the shape of a rule devised to meet Western needs, and 
not merely adapted more or less clumsily from Oriental 
asceticism. The fitting man to accomplish this difficult 
task ai)peared in the person of Benedict of Nursia, author 
of the most famous of all monastic codes. Born of a 
respectable family about 480, he adopted the ascetic life 
at fourteen in a cave near Subiaco, not far from Rome, 
where ho remained for three years, at^ the e.xpiration 
of Avhich he was chosen abbot of a neighbouring con- 
vent, then in a very relaxed state. His rule proved 
too stern for his new subjects, who attempted to poison 
him, whereupon ho resigned his office and returned 
to Subiaco, around which ho soon erected twelve monas- 
teries, each peopled by an abbot and twelve mpks. 
Fresh attempts on liis life' and on the discipline of Ins 
society drove him out again in the year 528, when he fixed 
his dwelling at Monte Cassino, the place where his cel^ 
brated rule was drafted in the following par, and winch 
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Benedictine Order and the preimer abbey of Western 
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nisrelj- niling tliat in temiicratc places a cowl anil tunic, tMck in 
u intcr and thin in summer, witli a scapular (a sleeveless woollen 
garment passed over the head, and falling down over the breast and 
hack) for work hours, as also shoes and stockings, all of the ordinary 
countiy naake and cheapest kind, shall suirice. Eaeli monk is to 
have a change of these garments, to allow of washing, and yet 
another for use when sent on a journey, to be of rather better 
materials, and to bo kept in the general wardrobe when not in actual 
wear. The old clothes are to be given up when new ones arc served 
out, and arc to be laid by in the wardrobe for the poor. A straw 
mattress, blanket, quilt, and pillow arc to be furnished for each 
bed ; and in addition the abbot Is to give every monk a knife, a 
pen, a needle, a handkerchief, and tablets. Chapter Ivi. rules that 
the abbot is to take his meals with the guests and strangers, with 
the privilege, if guests bo few, of inviting any of the brethren he 
chooses, so long as some seniors are left in charge. Chapter Ivii. 
prescribes that craftsmen amongst the brethren are to work with the 
abbot’s permission, and if their work is to be for s.ale, those who are 
entnistcd -with making the b.argains are to deal honestly with pur- 
chasers, and to sell rather below the current trade price. Chapter 
Iviii. lays down the rules for the admission of new merhhers. It is 
not to bo made too ca.sy. Tlie postulant is to be allowed to knock 
for entrance in vain for four or live days, then to be brought into 
the guest-room for a few da 3 ’s more, and so be transferred to the 
noi-ice-house, where he is to remain under the charge of a senior 
monk for two months. If he persevere at the end of this time, the 
rule is to he read over to him, and the option of departing or remain- 
ing is to bo offered. If he persevere, he is returned to the novice- 
house for six months’ further probation, after which the rule is again 
read to him as before, and yet a third time after a further term of 
four months. Not till ho has surmounted this final ordeal can he 
be admitted into the community, and before that is done lie must 
divest himself of his proportj’, cither giving it to the poor, or mak- 
ing a deed of gift to the monastery. 'I’hen he is allowed to sign the 
act of profe.ssion, including the vow of stability, which he is to lay 
uith his own hand on the altar. Chapter lix. provides for the 
dedication of young children, noble or poor, by their parents to the 
monastic life, and requires a promise from the latter never to endow 
the oblate with any propertj', directly or in tnist, though they 
ma}' give to the monastery if thej' please and reserve the life-income 
to themselves. Chapter lx. regulates the position of priests who 
desire to live in the monastery. Thej' arc to enjo}’ no rela.vations 
or priority in virtue of their ecclesiastical rank, though the abbot 
may a.s.sign clerical functions to them ; and a somewhat like nile is 
kid down for clerks in minor orders. Chapter Ixi. provides for the 
reception of strange monks as miests, and for their admission if desir- 
inff to join the community. The abbot is enjoined to listen to any 
criticisms such a guest maj' offer, and is empowered to ^ve him, if 
accepted as anew member, higher standing than that of Ins entrance, 
but is forbidden so to admit a monk of anj' known monasterj’ with- 
out the consent or letters commendatory of its abbot. Chapter Ixii. 
ntles that the abbot maj' choose a monk for ordination as priest or 
deacon ; but the ordinee is to rank in the house from the date of his 
admission, except when officiating, or if the community and the 
abbot single him out for promotion by merit. If he misbehave, he 
is to be reported to the bishop, and if continuing to misconduct 
himself, shall be expelled, — only, however, in case of obstinate dis- 
obedience to the rule. Chapter Ixiii. lays down rules for the gradation 
of rank in the community, and warns the abbot against arbitrary 
government. Chapter Ixiv. allows the abbot to be ehosen either by 
the common consent of the whole community, or by a select electoral 
committee ; and the lowest in standing may be chosen, if fit. In 
the event of a bad choice, the bishop of the diocese, the neighbour- 
ing abbots, or even the neighbouring laitj', if having reason to think 
the election made for the purpose of keeping up abuses, may annul 
it and appoint another superior. Chapter Ixv. speaks of the mis- 
chief occasioned in many monasteries bj' the rivalry of the provost 
or prior with the abbot, and advises that no such officer be appointed ; 
j-et, if the circumstances of the place need one, the abbot may name 
a brother to the post, but he is to be as entirelj’^ subject to the abbot 
as any other monk, and may be admonished, deposed, or expelled 
for misconduct. Chapter Ixri. directs the appointment of a porter 
to answer at the gate, and further recommends that eveiy house 
shall have its own well, mill, garden, bakery, and handicraftsmen, 
to avoid the need of intercourse with the outer world. Chapter Ixvii. 
directs that no monk shall quit the cloister rrithout leave of the 
abbot, and that, on the return of any' from a journey', they' are to be" 
the prayers of the community for any' faulte they' have committed 
^ cltiring their absence, and are forbidden to .speak of what they have 
' lioard or seen outside. Chapter Ixviii. bids a monk who has received 
a hard or impossible command to undertake it patiently and ohedi- 
ently If lie find it bey'ond his powers, he may' mention the cause 
quietly' to his superior ; and, if the command is still persisted in, he 
must obey as best ho'c.an. Chapter Ixix. forbids monks to uphold 
or defend one another in the monastery', even their nearest ot kin. 
Chapter Ixx. forbids striking or excommunicating another, without 
the abbot s authority'^ and jirovidcs that children, until fifteen, .shall 
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chastise those abovffifteen°rritho\it ri^ 

Chapter lx.xi. lays d^Xaitlm princi 
throughout the community, milp 

officers, but from the junio/s^owards4ek seSrs 6L 

tT ^ ^^’“Pter Lxxiii. a note to he ef^ert 

that the Benedictine rule IS not offered as an ideal of perfection or 
even as ^ual to the teaclnngs of Cassian and Basil, but for n em ’be 
ginners in the spiritual life, who may thence proceed further 

-It has been necessary to make this detailed analysis of 
the rule, because no mere snminary of its general scope 
conveys an adequate notion of it ; and it plays so import- 
ant a part in the history of European civilization that it 
IS expedient to obtain a clear idea of its details as well as 
of its main outlines. The first peculiarity in it meriting 
attention is the absence of any severe austerities. Plain 
and bare as the food and lodging appear if tested by 
modern notions, yet it is to be remembered that what is 
called “ comfort " is a wholly recent idea, and even still 
scarcely faniiliar, it may almost be said, out of Great 
Britain and its colonies. The scale of living ajipointed by 
the rule secures a greater abundance of the necessaries of 
life, not only than was at all common amongst the Italian 
poor of tlie Gth century, but thhn is to be found amongst 
the humbler peasantry of any European country at the 
present day ; while even the excluded superfluities entered 
but little into the habits of any save the very wealthy. 
Next, high thinking— the highest thought of the time— 
w'as united with this plain living, as the considerable stre.^s 
laid upon reading attests. To this part of the code is due 
the great service performed by the Benedictines, both in 
the erection of schools, and in the preservation of almost 
all the remains of ancient Latin literature which have 
come down to us. It made it not only possible but easy 
for them to become a learned order, and it is a very 
imperfect estimate of the stride forward in this pro\-isioii 
which Milman makes, when he views the injunctions as to 
reading in the mere light of expedients to fill up time 
somehow. If it were so, the hours for reading would 
have been fewer, shorter, and more occasional, merely 
rounding off the intervals between times of labour; but they 
are just as prominent and nearly as long as these. It is 
true that Benedict, whose own education had been abruptly 
broken off by his early retreat from Borne, did not speci- 
fically enjoin the pursuit of leaming on his monks; but 
they borrowed the idea at once from his contemporary, 
the celebrated Cassiodorus, the real founder of monastic 
learning, of wliich his mona.stery of Viviers in Bruttium 
is the first known school. But the most valuable feature 
of the nde is the position of dignity which it assigns to 
nvrl'. It is scarcely possible to realize at the j)reseut day 
the dishonour into which toil of all kinds had sunk in the 
days of Benedict. Not only had the institution of slavery 
degraded many kinds of occupation, but the gradual 
diS,ppearance from Italy of the yeoman class, ruined and 
exiled by the concentration of gi-eat estates (latijwidia), 
or .slain in the ceaseless battles of competitors for empire 
or of barbarian invaders, left few save serfs and bondsmen . 
to till the soil, while the military habits of the invading 
tribes led them to contemn any life except that of a 
warrior It is the special glory' of Benedict that he 
taimht the men of his day that work, sanctified by prayer, 
is the best thing which man can do, and the lesson has 
never been wholly lost sight of since. 

The new institute spread with even more astonidun^ 
rapidity than the earlier monachisni which it practiwUy , 
supjilanted in the mst, and its history thenceforward 
with one important exception, that oMVestern “".'^‘“4^';;'/;’''' 
life for some centuries, hloreover, besides marki io 
close of the first or tentative era of inonachism, when all 
kinds of crude essays and experiment wcre^eing made. 
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nisrelj- ruling tliat in temiicratc places a cowl anil tunic, thick in 
n intcr and tSiin in summer, with a scapular (a sleeveless woollen 
garment passed over the head, and falling down over the breast and 
hack) for work hours, as also shoes and stockings, all of the ordinary 
country make and cheapest kind, shall suirice. Eaoli monk is to 
have a change of these garments, to allow of washing, and yet 
another for use when sent on a journey, to be of rather better 
materials, and to ho kept in the general wardrobe when not in actual 
wear. The old clothes are to be given up when new ones arc served 
out, and arc to be laid by in the wardrobe for the poor. A straw 
mattress, blanket, guilt, and pillow arc to be furnished for each 
bed ; and in addition the abbot Is to give every monk a knife, a 
pen, a needle, a handkerchief, and tablets. Chapter Ivi. rules that 
the abbot is to take his meals with the guests and strangers, with 
the privilege, if guests bo few, of inviting any of the brethren he 
chooses, so long as some seniors are left in charge. Chapter Ivii. 
prescribes that craftsmen amongst the brethren arc to work with the 
abbot’s permission, and if their work is to be for s.ale, those who are 
entnistcd with making the b.argains are to deal honestly with pur- 
chasers, and to sell rather below the current trade price. Chapter 
Iviii. lays down the rules for the admission of new merhbers. It is 
not to bo made too ca.sy. Tlie postulant is to be allowed to knock 
for entrance in vain for four or five days, then to be brought into 
the guest-room for a few daj’s more, and so be transferred to the 
noi-ice-house, where he is to remain under the charge of a senior 
monk for two months. If he persevere at the end of this time, the 
rule is to be read over to him, and the option of departing or remain- 
ing is to bo olfered. If he persevere, he is returned to the novice- 
house for six months’ further probation, after which the nilc is again 
read to him as before, and yet a third time after a further term of 
four months. Not till ho has surmounted this final ordeal can he 
be admitted into the community, and before that is done he must 
divest himself of his proportj’, cither giving it to tlio poor, or mak- 
ing a deed of gift to the monastery, 'fhen he is allowed to sign the 
act of profe-ssion, including the vow of stability, which he is to lay 
with his own hand on the altar. Chapter lix. provides for the 
dedication of young children, noble or poor, by their parents to the 
monastic life, and requires a promise from the latter never to endow 
the oblate m’th any property, directly or in tnist, though they 
m.ay give to the monastery if they please and reserve the life-income 
to themselves. Chapter lx. regulates the po.sition of priests who 
desire to live in the monastery. They arc to enjoy no rela.vations 
or priority in virtue of their ecclesiastical rank, though the abbot 
- may a.s.sign clerical functions to them ; and a somewhat like nile is 
laid down for clerks in minor orders. Chapter Lxi. provides for the 
reception of strange monks as miests, and for their admission if desir- 
ing to join the community. The alsbot is enjoined to listen to any 
criticisms such a guest may offer, and is ciupoworod to give him, if 
accepted as anew member, higher standing than that of Ins entrance, 
but is forbidden so to admit a monk of any known monastery 'with- 
out the consent or letters commendatory of its abbot. Chapter Ixii. 
niles that the abbot may choose a monk for ordination as priest or 
deacon ; but the ordineo is to rank in the house from the date of his 
admission, except when officiating, or if the community and the 
abbot single him out for promotion by merit. If he misbehave, he 
is to be reported to the bishop, and if continuing to misconduct 
himself, shall be expelled, — only, however, in case of obstinate dis- 
obedience to the rule. Chapter Ixiii. lays down rules for the gradation 
of rank in the community, and warns the abbot against arbitrary 
government. Chapter Ixiv. allows the abbot to be chosen either by 
the common consent of the whole community, or by a select electoral 
committee ; and the lowest in standing may be chosen, if fit. In 
the event of a bad choice, the bishop of the diocese, the neighbqur- 
ing abbots, or even the neighbouring laity, if ha'ving reason to think 
the election made for the purpose of keeping up abuses, may annul 
it and appoint another superior. Chapter Ixv. speaks of the mis- 
chief occasioned in many monasteries by the rivalrj' of the provo.st 
or prior with the abbot, and admses that no such officer be appointed ; 
yet, if the circumstances of the place need one, the abbot may name 
a brother to the post, but he is to be as entirely subject to the abbot 
as any other monk, and may be admonished, deposed, or expelled 
for misconduct. Chapter Ixri. directs the appointment of a porter 
to answer at the gate, and further recommends that eveiy house 
shall have its own well, mill, garden, bakerjq and handicraftsmen, 
to avoid the need of intercourse with the outer world. Chapter Ixvii. 
directs that uo monk shall quit the cloister irithout leave of the 
abbot, and that, on the return of any' from a journeys, they' arc to be" 
the prayers of the community for any' faulte they' have committed 
during their absence, and are forbidden to .speak of what they have 
heard or seen outside. Chapter Ixviii. bids a monk who has received 
a hard or impossible command to undertake it patiently and obedi- 
ently. If lie find it bey'ond his powers, he may' mention the c.ausc 
quietly to his superior ; and, if the command is still persisted in, he 
must obey as best ho'c.an. Chapter Ixix. forbids monks to uphold 
or defend one another in the monastery', even their nearest of kin. 
Chapter Ixx. forbids striking or cxcommunic.ating another, without 
the abbot’s authority, and ju ovidcs that children, until fifteen, .shall 


be subject to discipline from all the mrmVs • ^ i 

PWe 7 “ ■ 1 Idmself punishable b/rnle 

Chapter Ixxi. lays don n that the pnnciple of obedience is to prevail 
throughout the comm„„ity, not only towards the abbot, ^or h 
o.hcers, but from the juniors towards their seniors. Chapter Ixx i 
li lo jeal ; and chapter l.xxiii. a note to the elTect 

that the Benedictine rule is not offered as an ideal of perfection or 
even as ^ual to the teachings of Cassian and Basil, but for mere ’be- 
ginners 111 the spiritual life, who m.ay thence proceed further. 

-It has been necessary to make this detailed analysis of 
the rule, because no mere snmmary of its general scope 
conveys an adequate notion of it ; and it plays so import- 
ant a part in the history of Eurojiean civilization that it 
is expedient to obtain a clear idea of its details as well as 
of its main outlines. The first peculiarity in it meriting 
attention is the absence of any severe austerities. Plain 
and bare as the food and lodging appear if tested by 
modern notions, yet it is to be remembered that what is 
called “ comfort " is a wholly recent idea, and even still 
scarcely familiar, it may almost be said, out of Great 
Britain and its colonies. The scale of living a])pointed by 
the rule secures a greater abundance of the necessaries of 
life, not only than was at all common amongst the Italian 
poor of tlie Gth century, but thhn is to be found amongst 
the humbler peasantry of any European country at the 
present day ; while even the excluded superfluities entered 
but little into the habits of any save the very wealthy. 

Next, high thinking — the highest thought of the time— 
was united with this plain living, as the considerable stre.ss 
laid upon reading attests. To this part of the code is due 
the great service performed by the Benedictines, both in 
the erection of schools, and in the preservation of almost 
all the remains of ancient Latin literature which liave 
come down to us. It made it not only possible but easy 
for them to become a learned order, and it is a very 
imperfect estimate of the stride forward in this provision 
which Milman makes, when he views the injunctions as to 
reading in the mere light of expedients to fill up time 
somehow. If it were so, the hours for reading would 
have been fewer, shorter, and more occasional, merely 
rounding off the intervals between times of labour ; but they 
are just as prominent and nearly as long as these. It is 
true that Benedict, whose own education had been abruptly 
broken off by his early retreat from Borne, did not speci- 
fically enjoin the pursuit of learning on his monks; but 
they borrowed the idea at once from his contemporarj , 
the celebrated Cassiodorus, the real founder of monastic 
learning, of wliich his mona.stery of Viviers in Bruttium 
is the first known school. But the most valuable feature 
of the nile is the position of dignity which it assigns to 
work. It is scarcely possible to realize at the present day 
the dishonour into which toil of all kinds had sunk in the 
days of Benedict. Not only had the institution of slavery 
den-aded many kinds of occupation, but the gradual 
di^ppearance from Italy of the yeoman class ruined and 
exiled by the concentration of gi-eat estates (lattpindia), 
or .slain in the ceaseless battles of competitors for empire 
or of barbarian invaders, left few save serfs and bondsmen . 
to till the soil, while the military habits of the invading 
tribes led them to contemn any life except th^it of a 
warrior. It is the special glorj' of Benedict that he 
taimht the men of his day that work, sanctified by prayer, 
is the best thing which man can do, and the lesson has 
npver 1)6611 wliolly lost sight of sinc 6 , ^ c 

The new institute spread ^^'ith In- 

ranidity than the earlier monacliism which it piactnaUj _ 
sunplaiffed in the West, and its historj- thenceforward 

with one important exception, that j.;,,,, ti^conUr. 

life for some centuries. Moreover, besides m o 
dose of the first or tentative era of monachism, when al 
kinds of crude essays and experiment were^em, i . 
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-merely over his monks, as in other rules, but over bishops 
■also, -whose office was simply that of ordaining such as 
were to be promoted to lioly orders ; ^ they had no 
territorial jurisdiction as rulers, because the monaster}-, 
not the diocese, was the primary local unit in Celtic Chris- 
tianity, and thus a great founder or abbot was of more 
account and power than a bishop. Another famous pupil 
•of Irish monachism, Columbanus, trained at Benchor along 
nitli his companion Callus, exercised a powerful influence 
■on the religious life of his time (543-615), not only 
as the founder of important monasteries at Luxeuii, 
Fontenay, and Bobbio, and as scholar and missionary, but 
also as the author of a rule, more severe both in its pro- 
visions and in its penalties than the Benedictine, with 
■svhich it disputed for a considerable time the first place, 
and which it might very probably have displaced, had not 
the Benedictine institute, as of Italian origin, found that 
favour at Rome which a Celtic code, bearing more than 
■one trace of divergence from Latin usages, could scarcely 
•expect. lYitli the mention of another prominent name in 
the list of distinguished Celtic reformers and mission- 
.arie.s, that of Fursej’-, abbot of Lagny near Paris (c. 650), 
we close this sketch of the Celtic movement in the 6th 
•and 7th centuries, merely adding that its extent and 
influence may be 2 Jartly estimated from the niunber of 
monasteries founded in England and various parts of the 
Continent by Irish monks, and the list of Celtic saints 
recoverable from the different mart 3 -rologies and similar 
records. The former amount to more than one hundred ; 
the latter to nearly three hundred. 

Returning to the Benedictines, the most important event 
in their history after the consolidation of their institute 
was the favour they received from Gregory the Great, 
himself once a monk, who set himself to reform monastic 
•discipline, then at a very low ebb save where the new 
foundation was at work. He enacted several regulations 
for the better government of monasteries, such as pro- 
hibiting the admission of any persons under eighteen, 
exacting two years’ novitiate, enforcing inclosure, visiting 
relinquishment of monachism with imprisonment for life, 
and finally, in the Lateran synod of 601, exemjrting 
monasteries in all cases from the jurisdiction of bishops (a 
measure due, it appears, to episcopal misconduct and 
oppression rather than to monastic ambition), thereby 
aboli.shing the measure of control which the eighth canon 
of Chalcedon and the legislation of Justinian I. in 535 
had left in the hands of the diocesan, and leaving only 
the still surviving check, that the bislioji’s consent was 
required for the erection of any new monastery. The 
mission of the monk Augustine to England in 596 was, 
however, destined to 2 )roduce more immediate and for- 
tunate results than this piece of legislation. It brought 
Latin monachism into a jjart of Britain whence Welsh 
monachism had been long extirpated, and though little 
•success attended the original foundation at Canterbury, 
yet two other houses were destined to be the cradles of 
great things. Jarrow-on-Tyne, founded by Benedict Biscop, 
trained the illustrious Bede, to whom is due the monastic 
school of York, which in its turn sent out Alenin to recon- 
•stituto European learning under the • fostering hand of 
Charlemagnoj Nutcell in Hamiwhire reared Boniface to be 
the apostle of GcrinaTiy, and founder of one of the mo.st 
celebrated and 2 Jowerful monasteries of the ^liddle Age.-', 
that of Fulda. Neverthelcs.s, decline set in very soon. 


* So Bede tc'lls 11*1: *‘niibere auteiu sold insula rectorcin 
■semper abbatem presbyterum, cujus juri ct omui*^ provincia ct ipM 
clintM cpiscopi, online inusitato, debcant esse subject!, juxta eiemplum 
jiriini doctoris illius, qui non cpi.scopus sed presbyter extitit ct inona* 
duis” (Iftst. J^rcL, iii. 4 ); tbougb, after all, tlie principle 1*^ precisely 
-that of the Beuedicline rule as applied to priests. 


and the 8th conlnry was a time of deterioration mno,,,-.. 
both the seculars and the rcgulans. To amend the fornn r 
Chrodegang bishop of Metz, institntod in 7G0 an onh ^ 
of Canons Regular, living by a nilc carefully ba-ed on ami 
ada 2 .ted from the Benedictine, with the bishoi. a.s .alhot 
the archdeacon as 2)rior, and with a general likeness in all 
the details of community life, cxccid that there w.is nt. 
obligation to^ 2 ’ 0 '’‘^ffy 7 ‘"tnd the canons were allowed to 
enjoy any 2)rivate projierty and .such fees n.s they might 
receive for the pcrfoniiaiico of religions rites. Thi'- nilc 
became extremely 2 > 02 )n]ar, was sanctioned by the coun- 
cil of Aix-la-Clia 2 )clle in 816, and was adnjited in nui^t 
cathedrals of France, Germany, and Italy within fifty 
years after, besides making .some way in England nbo. 
It 2 )rcvailed till the institute of the Austin (’anons was 
substituted for it. And, as regards the laxity ainong-t 
regulars at this time, there is extant a verv- interc-'ting 
letter from Bede addressed to Ecgbcrht, archbishop of 
York, calling his attention to the c.xce.-sive imiiiber of 
monasteries in northern England which were condnetod 
without a rule, and were often merely fictitious institutions, 
founded by laymen with the object of obtaining cliarti-r-. 
of privilege which would e.vemjit them from civil and 
militar}’ burdens, — siicli laymen then as.suiiiing, wiilioul 
warrant, the title and jiowcrs of abbots, and filling their 
liou-ses either with monks exjjelled from tlicirown .societies, 
or with lay retainers induced to receive tlic Innsiire nin! 
2 )romise obedience. Bede calls on the archbisho]) to con- 
vene a synod and institute a visitation for the correction 
of these abuses. The cause of the decline of the monnsteri"- 
is to be sought in their po]>ulnrity, which brought them 
great estates and other kinds of wealth, leading to the 
relaxation of the vow of 2 mverty, which wa.s interpreted 
as merely forbidding individual j)roj)orty; in the growth 
of phiralitics ; and in yet another cause which nt fir.st doo 
i\ot seem to lead in the same direction— the growing 
custom of ordaining monks, hitherto laymen, to fit them 
better for missionarj' work. But this led, not only to 
much more intercour.se with the .society of a J.ax and 
turbulent age than suited vnth claiistral rules, l)nt to 
ambition, .as it became customary to fill .several .sees wiili 
monks from certain nbbey.s. The declension, not.ably in 
the habits of the sn 2 )eriors of we.althy houses, had become 
very marked, -vvlien a reformer arose in the )>er.'on of a 
second Benedict, of Anianc in the modern dei)artnicnt of 
the Herault (750-821), who, in gratitude for an csr:q)c 
from dro-w’ning in the Ticino in 77-], ado 2 >tcd the mon- 
astic life, and changed his name Witira to that of tiie 
great Nnrsian monk. But lie accounted the Benedieliiif 
rule too ca.sy, and adopted instead the sevcre.st prar!ict,s 
of Eastern monachism. He quitted the Iionsc of .''Yinc, 
where he liad been profes.s-ed, and betook himself witli a 
con 2 )le of companions to Anianc, wltere by 7.'^2 lie Ji.nd 
built a nion.aster}^ for a thoii.sand monks, witii dcjicnd- 
ent cells, and collected a considerable librar}’, paying 
.special attention to the ac( 2 uisition of tlic^ niK-s of tin- 
difierent monastic bodies both of East and M’l-t. lb- was 
transferred liy his wann jiatron, the cniiieror I.oui- tli- 
Pious, to an abbey built for him near Aix-ln-t’lirq- lle. 
whence he acted as in .some .scns-c a .sni>erior-gtncral and 
in.spector of all the Benedictine lion=c.s. and dreic up a 
harmonv of all the rules he had colii'cteil to aid Iiim m 
the task of reform. Y'hat he actually cffis^tcd v.-.H tl.- 
practical abolition of most of the competing c-'!''-, « > a* 
to leave the Benedictine in nearly -sole jw-'C-sKC!, 
procure the enactment of a I.irgc Ixvlv o. 
council of Aix-la-Chapclle before mcntiomd, win 
down detailed {irovLioiis for the govomim nt of nm.n-' 
whose verv minuteness nmde them soxatiou 
mately intolerable, so that the n-fortn Ir.-t-d s.ra 
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-merely over his monks, as in other rules, but over bishops 
■also, whose office was simply that of ordaining such as 
were to be promoted to lioly orders ; ^ they had no 
territorial jurisdiction as rulers, because tlie monastery, 
not the diocese, was the primary local unit in Celtic Chris- 
tianity, and thus a great founder or abbot was of more 
account and power than a bishop. Another famous pupil 
•of Irish monachism, Columbanus, trained at Benchor aloii" 
wtli his companion Callus, exercised a powerful influence 
■on the religious life of his time (543-615), not only 
as the founder of important monasteries at Luxcuii, 
Fontenay, and Bobbin, and as scholar and missionary, but 
also as the author of a rule, more severe both in its pro- 
visions and in its penalties than the Benedictine, with 
which it disputed for a considerable time the first place, 
and which it might very probably have displaced, had not 
the Benedictine institute, as of Italian origin, found that 
favour at Rome which a Celtic code, bearing more than 
■one trace of divergence from Latin usages, could scarcely 
•expect. lYitli the mention of another prominent name in 
the list of distinguished Celtic reformers and mission- 
.arie.s, that of Furse}’’, abbot of Lagny near Paris (c. 650), 
we close this sketch of the Celtic movement in the 6th 
•and 7th centuries, merely adding that its extent and 
influence may be 2 Jartly estimated from the niunber of 
monasteries founded in England and various parts of the 
Continent by Irish monks, and the list of Celtic saints 
recoverable from the different martj-rologies and similar 
records. The former amount to more than one hundred ; 
•the latter to nearly three hundred. 

Returning to the Benedictines, the most important event 
in their history after the consolidation of their institute 
was the favour they received from Gregory the Great, 
himself once a monk, who set himself to reform monastic 
•discipline, then at a very low ebb save where the new 
foundation was at work. He enacted several regulations 
for the better government of monasteries, such as pro- 
hibiting the admission of any persons under eighteen, 
exacting two years’ novitiate, enforcing inclosure, visiting 
relinquishment of monachism with iinprisonment for life, 
and finally, in the Lateran synod of 601, exemjrting 
monasteries in all cases from the jurisdiction of bishops (a 
measure due, it appears, to episcopal misconduct and 
02 )pression rather than to monastic ambition), thereby 
aboli.shing the measure of control which the eighth canon 
of Chalcedon and the legislation of Justinian I. in 535 
had left in the hands of the diocesan, and leaving only 
the still surviving check, that the bishop’s consent was 
required for the erection of any new monastery. The 
mission of the monk Augustine to England in 596 was, 
however, destined to produce more immediate and for- 
tunate results than this piece of legislation. It brought 
Latin monachism into a 25art of Britain whence Welsh 
monachism had been long extirpated, and though little 
•success attended the original foundation at Canterbury, 
yet two other houses were destined to be the cradles of 
great things. Jarrow-on-Tyne, founded by Benedict Biscoj*, 
trained the illustrious Bede, to whom is due the monastic 
school of York, which in its turn sent out Alcuin to recon- 
•stituto Euro 2 )ean learning under the • fostering hand of 
Charlemagnej Nutcell in Ham 2 >.shire reared Boniface to be 
the apostle of GcrmaTiy, and founder of one of the most 
celebrated and 2 Jowerful monasteries of the Middle Age.-*, 
that of Fvdda. Nevertheless, decline set in very soon, 


’ So Bede tolls as: “ Ilabere aateai sold ipsa insala rectorein 
■Rcmper aliBateiu prcsbytcruni, cajus juri ct omais proviacia ct ipsi 
di.itn cpiscopi, online inasitato, debeant esse sabjecti, jaxta excroplum 
])riiiii doctoris illius, qai non c])iscopas .sod presbyter extitit ct inyiia- 
elais ” (//ts/. Ercl., iii. 4) ; tboagb, after all, tlie principle is precisely 
dliat of the Beucdictiae rale as applied to priests. 


and the 8th century was a time of dctcriorafma anmn,-. 
both the seen ars and the regulars. To amciul the forna r 
Chrodegang, bishop of Metz, instituted in 7G0 an onb ; 
of Canons Regular, living by a nilc carefully ba-ed on and 
adapted from the Benedictine, with the bishop a.s .abbot 
the archdeacon a.s 2 )nor, and with a general likeness in all 
the details of community life, cxcc 2 )t that there w.is no 
obligation to 2 >overty, and the canons were allowed to 
enjoy any 2)nvate proiierty and such fees ns they might 
receive for the pcrfoniianco of religions rites. This rule 
became extremely 2 > 02 )u]ar, was sanctioned by the coun- 
cil of Aix-la-Chapelle in 816, and was adojitcd in most 
cathedrals of France, Germany, and Italy within fifty 
years after, besides making .some way in England nbo. 
It 2 )rGvailcd till the institute of the Austin Canons was 
substituted for it. And, as regards the laxity amongst 
regulars at this time, there is extant a vciu- interesting 
letter from Bede addre.ssed to Ecgbcrht, arclibishoti of 
York, calling hi.? attention to the c.vee.'sive nnnther of 
monasteries in northern England which were conducted 
without a rule, and were often merely fictitious institutions, 
founded by la5'nien with the object of obtaining chartiTs 
of privilege which would exemiit them from civil and 
military burden.s, — such laymen then as.suiiiing, u-illiout 
warrant, the title and jmwers of abhot.s, and filling their 
houses either with monks cxjielled from their own .societie-, 
or with lay retainers induced to receive the lonsiiru am! 
2 )romise obedience. Bede calls on the archbisho]) to con- 
vene a synod and institute a visitation for the correction 
of these abuses. The cause of the decline of the inonnsteri''- 
is to be sought in their pojmlarity, which brought them 
great estates and other kinds of wealth, leading to the 
relaxation of the vow of 2 iovcrty, which was interpreted 
as merely forbidding individual pro])orty ; in the growth 
of pluralities ; and in yet another cause whicli at fir.st doo 
not seem to lead in the same direction— the growing 
custom of ordaining monks, hitherto laymen, to fit them 
better for missionarj' work. But this led, not only to 
much more intercour.se with tlie .society of a lav and 
turbulent age than suited with clau.''tral rules, but to 
ambition, ns it became customarj- to fill .‘•evcral .‘-ces wiili 
monks from certain abbeys. The declension, notably in 
the habits of the siqieriors of wealthy hou'-C'', had become 
very marked, when a reformer arose in the j'er.-nn of a 
second Benedict, of Anianc in the modern deiiartmcnt of 
the Herault (750-821), who, in gratitude for an cscaiic 
from drowning in the Ticino in 77-], ado 2 )tcd the mon- 
astic life, and changed his name Witiza to that of the 
great Nursian monk. But he accounted the Bencdicliiif 
rule too ca,sy, and adopted instead the sevcrc-sf practict,-. 
of Eastern monachism. He quitted the home of 8'cinc, 
where he had been profes.'-'ed, and betook hinnclf with a 
coiqde of conqianions to Aniane, where by 782 lie h.nd 
built a monasterj" for a thoii.Rand monk.c, with dcjtcnd- 
ent cells, and collected a considerable librar)-. paying 
.special attention to the ac( 2 ui.sition of thc^ ruK.' of tin- 
diflerent monastic bodies both of East and Mc- t. lb- wn-. 
transferred by his wann jiatron, the cmiicror I.mii-. th- 
Bions, to an abbey built for him near Aix-ln-t’hrq- lb'. 
whence he acted as in .some .sense a .sui.erior-gtncr.d and 
inspector of all the Benedictine hon=c.s. and du-w up a 
harmonv of all the rules he had colk-ct..<l to aid him m 
the ta.sk of reform. Mhat he actually cfT.-^tcd v.-.H tl.- 
practical abolition of most of the competing c-de-, « > a* 


to Ic-ave the Benedictine in nearly -sole j)0“e-'KC!, 
procure the enactment of a l.irgc Ixdy of ennon- 
council of Aix-Ia-Chapclle before mcntmn.d, win 
down detailed {irovLioiis for the govomim nt of mmne 
whose verv minutene.ss made them xoiatiou 
matcly intolerable, so that the nlorm Ir.^'od 
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community, established by Bruno at the Cliartreuse, near 1 
Grenoble, in lOS-1, which still boasts that it is the only I 
order which has never been reformed on the ground of 
deviation from its original institute ; and the Order of 
ifontevraud, founded for both monks and nuns (more 
strictly, canons and canonesses) by Robert of Arbrissel in 
1100. Regarding the last named two remarkable facts 
may be cited: that the founder in 1115 entrusted the 
superior-generalship of the whole institute to the abbess 
of the nuns ; and that he provided that new' abbesses 
should always be elected from secular women, as having 
more practical knowledge of affairs and capacity for ad- 
ministration than women trained in a cloister. There is 
yet one order more belonging to this period of new 
foundations, of higher note than most — that of the Cister- 
cians, founded by Robert of ilole.sme in 1098 at Citeaux, 
near Dijon. This society, chiefly famous as that to which 
Bernard of Clairvaux belonged, carried its asceticisin into 
a region whence the other i7ionastic bodies had bani.shcd 
it, that of Divine service. The barest simplicity in build- 
ings, chiu'ch furniture, aiid worship was enjoined by the 
rule ; plain linen or fustian vestments, iron chandeliers, 
brass or iron censers, no plate save a chalice and a tube 
(and those of silver rather than of gold), no pictures, stained 
glass, or images, and only a few crosses of painted wood, 
and the most rigid simplicity in chaiiting, — such was the 
ceremonial code with which they challenged the costly ritual 
of Ginn)'. A more durable innovation was the institution 
of “ General Chapters,” to which every abbot of a Cistercian 
house had a right to be summoned to .share in the delibera- 
tions held at the chief establishment, and which he was 
even bound to attend, that, while each dependent house 
thus obtained a representation in the parliament of the 
order, it could be crdlcd on to render to the central authority 
an account of its own doings. The Austin Canons, already 
mentioned, were probably founded at Avignon about lOCl, 
and the Order of Premontre by Norbert in 1120. This 
society was simply a .stricter body of Austin Canon.s, stand- 
ing towards them much as Cluny did to the Benedictines. 
But there are yet two other institutes of this active period 
which differ from all previous foundations. So far, the new 
orders arc merely modifications, more or less sweeping, of 
, the original Egjijtian .system, but the cru.sades gave birth to 
two entirely unprecedented forms of monacliLsm : — the Jlili- 
tary Orders, of which the most celebrated are the Templans, 
the Hospitaller.*;, and the Teutonic Knights ; and convents 
of women, affiliated to these orders, rvlio were appointed to 
serve in tlie lazar-house.s, ho.spital.s, and similar in.stitutions 
attached to them, and whose rule, for the fir.st time in 
monastic historj', was drawn up on a di.stiuctly active and 
not a contemplative basis. "Work of the sort had been done 
long before, but ozily as a casual accident, not as the primary 
object of a community. 

ilitary The military orders arose in a more accidental fashion 

tew. other variety of monachism, being due to the 

desire felt to lessen the perils which attended pilgrimage 
to Jeru-salem, then almost as much j)art of the religious 
craving of Christendom as the hajj to ifecca is with devout 
iloslems. The Templars were at fir.st designed only as an 
armed escort to protect the visitors from attack, and the 
idea of {rermanent guardianship of the Holy Places did not 
.shape itself till later; while the Ho.spitallers (afterwards 
famous as Knights of Rhodes and of !Malta, as the main 
bulwark of Christendom against the Turks, and as main- 
taining the police of ihe ilediterrancan against all pirates 
and rovers), borrowed the first idea of their institute from 
the knightly order of St Anthony of Yienne, founded in 
Dauphin 6 about 109.5, and devoted themselves originally to 
tending sick pilgrims at .Jerusalem. The Teutonic IGiights 
date from the third cni.«ade, and owe their foundation to 


the sufferings of the duke of Swabia’s army at the sie*'e 
of Acre, as it would seem that the Hospitallers were either 
unable or ununlhng to supply the needed assistance. These 
knights, when at last the Eastern crusades were abandoned 
turned their arms against the heathen of Prussia which 
they conquered, as also Livonia, Courland, and Pomerania 
besides keeping the Slavonic enemies of Germany in check 
by frequent raids into Lithuania and Poland, holding their 
ground as a sovereign order for three centuries, till the 
Reformation brought about their fall. The common char- 
acteristic of all these orders was the union of the seemingly 
incompatible qualities of the monk and the soldier in the 
same persons, of the convent and the barrack in the same 
house. But the contrast was not so sharp to mediajval 
eyes as it would be to modern ones ; for while knighthood 
was surrounded with religious ceremonies and sanctions on 
the one hand, and on the other the feudal rank of bishops 
and abbots made them in some sense military chiefs, occa- 
sionally even taking the field in person, there was no great 
difficulty in accepting the permanent combination of what 
was often found casually united. The military orders passed 
away when their work was ended: the Templars, as the 
victims of a great crime, closed by a ghastly tragedy ; the 
Hospitaller.s, and tho.se Spanish and Portuguese orders which 
were enrolled as regiments against the Arab invaders of the 
Peninsula, though titularly still existing, yet really ceased 
to be more than a name when the Sloslem power in Europe 
was finally broken. But the active organization of women 
was a more fruitful germ, and has never since ceased to 
put forth new developments, varying uith the noticed wants 
of each period. To this epoch belongs also the beginning 
of that policy of the Roman see of utilizing the monastic 
orders, won over by special privileges and exemptions, as a 
body of supporters — almost a militia — more to be relied on 
than the secular clergy, and thereby the seed of conflict 
between seculars and regulars, destined to work much evil 
later, was sown, and also the beginning made of that dena- 
tionalization of monachism which tended from the first to 
its unpopularity and decay. 

It was found that a new order was the best safety-valve 
for cnthusia.sm which might become dangerous if dis- 
comaged, but which could be made a valuable ally if 
allowed to take shape in a fresh society, hoping to surpass 
all its precursors ; and it is worth remarking that the one 
occasion when this wise policy was departed from, when 
Peter Waldo vainly sought in 1 1 7 9 recognition and sanction 
from Pope Alexander HI. for his proposed institute of 
mission preachers, gave rise to a sect (the Waldenses) 
which is still existing, and which has given trouble to the 
Roman Church quite disproportionate to its numbers and 
influence. The Carmelites, founded by Berthold of Calabria 
on Mount Carmel about 1180, and incorporated under nile 
by Albert, Latin patriarch of .Jerusalem in 1209, were the 
last order of importance which sprang up at this time; for 
the Gilbertines, an English order founded at Sempringham 
in Lincolnshire in 1148, curious chiefly for their douHe 
monasteries for men and women; the Regimes, c. 11(0 
fwho are, however, notable for their semi-secular and 
parochial organization, whence many_ later active bodies 
have borrowed hints); the Humihati, c. 

Trinitarians, for the ransom i vi-; I 

and Saracens, founded by John de Matha and Te ix d 
Valois in 1197, never rose to gi'cat influence f popuJarit}, 
though the Servites, an order of the year 1-.-.3, 
nS-ful in Italy. Tliis period of rapid multiplication 
was quickly followed by one of equally rapid decay, 
the first to show clear tokens of degcneraiiy being e on 
SSd Cistercians, who never recovered their f ^ 

inn and who, it may be mentioned, were accountable fo 
S of S hatred of the Church of the Pale in Ireland 
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community, established by Bruno at the Cliartreuse, near 
Grenoble, in 1 OS-1, which still boasts that it is the only 
order which has never been reformed on the ground of 
deviation from its original institute; and the Order of 
ifontevraud, founded for both monks and nuns (more 
strictly, canons and canonesses) by Robert of Arbrissel in 
1100. Regarding the last named two remarkable facts 
may be cited; that the founder in 1115 entrusted the 
superior-generalship of the whole institute to the abbess 
of the nuns ; and that he provided that new abbesses 
should always be elected from secular women, as having 
more practical knowledge of aflairs and capacity for ad- 
ministration than women trained in a cloister. There is 
yet one order more belonging to this period of new 
foundations, of higher note than most — that of the Cister- 
cians, founded by Robert of ilole.sme in 1098 at Citeaux, 
near Dijon. This society, chiefly famous as that to which 
Bernard of Clairvaiuv belonged, carried its asceticisin into 
a region whence the other i7ionastic bodies had bani.shcd 
it, that of Divine service. The barest simplicity in build- 
ings, chiu'ch furniture, aiid worship was enjoined by the ! 
rule ; plain linen or fustian vestments, iron chandeliers, 
brass or iron censers, no plate save a chalice and a tube 
(and those of silver rather than of gold), no pictures, stained 
glass, or images, and only a few crosses of painted wood, 
and the most rigid simplicity in chaiiting, — such was the 
ceremonial code with which they challenged the costly ritual 
of Ginn)'. A more durable innovation was the institution 
of “ General Chapters,” to which every abbot of a Cistercian 
house had a right to be summoned to .share in the delibera- 
tions held at the chief establishment, and which he was 
even bound to attend, that, while each dependent house 
thu.s obtained a re|)rosentation in the parliament of the 
order, it could be called on to render to the central authority 
an account of its own doings. The Austin Canons, already 
mentioned, were probably founded at Avignon about lOCl, 
and the Order of Premontre by Norbert in 1120. This 
society was simply a .stricter body of Austin Canon.s, stand- 
ing towards them much as Cluny did to the Benedictines. 
But there arc yet two other institutes of this active period 
which differ from all previous foundations. So far, the new 
orders are merely modifications, more or less sweeping, of 
, the original Egjirtian .system, but the cni.sades gave birth to 
two entirely unprecedented forms of monacliLsm — the Jlili- 
tary Orders, of which the most celebrated are the Templans, 
the Hospitaller.*;, and the Teutonic Knights ; and convents 
of women, affiliated to these orders, rvho were appointed to 
serve in tire lazar-lrouse.s, ho.spital.s, and similar in.stitutions 
attached to them, and whose rule, for the first time in 
monastic historj', was drawn up on a distinctly active and 
not a contemplative basis. "Work of the sort had been done 
long before, but only a.s a casual accident, not as the primary 
object of a community. 

Militar>' The military orders arose in a more accidental fashion 

orilew. than any other variety of monachism, being due to the 
desire felt to lessen the perils which attended pilgriniage 
to Jerusalem, then almost as much jrart of the religious 
craving of Christendom as the hajj to itecca is with devout 
ilo.slems. The Templars were at first designed only as an 
armed escort to protect the visitors from attack, and the 
idea of {rermanent guardianship of the Holy Places did not 
.shape itself till later; while the Ho.spitallers (afterwards 
famous as Knights of Rhodes and of !Malta, as the main 
bulwark of Christendom against the Turks, and as main- 
taining the police of ihe Mediterranean against all pirates 
and rovers), borrowed the first idea of their institute from 
the knightly order of St Anthony of Vienne, founded in 
Dauphin 6 about 1095, and devoted themselves originally to 
tending sick irilgrims at .Jerusalem. The Teutonic ICnights 
date from the third cru.«ade, and owe their foundation to 


the sufferings of the duke of Swabia’s army at the sie-e 
o Acre, as it would seem that the Hospitallers were either 
unable or immlhng to supply the needed assistance. These 
knights, when at last the Eastern crusades were abandoned 
turned their arms against the heathen of Prussia which 
they conquered, as also Livonia, Courland, and Por^erania 
besides keeping the Slavonic enemies of Germany in check 
by frequent raids into Lithuania and Poland, holding their 
ground as a sovereign order for three centuries, till the 
Reformation brought about their fall. The cominon char- 
acteristic of all these orders was the union of the seemingly 
incompatible qualities of the monk and the soldier in the 
same persons, of the convent and the barrack in the same 
house. But the contrast was not so sharp to medieval 
eyes as it would be to modern ones ; for while knighthood 
was surrounded with religious ceremonies and sanctions on 
the one hand, and on the other the feudal rank of bishops 
and abbots made them in some sense military chiefs, occa- 
sionally even taking the field in person, there was no great 
difficulty in accepting the permanent combination of what 
was often found casually united. The military orders passed 
away when their work was ended: the Templars, as the 
victims of a great crime, closed by a ghastly tragedy ; the 
Hospitallers, and those Spanish and Portuguese orders which 
were enrolled as regiments against the Arab invaders of the 
Peninsula, though titularly still existing, yet really ceased 
to be more than a name when the Moslem power in Europe 
was finally broken. But the active organization of women 
was a more fruitful germ, and has never since ceased to 
put forth new developments, varying vith the noticed wants 
of each period. To this epoch belongs also the beginning 
of that policy of the Roman see of utilizing the monastic 
orders, won over by special privileges and exemptions, as a 
body of supporters — almost a militia — more to be relied on 
than the secular clergy, and thereby the seed of conflict 
between seculars and regulars, destined to work much evil 
later, was sown, and also the beginning made of that dena- 
tionalization of monachism which tended from the first to 
its unpopularity and decay. 

It was found that a new order was the best safety-valve 
for enthusia.sm which might become dangerous if dis- 
couraged, but which could be made a valuable ally if 
allowed to take shape in a fresh society, hoping to surpass 
all its precursors ; and it is worth remarking that the one 
occasion when this wise policy was departed from, vhen 
Peter Waldo vainly sought in 1 1 79 recognition and sanction 
from Pope Alexander HI. for his proposed institute of 
mission preachers, gave rise to a sect (the Waldenses) 
which is still existing, and which has given trouble to the 
Romari Church quite disproportionate to its numbers and 
influence. The Carmelites, founded by Berthold of Calabria 
on Mount Carmel about 1180, and incorporated under rule 
by Albert, Latin patriarch of Jerusalem m 1209, were the 
last order of importance which sprang up at this tune; for 
the Gilbertines, an English order founded at Sempriiigham 
in Lincolnshire in 1148, curious chiefly for their douHe 
monasteries for men and women; the Regimes, c. IDO 
fwho are, however, notable for their semi-secular and 
parochial organization, whence "’.f J 
have borrowed hints); the Humihati, c. i 

Trinitarians, for the ransom de 

and Saracens, founded by John de Matha and Fe x do 
Valois in 1197, never rose to {P'eat mfluence ^ popular, 
though the Servites, an order of the year 12-4, became 
nowel-ful in Italy. Tliis period of rapid multiphcation 
was quickly followed by one of equally rapid deray, 
the fi?st to show clear tokens of degeneracy being the once 
rigid CiBte™..s,.Uo 
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a remarkable and M'idesjiread religious revival, a dead-lift 
to ministerial elBciency in every direction, repaid their 
early labours, while they had bet\yeen them almost a 
monopoly of the popedom for nearly two hundred years. 
And one peculiarity of their organization gave them a 
degree of strength which no other orders possessed. Each 
monastery of the older societies was practically isolated 
and independent of all others, unless it were itself a 
dependent priory or cell belonging to a greater house. 
Some societies had, it is true, general chapters, but these 
were rare, and at best only effectual in establisliing a 
certain uniformity of practice in all houses of the same 
'rule. But the Friars, like the Templars and Hospitallers of 
an .earlier day, and like the Jesuits of a later one, were 
enrolled in something of military fashion, under a superior- 
general, with wide powers, who directed and controlled 
their actions from one central point. Every group of 
neighbouring friaries was formed into a congregation, 
under a local head or provincial, and he was always in 
direct communication ■with the general, so that a common 
government united the whole body into a compact mass. 
But their very success was fatal to their character. The 
vow of poverty was the first part of their institute to 
break do’um. Even before they began to be counted 
amongst the richest orders of Christendom, there is 
indisputable evidence — that of Bonaventura, himself 
general of the Franciscans — that the mendicant sy.stem 
was working nothing but mischief. He tells u.s, 'writing 
while the order was still very young, and within fifty 
years of the founder’s death, that it was even more en- 
tangled in money cares and business concerns than the 
endowed communities, precisely because there were no 
funds available to fall back on in emergencies ; that the 
brethren, discouraged .from work by mendicancy, were 
habitually idle; that they roamed about in disorderly 
fashion under pretext of questing; that they were such 
brazen and shameless beggars as to make a Franciscan as 
much dreaded by travellers as a highwayman ; that they 
made undesirable acquaintances, thus giving rise to evil 
reports and scandal ; that conventual offices had to be en- 
tnisted to untried, unspiritual, and incompetent brethren ; 
that vast sums were lavished on costly buildings ; and that 
the friars were greedy in the pursuit of burial fees and of 
legacies, so that they encroached upon the rights of the 
parochial clergy. If such were the mischiefs at work before 
the first zeal had begun to cool, it may readily be gathered 
how entire was the failure at a later time. Indeed, as 
regards the Franciscans, not only did they endeavour to 
evade the stringency of their institute even in their 
founder’s lifetime, but the whole society was soon divided 
into two hostile camps, one of which desired to adhere 
closely to the original rule, while the other was content to 
fall in with the habits of the “possessioners,” as they had 
been wont contemptuously to name the endowed orders. 
And what is very curious in this connexion is that the 
friars who were loyal to the principle of poverty broke 
away for the most part from the church, forming new 
sects, such as the Fratricelli, or attaching themselves to 
elder ones, like the Beghards and the Apostolici, which 
handed on in secret the Gno.stic traditions of the third 
century, apparently stamped out in the crusade against 
the Albigenses, while those who openly disregarded the 
will of their founder remained steadfastly in the Latin 
church. -Ho order, except the Benedictines, has had so 
many branches and reforms as the Franciscans ; anaongst 
which it will suffice- to name the Capuchins, the Minims, ^ 
the Observants, and the Recollects ; while the Poor 
Clare.s, the nuns of the institute, have also dmded into 
Clarissines and Urbanists. The institution of Tertiariw, 
seculars affiliated to the order as honorary members, while i 


continuing to live in the world, and adopting a certain 
modified dady rule, was a powerful factor in the succes.s ■ 
and strength of the order, and was adopted, but vith le.-^s 
conspicuous results, by the Dominicans. The rivalry of 
these two great bodies with each other, prolonged with 
much bitterness for centuries, and their disputes with the 
parochial clergy, whom they long displaced in general 
repute and influence, belong rather to general church 
history than to the annals of monachism, and may be 
passed by with this brief allusion ; while it suffices to say 
that all the support they, and the other less important 
communities of the .same kind, such as the Carmelite and 
Austin Friars, received from the popes, whose most effective 
allies they were in every country where their houses were 
found, was not able to avert their decline in general 
estimation ; and there is no figure in later medieval 
literature on which the vials of contempt and indignation 
are so freely poured as on the begging friar, and that, it 
must be said, deservedly. 

As the 13th century is the apogee of later monachism, Dc'- 
so the decline begins steadily at the very outset of theof ■■ 
14th (which is also the date of ordination becoming the 
normal custom for choir-monks, instead of the exception, 
as formerly), continuing do'wn to the cra.sh of the Reforma- 
tion.^ The great schism of the West, the rise of the 
Wickliffites and Lollards in England, and of the body 
later known as Hussites in Bohemia, could not fail to act 
injuriously on the monastic orders ; and, though the 
creation of fresh ones continued, none of those founded 
during this era were influential, and few durable. It 
■will suffice to name some of the more prominent; — the 
Olivetans in 131.3, who were rigid Benedictines ; the mms 
of Bridget of >Sweden in 1363, who followed a rale compiled 
from those of Ba.sil and Augustine; the Hieron 3 'mite 
monks in 1374; the Brethren of the Common Life, 
founded by Gerard Groot in 1376, who did much for 
education and in home mission work, but are cliiefiy 
famous now in virtue of one member of their society, 
Thomas a Kempis; the Hieronjmnte Hermits in 1373-1377 ; 
the Minims in 1435; the Bamabites, a preaching and edu- 
cational order, in 1484; the Theatins (a body of Clerks 
Regular who aimed at little more than raising the tone of 
clerical life, made but slight pretension to austeritj", and 
are, indeed, mainly noticeable as having suggested to Igna- 
tius Loyola several points which he adopted in regulating 
the mode of life to be pursued by the members of his 
institute) in 1524 ; and the Capuchins in 1525. 

In the Reformation era itself the monastic bodies had 
sunk so low in the estimation of even the rulers of the 
church that one clause in the report of the committee of 
cardinals appointed by Pope Paul HI. (a body composed 
of Sadolet, Contarini, Reginald Pole, Giberti, Fregoso, 
Badia, Aleandro, and Carafia, aftemnrds Paul IV.), 
delivered in 1538, ■was worded as follows ; 

•‘Anotlier abuse which needs correction is in tlio religious orders, 
because they have deteriorated to such an extent that the} are a 
OTave scandal to seculars, and do the greatest hann by their 
example We are of opinion that they should he all abolished, 
not so as to injure [the vested interests of] any one, but by forbidding 
them to receive noviees ; for in this ivise they can be quickly done 


1 The language of Nicolas de Clamenges (1360-1 •G0)---rccfor of the 
livemity of Paris, known as the ‘ ‘ Doctor Theologii-s --in his tre.atise 
e Corrlpto Ecdcsim Statu, paints the moral decay of 
,die.s and especially of the Jlcndicants, in the verj- darkest colours. 
e not only charge.s them with waste, idleness, glnttony, 

,d profligacy, hut alleges the condition of convent of nuns to surii 
attherewas little practical difference between allowingagirl to t.akc 
rveil and openly consigning her to a life of public vice. And he 
JlXns of Bridget of Sweden (1302-1373), WPfoved by the coun- 
^of Sauce and Basel, and by Popes Urban Vf , Jtart.n V., and 
lul V., fully confirm the darkest feature.s of this testirnonj as regards 
e religious lioii.scs of the 14th century. 
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a remarkable and ividesjjread religious revival, a dead-lift 
to ministerial efficiency in every direction, repaid their 
early labours, while they had bet\yeen them almost a 
monopoly of the popedom for nearly two hundred years. 
And one peculiarity of their organization gave them a 
degree of strength which no other orders possessed. Each 
monastery of the older societies was practically isolated 
and independent of all others, unless it were itself a 
dependent priory or cell belonging to a greater house. 
Some societies had, it is true, general chapters, but these 
were rare, and at best only effectual in establishing a 
certain uniformity of practice in all houses of the same 
'rule. But the Friars, like the Templars and Hospitallers of 
an .earlier day, and like the Jesuits of a later one, were 
enrolled in something of military fashion, under a superior- 
general, with wide powers, who directed and controlled 
their actions from one central point. Every group of 
neighbouring friaries was formed into a congregation, 
under a local head or provincial, and he was always in 
direct communication ■with the general, so that a common 
government united the whole body into a compact mass. 
But their very success was fatal to their character. The 
vow of poverty was the first part of their institute to 
break do’um. Even before they began to be counted 
amongst the richest orders of Christendom, there is 
indisputable evidence — that of Bonaventura, himself 
general of the Franciscans — that the mendicant sy.stem 
was working nothing but mischief. He tells u.s, -svriting 
while the order was still very young, and within fifty 
years of the founder’s death, that it was even more en- 
tangled in money cares and business concerns than the 
endowed communities, precisely because there were no 
funds available to fall back on in emergencies ; that the 
brethren, discouraged .from work by mendicancy, were 
habitually idle; that they roamed about in disorderly 
fashion under pretext of questing; that they were such 
brazen and shameless beggars as to make a Franciscan as 
much dreaded by travellers as a highwayman ; that they 
made undesirable acquaintances, thus giving rise to evil 
reports and scandal ; that conventual offices had to be en- 
tnisted to untried, unspiritual, and incompetent brethren ; 
that vast sums were lavished on costly buildings ; and that 
the friars were greedy in the pursuit of burial fees and of 
legacies, so that they encroached upon the rights of the 
parochial clergy. If such were the mischiefs at work before 
the first zeal had begun to cool, it may readily be gathered 
how entire was the failure at a later time. Indeed, as 
regards the Franciscans, not only did they endeavour to 
evade the stringency of their institute even in their 
founder’s lifetime, but the whole society was soon divided 
into two hostile camps, one of which desired to adhere 
closely to the original rule, while the other was content to 
fall in with the habits of the “possessioners,” as they had 
been wont contemptuously to name the endowed orders. 
And what is very curious in this connexion is that the 
friars who were loyal to the principle of poverty broke 
away for the most part from the church, forming new 
sects, such as the Fratricelli, or attaching themselves to 
elder ones, like the Beghards and the Apostolici, which 
handed on in secret the Gno.stic traditions of the third 
century, apparently stamped out in the crusade against 
the Albigenses, while those who openly disregarded the 
will of their founder remained steadfastly in the Latin 
church. -Ho order, except the Benedictines, has had so 
many branches and reforms as the Franciscans ; amoagst 
which it will suffice- to name the Capuchins, the Minims, 
the Observants, and the Recollects ; while the Poor 
Clare.s, the nuns of the institute, have also dmded into 
Clarissines and Urbanists. The institution of Tertiaries, 
seculars affiliated to the order as honorary members, while 


continuing to live in the world, and adopting a certain 
modified daily rule, was a powerful factor in the succes.s 
and strength of the order, and was adopted, but vith le.ss 
conspicuous results, by the Dominicans. The rivalry of 
these two great bodies with each other, prolonged with 
much bitterness for centnrie.s, and their disputes with the 
parochial clergy, whom they long displaced in general 
repute and influence, belong rather to general church 
history than to the annals of monachism, and may be 
passed by with this brief allusion ; while it suffices to say 
that all the support they, and the other less important 
communities of the .same kind, such as the Carmelite and 
Austin Friars, received from the popes, whose most effective 
allies they were in every country where their houses were 
found, was not able to avert their decline in general 
estimation ; and there is no figure in later medieval 
literature on which the vials of contempt and indignation 
are so freely poured as on the begging friar, and that, it 
must be said, deservedly. 

As the 13th century is the apogee of later monachism, Deo 
so the decline begins steadily at the very outset of theof ■■ 
14th (which is also the date of ordination becoming the’’''', 
normal custom for choir-monks, instead of the exception, 
as formerly), continuing do'wn to the cra.sh of the Reforma- 
tion.^ The great schism of the West, the rise of the 
Wickliffites and Lollards in England, and of the body 
later known as Hussites in Bohemia, could not fail to act 
injuriously on the monastic orders; and, though the 
creation of fresh ones continued, none of those founded 
during this era were influential, and few durable. It 
■will suffice to name some of the more prominent: — the 
Olivetans in 1313, who were rigid Benedictines ; the nims 
of Bridget of Sweden in 1363, who followed a rale compiled 
from those of Basil and Augustine; the Hieronymite 
monks in 1374; the Brethren of the Common Life, 
founded by Gerard Groot in 1376, who did much for 
education and in home mission work, but are cliiefly 
famous now in virtue of one member of their society, 
Thomas a Kempis; the Hieronymite Hermits in 1373-1377 ; 
the Minims in 1435; the Bamabites, a preaching and edu- 
cational order, in 1484; the Theatins (a body of Clerks 
Regular who aimed at little more than raising the tone of 
clerical life, made but slight pretension to austerity, and 
are, indeed, mainly noticeable as having suggested to Igna- 
tius Loyola several points which he adopted in regulating 
the mode of life to be pursued by the members of his 
institute) in 1524 ; and the Capuchins in 1525. 

In the Reformation era itself the monastic bodies had 
sunk so low in the estimation of even the rulers of the 
church that one clause in the report of the committee of 
cardinals appointed by Pope Paid HI. (a body composed 
of Sadolet, Contarini, Reginald Pole, Giberti, Fregoso, 
Badia, Aleandro, and Caraffa, aftemvards Paul IV.), 
delivered in 1538, ■was worded as follows ; 

‘‘Another abuse u’hich needs correction is in tlio religious orders, 
because thev have deteriorated to such an extent that the^ are y 
LTave scandal to seculars, and do the greatest hann by their 
example. We arc of opinion that they should he all abolished, 
not so as to injure [the vested interests of] any one, but by forbidding 
them to receive novices ; for in this ivise th ey can be quickly done 

I The language of Nicolas de Clamenges (1360-1 •G0)---rccfor of the 
livemity of Paris, known as the “Doctor Tbeologii-S ’ -in Ins trea isc 
e Corrupto Ecdcsiie Statu, paints the moral decay of ‘he monasUc 
,die.s, and e-specially of the Jlcndicanhs, in the verj- darkest eolou^. 
e not only charge.s them with waste, idleness, gluttony, 
d VTomsaey, but alleges the condition of convent of nuns to sm h 
at there wa.s little practical difference between 

rveil and openly consigning her to a life of public vice. And the 

Xibns of Bridget of Sweden (1302-1373) Sin'^Tnd 

s of Constance and Basel, and by Popes Urban \ f., Slartin V ., ana 
ml V., fully confirm the darkest feature.s of this testirnonj as regards 
e reli'^ous }ionscs of the 14th century. 
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first was the Oratory, founded by PhiUp Neri in 1558, but 
not approved by authority till 1577, and copied inde- 
pendently by Cardinal de Berulle at Paris in IGll. There 
were no vows imposed on the members of this society, 
though they lived under rule, and they employed them- 
selves in doing aU kinds of clerical work under episcopal 
supervision. Tlie Italian house is chiefly celebrated as 
having ^ included the famous Cardinal Baronius amongst 
its earliest re'ci-uits ; but the French one held a high place 
in the religious revival of the 17th century, well-nigh 
rivalling the Benedictines of St Maur in learning (with 
such representatives as Simon, Thomassin, Morin, and 
lilalebranche), and the reformed Cistercians of PorhRoyal 
in piety, though sharing with the latter the reproach of 
Jansenism. But the second was far more influential, and 
has been fruitful ever since in the works of its copyists as 
well as in its own. It was the institute of the Sisters 
of Charity, established by Vincent de Paul in 1634, on 
the lines of the ancient community of the Hospitaller 
27uns of St Augustine, but uith some remarkable modi- 
fications, not only in respect of the vows, which were only 
yearly and inward, but in the spirit of their discipline, as 
formulated in his oum memorable words, — “Your convent 
must be the houses of the sick ; your cell, the chamber of 
suffering ; your chapel, the parish church ; your cloister, 
the streets of the city, or the wards of the hospital ; your 
rule, the general vow of obedience ; your grille, the fear 
of God ; your veil to shut out the world, holy modesty.” 
The original scheme of Francis de Sales for the Nuns of 
the A^isitation, founded in 1610, was almost identical; 
but the opposition was then far too strong, and he was 
forced to make them a cloistered community. Vincent’s 
order of Mission Priests, more commonly known as Lazar- 
ists, was also a successful and useful institute, though 
not vying in the extent' of its influence with the other, 
which, as has been implied, has powerfully affected the 
organization of many of the active communities which 
have since been formed. No religious body did more to 
enable French inonachisra to bear up against the general 
obloquy it encountered during the 16th, 17th, and early 
18th centuries, — a temper on the part of the public due 
to more than one cause. In the first place, the wars of 
religion had done much to harden and coarsen the feelings 
on both sides, and rigid adherence to the extreme positions 
of Catholics or Huguenots, as the case might be, was set 
far above any gentler and higher ideas. Next, the monas- 
teries of both sexes had all but universally fallen into the 
patronage of the crown (in virtue of the concordat of 
Bologna, between Pope Leo X. and Francis I.), and were 
jobbed away as apanages for a dissolute nobility, who 
squandered the revenues, and suffered disciifline to become 
relaxed, often to the generation of serious scandals. This 
malversation operated in two ways. It made the monas- 
tei'ies hard and bad landlords, grasping closely all the 
feudal privileges and monopolies which they continued to 
enjoy, a proceeding which bore hard on the tenants and 
labourer.s, so that the monks shared to the full the unpoj)u- 
larity of the nobles (precisely as was the case in Germany, 
during the Peasants’ AVar of 1525) ; and the evil repute of 


tlie rule mul organization of tlie famous company, and taking the three 
usual vowK, hut, with a bold disregard of precedent, not only omitting 
the customary vow of inclosure, but actually sending the members of 
the society out as itinerant preachers. Their oycct was to train a 
body of emissaries for the Roman C.atbolic mission in England, who 
might obtain entrance and escape the incidence of the penal laws in a 
manner iiu|)raoficable for men. They had consider.able success for a 
time, and Sirs Ward, their projector, obtained some degree of papal 
approval, and became “ mother-general ” over more than 200 of these 
female preachers in tlie various colleges of the society. But after an 
existence of about eight v years it was suppressed by Pope Urban VIII. 
in 1000. ' ' , 


the convents— of whose real character we get at least one 
trustworthy glimpse in the account of the abbey of Alau- 
buisson which Angdlique Arnauld reformed— came homo 
to all the Huguenots and their friends, because both before 
and after the legal continuance of the edict of Nantes they 
were used (according to a very early application of monastic 
houses not yet obsolete) as prisons, where Huguenot women 
and girls were shut up in order to bring about their conver- 
sion, forcibly if necessaiy, but somehow in any case. And 
there is evidence to show that the Huguenots resented this 
policy most bitterly, not only on polemical grounds, but be- 
cause they were firmly persuaded that the morals of their 
wives, daughters, and sisters were in no less peril than their 
faith in such places. "When to this sentiment is added the 
hostility of the Jansenists to the school of opinion which 
had persecuted them, razed their famous house of Port- 
Royal, and literally flung the bones of its deceased members 
to the dogs, it will be easy to judge how powerful were 
the forces mustering for the overthrow of monachism, and 
how little even such stern reforms as De Ranch’s at La 
Trappe, which has always had a marked attraction for 
soldiers, could do towards abating the danger. Nor were 
there wanting public scandals and cases before the law- 
courts which helped to fan the rising flames of hatred.^ 
Another cause wliich contributed much to the decay of 
discipline and of practical religion in monasteries of both 
sexes was the custom which prevailed throughout the 16th, 
17th, and 18th centuries, of disposing of the younger 
members of poor but noble families in the cloister as a 
safe and reputable provision, Avithout any regard to the 
vocation of those so dedicated, and merely because the 
sum which sufficed to secure permanent admission was 
much smaller than that necessary to purchase a commis- 
sion or public office for a son, or to provide an adequate 
dowiy for a daughter.- At the Revolution, the religious S 
houses, amounting (without reckoning various minor colleges 
and dependent establishments) to 820 abbeys of men and,, “ 
255 of women, with aggregate revenues of 95,000,000 livres, „ 
were suppressed by the laws of 13th February 1790 andtm’ 
18th August 1792. In Germany the storm had broken 
somewhat earlier, if not quite so violently. The Thirty 
Years’ A7ar had wrought much mischief to not a few of the 
religious houses, without taking into account the great 
number which had been destroyed in the territories of the 
Protestant princes ; and when the death of Maria Theresa 
in 1780 left her son Joseph II. free to aet as he pleased, 
he dissolved the Mendicant orders, and suppressed, in despite 
of the personal remonstrances of Pius VI., the greater number 
of monasteries and convents in his dominions. In Italy, 
despite the multiplication of new institutes, the process 
of decay continued throughout the I7th century, and one 
most remarkable testimony to the fact apjjears in the 
report of the Venetian ambassadors at Rome in 1650 to 
their government of an interview they had with Pope 
Alexander VII. 


1 One of these is interesting, as settling a point which has been 
often disputed,— the existence of those monastic dungeons known hy 
the name of “ in-pace,” familiar to tlie readers of Marmton. It is the 
condemnation of the abbot of Clairvaux by the parlement of Paris in 
1763 to a fine of 40,000 crowns for causing the death of a prisoner in 


n “in-pace. 

2 This worked much evil in France, but produced perhaps even 
renter mischief in Germany, where w,hat were styled “Noble Abbeys 
rcre not uncommon, entrance to which, save in the inferior cap.acity 
f hay-members, was b.arred against all who could not prove patrician 
escent and a certain number of armorial quarterings. A relic of tins 
urvives in a few secular SlifLungen (Protestant and Catholic) for noble 
anonesses in Germany; and the notion was at any rate as respectable 
s that which holds good in some communities even now, Avherc women 
rho can pay a certain sum at entrance are admitted as clioir-sisters, 
'hilc those who cannot do so must accept the humbler position of lay- 
isters. 
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first was the Oratory, founded by PhiUp Neri in 1568, but 
not approved by authority till 1577, and copied inde- 
pendently by Cardinal de Berulle at Paris in IGll. There 
were no vows imposed on the members of this society 
though they lived under rule, and they employed them- 
selves in doing all kinds of clerical work under episcopal 
supervision. The Italian house is chiefly celebrated as 
having included the famous Cai'dinal Baronius amongst 
its earliest recraits ; but the French one held a high place 
in the religious revival of the 17th century, well-nigh 
rivalling the Benedictines of St Maur in learning (with 
such representatives as Simon, Thomassin, Morin, and 
Iklalebranche), and the reformed Cistercians of Port-Royal 
in piety, though sharing with the latter the reproach of 
Jansenism. But the second was far more influential, and 
has been fruitful ever since in the woiks of its copyists as 
well as in its own. It was the institute of the Sisters 
of Charity, established by Vincent de Paul in 1634, on 
the lines of the ancient community of the Hospitaller 
jSiuns of St Augustine, but udth some remarkable modi- 
fications, not only in respect of the vows, which were only 
yearly and inward, but in the spirit of their discipline, as 
formulated in his oum memorable words, — “Your convent 
must be the houses of the sick ; your cell, the chamber of 
suffering ; your chapel, the parish church ; your cloister, 
the streets of the city, or the wards of the hospital ; your 
rule, the general vow of obedience ; your grille, the fear 
of God ; your veil to shut out the world, holy modesty.” 
Tlie original scheme of Francis de Sales for the Nuns of 
the A^'isitation, founded in 1610, was almost identical; 
but the opposition was then far too strong, and he was 
forced to make them a cloistered community. Vincent’s 
order of Mission Priests, more commonly known as Lazar- 
ists, was also a successful and useful institute, though 
not vying in the extent' of its influence with the other, 
which, as has been implied, has powerfully affected the 
organization of many of the active communities which 
have since been formed. No religious body did more to 
enable French monachism to bear up against the general 
obloquy it encountered during the IGth, 17th, and early 
18th centuries, — a temper on the part of the public due 
to more than one cause. In the first place, the wars of 
religion had done much to harden and coarsen the feelings 
on both sides, and rigid adherence to the extreme positions 
of Catholics or Huguenots, as the case might be, was set 
far above any gentler and higher ideas. Next, the monas- 
teries of both sexes had all but universally fallen into the 
patronage of the crown (in virtue of the concordat of 
Bologna, between Pope Leo X. and Francis I.), and were 
jobbed away as apanages for a dissolute nobility, who 
squandered the revenues, and suffered discipline to become 
relaxed, often to the generation of serious scandals. This 
malversation operated in two ways. It made the monas- 
tei'ies hard and bad landlords, grasping closely all the 
feudal privileges and monopolies which they continued to 
enjoy, a proceeding which bore hard on the tenants and 
labourer.s, so that the monks shared to the full the unpoj)u- 
larity of the nobles (precisely as was the case in Germany, 
during the Peasants’ AVar of 1525) ; and the evil repute of 


tlie rule mul organization of tlie famous company, and taking the three 
usual vowK, hut, with a bold disregard of precedent, not only omitting 
the customary vow of inclosure, but actually sending the members of 
tile society out as itinerant preachers. Their oycct w.as to train a 
body of emissaries for the Roman C.atholic mission in England, who 
might obtain entrance and escape the incidence of the penal laws in a 
manner iiu|)racficable for men. They had consider.able success for a 
time, and JIrs Ward, their projector, obtained some degree of papal 
approval, and became “ mother-general ” over more than 200 of these 
female preachers in tlie various colleges of the society. But after an 
existence of about eiglitv years it was suppressed by Pope Urban YIII. 
in leOO. ' ' , 


the convents— -of whose real character we get at least one 
trustworthy glimpse in the account of the abbey of Alau- 
buisson which Ang61ique Arnauld reformed — came homo 
to all the Huguenots and their friends, because both before 
and after the legal continuance of the edict of Nantes they 
were used (according to a very early application of monastic 
houses not yet obsolete) as prisons, where Huguenot women 
and girls were shut up in order to bring about their conver- 
sion, forcibly if necessaiy, but somehow in any case. And 
there is evidence to show that the Huguenots resented this 
policy most bitterly, not only on polemical grounds, but be- 
cause they were firmly persuaded that the morals of their 
wives, daughters, and sisters were in no less peril than their 
faith in such places. "When to this sentiment is added the 
hostility of the Jansenists to the school of opinion which 
had i)ersecuted them, razed their famous house of Port- 
Royal, and literally flung the bones of its deceased members 
to the dogs, it will be easy to judge how powerful were 
the forces mustering for the overthrow of monachism, and 
how little even such stern reforms as De Ranch’s at La 
Trappe, which has always had a marked attraction for 
soldiers, could do towards abating the danger. Nor were 
there wanting public scandals and cases before the law- 
courts which helped to fan the rising flames of hatred. ^ 
Another cause wliich contributed much to the decay of 
discipline and of practical religion in monasteries of both 
sexes was the custom which prevailed throughout the 16th, 
17th, and 18th centuries, of disposing of the younger 
members of poor but noble famihes in the cloister as a 
safe and reputable provision, Avithout any regard to the 
vocation of those so dedicated, and merely because the 
sum which sufficed to secure permanent admission was 
much smaller than that necessary to purchase a commis- 
sion or public office for a son, or to provide an adequate 
dowiy for a daughter.- At the Revolution, the religious S 
houses, amounting (without reckoning various minor colleges 
and dependent establishments) to 820 abbeys of men and,, “ 
255of women, with aggregate revenues of 95,000,000 livres, „ 
were suppressed by the laws of 13th February 1790 andtm’ 
18th August 1792. In Germany the storm had broken 
somewhat earlier, if not quite so violently. The Thirty 
Years’ AVar had wrought much mischief to not a few of the 
religious houses, without taking into account the great 
number which had been destroyed in the territories of the 
Protestant princes ; and when the death of Maria Theresa 
in 1780 left her son Joseph II. free to aet as he pleased, 
he dissolved the Mendicant orders, and suppressed, in despite 
of the personal remonstrances of Pius VI., the greater number 
of monasteries and convents in his dominions. In Itivly, 
despite the multiplication of new institutes, the process 
of decay continued throughout the I7th century, and one 
most remarkable testimony to the fact apjjears in the 
report of the Venetian ambassadors at Rome in 1650 to 
their government of an interview they had with Pope 
Alexander VII. 


1 One of these is interestins, as settling a point which has been 
often disputed,— the existence of those monastic dungeons known hy 
the name of “ in-pace,” familiar to tlie readers of Marmion. It is the 
condemnation of the abbot of Clairvaux by the parlement of Paris in 
1763 to a fine of 40,000 crowns for causing the death of a prisoner in 
an “in-pace.” 

2 Tliis worked much evil in France, but produced perliaps even 
greater mischief in Germany, where w,hat were styled ('Noble Abbeys 
were not uncommon, entrance to which, save in the inferior cap.acity 
of lay-members, was b.arred against all who could not prove patrician 
descent and a certain number of armorial quarterings. A relic of tins 
survives in a few secular Siifiungcn (Protestant and Catholic) for no*"® 
canonesses in Germany; and the notion was at any rate as respectable 
as that which holds good in some communities even now, Avherc women 
who can pay a certain sum at entrance are admitted as clioir-sisters, 
while those who cannot do so must accept the humbler position of lay- 
sistens. 
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"wlio liouse and tend aged invalids. As a broad general 
rule, nearly ever}'' po->t-lieformation institute is styled, not 
an “Order,” but a “Congregation”; but the only dis- 
tinction "^vliich can be dra'wn bet'ween these two names 
is that “order” is^ the ■wider, and may include several 
congregations within itself ^as the Benedictine order, 
for example, includes the congregations of Cluny and 
of St Maim), while a “ con^egation ” is a .simple unit, 
complete in itself, and neither dependent on another 
institute nor possessed of dependent varieties of its own. 
Another distinction drasvn between the elder and younger 
societies is that the former are said to make “solemn 
vows,” the latter only “simple vows.” The difference 
here is not in the matter of the vows, which are usually 
the .same in all cases, nor even in the ceremonies attending 
their utterance, which may also he alike, but in the 
.superior binding efficacy of the solemn vows in Roman 
canon law, which rules that they so bind the member to 
his society, and the society to each member, that neither 
can sever the connexion, so that only the pope can dissolve 
it, and that in rare and exceptional cases alone. And it 
may be added that the term “ religious ” is restricted in 
the Latin Church to communities whose institute has been 
formally approved by the Roman see, and whose vows 
are for life, and not merely renewable, — a principle which 
excludes the Sisters of Charity, for example, from the use 
of this title. By the laws of France, and of some other 
countries, life-vows are invalid and even prohibited, but 
when they make part of the original institute, such dis- 
approval by the civil power is not held to reduce them to 
the canonical level of temporary vow.s. 

Returning to the history of Western monachism, the 
fall of the religious houses in Spain dates from the law of 
21st June 1835, which .suppressed nine hundred monasteries 
at a blow ; and the remainder had but a .short respite, as 
they were dissolved on 11th October of the same year. In 
Portugal, where a bias against the Roman Curia has been a 
traditional part of patriotism ever since the revolution of 
1640, when the pope sided OTth Spain against the hoase 
of Braganza, there was little feeling to protect the 
monasteries 'when it liappened that the cro'iVTi wanted 
their posse-^sions, and they were all suppressed by the 
decree of 28th May 1834. No European country had so 
many religious houses as Portugal in proportion to its 
population and area, and the number of the foundations 
dissolved in 1834 exceeded 500. In Swtzerland, a con- 
siderable measure of shppression followed the war of the 
Sonderbund in 1847 ; while in Italy, the last country 
uhere monachism had remained almost unmolested, an Act 
wa-) passed in the Sardinian Parliament on 7th July 1866 
for the suppression of monasteries within the Piedmontese 
dominions, and for the conhscation of their propert}'. 
The measure was extended to the whole of Italy after the 
unification of the kingdom ; the orders were expropriated 
in 1873 ; their houses were declared national property, and 
were put to secular uses, no exception being made in 


favour of San Mau-o at Florence, of of Vallnni- 

brosa, or even of Monte Cas.sino it^-elf.* 

On the other hand, several Roman Catholic sorietir, 
have attained considerable surce.'-, in the United 
and Canada, thus in some degree reco\ering for tlie 
principle they represent part at least of the ground lo-t in 
Europe ; while in three religious communions outside the 
pale of the Latin obedience— the Evangelicals of Gennain, 
the Reformed of France, and the Church of England— tlm 
organization of women for charitable and religions work- 
on the lines of various old institutes has been nctivcly 
carried out. Tlie Deaconesses of Kaiser.swerfh, founded 
by Pastor Fliedner in 1836, derive jiart of their rule, and 
ei'en of their dress, from the Dawes de St Augu‘-tine. 
themselves lineal descendants of the fir.->t Ilo-pitallers of 
the crusades, and have ramified into .several countries ; 
the Strasburg and Miihlhansen Deaconesses derive their- 
partly from the Flemi.sh Beguines and jiartly from some 
points in the Moravian organization, it'-clf handed down 
from those seceding Franciscans to nhoin the Vuitm 
Fratrum really owes its origin; while the various Anglican 
communities, of which there are several, have borrowed 
freely from different sources, according to the preference 
and knowledge of each founder. Some attempts at 
reviving the common life for men also have likesu'-e been 
made, but none on any large scale ; only one has as yet 
exliibited any signs of vitality, a preaching order at 
Cowley, near Oxford, which Iia.s obtained some footing in 
England, and has even been able to spread to America. 


Bihlio'jraphy. — ^Tlic bibliography of Monachism is pxccssivds 
copious, and it is impracticable to indnato more than a fev of tiic 
most important and trusU^orthy books. General:— Ilospiniamis, 
Dc Momchis Libri Sex (Geneva, 1 e.'iO), bittf rly hostile, hut a topmus 
and trustworthy record of facts ; Ilclyot, /Moire ties Ordrn /.V/i- 
yieux (8 vols., Paris, 171'1-3721), and .again (as Dielionnmrf tUx 
Ordres Itrliyicur), witli continuation by JJailichc (4 roJs , P.ans 
Migne, 18C0), — tliis book has itself a copious tatalognc of vorks 
on its subject prefixed , Altcscrra, Ascetiein, fire Oriyinvni Jl'i 
MonoftictD Libn Dccen (Paris, 1674); Holstcinus, Cixtrx Ibynlrnuiii 
(3 vols, Rome, 1061); Montalembcrt, jl/o»ic.?rf’Oc<n(//"7i£ (7 \ols.,l’ans, 
1860-1877); Dugd.ale, Monnxfieon Anyhranvm ((dited by Gale}, 
Ellis, and Bandinel, 8 s ols., London, 1840) ; Rosucs de, Vita J’airinn 
(Lyons, 1617). .Special : — Benedictines — .Mabillon, Arln SS (inh- 
nix S. Bcnrdxeli (9 sols., Venice, 1733) ; Cluniac' — Mamcr, BtHw 
thera Oluniarensts {Van'-, 1614); Cistercians — Gaillardiii, /xx Tiap- 
pistes (Paris, 1844); Bc'oignc, Hixtoirc de V Ahbmie de I’orl-Bot ol 
(8 sols., Cologne, 1752-06); Dominicans— Toiiron, Jluloirr dn 
I/ommcs Illus/res dc I'Ordrc de Saint Dominiqi’e (G \ols , P.aris 
1743-49); Franciscans — Sedulius, Jhxlonn S'raihien (Antvcrji. 
1613) : Wadding, AnnaleM Minoinm (20 sob , Rome, 1731-94) 
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t T1)C total niimbcrof monasUric;, Ke , supprc^ cd in Itals >!osvn t > 
the close of 1882 svas 2255, insohing an enormous disphcdmnt of 
properts and dispersion of inmaUs And jtt tin re is some r< a<on fo 
think that the state did but do roughly and harslils s hat tin shnreh 
should base done more gradually and ssinly ; for the judginent p-“'<l 
on the dissolution by Pius IX. himself, in sfKaking to an L'vli- . 
P.oman Catholic bishop, v-as : " It v.as the dcul s irork ; hm 11 r g -a 1 
God will turn it into a hlcssing, since tlitir d<'structiO'i i ns t! - oab 
reform possible to them.” (Cited by Res R. K Snfi.dd in Mo-M 
Jtenew, sol. ii p 359, Apnl 1881.) 
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-n-lio house and tend aged invalids. As a broad general 
rule, nearly everj^ post-lteformation institute is styled, not 
an “Order,” but a “Congregation”; but the only dis- 
tinction which can be drawn between these two names 
is that “order” is the wider, and may include several 
congregations within itself (as the Benedictine order, 
for example, includes the congregations of Cluny and 
of St Jlaiw), ivhile a “congregation” is a .simple unit, 
complete in itself, and neither dependent on another 
institute nor possessed of dependent varieties of its own. 

Another distinction dra^vn between the elder and younger 
societies is that the former are said to make “solemn 
vows,” the latter only “simple vows.” The difference 
here is not in the matter of the vows, which are u.sually 
the .same in all cases, nor even in the ceremonies attending 
their utterance, which may also' he alike, but in the 
.superior binding efficacy of the solemn vorvs in Roman 
canon law, which rules that they so hind the member to 
his .society, and the society to each member, that neither 
can sever the connexion, so that only the pope can dis.solve 
it, and that in rare and exceptional cases alone. And it 
may be added that the term “religious” is restricted in 
the Latin Church to communities whose institute has been 
formally approved by the Roman see, and whose vows 
are for life, and not merely renewable, — a principle which 
excludes the Si.sters of Charity, for example, from the use 
of this title. By the laws of France, and of some other 
countries, life-vows are invalid and even prohibited, but 
when they make part of the original institute, such dis- 
approval by the civil power is not held to reduce them to 
the canonical level of temporary vows. 

Returning to the history of 'Western monachism, the 
fall of the religious houses in Spain dates from the law of 
21st June 1835, which .suppre.ssed nine hundred mona-steries 
at a blow ; and the remainder had but a .short respite, as 
they w’ere dissolved on 11th October of the .same year. In 
Portugal, where a bias against the Roman Curia has been a 
traditional part of patriotism ever since the revolution of 
1640, when the pope sided TOth Spain against the house 
of Braganza, there was little feeling to protect the 
monasteries when it liappened that the crowm wanted 
their possessions, and they were all suppressed by the 
decree of 28th May 1834. No European country had so 
many religious houses as Portugal in proportion to its 
population and area, and the number of the foundations 
di.ssolved in 1834 exceeded 500. In Swtzerland, a con- 
siderable measure of stippression followed the war of the 
Sonderbund in 1847 ; while in Italy, the last country 
where monachism had remained almost unmolested, an Act 
was passed in the Sardinian Parliament on 7th July 1866 
for the suppression of monasteries within the Piedmontese 
dominion.s, and for the conhscation of their property'. 

The measure was extended to the whole of Italy after the 
unification of the kingdom ; the orders were expropriated 
in 1873 ; their houses were declared national property, and 
were put to secular uses, no exception being made in 
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favour of San Marco at Florence, of Af<W], of Vallom- 
brosa, or even of Monte Cawino it.'-elf.* 

On the other hand, several Roman Catholic societir-, 
have attained considerable succe.'^s in the United States 
and Canada, thus in some degree recovering for tlie 
principle they represent part at least of the ground lost in 
Europe; while in three religious communions outside (Im 
pale of the Latin obedience— the Evangelicals of Gcnnany, 
the Refomed of France, and the Church of England— the 
organization of women for charitable and religious work 
on the lines of various old institutes has been nctivcly 
carried out. Tlie Deaconesses of Kaiser.swerfh, founded 
by' Pastor Fliedner in 1836, derive part of their rule, and 
even of their dress, from the Dames de St Augustine, 
themselves lineal descendants of the first Hospitallers of 
the cru.sade.s, and have ramified into several countries ; 
the Strasburg and Miihlhausen Deaconesses derive their.' 
partly from the Flemi.sh Beguines and jiartly from .«ome 
points in the Moravian organization, itself handed domi 
from those seceding Franciscans to whom the //'/•* 
Fratmtm really owes its origin; while the various Anglican 
communities, of which there are several, have borrowed 
freely from different sources, according to the preference 
and knowledge of each founder. Some attempts at 
reviving the common life for men also have likeAvise been 
made, but none on any large scale ; only one has ns yet 
exliibited any signs of vitality, a preaching order at 
Cowley, near O.xford, which has obtained some footing in 
England, and has even been able to spread to America. 

Bihliorjraphy. — ^Tlie bibliography of Monachism is excessively 
copious, and it is impracticable to indiiato more than a fesv of the 
most important and trustsvorthy books. General:— Ilospini.anu.s, 
Dc Momehis Libri Sex (Geneva, 1 e.'iS), bitterly hostile, hut a eojiiou.s 
and trustworthy record of facts ; Ilclyot, Jlisloirc dcs Onlrn Jldb 
(jicux (8 vols., Pari.s, 171'1-3721), ami .again (as Dielionnairf 
Ordres IlcU'jicux), witli continuation by I’ailielic (4 vols., P.iri'". 



(3 vols., Pome, 1061); Montalcmbcrt,il7oiii<.?d’ Occident (7 voh.,!’.!!!', 
1800-1877) ; Dugdale, Monasfkon Avglkartvm (edited by Caley, 
Ellis, and Bandinel, 8 vols., London, 1846) ; Rosweyde, Vitn' rainnu 
(Lyons, 1617). .Special : — Benedictines — .Mabillon, Arkt SS. Orth- 
nk S, Bcncdidi (9 vols., Venice, 1733) ; Cluni.ac.c — Merrier, BilUn- 
ther.a Cluniacensis [Vaxit-, 1614); Cistercians — Gaillardin, lys Trap- 
pistes (Paris, 1844) ; Besoigne, Ilistoirc dc V Ahhnyc dr Port-lkmnl 
(8 vols., Cologne, 1752-56) ; Dominicans — Toiiron, JJisloirr dn 
Jfomvics lUuslres dc I'Ordrc dc Saint Bmiiinkji’r (G vols.. Pari'. 
1743-49) ; Franci.scans — Sedulius, HiMoria Sfraplikn (Antiverji. 
1613) : Wadding, Annnlci Minontm (20 vols., Rome, 1731-94). 

(U. F. L.) 


t 'Tlie total number of monasteries, Uo., .suppressed in It.aly <l'ovn to 
the close of 1882 was 2255, involving an enormous displnccin-nt of 
propertv and dispersion of inmates. And yet there is some re.a'on to 
think that the state did but do roughly and harshly y.liat the church 
should have done more gradually and widely ; for the judginent pay 'd 
on the dissolution by Pius IX. himFcIf, in sjieaking to an Lngii’.j 
Pu)man Catholic bishop, w.a,s ; " It was the devil's irorJ; ; but the pyd 
God will turn it into a blessing, since their destruction y,.as th-- only 
I reform possible to them.” (Cited by Rev. R. It Snfi.eld in Mo-krn 
I Bcvieic, vol. il p. 359, April 1881.) 
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-ivithin tlie church, towards tlic cud of the 3d century 
•and during the M, opposed the doctrine of a hypostatic 
Logos (hypostasianism) or of an independent personal sub- 
■sistence of the Divine Word. It is usual (and convenient) 
to speak of two kinds of monarchianism, — the dynamistic 
■and^ the modalistic. By monarchians of the former class 
Clirist was lield to be a mere man, miraculously conceived 
indeed, but constituted the Son of God simply by the in- 
finitely high degree in which he had been filled with Divine 
wisdom and power. This view was represented in Asia 
Minor about the year 170 by the anti-Montani.stic Aldgi, 
so called by Epiphanius on account of their rejection of the 
Eourth Gospel ; it was also taught at Borne about the end 
of the 2d century by Theodotus of Byzantium, a currier, 
who was excommunicated by Bishop Victor, and at a later 
date by Artemon, excommunicated by Zephyrinus. About 
the year 260 it was again propounded within the church 
by Paul of Samosata (q.v.), who held that, by his unique 
excellency, the man Jesus gradually rose to the Divine 
dignity, so as to be worthy of the name of God. Modalistic 
monarchianism, conceiving that the whole fulness of the 
Godhead dwelt in Clirist, took exception to the “ subordi- 
natianism”of some church writers, and maintained that the 
names Father and Son wore only two different designations 
of the same subject, the one God, who “ with reference to 
the relations in rvliich He had previously stood to the world 
is called the Father, but in reference to His appearance in 
humanity is called the Son.” It was first taught, in the 
interests of the “monarchia” of God, by Praxcas, a con- 
fessor from Aasia JiIinor,in Rome about 190, and was opposed 
by Tortullian in his well-known controversial tract. The 
same view — ’tlie “ patripassian ” as it was also called,becauso 
it implied that God the Father had suffered on the cross — 
obtained fresh support in Rome about 215 from certain 
•disciples of Noctus of Smyrna, wlio received a modified 
•support from Bishop Callistus. It was on this account 
that Hippolytu.s, the champion of hypostasian subordinatian- 
km, along ivith his adherents, withdrew from the obedience 
of Callistus, and formed a separate community. A new and 
conciliatory phase of patripassianism was expounded at a 
somewhat later date by Bcryllus of Bostra, who, wliile hold- 
ing the divinity of Christ not to bo ISi'a, or proper to Him- 
•self, but TrarpiK'/j (belonging to the Father), yet recognized 
in His personality a new Trpoa-bnrov or form of manifestation 
on the part of God. Beryllus, however, was convinced of 
the wrongne.s.s of this view by Okigkn {q.v.), and recanted 
at the synod ivhich had been called together in 244 to 
discuss it. For the subsequent history of modalistic mon- 
archianism, see Sabellius, 

MONASTICISM. See Monaciiis.’vi. 

MONASTIR, Bitolia, or Toli MoNASTre, a_ city of 
Macedonia, now the chief town of the Turkisli vilayet of 
Roumelia, is situated at a height of 1880 feet above the 
sea, in a we.stem, inlet of the beautiful, fertile, and many- 
villaged plain which, with a breadth of about 10 miles, 
stretches for 40 miles eastward from Mount Peri.stcri 
■(7714 feet high) to the Babuna chain. It is embosomed 
in rich masses of foliage, and crossed by a rough-channeled 
mountain stream, the Drahor, which join.s the Czema or 
Karasu, a tributary of the Vardar. Tire military advan- 
tages of its position at the meeting-place of roads from 
■Salonica, Durazzo, Uskiub, and Adrianople led the Turks 
•about 1820 to make Monastir the headquarters of the 
Rouinelian corps d'armee. Since then its general and 
•commercial importance lias greatly increased. A consider- 
•able amount of gold and silver work (espeefaiJy cJa.sps and 
filigree) is made by the local craftsmen. The pojjulation 
is about 40,000. 

Sfoiiastir — BO called from tlic monastery of Bukova ('Hie Beeches), 
some hundred feet up the slope of Poristcri — is zdentiiicu mtli tJjc 
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-ancient JJeracloa Lynccstison the Reaiatian Wav • and its 

IS .still c,al]ed the bishopric of Pclarmnia from L ancient naS 

AlbanLn'heys town was the scene of the massacre of thn 

MONBODDO, James Buhnett, Bonn (1714-1799) 
author of works on the Oritjm and Propress of Lnnquuae 
(published in 1( (.3), and Ancient 2fetaphysics (1779), was 
one of the most marked characters in Scotti.sh literary 
circles in the 18th cpntury. He was born in 1714 at 
Monhoddo in' Kincardinc.shirc, studied at Aberdeen and 
Groningen, and quickly took a leading position at the 
Edinburgh bar, being made one of the Lords of Session 
in 1767. Many of his cccentricitic.s, both of conduct and 
opinion, appear less eccentric to the present generation 
than they did to his contempoi-aries; tliough lie seems to 
have heightened the impression of them by his humorous 
sallies in their defence. He may have had other reasons 
than the practice of the ancients for dining late and per- 
forming his journeys on liorseback instead of in a carriage. 
His views about the origin of .society and hngnago and the 
faculties by which man is distinguished from the brutes 
afforded endless matter for jest to the wags of liis day; 
but readers of this generation arc more likely to be sur- 
prised by the scientific character of his method and the 
acntenc.ss of liis conclusions than amused by Ids eccentri- 
city. These conclusions have many curious points of con- 
tact with Darwinism and Hco-Kantism. His idea of 
.studying man as one of the animals, and of collecting facts 
about savage tribes to tlirow light on the jzroblcms of 
civilization, bring him into contact with the one, and his 
intimate knowledge of Greek philosojzhy with the other. 
In both re.spccts Monhoddo was far in advance of his 
neighbours. His happy turn of Virgil’s line — 

“Tiintaj mobs ernt humanam conilcrc gontem " — 
might be adopted as a motto by the Evolutionists ; and 
Neo-Kantians would find it hard to believe that he ))ublished 
his criticism of Locke in 177.3. His studied abstinence 
from fine writing — from “ the rhetorical and poetical stylo 
fashionable among writers of the present day ” — on such 
.subjects as lie handled confirmed the idea of his con- 
temporaries that he was only an eccentric concoctcr of 
supremely absurd paradoxes. He died, 26th May 1799, 
at the advanced age of eighty-five. 

MONCTON, a town of the Dominion of Canada, in 
Westmoreland, New Brunswick, 89 miles by rail north- 
east of St John, is a port at the liead of navigation on the 
Pctitcodiac, and the seat of the workshojis and general 
offices of the Intercolonial Railway. The population, 
about 1200 in 1871, was 5032 in 1881 ; the growth of 
the place has been favoured by the establishment of sugar- 
refining factories, and factories for cotton and brass and iron 
wares since the Canadian Parliament in 1879 adojited a 
policy of protection. For the year 1881-82 the e.x2)orts 
amounted to $64,817, and the imports to .$2.52,.5M. 

MONDONEDO, an ancient city of Spain, 2/ miles 
north-north-east from Lugo, in the province of that name, 
is situated on the Sixto, a small tributary of the Masmn, 
on the Atlantic side of the Cantabrian chain, in a sheltered 
site .surrounded on all sides by considerable hills. Tlic 
iiopulation in 1878 was 10,112. The principal buildings 
are the cathedral, a Corinthian structure of the litli 
century, an cx-convent of Franciscan friars of Alcantara, 
which is now used for a theatre and a public school, and 
the civil hospital. The industrie.s, which are unimiiortant, 
include lace-making, linen-weaving, and leather nianu- 

^^AccordinR to local tradition, the Wshopne of Dnmhini, near 
Braca, was transferred to San Jlartin de Mondoricdo (Oircc 
from iMondonedo) in the 8th century; it was brought to Momloindo 
IS by Urraca in the beginning of the 12th : ^r 

about sixty years prior to 1 233 the sec was at Kibadeo. After l.ai w„ 
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-ivithin tlie church, towards tlic cud of the 2d century 
•and during the 3d,^ opposed the doctrine of a hypostatic 
Logos (hypostasianism) or of an independent personal suh- 
•sistenco of the Divine Word. It is usual (and convenient) 
to speak of two kinds of monarchianism, — the dynamistic 
■and^ the modalistic. By monarchians of the former class 
Clirist was lield to he a mere man, miraculously conceived 
indeed, hut constituted the Son of God simply hy the in- 
finitely high degree in which ho had been filled with Divine 
wisdom and power. This view was represented in Asia 
Jlinor about the year 1/0 by the anti-Montani.stic Aldgi, 
so called by Epiphanius on account of their rejection of the 
Fourth Go.spel ; it was also taught at Borne about the end 
of the 2d century by Theodotus of Byzantium, a currier, 
who was excommunicated by Bishop Victor, and at a later 
date by Artomon, excommunicated by Zephyrinus. About 
the year 260 it was again propounded within the church 
by Paul of Samosata (fi.v.), who held that, by his unique 
excellency, the man Jesus gradually rose to the Divine 
dignity, so as to be worthy of the name of God. Modalistic 
monarchianism, conceiving that the whole fulness of the 
Godhead dwelt in Clirist, took exception to the “ subordi- 
natianism”of some church writers, and maintained that the 
names Father and Son were only two different designations 
of the same subject, the one God, who “ with reference to 
the relations in ivhieh He had previously stood to the world 
is called the Father, but in reference to His appearance in 
humanity is called the Son.” It was first taught, in the 
interests of the “monarchia” of God, by Praxcas, a con- 
fe.s.sor from A-sia Minor, in Home about 1 90, and was opposed 
by Tortullian in his well-known controversial tract. The 
same view — ’the “ patripassian ” as it was also called, because 
it implied that God the Father liad suffered on the cross — 
obtained fresh support in Home about 215 from certain 
•disciples of Noctus of Smyrna, who received a modified 
•support from Bishop Callistus. It was on tin's account 
that Hippolytu.s, the champion of hypostasian subordinatian- 
ism, along ivitli liis adlierents, witlidrew from the obedience 
of Callistus, and formed a separate community. A new and 
conciliatory phase of patripassianism was expounded at a 
-Somewhat later date by Bcryllus of Bostra, who, while hold- 
ing the divinity of Christ not to be ISi'a, or proper to Him- 
-self, but Trarpix'jf (belonging to the Father), yet recognized 
in His personality a new Trpda-ojTroi^ or form of manifestation 
on the part of God. Beryllus, however, was convinced of 
the wrongne.ss of this view by Okigen (</.«.), and recanted 
at the synod wliich had been called together in 244 to 
discuss it. For the subsequent history of modalistic mon- 
archianism, see Sabellius, 

MONASTICISM. See Monaciiism. 

MONASTIR, Bitolia, or Toli JIoNASTp, a city of 
Macedonia, now the chief town of the Turkisli vilayet of 
lloumeUa, is situated at a height of 1880 feet above the 
sea, in a we.stem inlet of the beautiful, fertile, and many- 
villaged plain which, with a breadth of about 10 miles, 
stretches for 40 miles eastward from Mount Peri.stcri 
'(7714 feet high) to the Babuna chain. It is embosomed 
in rich masses of foliage, and crossed by a rough-channeled 
mountain stream, the Drahor, which joins the Czerna or 
Karasu, a tributary of the Vardar. The military advan- 
tages of its position at the meeting-place of roads from 
■Salonica, Durazzo, XJskiub, and Adrianople led the Turks 
•about 1820 to make Monastir the headquarters of the 
Ilouinelian corps d’arniee. Since then its general and 
•commercial importance has greatly increased. A considcr- 
•able amount of gold and silver work (especially cla.sps and 
filigree) is made by the local craftsmen. The poi>ulation 
is about 40,000. 

Sfoiiastir — so called from tlic monastery of Bukova (Dm Bccchcs), 
froine liumlrcd feet up the slope of Poristcri — is identified mtn tiic 
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ancient Boraclea Lyncesti.? on the Kgnatian Way ; and its hishoi.rir 
thfnlain I’olaKonia from the ancient name of 

Albanianiiey" n was the scene of the massacre of the 

MONBODDO, James Buhnett, Lobd ( 171 ‘ 1 - 1799 ) 
author of work.s on the Ongin and Progress of Lnnpuin'c 
(published m 1(73), and Ancient Metaphysics (1779), was 
one of the most marked characters in Scotti.sh litcrary 
circlcs in the 18th cpntury. He was born in 1714 at 
Monboddo in' Kincardinc.shirc, studied at Aberdeen and 
Groningen, and quickly took a leading position at the 
Edinbm-gh bar, being made one of the Lords of Session 
in 1767. Many of his eccentricities, both of conduct and 
opinion, appear less eccentric to the present generation 
than they did to his contemporaries; though ho scem-s to 
have heightened the impression of them by his humorous 
sallies in their defence. He may have had other reasons 
than the practice of the ancients for dining late and j’cr- 
forming his journeys on horseback instead of in a carriage. 
His views about the origin of society and language and the 
faculties by which man is distinguished from the brutes 
afforded endless matter for jest to the wags of his day; 
but readers of this generation are more likely to be sur- 
prised by the scientific character of his method and the 
acuteness of his conclusions than amused by his eccentri- 
city. These conclusions have many curious points of con- 
tact with Darwinism and Hco-Kantism. His idea of 
.studying man as one of the animals, and of collecting facts 
about savage tribes to tlirow light on the iiroblcms of 
civilization, bring him into contact with the one, and his 
intimate knowledge of Greek pln'Iosojihy with the other. 
In both re.spccts Monboddo was far in advance of his 
neighbours. His happy turn of Virgil’s line — 

“Tiint.'c niolis ernt lummam conilcro gDiitcm ” — 
might be adopted as a motto by the Evolutionists ; and 
Neo-Kantians would find it hard to believe that he jniblished 
his criticism of Locke in 1773. Ilis studied abstinence 
from fine writing — from “the rhetorical and poetical stylo 
fashionable among writers of the present day ” — on such 
subjects as he handled confirmed the idea of his con- 
temporaries that he was only an eccentric concoctcr of 
supremely absurd paradoxes. He died, 26th May 1799, 
at the advanced age of eighty-five. 

MONCTON, a town of the Dominion of Canada, in 
Westmoreland, New Brunswick, 89 miles by rail north- 
east of St John, is a port at the head of navigation on the 
Petitcodiac, and the seat of the workshojis and general 
offices of the Intercolonial Railway. The population, 
about 1200 in 1871, was 5032 in 1881 ; the growth of 
the place has been favoured by the establishment of sugar- 
refining factories, and factories for cotton and brass and iron 
wares since the Canadian Parliament in 1879 adojited a 
policy of protection. For the year 1881-82 the e.xports 
amounted to 864,817, and the imports to 1. 

MONDONEDO, an ancient city of Spain, 27 miles 
north-north-east from Lugo, in the province of that name, 
is situated on the Sixto, a small tributarj' of the Mfn-inn, 
on the Atlantic side of the Cantabrian chain, in a sheltered 
site surrounded on all sides by considerable hills. The 
iiopulation in 1878 was 10,112. The principal biiilding.s 
are the cathedral, a Corinthian structure of the 1/th 
century, an cx-convent of Franciscan friars of Alcantara, 
which is now used for a theatre and a public school, and 
the civil hospital. The industries, which are iinimiiortant, 
include lace-making, linen-weaving, and leather nianu- 

^''^AMordini; to local tradition, the hishopric of Bnmiuni, near 
Braca was transferred to San Jlartin de Mondoricdo (three li-.iguM 
from iMondonedo) in the 8th century ; H was hronght to Mowlouedo 
itself by Dona Urraca in the beginning of the 1 2th centno . 
about sixty years prior to 1 233 the sec was at Kibadeo. After )ia\ 
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fusion. Ill morcuntile plirusoolo^’’ tlio vuluo of money 
means the interest charged for the use of loanable capital. 
Thus, when the market rate of interest is high money is 
said to be dear, when it is low money is regarded as cheap. 
Whatever may be the force of the reasons in favour of this 
use, it is only mentioned here for the purpose of excluding 
it. For our present subject, “ the value of a thing is what 
it ivill exchange for ; the value of money is what money 
■null exchange for, or its purchasing power. If prices are 
low, money -null buy much of other things, and is of high 
value ; if prices are high, it -will buy little of other things, 
and is of low value. The value of money is inversely as 
general prices, falling as they rise and rising as they fall.” i 
Kow in the general theory of value it appears that the 
proximate condition which determines it is the equation 
between supply and demand ; and this is clearly the case 
■nuth reference to money. These terms, supply and demand, 
need, however, some elucidation. Let us consider what is 
meant by the supply of, and demand for, money. The 
supply of a commodity means the quantity of it which is 
offered for sale. But in what shape does the sale of monej- 
take jfface ? By being offered for goods. “ The supply of 
money, then, is the quantity of it which people are wanting 
to lay out;” or, to put the point more concisely, it is “all 
the money in circulation at the time.” Again, to take the 
case of demand, — the demand for a commodity is the pur- 
chasing power offered for it.- Demand in the special case 
of money consists of all the goods offered for sale. There 
is, however, a peculiar feature in the case of money which 
arises from its position as the medium of exchange, viz., 
that money is, so to say, in a “ constant state of supply 
and demand,” since its principal service is to act as the 
means of purchasing commodities.® From this it follows 
that the factors which determine the value of money within 
a given time are : (1) the amount of money in circulation, 
and (2) the amount of goods to be sold. On closer exami- 
nation it will, however, appear that there are other elements 
to be taken into account. In the first place, the quantity 
of money is not by itself the sole element on the supply 
side. In some instances a coin will not circulate more 
than two or three times in a year, while another coin may 
make hundreds of purchases. In determining the value of 
money these varying rates of circulation have to be con- 
sidered, and by taking an average we may establish the 
existence of a fresh element to be estimated, namely, the 
average rapidity -nith which money does its work, or, to 
use Mill’s expression, “the efficiency of money.” On 
the side of demand, again, it is not the quantity of commo- 
dities that is the determining element, but the amount of 
sales, and the same article may, and generally does, pass 
through several hands before it reaches the consumer. 
From this it follows that (if the consideration of credit in 
its various forms be omitted) the value of money is inversely 
as its quantity multiplied by its efficiency, the amount 
of transactions being assumed to be constant. This formula 
requires, however, some further explanations before it can 
be accepted as a full expression of the truth on the subject. 
It must be noticed that it is not commodities only that are 
exchanged for money. Services of all kinds constitute a 
large portion of the demand, while the payment of interest 
on the various forms of obligation requires a large amount 
of the circulating medium. The potent influence of credit 
also must be dwelt on. This latter force is the main element 
to be considered in dealing ■u’ith variations of prices ; but 
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so far as it is based on a deposit of metallic money it mav 
be looked on as a means of increasing the efficienev (it 
money, and therefore as coming -within the formula given 
above. ^ In its other aspects it hes outside the range of 
this article. Some interesting conclusions may be dechiced 
from the results we have arrived at. One of these is that 
the “increased development of trade,” or “e.xpansion of 
commerce,” o/ itself tends to lower not to raise prices; 
for, by increasing the work which money has to do while 
the amoimt remains the same, it raises its value.'* Another 
consequence is that a large addition may be made to the 
money in a country '^vithout any effect being produced on 
prices. This is evident, since money onty acts on prices 
by being brought into circulation ; therefore, if the money 
which is added to the national stock is not used in thio 
way, prices ■wiU remain unaffected. 

^ We have now sufficiently considered the proximate con- 
ditions which determine the value of money ; the next stej» 
is to inquire : What is the ultimate regulator of its value ? 
The value of freely-produced commodities is — according to 
the ordinary theory of economists- — determined by their 
“ cost of production,” or, where the article is produced at 
different costs, by the cost of production of the most costly 
portion. We have now to consider how far this theory 
applies to the special case of money. Gold and silver, the 
principal materials of money, are the products of mines, 
and are produced at different costs ; therefore the cost of 
the part produced at greatest cost ought to determine their 
value. This theory is, however, true only under certain 
conditions — namely, that competition is perfectly free, and 
thab-there are accurate data for computing the cost of pro- 
duction, and even then it is true only “in the long run.” 
Moreover, cost only operates on value by affecting supply. 
“The latent influence,” says Mill,® “by which the values 
of things are made to conform in the long run to the cost 
of production is the variation that would other'wise take 
place in the supply of the commodity.” From these con- 
siderations it follows that cost of production does not so 
influentially affect the value of money as some writers have 
supposed. In former periods it was a common proceeding 
on the part of the state to either restrict or stimulate coin- 
age and mining for the precious metals. At all times the 
working of gold and silver mines has been rather a hazard- 
ous speculation than a legitimate business. “ When any 
person rmdertakes to work a new mine in Peru,” says Adam 
Smith,® “ he is universally looked upon as a man destined 
to bankruptcy and ruin, and is upon that accoimt shunned 
and avoided by everybody. Mining, it seems, is considered 
there in the same light as here, as a lottery, in which 
the prizes do not compensate the blanks ; ” and all subse- 
quent experience confirms this view. Mith regard to the 
adjustment of supidy to meet an altered cost of production, 
the difficulties are, if possible, still greater. The sujjply 
of money is so large compared •with the annual production, 
that any change can operate but slowly on its value. The 
total stoppage of fresh supplies from the mines would not 
be felt for some years in the increased value ; and an in- 
creased amount of production, though more rapid in it.- 
operation, takes some time to produty an effect. “ Hence 
the effects of all changes in the conditions of production Ol 
the precious metals are at first, and continue to be for many 
years questions of quantity only, vith little reference to 
cost of production.” On these grounds it is ajqiarent that 
cost of production is not, for short penods, the controlling 
force which governs the value of money, and even for long 
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fusion. In mercantile phraseology the value of money 
means the interest charged for the use of loanable capital. 
Thus, when the market rate of interest is high money is 
said to be dear, when it is low money is regarded as cheap. 
Whatever may be the force of the reasons in favour of this 
use, it is only mentioned here for the purpose of excluding 
it. For our present subject, “ the value of a thing is what 
it will exchange for ; the value of money is what money 
■null exchange for, or its purchasing power. If prices are 
low, money -null buy much of other things, and is of high 
value ; if prices are high, it -null buy little of other things, 
and is of low value. The value of money is inverse!}' as 
general prices, falling as they rise and rising as they fall.” ^ 
Kow in the general theory of value it appears that the 
proximate condition which determines it is the equation 
between supply and demand ; and this is clearly the case 
■nuth reference to mone}'. These terms, supply and demand, 
need, however, some elucidation. Let us consider what is 
meant by the supply of, and demand for, money. The 
supply of a commodity means the quantitj' of it ■which is 
offered for sale. But in •what shape does the sale of mone}’ 
take jdace 1 By being offered for goods. “ The supply of 
money, then, is the quantity of it which people are wanting 
• to lay out;” or, to put the point more concisely, it is “all 
the money in circulation at the time.” Again, to take the 
case of demand, — the demand for a commodity is the pur- 
chasing power offered for it.- Demand in the special case 
of money consists of all the goods offered for sale. There 
is, however, a peculiar featiu-e in the case of money which 
arises from its position as the medium of exchange, viz., 
that money is, so to say, in a “ constant state of supply 
and demand,” since its principal service is to act as the 
means of purchasing commodities.® From this it follows 
that the factors which determine the value of money within 
a given time are : (1) the amount of money in circulation, 
and (2) the amount of goods to be sold. On closer e.xami- 
nation it ■will, however, appear that there are other elements 
to be taken into account. In the first place, the quantity 
of money is not by itself the sole element on the supply 
side. In some instances a coin will not circulate more 
than two or three times in a year, while another coin may 
make hundreds of purchases. In determining the value of 
money these varying rates of circulation have to be con- 
sidered, and by taking an average we may establish the 
existence of a fresh element to be estimated, namely, the 
average rapidity ■with -which money does its work, or, to 
use Mill’s expression, “the efficiency of money.” On 
the side of demand, again, it is not the quantity of commo- 
dities that is the determining element, but the amount of 
sales, and the same article may, and generally does, pass 
through several hands before it reaches the consumer. 
From this it follows that (if the consideration of credit in 
its various forms be omitted) the value of money is inversely 
as its quantity multiplied by its efficiency, the amount 
of transactions being assumed to be constant. This fonnula 
requires, however, some further explanations before it can 
be accepted as a full expression of the truth on the subject. 
It must be noticed that it is not commodities only that are 
exchanged for money. Ser'vices of all kinds constitute a 
large portion of the demand, while the payment of interest 
on the various forms of obligation requires a large amount 
of the circulating medium. The potent influence of credit 
also must be dwelt on. This latter force is the main element 
to be considered in dealing ■u’ith variations of prices ; but 
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so far as it 13 based on a deposit of metallic money it mav 
be looked on as a means of increasing the efficiencv o'l 
money, and therefore as coming ■within the fonnula given 
above. ^ In its other aspects it hes outside the range of 
this article. Some interesting conclusions may be dechiced 
from the results we have arrived at. One of these is that 
the “increased development of trade,” or “e.vpansion of 
commerce,” of itself tends to lower not to raise prices ; 
for, by increasing the work which money has to do while 
the amount remains the same, it raises its value.'* Another 
consequence is that a large addition may be made to the 
money in a country ivithout any effect being produced on 
prices. This is evident, since money onl}' acts on prices 
by being brought into circulation ; therefore, if the money 
which is added to the national stock is not used in tliio 
way, prices ■wUl remain unaffected. 

^ We have now sufficiently considered the proximate con- 
ditions which determine the value of money ; the next stej> 
is to inquire ; What is the ultimate regulator of its value 1 
The value of freely-produced commodities is — according to 
the ordinary theory of economists — determined by their 
“ cost of production,” or, where the article is produced at 
different costs, by the cost of production of the most costly 
portion. We have now to consider how far this theory 
applies to the special case of money. Gold and silver, the 
principal materials of money, are the products of mines, 
and are produced at different costs ; therefore the cost of 
the part produced at greatest cost ought to determine their 
value. This theory is, however, true only under certain 
conditions — namel}', that competition is perfectly free, and 
thahthere are accurate data for computing the cost of pro- 
duction, and even then it is true only “in the long run.” 
Moreover, cost only operates on value by affecting supply. 
“The latent influence,” says Mill,® “by which the values 
of things are made to conform in the long run to the cost 
of production is the variation that would otherwise take 
place in the supply of the commodity.” From these con- 
siderations it follows that cost of production does not so 
influentially affect the value of money as some writers have 
supposed. In former periods it was a common proceeding 
on the part of the state to either restrict or stimulate coin- 
age and mining for the precious metals. At all times the 
working of gold and silver mines has been rather a hazard- 
ous speculation than a legitimate business. “ hen any 
person undertakes to work a new mine in Peru,” says Adam 
Smith,® “ he is universally looked upon as a man destined 
to bankruptcy and ruin, and is upon that accoimt shunned 
and avoided by everybody. Mining, it seems, is considered 
there in the same light as here, as a lottery, in which 
the prizes do not compensate the blanks ; ” and all subse- 
quent experience confirms this view. Mith regard to the 
adjustment of supjdy to meet an altered cost of production, 
the difficulties are, if possible, still greater. The sujiply 
of money is so large compared with the annual production, 
that any change can operate but slowly on its value. The 
total stoppage of fresh supplies from the mines would not 
be felt for some years in the increased value ; and an in- 
creased amount of production, though more rapid m it.- 
operation, takes some time to produce an effect. “ Hence 
the effects of all changes in the conditions of production Oi 
the precious metals are at first, and continue to be for man} 
years questions of quantity only, vith little reference to 
cost of production.” On these grounds it is ajqiarent that 
cost of production is not, for short periods, the controlling 
force which governs the value of money, and even for long 
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ircckoncd cfjuivalent to one ox. The recognition of these objects as 
universal legal representatives of value, or, in other words, as money, 
may be traced back to the epoch of a purely pastoral economy.” * 
The Icelandic law bears u-itness to a similar state of things ; wliilc 
the various fines in the different Teutonic codes are estimated in 
■cattle. The Latin word pcciinia {pccus) is an evidence of the earliest 
Roman money being composed of cattle. The English /cc and the 
famous term feudal, according to its most probable etymology, are 
•derived from the same root. In a well-known passage of the lliad- 
the value of two different sets of armour is estimated in teians of 
oxen. The Iri.sh law ti-aots bear evidence as to the use of cattle as 
•one of the measures of value in early Irish civilization.^ Within 
the last few years it has been prominently brought before the public 
that oxen form 'the principal wealth and the circulating medium 
•among the Zulus and Kaffres. On the testimony of an oye-witness 
we are assured, that, “as cattle constitute the solo wealth of the 

S ic, .so they are their only medium of such transactions as involve 
angc, payment, or reward.”* Wo find that cattle-rents arc 
paid by the pastoral Indian tribes to the United States Government “ 
From the prominence of .slavery in early societies it is natural to 
suppose that slaves would be adopted as a medium of exchange, and 
•one of the measures of v.alue in the Irish law tracts, cunihal, is Raid 
to have origin.ally meant a female slave. They are at present applied 
to this purpo.se in Central Africa, and also in New Guinea. On 
•passing to the amcultural stage a greater number of objects arc 
found capable of being applied to currency purposes. Among these 
.arc corn — used even at present in Norway — maize, olive oil, cocoa- 
nuts, and tea. The most remarkable instance of an agricultural 
product being used as currency is to be found in the case of tobacco, 
which was adopted as legal tender by the English colonists in North 
America. Another class of articles used for money consists of 
■ornaments, which amon" all uncivilized tribes serve this purpose. 
The hainua-shells mentioned before arc an instance, cowries in 
India, whales’ teeth among the Fijians, red feathers among some 
•South Sea Island tribes, and finally, any attractive kinds of stone 
which can bo easily worked. Jlincral products, so far as they do 
not come under the preceding head, furnish another clas.s. Thus 
■salt was used in Abyssinia and Jilcxico, while the metals — a pheno- 
menon which will require a more caicful examination — have suc- 
■ceeded in finally driving all their inferior competitors out of the 
field, and have become the .solo .substances for money at prc.scnt. 

4. Metallic Forms of Money. Their Supenonly over 
other Substances. Special Advantages of Silver and Gold . — 
The use of metals a.s a form of money can be traced far back 
in the history of civilization, but, as it is not po.ssible to 
ascertain the historical order of their re.spective adoptions 
for this puqiose, we will take them in tlie order of their 
value, beginning with the lowest. Iron, judging from the 
statement of Aristotle, was extensively employed ascurrency. 
One remarkable instance of this which at once occurs to the 
mind is the Spartan money, which is clearly a survival of 
the older system that had died out among the other Greeks, 
though by modem ■\vriters it has been attributed to a.scetic 
policy. In conjunction ■with copper, iron formed an early 
Chinese currency, and till recently it was a subsidiary 
coinage in Japan. Iron spikes are used in Central Africa, 
while Adam Smith notices the use of nails for money in 
Scotland.® Lead has also served as money, as it does at 
present in Burmah. Copper has been more widely employed 
than either of the previou.sly-mentioned metals. Its use in 
Cliina as a parallel standard with iron has just been men- 
tioned. The early Hebrew coins were chiefly composed of 
it, while down to 269 u.c. the sole Roman coinage was 
an alloy of copper. Till a very recent period it formed the 
principal money of some poorer European states (as Sweden), 
and was the subsidiary coinage of the United Kingdom till 
the present bronze fractional currency was introduced. Tin 
was not so favourite a material for money as copper, but 
the early English coinages were composed of it, probably on 
account of the fertile tin mines of Cornwall, and in later 
times halfpence and farthings of tin have been struck. The 
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next metal which comes into notice is silver, which up to 
the last few years was the principal form of money, and 
even still is able to dispute the field with its most formidable 
rival. It formed the main basi.s of Greek com.s, and u'a.s 
introduced at Rome in 269 B.c. The mediaival money was 
principally composed of silver, and its position in recent 
times will have to be subsequently noticed more at length. 
Gold, which is the most valuable of the metals widely used 
for monetary purposes, has been steadily gaining ground 
with the growth of commerce. The earliest trace of its u.'-o 
in common with that of silver is to be found “ in the pictures 
of the ancient Egyptians weighing in scales heaps of rings 
of gold and silver.” ^ The only other metals used for money 
— platinum and nickel — may be easily disposed of. The 
former of these was coined for a short time by the Russian 
Government, and then given up as unsuitable. The latter 
is only u.sed as an alloy. 

The examination of the forms of currency, both metallic 
and non-metallic, in which we have been engaged leads to 
certain definite conclu-sions as to the course which the 
evolution of currency is pur-suing. It appears (1) that the 
metals tend to supersede all other forms of money among 
progressive peoples, and (2) that certain metals tend to 
supersede the others. From this we are led to consider the 
qualities w’hich arc desirable in the material of money, and 
to conclude that the presence or absence of those qualities 
is the reason of the adoption or rejection of any given 
substance. 

(1) In the first place, it is neces.sary that the material of 
money should be desirable, or, in other words, possess value ; 
and to this condition all the commodities we have reviewed 
conform, for otherwise they would never have attained the 
position of being a medium of exehange. This quality, 
then, is not the reason for the preference of some fonns over 
others. (2) The second requisite clearly is that the value 
of the article shall be high in proportion to its weight or 
bulk, or, to put the same truth in another way, it is requisite 
that it shall be portable. Want of this quality has been n 
fatal obstacle to many early forms of money retaining their 
place. Skins, corn, and tobacco were found very difficult 
to transfer from place to place. Iron and copper too 
suffered from the same defect, while sheep and oxen, though 
moving themselves, were expensive to transfer. (3) It is 
further desirable that the material of money shall be the 
same throughout, and that one unit shall be equal in value 
to another. This is a reason for rejecting the widespread 
currency composed of cattle, as the difference between one 
and another head is of course often considerable. The 
metals possess a particular advantage in this respect, as, 
after being refined, they are almost exactly homogeneous. 

(4) A fourth requisite is that the substance used as money 
^n rvithout damage be divided and, if needed, united again; 
here also the desired quality is peculiarly possessed by the 
metals, as they arc easily fusible, while skins or precious 
stones suffer greatly in value by division, and it need hardly 
be added that the same is the case with regard to animals. 

(5) Money must also be durable. This at once removes 

from the articles suitable for money all animal and many 
vegetable substances. Eggs or oil will not keep, and conse- 
quently soon lose their value. Iron, too, is liable to rust, 
which, combined with its low value, is a reason for i s di,s- 
use as currency. (6) Money should be casilydistingmishablc, 
and there should be no trouble in ascertaining its value. 
This condition is one of the reasons why precious stoiie.s 
have never been much used as money, their value being hard 
to estimate. The .same objection applies to most non- 
metallic currencies, and is only obviated even m their ca^^c 
by “ of Uying. (7) Tl.o Inst c.l.l. on 
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ircckoncd cfjuivalent to one ox. The recognition of these objects as j 
universal legal representatives of value, or, in other words, as money, 
may be traced back to the epoch of a purely pastoral economy.” ^ 
The Icelandic law bears u-itness to a similar state of things ; while 
the various fines in the different Teutonic codes arc estimated in ■ 
■cattle. The Latin word pcciinxa {pccus) is an evidence of the earliest 
Roman money being composed of cattle. The English /cc and the 
famous term feudal, according to its most probable etymology, are 
•derived from the same root. In a well-known passage of the lliad- 
thc value of two different sets of armour is estimated in tenns of 
oxen. The Iri.sh law ti-aots bear evidence as to the use of cattle as 
•one of the measures of value in early Irish civilization.® Within 
the last few years it has been prominently brought before the public 
that oxen form ' the principal wealth and the circulating medium 
■among the Zulus and Kaffres. On the testimony of an eye-witness 
we are assured that, “as cattle constitute the solo wealth of the 

S ic, .so they are their only medium of such transactions as involve 
ange, payment, or reward.”* Wo find that cattle-rents are 
paid by the pastoral Indian tribes to the United States Government ® 
From the prominence of .slavery in early societies it is natural to 
suppo-ie that slaves would be adopted as a medium of exchange, and 
•one of the measures of v.alue in the Irish law tracts, mnihal, is Raid 
to have origin.ally meant a female slave. They are at present applied 
to this purpo.se in Central Africa, and also in New Guinea. On 
•passing to the amcultural stage a greater number of objects arc 
found capable of being applied to currency purposes. Among these 
.are corn — used even at present in Norway — maize, olive oil, cocoa- 
nuts, and tea. The most remarkable instance of an agricultural 
product being used as currency is to be found in the case of tobacco, 
which was adopted as legal tender by the English colonists in North 
America. Another class of articles used for money consists of 
■ornaments, which amon" all uncivilized tribes serve this purpose. 
The hainua-shells mentioned before arc an instance, cowries in 
India, whales’ teeth among the Fijians, red feathers among some 
■South Sea Island tribes, and finally, any attractive kinds of stone 
which can be easily worked. Jlincral products, so far as they do 
not come under the preceding head, furni.sh another clas.s. Thus 
<ialt was used in Abyssinia and lilcxico, while the metals — a pheno- 
menon which irill require a more caicful examination — have suc- 
■ceeded in finally driving all their inferior competitors out of the 
field, and have become the .solo .substances for money at prc.scnt. 

4. Metallic Forms of Money. Their Supexionty over 
other Substances. Special Advantages of Silver and Gold . — 
The use of metals a.s a form of money can be traced far back 
in the history of civilization, but, as it is not po-ssible to 
ascertain the historical order of their re.spective adoptions 
for this puqiose, we will take them in tlie order of their 
value, beginning with the lowest. Iron, judging from the 
statement of Aristotle, was extensively employed as currency. 
One remarkable instance of this which at once occurs to the 
mind is the Spartan money, which is clearly a survival of 
the older system that had died out among the other Greeks, 
though by modem ■\vriters it has been attributed to a.scetic 
policy. In conjunction -with copper, iron formed an early 
Chinese currency, and till recently it was a subsidiary 
coinage in Japan. Iron spikes are used in Central Africa, 
while Adam Smith notices the use of nails for money in 
Scotland.® Lead has also served as money, as it does at 
present in Burmah. Copper has been more widely employed 
than either of the previou.sly-mentioned metals. Its use in 
Cliina as a parallel standard with iron has just been men- 
tioned. The early Hebrew coins were chiefly composed of 
it, while down to 269 B.c. the sole Roman coinage was 
an alloy of copper. Till a very recent period it formed the 
principal money of some poorer European states (as Sweden), 
and was the subsidiary coinage of the United Kingdom till 
the present bronze fractional currency was introduced. Tin 
was not so favourite a material for money as copper, but 
the early English coinages were composed of it, probably on 
account of the fertile tin mines of Cornwall, and in later 
times halfpence and farthings of tin have been struck. The 
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next metal which comes into notice is silver, which up to 
the last few years was the principal form of money, and 
even still is able to dispute the field with its most formidable 
rival. It formed the main basi.s of Greek coins, and was 
introduced at Rome in 269 B.c. The medieval money was 
principally composed of silver, and its position in recent 
times will have to be subsequently noticed more at length. 
Gold, which is the most valuable of the metals widely used 
for monetary purposes, has been steadily gaining ground 
with the growth of commerce. The earliest trace of its n.'-o 
in common with that of silver is to be found “ in the pictures 
of the ancient Egyptians weighing in scales heaps of rings 
of gold and silver.” ^ The only other metals used for money 
— platinum and nickel — may be easily disposed of. The 
former of these was coined for a short time by the Russian 
Government, and then given up as unsuitable. The latter 
is only used as an alloy. 

The examination of the forms of currency, both metallic 
and non-metallic, in which we have been engaged leads to 
certain definite conclu-sions as to the course which the 
evolution of currency is pur-suing. It appears (1) that the 
metals tend to supersede all other forms of money among 
progressive peoples, and (2) that certain metals tend to 
supersede the others. From this we are led to consider the 
qualities which arc desirable in the material of money, and 
to conclude that the presence or absence of those qualities 
is the reason of the adoption or rejection of any given 
substance. 

(1) In the first place, it is neces.sary that the material of 
money should be desirable, or, in other words, possess value ; 
and to this condition all the commodities we have reviewed 
conform, for otherwise they would never have attained the 
position of being a medium of exchange, This quality, 
then, is not the reason for the preference of some fonns over 
others. (2) The second requisite clearly is that the value 
of the article shall be high in proportion to its weight or 
bulk, or, to put the same truth in another way, it is requisite 
that it shall be portable. Want of this quality has been a 
fatal obstacle to many early forms of money retaining their 
place. Skins, corn, and tobacco were found very difficult 
to transfer from place to place. Iron and copper too 
suffered from the same defect, while sheep and oxen, though 
moving themselves, were expensive to transfer. (3) It is 
further desirable that the material of money shall be the 
same throughout, and that one unit shall be equal in value 
to another. This is a reason for rejecting the widespread 
currency composed of cattle, as the difference between one 
and another head is of course often considerable. The 
metals possess a particular advantage in this respect, as, 
after being refined, they are almost exactly homogeneous. 

(4) A fourth requisite is that the substance used as money 
^n rvithout damage be divided and, if needed, united again; 
here also the desired quality is peculiarly possessed by the 
metals, as they arc easily fusible, while skins or precious 
stones suffer greatly in value by division, and it need hardly 
be added that the same is the case with regard to animals. 

(5) Money must also be durable. This at once removes 
from the articles suitable for money all animal and many 
vegetable substances. Eggs or oil will not keep, and conse- 
quently soon lose their value. Iron, too, is liable to rust, 
which, combined with its low value, is a rea.son for its di,s- 
use as currency. (6) Money should be casilydistingniishablc, 
and there should be no trouble in ascertaining its value. 
This condition is one of the reasons why precious stones 
have never been much used as money, their value being bar I 
to estimate. The .same objection applies to most non- 
metallic currencies, and is only obviated even m their ca.^^c 
by “e p™® of Uying. (7) Tl.o Inst c.l.l. on 

7 Tylor, r. 283. 
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is a matter requiring much care, Tlie objects aimed at 
in imposing the stamp are (1) to prevent the coin being 
counterfeited, and (2) to prevent any of the metal being 
abstracted. ' The former of these objects can be best at^ 
tained by making the device suclx as can be obtained only 
by porverful and expensive machinery. Tlic most improved 
methods mast be adopted, and tlie greatest pains taken to 
have the device perfectly executed. The latest improve- 
ment in the process of coining is the introduction of the 
.knee-joint pre.ss. Tire latter difficulty is best obviated by 
asing special care in marking the edges of the coins. Ancient 
coins were issued with unstami)ed edges which presented 
no impediment to clipping, but modem coins, at least those 
of any size, are protected by the edge being milled or by a 
legend being iascribed round it. Tlie combination of milled 
edges n-ith a raised legend would be a still more effectual 
means of protecting the coinage from interference. 

■ Another matter of importance in the procc.s.s of coining 
is the nature and proportion of alloy to be used. The 
necessity for some mixture arises from the fact that gold 
and silver are both naturally soft, and, to obviate this, cop- 
per has been mixed with them, so as to produce a harder 
substance. The Austrian ducat is the nearest approach to 
purity among the principal coins of Europe, being com- 
posed of seventy-one parts of pure gold to one of alloy. 
The Engli.sh gold coins are eleven-twelfths pure gold, while 
the silver ones are thirty-seven-fortieths pure silver. The 
origin of the difference is purely historical. The general 
gold proportion is nine;tenths gold to one-tenth alloy, while 
in some coinages the proportion of silver to alloy is nearly 
five to one, the countries compo.sing the Latin Union 
having adopted that proportion in order to reduce their 
smaller silver coins to token.s. Copper is the usual material 
for alloying, but the Ifelboume mint used silver for some 
time. It is this silvery alloy that accounts for the yellow 
appearance of many Australian sovereigns. They, however, 
are rapidly di.sappearing, as it is profitable to melt them 
down. It has been mentioned above that the wear of 
.small coins Is greater than that of large ones, and it 
may be added here that the wear of coins in general is an 
important question in connexion with their legal circula- 
tion. The English sovereign is believed to remain alwvc 
the least current weight for from fifteen to twenty yeans. 
For the technical jjrocesses of coining, ikc., reference may be 
made to the article Mixx. 

The next topic to be considered is : IMio should Issue 
money 1 In the earlier stage.s of currency the question 
was not so prominent, but the establishment of coining 
brought it forward. In Greece each city being autono- 
mous claimed and exercised the right of freely coining as it 
desired, the coins being, of course, received in other cities 
only at their real value. The consequences of this sy.stem 
were generally beneficial. Tlie Greek coins were usually 
up to their nominal value, as debased coinage was unable 
to circulate beyond the place of issue, and therefore ex- 
tremely inconvenient to the members of the state issuing 
it.^ Under the Roman repmblic private persons were 
probably allowed to bring metal to be coined, though the 
coins seem generally to have had the name of one of the 
consuls for the year on them. Under the empire the 
doctrine became established that the right of coining be- 
longed exclusively to the emjieror, and till the fall of the 
Western empire this was acted on. After the establish- 
ment of the various barbarian kingdom.s, each sovereign 
as.sumed the privilege of coining, a right which in France 
was extended to or rather usurfied by the principal nobles.- 
In England the king alone coined silver.'' At present the 

’ See Lenormant, Coniemp. Ilev., February 1879. 

= Hallam, Middle Agtn, i. PP- 205-206. 

^ Lord Liverpool, Coins of tht licaltiij cn. 
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control of the opcration.s of the mint is comiJctcly in the 

tWptf f ° '^'^'^cutive ; and, until recently, no quiion on 
theoretical grounds as to tlie propriety of this method has 
ever been raised.'* 

In close connexion with the right of coining comes 
the consideration as to the proper persons to bear the 
expense of the process. At first sight the answer .seems 
plain enough. Coins are a manufactured article quite 
a.s much as plate, and are rendered more valuable by 
being assayed, weighed, and certified. It appears there- 
fore quite proper that those who bring metal to be 
coined should bear the cxjiense of the coinage, or, in 
other ivord.s, .should give up a part of the metal to the 
mint, thus paying for the seiw'ice rendered to them in the 
same manner as those sending letters pay the postal de- 
partment for their transmi.ssion. Tlii.s course ha.s been 
usually adopted, England, however, has taken a different 
line. In order to encourage the coining of the precious 
metals, no charge was made at the mint beyond that in- 
volved in the necessa^ delay in the operation; and this is 
at present the case with gold. Though this arrangement 
was originally introduced in obedience to the prejudices of 
the mercantile .system which regarded gold and silver as 
being peculiarly wealth, it may be defended on rea.'^onablc 
grounds : for (1) the expense of the mint is very small 
compared -with the amount of coin turned out, and (2) the 
coins produced are used by the nation, and therefore their 
expense may quite fairly be defrayed from the national 
revenue. Again, as the profit on the silver coinage (owing 
to circumstances to be subsequently discussed) is large, 
that may be set off against the free coinage of gold. The 
charge levied on coining, if confined to the expenses in- 
curred, is called brasmye ; if it is anything above that cost 
it is knovm a.s eeuftiiorage, 'which latter term is also used 
to denote both kinds of charge. The effect of seigniorage 
(using the term in its more extended sense) on the value 
of coins is to lower them, in fact, as Tooke has put it, 
seigniorage is always a kind of debasement, unle.s,s accom- 
panied vith limitation.® If the same quantity of metal bo 
in circulation there wll be a greater number of coins, and 
therefore nominal prices -will be higher. It is, however, 
possible that the increased prices may check the produc- 
tion of the precious metals, thus making the value of the 
metal higher than it would otherwise be. ^^^lctller this 
■(vill happen or not depends on the actual conditions of 
production, and is incapable of being predicted. One 
advantage which undoubtedly results from a charge on 
coinage is that it checks the tendency to melt coin when 
exported, for where a seigniorage is imposed coins arc 
more valuable than the uncoined metal by the amount of 
the seigniorage. It therefore becomes the interest of the 
holder not to melt down the coius, as in doing so ho lo.»c.s 
the extra value given by the coining. ^ Another factor in 
the expense of currency is the Io.ss -which arises from the 
wear and tear which money undergoe.s, and the consc(iuent 
cost of replacing the light or mi.ssing pieces. The last and 
largest item is the interest on the total amount of money in 
use To take the case of England, the value of the metallic 
currency is estimated at about £1 30,000,000. The interest 


< “Wc may take a.s an example the function (wliicli m a monopoly 

too) of coining money. . . . xVo one, even of tIio=e most j.-almr, off t.ale 

interference, has objected to this as an improper cxcrci-e of the i.o;.vfT5 
Tf covemmJnt.” -Mill, /'n«c., B. v. ch. 1, § 2. Bnlfce, for ole-t.on-, 
Il.^Spcncer, SacM SUitics, p]o tOO-f 02, and J. h. Sliadwell, -Syo'm «f 
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is a matter requiring much care, Tlie objects aimed at 
in imposing the stamp are (1) to prevent the coin being 
counterfeited, and (2) to prevent any of the metal being 
abstracted. ' The former of these objects can be best at^ 
tained by making the device suclx a.s can be obtained only 
by powerful and expensive machinery. Tho most improved 
methods mast be adopted, and the greatest pains taken to 
have the device perfectly executed. The latest improve- 
ment in the process of coining is the introduction of the 
.knee-joint pre.s.s. Tlie latter difficulty is best obviated by 
asing special care in marking the edges of the coins. Ancient 
coins were issued with unstamped edges which presented 
no impediment to clipping, but modem coins, at least those 
of any size, are protected by the edge being milled or by a 
legend being inscribed round it. Tlie combination of milled 
edges -n-ith a raised legend would be a still more effectual 
means of protecting the coinage from interference. 

■ Another matter of importance in the process of coining 
is the nature and proportion of alloy to be used. The 
nece-ssity for some mixture arises from the fact that gold 
and silver are both naturally soft, and, to obviate this, cop- 
per has been mixed with them, so as to produce a harder 
substance. The Austrian ducat is the nearest approach to 
purity among the principal coins of Europe, being com- 
posed of seventy-one parts of pure gold to one of alloy. 
The Engli.sh gold coins are eleven-twelfths pure gold, while 
the silver ones are thirty-seven-fortieths pure silver. The 
origin of the difference is purely historical. The general 
gold proportion is nine^tenths gold to one-tenth alloy, while 
in some coinages the proportion of silver to alloy is nearly 
five to one, the countries compo.sing the Latin Union 
having adopted that proportion in order to reduce their 
smaller silver coins to tokens. Copper is the usual material 
for alloying, but the Ifelboume mint used silver for some 
time. It is this silvery alloy that accounts for the yellow 
appearance of many Australian sovereigns. They, however, 
are rapidly di.sappearing, as it is profitable to melt them 
down. It has been mentioned above that the wear of 
.small coins Is greater than that of large ones, and it 
may be added here that the wear of coins in general is an 
important question in connexion with their legal circula- 
tion. The English sovereign is believed to remain alwve 
the least current weight for from fifteen to twenty years. 
For the technical jirocesses of coining, ikc., reference may be 
made to the article Mixx. 

The next topic to be considered is ; inio should issue 
money 1 In the earlier stage.s of currency the question 
was not so prominent, but the establi.shment of coining 
brought it forward. In Greece each city being autono- 
mous claimed and exercised the right of freely coining ^ it 
desired, the coins being, of course, received in other cities 
only at their real value. The consequences of this sy.stem 
were generally beneficial, Tlie Greek coins were usually 
up to their nominal value, as debased coinage was unable 
to circulate beyond the place of issue, and therefore ex- 
tremely inconvenient to the members of the state issuing 
it.i Under the Roman repmblic private persons were 
probably allowed to bring metal to be coined, though the 
coins seem generally to have had the name of one of the 
consuls for the year on them. Under the empire the 
doctrine became established that the right of coining be- 
longed exclusively to the emjieror, and till the fall of the 
Western empire this was acted on. After the establish- 
ment of the various barbarian kingdom.s, each sovereign 
as.sumed the privilege of coining, a right which in France 
was extended to or rather usuiqied by the principal nobles.- 
In England the king alone coined silver." At prusent the 

’ fs'ee Lenormant, Contemp. Jiev,, Febmary 1879. 
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control of the operations of the mint is completely in the 
hands of he executive ; and, until recently, no quition on 
theoretical grounds as to the propriety of this method has 
ever been raised/ 

In close connexion with the right of coining comes 
the consideration as to the proper persons to bear the 
expense of the process. At first sight the answer seems 
plain enough. Coins are a manufactured article quite 
us much us plate, and are rendered more valuable by 
being assayed, weighed, and certified. It appears there- 
fore quite proper that those who bring metal to be 
coined should bear the cxjionse of the coinage, or, in 
other word.s, .should give up a part of the metal to the 
mint, thus paying for the senu'ce rendered to them in the 
same manner as those sending letters pay the postal de- 
partment for their transmi.ssion, Tliis course ha.s been 
usually adopted, England, however, has taken a different 
line. In order to encourage the coining of the precious 
metals, no charge was made at the mint beyond that in- 
volved in the necessa^ delay in the operation ; and this is 
at present the case with gold. Though this arrangement 
was originally introduced in obedience to the prejudices of 
the mercantile .system which regarded gold and silver as 
being peculiarly wealth, it may be defended on rea.>;onablc 
grounds : for (1) the expense of the mint is very small 
compared irith the amount of coin turned out, and (2) the 
coins produced are used by the nation, and therefore tlieir 
expense may quite fairly be defrayed from the national 
revenue. Again, as the profit on the silver coinage (owing 
to circumstances to be subsequently discussed) is largo, 
that may be set off against the free coinage of gold. Tho 
charge levied on coining, if confined to the expenses in- 
curred, is called Iramiejt ; if it is anything above that cost 
it i.s known as seuftiioraye, which latter term is also used 
to denote both kinds of charge. The effect of seigniorage 
(using the term in its more extended sense) on the value 
of coins is to lower them, in fact, as Tooke has put it, 
seigniorage is always a kind of debasement, unlc.ss accom- 
panied with limitation.® If the same quantity of metal bo 
in circulation there wll be a greater number of coin.®, and 
therefore nominal priees -will be higher. It is, however, 
possible that the increased prices may check the produc- 
tion of the precious metals, thus making the value of the 
metal higher than it would otherwise be. ^^^lcther this 
w'ill happen or not depends on the actual conditions of 
production, and is incapable of being predicted. One 
advantage which undoubtedly results from a charge on 
coinage is that it checks the tendency to melt coin when 
expend, for where a seigniorage is imposed coins arc 
more valuable than the uncoined metal by the amount of 
the seigniorage. It therefore becomes the interest of the 
holder not to melt down the coin.s, as in doing so ho lo.®es 
the extra value given by the coining. ^ Another factor in 
the expense of currency is the loss which arises from tho 
wear and tear which money undergoe.s, and the consctiuent 
cost of replacing the light or missing pieces. The last and 
largest item is the interest on the total amount of money in 
use To take the case of England, the value of the metallic 
curren cy is estimated at about £1 30,000,000. The interest 
< “We may taV.e as an example the function (wliirli i.s .n monof)oly 
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prices given by any ancient ^-ritcr, since the varj-ing factors neces- 
sary to bo estimated are so rnanj', w., (1) tlie weight of the coin, 
(2)'its purity, (3) tlic value of tlie monetary metal at the time’ 

(4) the value of the commodity sold in relation to other thint's, 

(5) tlie question nlictlier the commodity was in its normal state'as 
regards sujipiy and demand ; to ail tiicsq may be added (6) the 
dilliculty of determining whether the figures have not been altered.* 
After the fall of the "Wcstcni empire, the various barbarian sove- 
reigns adopted silver as tlieir j)nncii)al coinage, combined with 
the greatest diversity in the sy.stems adopted. On the revival of 

'tlie empire under Cliarlcmagnc an effort was made by him to estab- 
lish a general system of currency, based on the silver tiound as a 
unit, and thus corresi)onding to the unit of weight This system 
uas introduced into Kngland, and thence into Scotland, but the 
rapid decay of the Carlovingian empire prevented any unifoimity 
being preserved in these different countries, while the difleient 
deliasements in each produced VNidcly divergent s 3 -stcnis, which 
uill require .separate notice. 

EiujUsh Dcprccialions . — The first debasement undergone by the 
Knglish silver coinage was in 1300, when Eduard I. reduced the 
amount of metal in the coins by ll-i per cent, or, in other words, 
20 shillings and 3 ponce were coined out of the Tower pound 
instead of 20 shillings as previously.^ This was the prelude to a 
senes of changes uliicli ueie cairied out during the nc.vt thiee cen- 
turies, and which tenninated in 1600, when the pound tioy of 
silver was coined into 62 .shillings ; since that time the silver coinage 
has not been debased, the reduction carried out in 1816, by uhich 
66 shillings were coined from the troy pound, being accom}i,anicd 
by a limitation of its use in discharging debts to a maximum 
amount of £2, a.s well as by the abolition of the public right of 
coiniiigsilverat the mint. The period e.vtending from 34th Henry 
ATIL to 6th Edwanl VI. (1. '43-1 552) has been specially noted by 
Ijord Liverpool a.s a time of peculiar interference uith the fineness 
of the nietal.^ The old jiroportion of 11 or. 2 dwts. of metal to 
IS dwts. of alloy, iias altered to 10 oz. of metal per pound, then 
to 6 or. or one-half, 4 or., or one-third, and finally in 1551 to 3 
or. of ])Uie metal and 9 oz. of alloy. A tendency to reformation 
began under Eduard VI,, and was finally carried out under Eliza- 
b'th in the roeoimgo of 1560, which has boon fully described by 
Mi rroude.^ Various pioposils to depicciatc the silver currency 
have been made since then, and one of these, as above mentioned, 
uas actcpted in 1600, The most lomarkable of the unsuccessful 
.schemes for debasing the standard iv.vs that of Loinides, which 
uas advaritcd in 1695, ulien the discussions preparatory to the 
recoinago of 1696 uere being carried on. Lowndes's plan was to 
toin the iioiiud troj- of standard silver into 77s. 6d., thus debas- 
ing it 25 jier cent. lie was resisted by Locke, who, in his Further 
OjinUlerattOM canccruintj llainng the Value of Money, contri- 
buted materially to the developnioiit of monetary theory ; and 
the recoinage wa.s, mainly in consequence of his efforts, in combina- 
tion witli those of Newlon and llloiitague, based on thoroughly 
sound principles. The first English gold coinage, so far as has 
b • -n clearly proved, was that of 1257, in the reign of Henry III., 
w hen a small number of gold pennies were coined at the ratio of 
10 to 1 to the e.xisting silver coins. I’reviouslj' to this date the 
need of gold for business transactions could not have been felt, as 
the commerce of the country' was ncce-.sarily limited. It is prob- 
able that for the few transactions of foreign trade a species of 
gold coins issued by the Greek emperors at Constantinople, and 
thente called hjzants, were used.® Another gold coin, known as a 
forcurj-, fiom the place where it was first coined, w.as also used 
after 1250. The regular scries of English gold coinage begins in 
1314, when Edward III. coined, in imitation of the foreign coin 
just mentioned, a large number of florins at the rate of 50 to the 
Tower pound. The gold coinage was, however, for a long period a 
secondari’ part of the monetaiy S3'stcm, and suffcied a series of 
Lhangcs,'thc last of which took place in 1717.*' The present English 
coinage sc-stem is regulated b 3 ' the Coinage Act of 1870,® which 
amends and consolidates previous Acts on the subject. Tlieschedule 
to that Act, which is reproduced at p. 484 of the present volume, 
gives full information as to existing coins, their weight, fineness, 
“remtd 3 -,” Ac. 

Scotch Depredations. — The coinage of Scotland was derived from 
the primitive Carlovingian S 5 'stem through the medium of England, 
and for a long period remained the same as at first. The pressuie 

* As to the various clenicnts requisite for a proper estimate of mediairal 
prices, see Cibrano, Ddla Economia Politico del Medio Eto, I. ill. c. 8. 

- llie Toucr pound, which was three quarters of an oz, troj less than the 
troj* pound, was used in England until the IStli of Henrj' VIII, (la27), when it 
was replaced bj- the troy weight. Tins should be alwajs remembered in con- 
sidcring the precise amount of depreciation at any go cn time. 

a Coins of the JUahn. cli. xiii. 4 Jhet. of Eng., Mi. p. 2, 

= Macaulay’s account of this recoinage, which is written in his typical man- 
lier, has made this episode of English monetary history very generally hnow-n. 

® I^rd Liverpool, Coins 0 / (he iJralTii, p 4". 

• Tlie tlnrd great English recoinage ‘was that of-lhe gold coin^ whicu took 
place in 177 ^s' 1775. It is commonlv known as the recoinage of 1774. 
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ally France, led the Scottish sovereigns to debasT their coinfout°of 

prllfbXfoVseote^^ reZ fm thi 

jiroliibition of Scotch coins m currency bp talc in England the 

of rilZ ®o great that in 1600 llie pound 

of silt er, w hich contained about three pounds sterlin" Eno-lisli « is 
made into thirty-SLx pounds Scotch, the latter being thus twelU' 
times as much debased. After the union of the ciowns in 1003 
no steps were ^ken to assimilate the two systems, which con-' 
fanned as before fall the complete unioa of the tw o countries in 1707 
At the latter date a complete leeoinage on the basis of tlie English 
system was earned out, thus rendering the coinage of both coun- 
tries exactly similar. This most valuable reform w as at fii st view ed 
vnth suspicion by the Scotch people, and a laige amount of tlie 
old Scotch currency was hoaided or exported. 

/toA Desecrations.— F o coined money existed in Ireland before 
the English invasion in 1170. qihe English colony, as a mattei 
of course, used the same coinage as the mother-countr 3 ’, but on 
several occasions inferior money was introduced, as being good' 
enoiigb for a subject countiy'. At the recoinage of 1560 it was pro- 
posed to send the bad coins that were called m to Ireland, but to 
this Elizabeth refused to assent. From 1689 to 1825 the nominal' 
value of the coinage was 8^ per cent, higher in Ireland than in 
England. In the latter 3 'ear Iiish mone 3 ' was reduced to the 
English standard,® from which time the United Kingdom has pos 
sessed a perfectly uniform system of metallic mone 3 ’. 

French, Depredations . — Tlie monetaiy S 3 ’stem established h 5 ’ 
Charlemagne throughout his dominions soon disappeared in Ital 3 - 
and the German provinces. It continued to e.xist in France proper. 
The general state of confusion, however, and the weakness of the 
central autliorit 3 ', led to local issues by the various feudal lords. 
“ At the accession of Hugh Capet as maii 3 ' as a hundred and fifty 
are said to have exeieised this power.”*® 'The increase of the powei 
of the Capetian kings enabled them to restrict this fieeJom of 
coinage, and to leseiwe to themselves this profitable function, tlie 
seigniorage on the piocess of coining being a special branch of tlie 
royal revenue. They weie unfortunately not inclined to confine 
their gains to this legitimate source. The French coinage was 
lecklessly dch.ised during tlie many centniies from Philip I. (ob 
1108) to Louis XV. {oh. 1774). 'fhe management of the mint 
under Louis IX. was always legaided as a model for imitation,*’ 
but even in his time the hvic, originally a pound, was debased to, 
less than one-fourth of its primitive value. The dealings with tlie 
currency were still more unscnipulous during the piofaacted wars 
with England, the lesult being that at the accession of Louis XI 
(1461), when the English had been finally expelled from France, 
tlie IhTc was only about one-fifteenth of its original value. Nor 
did thc'dcpieciation of the cuirenoi’ rest heie. The period of 
something over a centuiy, extending fiom 1497 to 1602, presents a 
remarkable scries of changes in a dowmward diiectioii, no less 
than nineteen depieciations having taken place, many of them 
consisting of changes in the fineness of the metal.*-’ There is in this 
respect a remarkable analog 3 ’ between this epoch of French couiage. 
and the English period from 1543 to 1552. 

Tlie history of French depreciations did not terminate, as that 
of the English ones did, yvith the close of the 16th century ; under 
Louis XIV. the livre was only one half of what it had been under 
Henry IV. The final result was that in 1789 the livre had come 
to be only one sevent 3 --eigbth of its weight in the time of Charle- 
magne. At the Revolution it was converted into the franc, at 
the rate of 81 livres to 80 francs.” It is not, however, to be 
supposed that the changes in the French cunency were ahvay-s 
towards debasement. The tenible evils arising from the debased 
couia^e led to a general outcry, W’hich in some cases was so sfaong 
as to’^force the king of the time to reform the monetaiy standard , 
one striking instance occurred in the reign of Philip 1\ wliQse 
dealings with the currency' led to his receiving the epithet or le 

faux monnoyeur." , • . r+i 

Depredations in other Countries.— The very bnef notice ol the 
depreciations in the originally uniform currencies of Endaiid and 
France which has just been given is sufficient to establish the 


eeneral tendency, and throws light enough on the resulting conse- 
quences ; a similar course was followed in the other countnes oi 
Europe but the details are too imconnected to bo conveniently’ pi e- 
sented. A few facts will suffice. Thus, the German florin “wa» 
orimnally a gold coin of the value of about 10 shillings of oui 
present money ; it is now become a silver coin of the value ol 


9 A survi\al of this older system is to be fonnd in many charges on Insb 
lands, which are reduced to English iiionej by deducting one thirteenth from 
the nominal amount. 

» Hallam, Middle Ages, i. p. SOo 

n Stenhen. Lectures on French UUtory, t. p 45'>. _ _ 

12 Tooke and NenTnarch, Hist, of Prices, sol. si. p. 3i4. D'e 'Tf.afMl'n" 
gisen are based on those of 31. Levassenr, ssho liad sjieciallj studied 

^'nf^ie'sili er franc sias made to w eigli exactly 5 grainmcs 
14 Stephen, Led. on French Hist., i p. 4S2. 
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price! giv'OJi by an}- ancient mter, since the varjring factors neces- 
sary to bo estimated are so rnanj-, w., (1) tlie weight of the coin, 
(2)'its purity, (3) tlie value of the monetary metal at tlie time, 

(4) the value of the commodity sold in relation to other things, 

(5) tlie question nlicther the commodity was in its normal state as 
regards sujiply and demand ; to all these may he added (6) the 
dillicultj- of detorniiniug whether the figures have not been altered.* 
After the fall of the "Wcstcni empire, the various barbarian sove- 
reigns adopted silver as their jinneijial coinage, combined with 
the greatest diversity in the sy.sterns adopted. On the revival of 

riho empire under Charlemagne an efibrt was made by him to estab- 
lish a general system of currency, based on the silver pound as a 
unit, and thus corresponding to the unit of weight This system 
uas introduced into England, and thence into Scotland, but the 
rapid decay of the Carlovingian empire prevented any unifoimity 
buing preseivod in these dilferent countries, while the diilcient 
debasements in each 2 ’roduccd vsidcly divergent systems, which 
uill require .separate notice. 

EiujUsh Dcprccialiong. — The first debasement undergone by the 
English silver coinage was in 1300, when Eduard I. reduced the 
amount of metal in the coins by ll-i per cent, or, in other words, 
20 shillings and 3 ponce were coined out of the Tower pound 
instead of 20 shillings as previously." This was the prelude to a 
senes of chaimes uhicli ueie cairied out during the nc.xt thiee cen- 
turies, and uudeh tenninated in 1600, when the jiound tioy of 
silver was coined into 62 .shillings ; since that time the silver coinage 
has not been debased, the reduction carried out in 1816, by uhich 
06 shillings were coined from the troy pound, being accom}i,anicd 
by a limitation of its use in discharging debts to a maximum 
amount of £2, as well as by the abolition of the iiublic right of 
coiningsilverat the mint. The period e.xtending from 34th Henry 
ATIL to 6th Edwanl VI. (1. '43-1 552) has been siiocially noted by 
Ijord Livcrjiool a.s a time of peculiar interference uith the fineness 
of the nictal.^ The old jirojiortion of 11 07. 2 dwts. of metal to 
IS dwts. of alloy, iias altered to 10 oz. of metal per jiound, then 
to 6 07. or one-half, 4 07.. or one-third, and finally in 1551 to 3 
07. of jiute metal and 9 oz. of alloy. A tendency to refonnation 
began under Eduard VI., and was finally carried out under Elua- 
b'th in the reeoinage of 1560, which has been fully described by 
Ml rroude.* Various pioposils to depicoiatc the silver currency 
have been made since then, and one of these, as above mentioned, 
uas actcjited in 1600, The most lomarkable of the unsuccessful 
.schemes for debasing the standard iv.as that of Loivndcs, wJiich 
U. 1 S advarited in 1695, when the discussions preparatory to the 
reeoinage of 1696 were being carried on. Lowndes’s plan was to 
loin the {lound troy of standard silver into 77s. 6d., thus debas- 
ing it 25 per cent. He was resisted by Locke, who, in his Furlher 
Conutdi-ralioH’i concaviiiiy llrming the Value of Money, contri- 
buted materially to the development of monetary theory; and 
the reeoinage wa.s, mainly in consequence of his elforts, in combina- 
tion with tliose of Newdon and Montague, based on thoroughly 
sound principles.® The first English gold coinage, so far as has 
b • -n clearly proved, was that of 1257, in the reign of Henry III., 
w hen a small number of gold pennies were coined at the ratio of 
10 to 1 to the existing silver coins. Previously to this date the 
need of gold for business transactions could not have been felt, as 
the commerce of the country was necessarily limited. It is prob- 
able that for the few transactions of foreign trade a species of 
gold coins issued by the Greek eiiiiicrors at Constantinople, and 
thentc called byzants, were used.® Another gold coin, known as a 
florenry, ftom the jilacc where it was first coined, w.as also used 
after 1250. Tlie regular scries of English gold coinage begins in 
1351, when Edward III. coined, in imitation of the foreign coin 
just iijcntioned, a large number of florins at the rate of 50 to the 
Tower jionnd. The gold coinage was, however, for a long period a 
secondary jiart of the monetary system, and .suffcied a series of 
ihangcs, the last of which took place in 1717.*^ The present English 
coinage system is regulated bj' the Coinage Act of 1870,® which 
amends and consolidates previous Acts on the subject. Tlicschcdule 
to that Act, which is reproduced at p. 484 of the present volume, 
gives full information as to existing coins, their weight, fineness, 
“reintdy,” Ac. 

Scotch Depreciations. — The coinage of Scotland was deriv’cd from 
the piimitii'e Carlovingian system through the medium of England, 
and for a long ^leriod remained tiie same as at first. The pressuie 


* As to the vanmis tlenicnts requisite for a proper estimate of medaesal 
prices, nee Cibrano, Pella r.conomia Polxtlca del Medio Pto, I. in. e. 8. 

- Tlie Toner pound, winch was three quarters of an oz. troj less than the 
troj- pound, was used in Enqland until the IStli of Henrj' VIII. (1527), when it 
swis replaced bj- the troy weight. Tins should be alwajs remembered in con- 
sidering the precise amount of depreciation at any gii cn time. 

® Coins oj the Jlealrn, eh. xiii. 4 Put. of Eng., Mi. p. 2. 

® Macaulay's account of tins reeoinage, which is written in his typiral man- 
lier, has made this episode of Englisli monetary history very generally Known, 
t Lord Liverpool, Coins 0 / (he iJralTa, p 47. , , 

1 Tlie third great English reeoinage was that of -the gold coin, which tooK 
place in 1778-1775. It is commonly Known as the reeoinage of 1, i4. 

8 33 & 24 Vic. c. 10. 


under which the resources of Scotland suffered during the constant 
wan, with Eng and, as well as poihaps the exampleVf theh ^ 
ally 1 ranee, led the ScottLsh sovereigns to debase their coins out of 
all proportion to the English systen?. This was the reX fortlie 
prohibition of Scotch coins as currency by talc in England, the 
variation m course of time being so great that in 1600 the riouiid 
of silver, which contained about three pounds sterling Emrlish w is 
made into thirty-sLx pounds Scotch, the latter being thus twelve' 
times as much debased. After the union of the ciowns in 1603 
no steps were taken to assimUate the two systems, which con-' 
ftiiued as before till the complete unioa of the tw o countries in 1707. 
At the latter date a complete lecoinage on the basis of the English 
system was carried out, thus rendering the coinage of both coun- 
tries exactly similar. This most valuable reform w as at fii st view ed 
Anth suspicion by the Scotch, people, and a laige amount of tlie 
old Scotch currency v*as hoaided or e^-ported. 

Irish Depredations. — coined money existed in Ireland before 
the English invasion in 1170. The English colony, as a mattei 
of course, used the same coinage as the mother-country, but on 
several occasions inferior money was introduced, as being good' 
enough for a subject countrj'. At the reeoinage of 1560 it was pro- 
posed to send the bad coins that were called in to Ireland, but to 
this Elizabeth refused to assent. From 1689 to 1825 the nominal' 
value of the coinage was 8J per cent, higher in Ireland than in 
England. In the latter year Iiish money was reduced to tlie 
English standard,® from which time the United Kingdom has pos 
sessed a perfectly uniform system of metallic money. 

French Depredations. — Tlie monetaiy system established by 
Charlemagne throughout his dominions soon disappeared in Italy 
and the German provinces. It continued to e.xist in France proper. 
The general state of confusion, however, and the weakness of the 
central authoritj', led to local issues by the various feudal lords. 
“ At the accession of Hugh Capet as many as a hundred and fifri 
are said to have exeicised this power.”*® The increase of the powei 
of the Capetian kings enabled them to restrict this fieeJom of 
coinage, and to leserve to themselves this profitable function, tlie 
seigniorage on the piocess of coining being a special branch of tlie 
royal revenue. They weie unfortunately not inclined to confine 
tlieir gains to this legitimate soiirte. The French coinage was 
lecklessly debased during the many centniies fiom Philip I. (ob 
1108) to Louis XV. (ob. 1774). The management of the mint 
under Louis IX. was always legaided as a model for imitation,*’ 
but even in his time the hvic, originally a pound, was debased to, 
less than one-fourth of its primitive value. The dealings with the 
currency were still more unscnipulous during the pi oriacted wars 
witli England, the lesiilt being that at tlie accession of Louis XI 
(1461), when the English had been finally expelled from France, 
the livre was only about one-fifteenth of its original value. Nor 
did the-dcpieciation of the currency rest heie. The period of 
something over a centuiy, extending fiom 1497 to 1602, presents a 
remarkable scries of changes in a dowmward diiectioii, no less 
than nineteen depieciations having taken place, many of them 
consisting of changes in the fineness of the metal.*-’ There is in this 
respect a remarkable analogy between this epoch of French coinage, 
and the English period from 1543 to 1552. 

'Tlie history of French depreciations did not terminate, as that 
of the English ones did, with the close of the 16th century ; under 
Louis XIV. the livTe was only one half of what it had been under 
Henry IV. The final result was that in 1789 the livre had come 
to be only one sevent 3 '-eighth of its weight in the time of Charle- 
magne. At the Revolution it was converted into the franc, at 
the rate of 81 livres to 80 francs.** It is not, however, to be 
supposed that the changes in the French cunency were always 
tow ards debasement. 'The tenible ev'ils arising from the debased 
coinage led to a general outcry, which in some cases uas so strong 
as to force the king of the time to reform the monetaiy standard , 
one string instance occurred in the reign of Fnihp 11., yjdse 
dealings with the currency led to his receiving the epithet of le 

faiLX monnoyeur. ” r r 

Depredations in other Countries.— The very bnef notice of the 
deprmations in the originally uniform cun-encies of England and 
France which has just been given is sufficient to establish the 
general tendency, and throws light enough on the resultm^onse- 
quences; a similar course was followed in the other countaes ol 
Europe, but the details are too unconnected to bo conveniently pi e- 
sented. A few facts will suffice. Thus, the German /orra wa» 
orimnally a gold coin of the value of about 10 shillings of oui 
pre'sent mone}'; it is now become a silver com of the value of 

9 A survival of this older si stem is to be found in man}- charges on Insb 
lands, vrtiicii are reduced to Eiiglibh iiionej by deducting one tbirtceiitb from 
the nominal amount. 

10 Hallam, Middle Ages, i. p. 20o 

n Stephen, Lediires on French Pistornj, i. p ISO. 

12 Tooke and Neirmaroh, Hist, of Prices, •'‘t.,.,’?,, Sied me 

gi\en are based on those of 31. Levasseur, who liad sjieciallj studied 

Tlie sih er franc was made to w eigli exactly 5 grammes 

14 Stephen, Lect. on French Hist, i p. 4S2. 
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'cracl (lie Iosh liy war niid exportation,’ and accordingly 
regard' the metallic .sn])ply as fixed in amount until the 
next cliange in the conditions of production, wliicli was 
tiio result of the discovery of America. Though M02 is 
the date of the first landing, yet for some time no im- 
jiortant additions were made to the su])ply of money. 
The conquest of Mc.xico {1510) gave opportunities of 
working the silver mines of that country, while the first 
mines of Chili and fVru were almost simultaneously 
discovered, ami in 151.5 those of Potosi were laid open. 
From this latter <late wo may regard the American supjdy 
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as an infiticnfial factor in the matter,- and ]o(A' upon the 
stock of money as incrensirifr. The annua! addition to the 
store of money ims hcin rc,j, •mated as £2,100,000 for the 
period from 1545 to ifiOO. .Vt this date the Brazilian 
Mijqdy Itcgan. The cour.-e of di^^frihufion of these fresh 
masses of tlic jirecious metals is an ititere-.ting point, 
which has hecn studical hy Mr Ciitfc lyC-slie." The flow of 
the new .supplies was fin-t fesvards S])ain and Portugal, and 
from tiience they pa.—ed to the larger commercial centres 
of the other Kuropean countries, the effect being that 
jjricea were rai-i-d in and about tlic chief towns, while the 
value of money in the country di.stricts remained unaltered. 
The additions to the .supply of both gold and .silver during 
the two centurie.s IGOO-ISOO continued to be verj' consider- 
able ; but, if .\dam Smith's view be correct, the full effect 
on i)riccs was j)roduccd by IGIO,’ and the incrca.sfd amount 
of money v.'as from that time counterbalanced by the wider 
exlcn.sion of trade.’’ At the commencement of thi.s cen- 
tury, the animal production of gold ha.s been estimated 
as being from £2,500,000 to £3,000,000. The year 1 S09 
seems to mark an epoch in the production of the.se metals, 
since the outbre.ak of the revolts of the v.drious Spanish 


’ J.vol), i. p. ail. 

^ .\il.iiri SaiUli 1570 n.s tlic date ivlicn pricei were nficctcd 

in Kti^I.nid, WrnUh nf .Viili'mit. p. SB. Iliimlioldt pslim.-ited tlic fot.il 
prwln'rtioii r<< licin;; nlwnl £ 17 , 000 , 000 ; but see 'T.iUc 

b, v.’liicli cont.iiim Pr .Sdtlrtfr'f! cstim.'itci, I)a«cd on tlic best available 
dat.a. 

^ in Pol, and iSSor. Phil., I’.. my T.x. 

* W’ntUk of Kafinnx, p. 8S. 

^ Tic tot.a! prodiiftion is rniigldvcornpiifcd .at over £1,200,000,000 
for tie f.vo ctnliirics lCOO-1800 ; 'bill fee Table I. for more jirecbo 


deiicndencics m South America tended to check the u.sual 
\ .supply from those countrie.s, and a marked increase in tlie 

1809-1819 the value of gold and silver ro.se to about two 
and a h.alf time.s tlieir former level, notwithstanding fre.sh 
discoveries in Asiatic Russia.® The annual yield in 1 84 9 wa.s 
estimated at £8,000,000. The next important date for 
our pre.scnt purpose is the year 1848, when the Californian 
mines were opened, while in 1851 the Australian discoveries 
took place. By these events an enormous ma.ss of gold 
wa.s added to the world’s supply. The most careful 
estimates fix the addition during the ye.irs 1851-1871 at 
£500,000,000, or an amount nearly equal to the former 
stock in existence. The jirobleins raised by this pheno- 
menon have received the most careful study by .several 
distinguished economists," to wlio.se writings those desiring 
more extensive information may refer. The main features of 
interest may be briefly .summed up. (1) The additional 
supjdy w.as almost entirely of gold, thus tending to produce 
a distinction between the two jirincipal monetary- metals 
and an alteration in the currency of bimetallic countrie.s. 
bndcr this influence France, from being a .silver-using, 
became a gold-using, country. (2) Tlie contempora- 
neou.s dcvclojimont of the Continental railway .system.s, 
and the jiartial adojifion of free trade, with the con- 
sequent facilities for freer circulation of commodities, led 
to the course of di.stribiition being different from that 
of the IGth century. The more backivard districts were 
the jirincijial gainers, and a more general equalization of 
prices combined with a slight elevation in value wa.s the 
outcome. (3) The increa.sed .supply of gold rendered a 
genera! currency reform possible, and made the use of a gold 
monometallic .standard appear fea.sible. The movements 
for currency reform, ns will be seen, all nro.«e after the.se 
disco verie.s. (4) The change in the value of money, which 
may for the period 18-19-1809 be fixed at 20 per cent., 
enabled a general increase of wages to be carried out, thus 
iinjiroving the condition of the clas.ses living on manual 
labour. It may be added that the difficulty of tracing the 
effects of this great addition to the money .stock is a most 
striking proof of the complexit}’ of modern economic 
development. (5) The last point to be noticed is the very 
.small influence exercised on the value of silver by the new 
gold.* Ilardl}’ had the gold discoveries of 1848-1851 
cca.sed to jiroduce a decided effect ivhen new .silver min&s 
of unu.sual fertility came into working. During the period 
immediately succeeding the gold discoveries the produc- 
tion of silver remained at an annual amount of from 
£8,000,000 to £9,000,000. This amount suddenly, 
about 1870, increased to £15,000,000,® and remained at 
that amount for the next five years. More than half of 
the supjily came from new mines opened in Nevada. 
This increased supply was accompanied by a marked 
depreciation in the gold price of_ silver, though the prices 
of commodities in countrie.s having a silver standard did 
not rise. The rc.sult of the close investigations to which 
all aspects of the question were subjected wa.s to .show 
that the increased production of silver was only a minor 
element in causing its depreciation. The policy pursued 
by various states— viz., (1) Germany and the Scandinavian 

The Rniiian Miliply became imporlniit nfter 1823.^ ^ _ 

r Tlic following in.aybe speelilly coii.siiltcd ; — Chevalier, Dcprecwlion 
of Gold (trails, by Cobden); Tooke (Uid Newmarcb, llisl. of Prices, 
vol. vi.,pp. 135-23C(Partvii.); niticle “Precious Metals,” £ncy.£nf. 

E<1.) ; E. Caimc.s, I'.ssays in Pol. Kcon.^ pp- J. 

ijcslie, Esmys, pp. 2G1-37.1 ; W. S. Jevons, Serious Fall tn the lalue 

"■^8^ Tlie price of silver in Ixiiidon rose from GOjd. per or. to 62^4. per 

oz., or 23 d. pcror..-tbati.s, oidySto-tpcrceiit. 

“ See Report of Select Committee on the Silver Question, 18(0 , ana 
for ,'inothcr estimate see Table I. 

XVI. — 92 
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'cracl (lie Iosh liy war niid exportation,’ and according!}’ 
regard llie metallic fin]>ply as fixed in amount until the 
next cliange in the conditions of production, whicli was 
t!io result of (lie discovery of America. Though 1-192 is 
the date of the first landing, yet for some time no im- 
jiortant additions were made to the sujiply of money. 
TIic conquest of Mc.xico {1510) gave opportunities of 
working the .silver mine.s of tliat country, wliile the first 
mines of Cliiii and Peru were almost simultaneously 
discovered, an<l in 151.5 those of Potosi were laid open. 
From ihi.H latter <late wo may regard the American supjdy 
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as an infiuential factor iii the matter,-' and look upon the 
stock of money ns inercasintr. The annual addition to the 
store of money ha*. Ix-cii e^finiat' i} as X2, 100,000 for the 
period from 15t5 to 1000. .Vt this date the Brazilian 
stipjdy hegan. The coiir.-e of di-^frihution of th(!.sc frc.«h 
iin==es of the ]ir('ciou,s metals i.s an interesting jtoinf, 
aviiich has hecn studic<l hy Mr Clitfc Ix'.'lic.” The flow of 
the m-w.mipplics was fir.-t toward.s Sitain and Portugal, and 
from tiience tiicy pa."'ed to the larger commercial centre.s 
of the other Kuropeaii countries, the effect being that 
jjrices were rai-i-d in and about the chief towns, while the 
value of money if! tlie country di.stricts remained tinaifered. 
The additions to the .suj>ply of both gold and .silver during 
the two centurie.s IGOO-ISOO contimied to be verj' con.sidcr- 
ablc; btit, if .\dam Smitli's view be correct, the full cfi’ect 
on jjriccs was i)roduccd by IGIO,'* and the incrc.a.«ed amount 
of money wa.s from that time counterbalanced by the wider 
exlcn.sion of trade.’’ At the commencement of this cen- 
tury, the animal production of gold has been e.stiinatcd 
as being from il’2, 500,000 to £3,000,000. The year 1809 
seems to m.irk an epoch in the production of tlie.se metals, 
since the outbre.ak of the revolt.s of the v.arious Spanish 


’ J.vol), i. p. ail. 

^ .\il.iiri Smitli n-tiiimcs 1570 n.s tlic date wlicn pricci were ntTcctcd 
in W'rnHh fi/ .Viili'init. p. SB. Ifiimtioldt cslim.itcd the tol.il 

pneinetioD (1 )02.J.5).'i) nf hein;; nlwnl £17,000,000; but r.ce T.iblc 
1., '.vbicb couJjjwjs T)r ii'Mijt'T’ii bu«cd on tlic best nv.uil.aldc 

dfit.i. 

^ in Vdl. and ifor. J’hil., r..''.ny 7.x. 

^ WntHh of Xafinnn, p. 8S. 

^ The tot.s! production is roiicJdi’ computed .it over £1,200,000,000 
fertile two ceiilurics lCOO-1800 ; 'but fee Table I. for more precise 
tstilliatea. 


dependencies in South America tended to check the usual 
j supply from tho.se countric.s, and a marked increase in tlie 

Ifino During the period 

1809-1819 the value of gold and silver ro.se to about two 
ami a half times their former level, notwithstanding fre.sh 
discoveries in Asiatic Rnssia.o The annual yield in 1 84 9 was 
estimated at £8,000,000. The next important date for 
our pre.scnt purpo.se is the year 1848, when the Californian 
mines were opened, while in 1851 the Australian discoveries 
took place. By these events an enormous ma.ss of gold 
was added to the worlds supply. The mo.st careful 
estimates fix the addition during the years 1851-1871 at 
£500,000,000, or an amount nearly equal to the former 
stock in existence. Tlie jirobleins raised by this pliono- 
mcnon have received^ the mo.st careful study by several 
di.stinguishcd economists,' to whoso writings those de.siring 
more extensive information may refer. TJie main features of 
interest may be briefly .summed up. (1) The additional 
.sn/qjy wa.s almost entiraJj' of /goA/, thus tending to produce 
a distinction between the two jirincipal monetary- metals 
and an alteration in the currency of bimetallic countric.s. 
Fiidcr tliis influence France, from being a .silver-using, 
became a gold -using, country. (2) Tlie contempora- 
neous development of the Continental railway .system.s, 
.and tlie jiartial adojifion of free trade, with the con- 
I .sequent facilities for freer circulation of commoditie.s, led 
I to the course of di.stribntion being different from that 
I of the IGtb ccntiirj’. The more backward di.stricts were 
the principal gainers, and a more general equalization of 
prices combined with a .slight elevation in value wa.s the 
outcome. (3) Tlie incren.sed .supply of gold rendered a 
general currency reform possilfle, and made the use of a gold 
monomet.'illic standard appear feasible. The movements 
for currency reform, n.s will be seen, all aro.se after the.se 
I dbcoverie.s. (4) The change in the value of money, which 
• m.ay for the period 1849-18G9 be fi.xed at 20 per cent., 
j enabled a general increase of wnge.s to be carried out, thus 
I improving the condition of the clas.se.s living on manual 
' labour. It may be added that the difficulty of tracing the 
eflecLs of this great addition to the money stock is a mo.st 
striking proof of tlie comjdexitj’ of modern economic 
development. (5) The last point to be noticed is tlie very 
small influence exercised on the %’alue of silver by the new 
gold.*’ Hardly had the gold discoveries of 1848-1851 
cc.ascd to produce a decided effect when new silver min&s 
of unusual fertility came into working. During the period 
immediately succeeding the gold discoveries the produc- 
tion of silver remained at an annual amount of from 
£8,000,000 to £9,000,000. Tliis amount suddenly, 
about 1870, increased to £1.5,000,000,® and remained at 
that amount for the next five years. More than half of 
the supply came from new mines opened in Nevada. 
Tin's incrcn.scd supply was accompanied by a marked 
depreciation in the gold price of_ silver, though the prices 
of commodities in countries having a silver standard did 
not rise. Tlie result of the close investigations to which 
all aspects of the question were subjected wa.s to .show 
that the increased production of silver was only a minor 
clement in causing its depreciation. The policy pursued 
by v.arious states — viz., (1) Germany and the Scandinavian 

® The Rns'iiaii RUliply became important after 1823._ ^ _ 

r Tiic following maybe speei.ally coii.siiltcd ; — Chevalier, Dcprecialion 
of Gold (traiia. by Cobden); Tooke and Newmareb, Hist, of Prices, 
Tol. vi.,pp. ]35-23C(Partvii.); article “Precious MetalV’ /incy.Rnf. 
(Pill Ed.) ; J. E. Caimc.s, I'-Hsays in Pol. Kcon.^ pp- J. 

Uslip, Hss'iys, pp. 2Gl-37f ; W. S. /evous, &nmis FaH tn the lalue 

"■^8^ Tlie price of silver in Ixindon rose from GOjd. per m. to 62^3. per 

oz., or 23 d. pcroz.-tbati.s, oidy3to4rcrcent. 

» See Report of Select Committee on the Silver Question, loiG , and 
for iinotlicr estimate see Table I. 
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oaring to tlie habits of the people not having been attended 
to. Some writers have, however, misconceived the prin- 
ciples of currency and extended this influence to eases 
where it does not apply. Thus it has been sought to explain 
the adoption of gold as the principal English coinage after 
1696 by assuming that the English deliberately preferred 
that metal.1 The fact of different nations possessing dif- 
ferent currencies, as the prevalence of gold in England and 
of silver in France during the 18th centur}', is to be other- 
wise accounted for. The great mass of a population, it is 
true, take and give money mthout particularly observing 
it. It is enough if. the coin conforms to the usual type. 
There exists, however, in all mercantile communities a class 
of dealers in money - who make a profit by selecting the 
best coins for exportation, or, if two metals are in concurrent 
use, the coins of that metal which is undervalued in the 
proportion fixed. The mode in which self-interest thus 
operates produces an effect which may be briefly formulated 
by saying that had money drives out good money. It is 
often now called “ Gresham’s law,” from a former master of 
the English mint,^ who observed it. The illustrations of 
its working are numerous. Under its action the gold which 
was oven-alued relatively to silver in England in 1696 
became the main English coinage, as above stated. And 
in order to meet the want of silver coins. Sir I. Newton 
advocated, and secured, the reduction of the guinea from 
21s. 6d. to 21s. The exportation of metallic money when 
an over-issue of incon%’ertible paper takes place is another 
case of the theorem. By means of this principle we can 
easily explain the tendency of currency to depreciation, for 
when once, either by wear or by the issue of inferior coins, 
a currency has become debased, no reformation is possible 
unless the debased coins are removed from circulation, as 
otherwise they will be preferred for payments bj' dealers, 
and will not be melted down or exported. All demands for 
foreign trade wll be met from the best part of the coinage. 
An argument in favour of state coinage has been founded 
on Gresham’s law. It is argued that private coinage 
would lead to the issue of depreciated money.^ It is, 
however, overlooked in tliis argument that the action of 
the law arises from the fact that the depreciated currency 
is legal tender ; were it not so, coins less than the proper 
weight would be at once rejected. It may be added that 
Greek monetary historj' bears out this view.'* 

Having disposed of these elementary questions, the 
general groups into which all currency systems fall may now 
be stated. Tlie simplest form of currency seems to be that 
^in which the state coins ingots of different metals, and 
allows them to circulate freely, without any ratio being 
fi.xed. This, which is the lowest form of currency j)roper,® 
has arisen in many countries through the introduction of 
coins of various other nations. Turkey is a European 
e.xample. Many of the South American republics possess 
a currency of this description. A theoretical form of this 
system has been advocated in France. It is proposed to 
issue coins of one, two, five, and ten grammes of gold, and 
to allow the present silver coins which are multiples of the 
gramme to circulate along with them. The difficulties of 
this plan are so obvious that there is no likelihood of its 
being adopted. The arguments in its favour are of little 

J E. Giflen, Essays in Finance, p. 303. 

" Tlie Jewish and Lonihard merchants discharged this function in 
the mediaival period ; Hallam, Middle Ages, iii. p. 369, note t. 

^ Aristojihanes (/ian. 719-733) appears to recognize this principle. 
Grote (vol. iii. 116 note) has misunderstood him, and seems to deny 
the principle stated. 

* Jevoiis, Money, p. 82. ® See p. 726, above. 

® In his discussion of this subject Prof. Jevons, on whose excellent 
work much of this section is based, mentions currency by weight as 
the simplest form, hut it is hardly correct to regard this as g currenc}' 
system ; it is rather a primitive stage, elosel}' akin to hai ter. 


force, .Since it is hardly correct to contend that it i,s a 
natural system, when it has never been willingly adopted by 
any country. The next system to be noticed is that of a 
smgle metal being fixed as legal tender. This in early 
times is the really natural arrangement, and has been 
widely adopted. It is needless to recapitulate the instances 
which have already been given in dealing with other 
matters. There is, however, a difficulty which soon arises 
under this system. If the metal chosen is not verj* 
valuable, it is too cumbrous for large pajunents ; if, on the 
other hand, it possesses a high value, it is hard to coin 
pieces suitable for small transactions. Thus, even silver 
would be too bulky for such payments as frequently occur. 
£100 in silver at its present value would weigh nearly 40 
lb, while it would be impossible to coin gold pieces of 
the value of a penny or even a shilling. This system thus 
naturally leads to the use of other metals besides the 
standard one, and when the state fixes the ratio between 
these metals a new system has come into existence, which 
has been called the multiple tender system. In it the 
ratios between the metals are fixed, either once for all, or 
until changed by state authority. This system was in 
force in England from 1257 (or rather 1344) to 1664, 
the ratio between gold and silver being fixed from time to 
tune by proclamation. France, too, adopted it during the 
Revolution, the ratio of 15 J to 1 being that fixed between 
gold and silver. The fluctuation of currencies arranged 
on this method, owing to the action of Gresham’s law, has 
led in England and Germany to a modified system, which 
seeks to combine any advantages of the multiple standard 
with the principle of the single standard. By this method 
one metal is fixed as the principal legal tender, while the 
smaller coins are made of a less valuable material, and 
circulated at a nominal value somewhat above their real 
one, or, in other words, as token coins, but they are only 
legal tender to a limited amount. This has been called 
the composite legal tender system.'^ 

For further details reference may be made to Tables II. and III., 
and the notes appended. Ever)’ currency system requires the exist- 
ence of subsidiai^’ coins, and, as stated before, this want is met by using 
a less %'aluable metal, generally silver, and for smaller payments 
copper or bronze. But, apart fiom the question of the material of 
the smaller coins, it is important to deteimine the best ratio bet>veen 
them. Tlie simplest of all would be the binary. In it each coin 
would be the hall of the next highest one, and double the one imme- 
diately below it. Nothing, apparently, is plainer or simpler than 
this scale, but the objection to it is the great number of coins that 
would be required, as well as the want of conformity with the 
general arithmetical scale. In a modified form it does prevail in 
many countries. Tlius in England we have the penny, halfpenny, 
niid farthing. At a higher stage we have the florin, shilling, six- 
penny piece, and threepenny piece, and, again, the sovereign, half- 
sovereign, five-shilling jncce,^ and half-crown. Tlie coinages of the 
Latin and Scandinavian Unions, as also those of Germany and the 
United States, have several binar}’ series in their coins.” There is, 
however, no completely binaiy system known. The old English 
scale was partly duodecimal, and the arguments in favour of this 
arrangement are by no means weak. At present the shilling is 
duodecimally divided. It is urged in favour of this scale that the 
main divisions of time (year and month, day and hour, are duo- 
decimally related, and that time is one of the elements in all 
questions of value, Another argument is that 12 is capable of 
being resolved into several factors (2 and 6, 3 and 4), and therefore 

’■ This system came into existence in England accidentally, through 
silver being overvalued by the mint regulations, but its theorrtipl 
basis was given by the often-quoted work of Lord Liverpool, Coins 
of the Jlealm (1805), which contains even now the best explanation of 
its principles. 

® This piece is now almost extinct. 

8 For instance, the 20-franc, 10-franc, and 5-franc pieces, and, 
a'uiin, 2-fninc, l-franc, and 50-centime pieces in France, &c. ; 20-kroner 
and 10-kroner pieces, and 4-kroner, 2-kroner, 1-krone, 50-6re, and 
25-ore pieces in Denmark, &c. ; 20-, 10-, and 5-mark pieces, and S-mark 
1-mark, and SO-pfennige pieces in Germany ; while the United States 
have eagle, half-eagle, and quarter-eagle, and also dollar, half-doll.ar, 
and quarter-dollar. 

M See S. Laing, Motes of a Traveller, pp. 5i-59. 
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oaring to tlie habits of the people not having been attended 
to. Some writers have, however, misconceived the prin- 
ciples of currency and extended this influence to cases 
where it does not apply. Thus it has been sought to explain 
the adoption of gold as the principal English coinage after 
1696 by assuming that the English deliberately preferred 
that metal.1 The fact of different nations possessing dif- 
ferent currencies, as the prevalence of gold in England and 
of silver in France during the 18th centurj-, is to be other- 
wise accounted for. The great mass of a population, it is 
true, take and give money mthout particularly observing 
it. It is enough if. the coin conforms to the usual type. 
There exists, however, in all mercantile communities a class 
of dealers in money - who make a profit by selecting the 
best coins for exportation, or, if two metals are in concurrent 
use, the coins of that metal which is under-valued in the 
proportion fixed. The mode in which self-interest thus 
operates produces an effect which may be briefly formulated 
by saying that had money dnves out good money. It is 
often now called “ Gresham’s law,” from a former master of 
the English mint,^ who observed it. The illustrations of 
its working are numerous. Under its action the gold which 
was oven-alued relatively to silver in England in 1696 
became the main English coinage, as above stated. And j 
in order to meet the want of silver coins. Sir I. Newton 
advocated, and secured, the reduction of the guinea from 
21s. 6d. to 21s. The exportation of metallic monej’when 
an over-issue of incon%’ertibIe paper takes place is another 
case of the theorem. By means of this principle we can 
easily explain the tendency of currency to depreciation, for 
when once, either by wear or by the issue of inferior coins, 
a currency has become debased, no reformation is possible 
unless the debased coins are removed from circulation, as 
otherwise they will be preferred for payments bj' dealers, 
and nill not be melted do-vvn or exported. All demands for 
foreign trade ndll be met from the best part of the coinage. 
An argument in favour of state coinage has been founded 
on Gresham’s law. It is argued that private coinage 
would lead to the issue of depreciated money.^ It is, 
however, overlooked in tliis argument that the action of 
the law arises from the fact that the depreciated currency 
is legal tender ; were it not so, coins less than the proper 
weight would be at once rejected. It may be added that 
Greek monetary historj' bears out this view.'* 

Having disposed of these elementary questions, the 
general groups into which all currency systems fall may now 
be stated. Tlie simplest form of currency seems to be that 
^in which the state coins ingots of different metals, and 
allows them to circulate freely, without any ratio being 
fixed. This, which is the lowest form of currency proper,® 
has arisen in many countries through the introduction of 
coins of various other nations. Turkey is a European 
e.xample. Many of the South American republics possess 
a currency of this description. A theoretical form of this 
system has been advocated in France. It is proposed to 
issue coins of one, two, five, and ten grammes of gold, and 
to allow the present silver coins which are multiples of the 
gramme to circulate along -with them. The difficulties of 
this plan are so obvious that there is no likelihood of its 
being adopted. The arguments in its favour are of little 

J E. Giflen, Essays in Finance, p. 303. 

" Tlie Jewish and Lonihard merchants discharged this function in 
the mediaival period ; Hallam, Middle Ayes, iii. p. 369, note t. 

^ Aristojihanes (/ian. 719-733) appears to recognize this principle. 
Grote (vol. iii. 116 note) has misunderstood him, and seems to deny 
the principle stated. 

* Jevoiis, Money, p. 82. See p. 726, above. 

® In his discussion of this subject Prof. Jevons, on whose excellent 
work much of this section is based, mentions currency by weight as 
the simplest form, hut it is hardly correct to regard this as a cnrrenc 3 ' 
Bj'stem ; it is rather a primitive stage, closel}' akin to hatter. 


force, .Since it is hardly correct to contend that it i,s a 
natural sj'stem, when it has never been willingly adopted by 
any country. The next system to be noticed is that of a 
single metal being fixed as legal tender. This in early 
times is the really natural arrangement, and has been 
widely adopted. It is needless to recapitulate the instances 
wliich have already been given in dealing with other 
matters. ^ There is, however, a difficulty which soon arises 
under this system. If the metal chosen is not verj’ 
valuable, it is too cumbrous for large pajunents ; if, on the 
other hand, it possesses a high value, it is hard to coin 
pieces suitable for small transactions. Thus, even silver 
would be too bulky for such payments as frequently occur. 
£100 in silver at its present value would weigh nearly 40 
lb, while it would be impossible to coin gold pieces of 
the value of a penny or even a shilling. This system thus 
naturally leads to the use of other metals besides the 
standard one, and when the state fixes the ratio between 
these metals a new system has come into existence, which 
has been called the midtiple tender system. In it the 
ratios between the metals are fixed, either once for all, or 
until changed by state authority. This system was in 
force in England from 1257 (or rather 1344) to 1664, 
the ratio between gold and silver being fixed from time to 
tune by proclamation. France, too, adopted it during the 
Revolution, the ratio of 15 J to 1 being that fixed between 
gold and silver. The fluctuation of currencies arranged 
on this method, owing to the action of Gresham’s law, has 
led in England and Germany to a modified system, which 
seeks to combine any advantages of the multiple standard 
with the principle of the single standard. By this method 
one metal is fixed as the principal legal tender, ■\vhile the 
smaller coins are made of a less valuable material, and 
circulated at a nominal value somewhat above their real 
one, or, in other words, as token coins, but they are only 
legal tender to a limited amount. This has been called 
the composite legal tender system.'^ 

For further details reference may be made to Tables II. and III., 
and the notes appended. Every currency system requires the exist- 
ence of subsidiaiy coins, and, as stated before, this -want is met by using 
a less valuable metal, generally silver, and for smaller payments 
copper or bronze. But, apart from the question of the material of 
the smaller coins, it is important to deteimine the best ratio bet>veeii 
them. Tlie simplest of all would be the binary. In it each coin 
would be the hall of the next highest one, and double the one imme- 
diately below it. Nothing, apparentlj’’, is plainer or simpler than 
this scale, but the objection to it is the great number of coins that 
would be required, as well as the want of conformitj^ with ^ the 
general arithmetical scale. In a modified form it does prevail in 
many countries. Tlius in England we have tbeyenny, half -penny, 
and farthing. At a higher stage we have the florin, shilling, six- 
peivny piece, and threepenny piece, and, again, the sovereign, half- 
sovereign, five-shilling 2 ncee,^ and half-croiun. Tlie coinages of the 
Latin and Scandinavian Unions, as also those of Germany and the 
United States, have several binar}' series in their coins.” There is, 
however, no completely binaiy system known. The old English 
scale was partly duodecimal, and the arguments in favour oi this 
arrangement are by no means weak. At present the shilling is 
duodecimally dbrided. It is urged in favour of this scale that the 
main divisions of time (j’ear and month, day and hour, are^ 
decimally related, and that time is one of the elements in ah 
questions of value, Another argument is that 12 is capable of 
being resolved into several factors (2 and 6, 3 and 4), and therefore 

"I This system came into existence in England accidental!}', through 
silver being overvalued by the mint regulations, but its theorrtipl 
basis was riven by the often-quoted work of Lord Liverpool, Coins 
of the Ecalm (1805), which contains even now the best explanation of 
its principles. 

® This piece is now almost extinct. _ 

0 For instance, the 20-franc, 10-franc, and 5-franc pieces, and, 
a"ain, 2-fninc, 1-franc, and 50-centime pieces in France, &c. ; 20-kroner 
and 10-kroner pieces, and 4-kroner, 2-kroner, 1-krone, 50-ore, and 
25-ore pieces in Denmark, &c. ; 20-, 10-, and 5-mark pieces, .and 2-maTk 
l-mark, and SO-pfennige pieces in Germany ; while the United “tries 
have eagle, half-eagle, and quarter-eagle, and also dollar, half-doll.ar, 
and qiiarter-dollar. ^ 

w See S. Laing, Motes of a Traveller, pp. 5i-59. 



MONEY 


733 


tcrmcdiato coins are introduced, c.g., in Franco, 2-frana and 5-franc 
pieces. In fact, most modem currencies arc a combination of the 
decimal and binary systems, England alone adhering to a modified 
duodecimal scale. A decimal coinage lias for the last skty years 
been proposed for England, and it is almost certain that if any one 
sclieme could be pointed out as mucli preferable to any other it 
•would be acceptecl. As it is, there arc two or three proposals, each 
commanding some support, ivhile many advocates of the decimal 
system prefer to ivait till an international agreement for its adoption 


can be obtained. One of the schemes advanced tabes the jircsent 
farthing as its base ; then 10 farthings^l doit (2Ad.) ; 10 doits^l 
florin {2s. Id.); 10 florins=\ pound (20s. lOd.). ’ Tlic advantages 
• of this plan are ; (1) that the smaller coins now in use could be 
preserved (the penny being 4 farthings), (2) retail prices, which are for 
the smaller articles estimated in pence, need not bo altered, (3) nor 
need those which affect postage, tolls, and mileage charges. Against 
these may be set the loss of the unit of value, the j)Ound, which 
should be raised to 20s. lOd., so that all accounts, and all large 


Tabli; III . — Currencies of the more imjiorlanl non-European States. 


Coins 

Material. 

t 

A. NORTH AMERICA. 


BniTisn Dominions 1— 


100 Vents-1 Dollar. 


JIexicoP — 


Gold 27 

100 Cents 

10 Dollar piece 

5=1 Dollar. 

8 

R 


4 

>• C 


2 . „ 



1 

„ 


1 

Silver T 


50 Cent iiiecc .. 

„ 1 


25 n 

11 

U-viTED States 3 

— 


100 Cents 

20 Dollar piece 

Gold 3 

=1 Dollar. 

(DonLle luiiglc) 
10 Dollar piece 


(Ragle) 

1. 1 


b Dollar piece 

n 


8 

n 



n 


1 

n 


1 .. 

Silver 2 


50 Cent piece . 

1 


25 ti 

,, 


10 

M 


0 

ti 


8 

n 

■ B. SOUTH 

AMERICA. 


AnnENTINE UErUBLIC ^4— 

Gold 

100 Ceniesimos 

20 Peso piece . 

=1 Dollar 

10 „ 


C’eso). 

b - , 

11 


1 

Silver 

Bkazil’S— 

Gold 

1000 Dels 

20 Milrchs pleci 

=1 Milrei. 

10 

it 


2 

Silver 


1 

It 


i 

It 

Chili *0— 



100 Centavos 

10 rc.so piece 

. Gold 

. =1 Peso. 

(Condor) . . . 


5 I’cso piece . 

• If 


2 „ . 

• It 


I 

. Silver 


50 Centavos piec( 

J It 


20 ,; 

it 


10 

ti 


5 „ 

tt 


S “ 

.s « 


Rem. 

p. 1000. 


707 


I’lSG 


8-359 

5-015 

4-179 

1-071 


0- 250 
2-500 

1- 250 
0-802 


8-33J 

127-11 

7- 927 

8- 903 


875- 

875- 

875- 

875- 

875- 

900- 

900- 

900- 


900- 

900- 

900- 

900- 

900- 

900- 

900- 

900- 

900- 

900- 

900 

750 


900- 

900- 

900- 

900- 

joic-Sl 

910-6 


6-375 910-C 


A]i](roxin)ate 
Money Value. 

B 

United 

State.s. 

is. d. , 

S 

S c- 

; 4 0 

5 74 

1 12 4\ 

7 87 

J 10 2! 

3 93 

0 8 1 

1 96 

0 4 01 

0 98 

0 4 01 

0 98 • 

0 2 0 

0 49 ; 

0 10 

0 24 ; 1 

4 2 0 

j 

•213 

1 

- 1 0 71 


- 0 12 4} 


• 0 10 4 


- 0 4 11 


•041} 


•0 2 0! 


• 0 1 OJ 


.005 


. !o 0 21 


.001} 


.418 

19 94 

. 2 0 10 

0 97 

,10 5 

4 9S 

.041 

0 99 

, 2 4 10 

10 91 

.12 0 

5 45 

.045 

1 9 

.022 

0 55 

.011 

0 27 

. 1 17 0 

9 10 

. 0 18 9 

4 55 

.070 

1 82 

.039 

0 91 

. 0 1 10 

1 0 45 

.000 

0 IS 

..004 

1 0 9 

..002 

0 4 


Coins. 


100 Centavos 
=1 Peso. 


20 Peso piece . . 
10 


toe 

'it 


5 Peso piece , 


100 Cenlesimos 
= lSot. 


20 Centavos . 
10 „ . 


20 Sol piece 

10 „ 

5 „ . 

2 „ . 

1 „ 


50 Centesiraos. 
20 „ 

10 ,. 

5 „ 


Gold 


Silver 


Gold 


Silver 


32-258 

10-129 

8-005 

3-225 


Hciii. 

.Ip. 1000. 


900- 

900- 

900- 

000 - 


!5-0 900- 

5-0 1 835' 

2-5 1 835' 

1-25 i 835 


Vesezuei..\. See Colomdia. 


C. ASIA. 

India (BniTisn)®— 

3 Pie=l rice. 30 Rnpee piece 

4 P;ce=l Ann. (Donlilc Moimr) 


(Molmr) — 
10 Rupee piece 
5 


Japaj* * 1^-^ 

100Scn=ll’’ea. 20 Yen piece 
10 


50 Sen piece 
20 
10 


32-258 

10-129 

8-005 

3-225 

1- 013 

|25-0 

12-5 

5-0 

2- 5 
1-25 


Gold 


Silver 


Gold 


900- 

900 

900 

900 

900 

POO 

POO 

900 

POO 

900 


23-321 

11-005 

7-772 

3-880 



910-6 

010 - 6 , 

910-0 

910-0 


33-335 

|io-cce 

S-333 

1 3-335 
1-CC6 


POO' 

900 

900 

900 

900 


Silver 


Apiiroxiinatc 
Money Value. 


5 T 

~ e; 


£ 8 . < 1 . 

19 yj 

1 19 8 
0 19 10 
0 7 111 

I 

0 3 Hi' 0 96 

0 0 9j; 0 10 

0 0 5 0 10 

0 0 21 0 5 


? c. 
19 30 

0 c:» 

4 82 

1 93 


: 19 
11 19 8 
. '0 19 10 
, 0 7 lU 

. 'o 3 Hi 


31:19 30 
9 65 I 
4 82 
1 93 
0 96 , 


3 HI 
1 HI 
0 91 
0 4-! 
0 21 


3 0 0 


1 10 
1 0 
'0 10 


0 96 
0 4S 
0 19 
0 10 
0 6 


14 &8. 


5 reckon In ilollars. 
ystem kas In-eii 


itol5 valuation midcmited goio, cuiisuiuti.i... - • • 

van introdneed m 1789 as cue unit, in 179.1 the ratio 

iHjcaine the standanl. In 1834 the ratio v>a^ altered to 1 J > . .j silver coins, wliicli tlicrcfore •• -rvosced, making the silver dollar a I‘ gal 

of circulation. T].i.s led, in 1853, to /eduction of t l e , 187B ! ‘ TlSc r Ivcr^loIIara l.ave not pot into 

tf)0k place in 1801.- In 1873 silver was deinonctized, and grid mdlion doi^^^^ 

tender, But confining its coinage to t'le executive, and fl. fe ^,,-.252 (rramnics), to compete pj n- mnnnes, was 876- fine, and wortli £3, 45. 0-1. 

circulation. Tlie United States coin a trade dollar of 420 P™- „,,i sTontli American oiiro tvciglied grammes, 

4 Tlic Argentine Confederation professes to ’'-''7,/ ,2," ‘se. ‘ 

5 Tlic Brazilian system is a depreciated f*’™, Gold coins arc no longer stmek. 

5 Chili Ims nominally a doulile valimtioii at 1 to IGjf. of y to I5l. , t, . h , 1 

7 Tlie Colombian States liavc tlie Latin almost identical with that of g,.,|c,aiij. in recent years it luas l-.-e- 

8 men Pent returns to c.a3h payments the system ni l w ain ^^_^^^.^,j,,oney. Tlie price 01 tiic r 1 e 

9 British India 1ms a single silver standard, as the gold com _ ... 4 Tlic system was rtc.ast in 1S7I. and tlie pw-sent deeliiu eoini^ 

‘ *e,\ .. w.f;r.nn fn 4. llJCS>hiEm |^,i],y^\„irri<^niiln:dedflbrwnW:<t:4»-]ECT.L 


• Sliver ^ ^ ^ r Tito 4 Tlic system rc 

■'ia'llmrfdjXpanese'coTtiagc consists prac tolly rilTC^^ 1S75 a trade dollar exactly similar t 

.adopted, the ratio htingl to 10-17. The standard is non pracnca y 
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tcrmcdiato coins are introduced, c.g., in Franco, 2-frano and 5-franc can bo obtained. One of the sclicmes advanced tabes tlio j>rcscnt 
nieces. In fact, most modem currencies are a combination of the farthing as its base : then 10 farthings— 1 doit (2Ad.i ; 10 (/oi(^=l 

i. . , 1 i rn„ i,i \. in r t \ " n., , 


decimal and binary systom.s, England alone adhering to a modified florin (23. Id.) ; 10 florins=\ pound (20s. lOd.). ' Tlie advantages 
duodecimal scale. A decimal coinage has for the last skty years • of this plan are ; (1) that the smaller coins now in use could be 
England, and it is almost certain that if any one preserved (the penny being 4 farthings), (2) retail pricc.s, which arc for 
linted out as much preferable to any other it the smaller articles estimated in pence, need not bo .altered, (3) nor 
As it is, there are tw'o or three proposals, each need those which affect postage, tolls, and mileage charges. Against 
support, while many advocates of the decimal these may be set the loss of the unit of value, the j)Ound, which 
it till an inteniational agreement for its adoption should be raised to 20s. lOd., so that all .accounts, and all large 


been proposed for England, and it is almost certain that if any one 
scheme could be pointed out as much preferable to any other it 
would be accepted. As it is, there arc trvo or three proposals, each 


commanding some support, while many advocates of the decimal 
system prefer to wait till an international agreement for its adoption 


Tabli; III . — Currencies of the more imjiorlanl non-European States. 


llciu. A]>]iroxiniate I 
^ . p. 1000. Money Value. 


.tp2 mss' 




A. NORTH AlUERICA. 


BniTisn Dominions 1- 
100 Vents-1 Dollar. 


States or Colombia 7 — 

100 Centavos 20 Peso piece . .' 

=1 Peso. 10 „ I 


JlEXICO — 

100 Cents 
=1 Dollar. 


10 Dollar 
8 
4 

2 . n 
1 


r piece Gold IT'OCT 875 

„ „ 13'533 875 

fi.vr.T 875 


,, 

50 Cent piece .. 
25 

U.N'ITED STATF.S3— 

100 Cents ' 20 Dollar piece 


„ 0-707 875- 

„ 3-383 875- 

„ 1-092 875- 

Silvcr 27-007 900- 

„ 13-533 900- 

0-707 900- 


(Doniile Eagle) Gold 
10 Dollar piece 

(Eagle) 

5 Dollar piece „ 

3 „ n 

21 ,, )» 

1 .. .. 


.■13-430 900- 

10-718 900- 
8-359 900- 
5-015 900- 
4-179 900- 
1-071 900- 


1 s. d. c. 

: 4 9 15 74 
l 12 45 7 87 
J 10 25 3 93 
0 8 1 1 90 

0 4 05 0 98 

0 4 01 0 98 
0 2 o' 0 49 
0 1 0 0 24 


2 13 
1 0 75 
0 12 45 

0 10 4 


20 Centavos . 
10 „ . 


“>£ c 

•Se ms 


Gold 32-258 900- 

„ 10-129 900- 

„ 8-005 900- 

„ 3-225 900- 

Silver 25-0 900- 

,, 5-0 835- 

„ 2-5 835- j 

1-25 1835- 



Peno • 8— 

100 Cenleslmos 20 Sol piece 


Gold 32-258 900' 

„ 10-129 900' 

„ 8-005 900' 

„ 3-225 900' 

„ 1-013 900 

Silver 25-0 900 

„ 12-5 900 


50 Cent piece . . 
25 ,, 

10 

0 

3 

B. SOUTH AMERICA. 

AnOENTINK RErUBLIO '4_ 

100 Centcslmos 20 Pe.so piece .. 
=1 Dollar 10 
('’“4)- 5. , 


BnAZiL’t— I 

1000 Jtols 20 Milrej-s piece 
=1 Milrei. 10 


Silver 20-729 900- 

„ 12-500 900- 

0-250 900- 
„ 2-500 900- 

, 1-250 900- 

„ 0-802 750- 


CTiili*0— 
100 Centavos 
. =1 Peso. 


10 rc.so piece 

(Condor) 

5 Peso piece . . 
2 


50 Centavos piece 

20 ,; 

10 


Gold 33-333 900- 
„ lO-COO 900- 
„ 8-33J 900- 

Silvcr 27-11 000- 

Gold 17-927 910-6 
„ 8-903 910-0 

Silver 25-500 910-0 
„ 12-250 lOlO-O 

0-375 910-0 


Gold 15-253 900- 
„ 7-020 900- 

,, 3-051 900- 

Silver 25-00 900- 

„ 12-50 900- 

„ 5-00 900- 

2-50 900- 

1-25 900- 


:: 0 0 21 


4 1 8 19 94 
2 0 10 9 97 

1 0 5 4 98 

0 4 1 0 99 

2 4 10} 10 91 

1 2 6 5 45 

0 4 5 1 9 

0 2 2} 0 55 
0 1 1 0 27 


1 17 0 9 10 
0 18 9 4 55 

0 7 0 1 82 


0 3 9 0 91 

0 1 10} 0 45 
0 0 9 0 IS 
0 0 4} 0 9 
0 0 2 0 4 


50 CenlcsiraoB. 
20 „ 

10 ,. 

5 „ 


Venezuela. See CoLOMniA. 


C. ASIA. 

India (Bnixisn)®— 

ZPU^Wice. 80 Rupee p ecc , 

APiccss\Ana. (Double Molmr) Gold 23 3»1 910 o 
lOAnas^Ulupee. 13^R«P08^Piece 

10 Rupee piece ,, 7;n2 91C-C 

I „ Silver 11-00.5 910-0 

i ” „ 5-832 910-0 

i ” , 2-910 910-0 

1 ” I, 1-453 910-0 

'^100Scn=lTea. 20 Yen piece .. Gold 33-335 900- 
10 „ .. .. "i-CCC 900- 

5 , .. „ 8-333 900- 

2 ” ’ „ 3-.335 900- 

1 „ 1-CC6 900- 

50 Sen piece . . Silver 10- 6TO| 
on ,1 •!* olHj* 

r ” 1- 800- I 


£ s. d. ? c. 

. 3 19 8} 19 SO 

. i l!i 8 9 05 

. 0 19 10 4 ,S2 

. 0 7 11} 1 93 

. 0 3 11}^ 0 90 

. 0 0 9j; 0 19 

. 0 0 5 0 10 

. 0 0 21 0 5 


3 19 31:19 so ‘ 
II 19 8' 9 05 I 
, 'O 19 10 4 82 

, 0 7 m 1 93 
. lO 3 11} 0 90 


;0 1 Hi 0 4S 

'O 0 91 0 19 I 

'O 0 4-! 0 10 


3 0 0 14 58., 


. Il 0 0 4 80 I 
. 'O 10 0 2 43- 

.0 2 0 0 48 ' 

.0 1 0 0 24 

.0 0 0 0 12 t 

.0 0 3 0 0, 


4 2 0 19 94 

2 1 0 9 97 j 

1 0 0 4 95 

0 8 2 1 99 j 

0 4 1 0 99 

0 2 0! 0 50 

0 0 10 0 20 
0 0 5 0 10 , 

0 0 2 } 0 5 


• Iiicoiivcrliblc TOipcr currency. , . given above, bnt a brief outline of 


Pemarhs . — ^Tlin currencies of such of tl 
the currencies of les.s-advanccd countrie 
arc, as a rule, similar to tlieir moDicr-co 
Revolution French money is retained. 
'Flic Australian colonies have a cuirency 

J.I.. ! — t. nM... T’fifl'i 


ijavc i>ccn mven uuuvc, ./ua/.. aa..v. - 

of the variou.s EurojK-an colonie.i in Anicrica 
tlieir original currency. In Cayenne t be pre- 
iie Central American Btate.B reckon in dollars. 

In Jlanritiu.stlic Indian sj-.slem lias l»s-n 


Asiatic currencies arc generally coinpo.sed of Sliver. Cp'lon m. jg of copi>er, iron, and tin; silver ^ ootici.-. 

Dutch inonctarj- system. In Cliina tlio aish E’™-’ *''« of cvcliange. The other Asiatic puvrcncics do not q I fonncrlv dllTercnt mctlarls of 

place, Ircing tlie unit ; while tlic silver syoee m the 'snal medium of cxciiaii„e_^^^^^ standard is ■ 

1 There is no cnrrency issued in Canada ; English „*prijnc the re.si)ective ratio.s a Tiremlum. 

conntiiig, viz., English sterling, Halifax cuirency, goin’s arc practiially commercial "mne\. an j j.' ,„|Jicnated gold, consequently silv.-r 

2 The decimal c5nage has existed in 185, . ^.o gold coins^^^ ^ HIS was '‘-is driv. .. out 

3 Tlio dollar was introduced in liSO as tlie unit. In li91 1 jj, was .again changed in 183i. In thwe ' o„vrcncy. Tlie suspension of casli lajaneiils 

iKicame tlie standard.. In 1834 tlie ratio was ^ ^ o m "if^ar^oolns. which thcirforo w-as^t^^.Vd, making'th.e silver dollar^ a hpl 


tK,.came the stantodl^ ln w-as altered to 1 to 10 au< « "™Ins wMob therefore, ^ iwi g' - silver doiiaV 'a I- gal 

of circulation. Tliis led, in 1853, to tbu /eduction of t I c ,1878 ! Sr mmith.^ TlSc s Iver^loIIars have not got into, 

took place in ISGl.- In 1873 silver was demonetized, and gahl Miai mi^ mnl.on 

tender, bnt confining its coinage to tbs »'ccutive, and 0. g grammes), to compete pj n- ,Taiinmc.s, w'as 875- fine, and wortli £3, 45. C-i. 

circulation. Tlie United States coin a trade doll.w oM30 „hl South American onza ivcighed gramme.^, 


^ircnlatiom '''^i'.e Uniterst^to coin a tn.de dollar of 420 American m.ra iveighed 2, gramme.s, was mo o..., a 

4 Tlie Argentine Confederation professes to ba'/ / ' 

0 Tlie Brazilian system is a ilcprcciated t*’™/’/ gnj,, coins arc no longer stmek. 

0 Chili h.a.s nominally a double A-alnation at 1 to IGsf. of 1 to 151. , n r i 

7 Tlie Colombian States have Hie Latin almost idenlic.al wltli that of g,.,|c,aiiy in recent years it luas l-.-e- . 

8 men I’eni returns to mash payments the sjstcm w ill w arn Tlie price oi tnc r i e 

9 Briti.sli India has a single silver st.and.ard, as the gold coins i , icri ihe i.iT-.5enld(-e!m.aI roma^. 

1 1- 0.1 /—APi 


tom will be almost 

tlie gold coins arc only commercial mone>. 


. . c *>,ao*ict in 1^71 nrifl tlj<* T’rT'S^Tlt 

Tlic systcni "ivas rewt n 154 1, i.,t:,^1ucr-=L 


unusn iii'iin mis a ^ Tlif svstem ivas recast in is* i, “'’17 -• 4. -1, /*.-•! 

r.lmut Is. 8d. (=40 cents). „„Lanos and silver itzibns. witli a ratio of 1 to 4. llie sj. ^ „ ,\,„rri.aan trmle •lollar «..- i-.t-ieli.c .L 

10 Tlie old Jiiianese coftiage consisted of f ^ silver. In 1875 a trade dollar exactlj 

dopted, tlic ratio bting 1 to lC-17. Tlie standard is now pracrica i 


adopted, the ratio btjjng 
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tlicir special knowledge would be saved to ovdinary tiaders. (3) 
Tlio improvement of the currencies of backward states. Iklany 
countries .still po=.ses3 tlio.so mixed currencies which were once com- 
inou all over lJuroiK-, and much confusion con.sequently arisc.s. The 
commercial coins have been introduced for intcniational circulation,* 
.and a univer.<al currency would ijcrform their function more satis- 
factorily. (4) tJrcatcr facility in coniiiaring price-lists, kc. This 
ndvautage, which is re.-erved for^^the last, has been legardcd by 
<-omi)ctcnt judgc.s as the greatest.^ It h.asa practical and a theo- 
retical interest : the former, .since trade with foreign countries would 
he tendered easier and safer; the latter, .since statistical ituptiries 
would be very imicli fieililafod. At present, it is quite impossible 
for an ordinary trader to understand a set of foreign itricc-lbsts, e.ich 

j>crhaps c.xjtrcssed in terms ofa dillercnt ctirroncy Irom the others, 

a diinculty which is enhanced by the variations of gold .and silver 
values, not to add the c.a.se of an ineonvcrtildc pa{)er currency. The 
existence of a common monetary langu.ago would remove these dilli- 
culties, and the premium on gold could be allowed for in the case 
of depreciated paper. A much uiderdovelopmentofsmallcrtrading 
transactions would become possible, and would add to the world’s 
wealth. Xor would the greater e.asc of statistical inq\iiry be unim- 
qwrt.ant ; the rate.s of w.age.s in ditbirent countric.s, and the profits 
on dilfereut tnin-eictions, uotild !>.■ readily compared, and the move- 
ments of labour and capital to the most advantageous points 
rende.-tsl more rapid. Against the.<.e gre.at g.ain.s can I/e .set only a 
certain and a jK)-vdblc disadv.anf.agr'— namely, the loss and trouble 
involved in ebaiige, wbieh would, of course, for the time be con- 
sidemblc, but would foon lie over, ami the chance that .some states 
might i.-'Ue a depreciated currency, wbicli would cxiicl the other 
amt better <‘oins. In the case of a universal coinage this case would 
hardly arise, .sinre there would be no Held of employment for the 
purer' coins, .and tiny would coU'equentiy remain in circulation, 
but the whole currency would ber'ome depreciated, rroiier mint 
regulations, however, would obviate this danger, and could surely 
Ih' devived. It m.iy be sai>l that the principal liindraiiec to one 
coinage system for all eivibVed rt.atcs is the. as yet unsettled ques- 
tion of the .standard to bo employed. Till tlio debate on this 
proMeu) is elo-ed it is vain to ex[K'ct monet.aty unification. The 
establishment of a universal sy,stem based on gold fcemed quite 
feasible to the i onf<'renc“ of 1807, but doubtful to that of 1878, wliilc 
a double standard was the propoval disctis.s. d in 1881. 

9. Coitfirli’rit/ions on tin’ Qiuxdonx tirixiinf from the Con- 
Jlirf of Ston'hmh. — In the preceding .section tlic vnrioits 
])ossib!o monetary sy.stems were set forth, hut no di.scu.s.sion 
wa.s entered into with reej/cct to tlieir comparative merits. 
Only tlircc of tlic.se Ky.sfems need he liere c.xamined, namely, 
the mi'jli’ standard sy.stcm, the vivHtpk standard .sy.stem, 
and, lastly, the romjmdt' sy.stem. Xor even is there any 
need for c.xamining the varion.s ])o-.sihlc single or multiple 
.standard.s. Tlie single silver standard i.s the only one of 
the former, as the donhlo gold atid silver standard i.s the 
only one of the latter, wliich need ho taken into account. 
It is trae, historical inejuiry lia.s shown that the problem of 
the [)ro|>cr projiortion between two difierent metals when 
u.sed together pre.-ented itself to the Chinese with regard 
to their iron and copper coinages ; imt the course of mone- 
tary evolution, as di.scii.s.sed in section 3, h.as rasultcd in the 
rejection of the lass valuable metals and in confining the 
materi.al of the jirincipal coin.s to silver and gold. The ime 
of silver as a principal coinage was, as we have seen, widely 
difiused. Tlic Hellenic coin.s were com])o.sed of that metal, 
gold being afterward.s introduced a.s a variable commercial 
money; and cojijier wa.s brought in still later as a token 
, currency. Though copper preceded silver as money in 
Rome, the latter, soon after its introduction, .succeeded in 
displacing it, the ratio first fixed being 1 to 2.o0. A regular 
gold coinage did not exist at Romo till the empire, hut 
gold in bars passed, the legal ratio being 1 to 11 ’91. Still 
the questions connected with the ii.se of a double standard 
do not seem to have arisen.^ Tlie various European mon- 
archies liad silver a.s their principal money (see p. 720 sq., 
above), gold where it was u.sed being, as in Greece, a 

* nie principal of tlie«e .arc — tlie AuBtri.an Maria Tliere‘a dollw, 
the Mexican /Joll.ar, and the United States trade dollnr, which is 7h 
grs. beavicr than the national coin of the aanic name. See also Tables 
Il.^and III. 

■ Bagehot and Prof. Jevons. Tlie former dwell.s on the com- 
mercial aspect ; the latter naturally places tlie scientific side first. 

’ See Moiiiiii.seii, //fs(, of Jiortxc, ii. p. 382 and iv. p. 5S3. 
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commercial money. The advance of gold to a position 
parallel to silver was commenced in the 13th and continued 
m the Uth century', the method of regulating the mixed 
gold and silver currencies being by proclamation, which 
iixed the varying ratios from time to time. In England 
this course was followed from the first introduction of 
gold coins (1237) to IGGS.-* From 1GG3 to 1717 sUver 
was the standard, and the gold coins passed at their mar- 
ket value. As the silver coins were very much debased, 
the gold guinea sometimes was deemed equivalent to 30s! 
After the recoinage of 1G9G the guinea passed at 21s. 6d. 
At this ratio silver was underrated, and was accordingly 
c.x])orted to pontinental Europe and to India. The loss of 
the silver coins aroused the public attention, and the matter 
was submitted to Sir I. Newton, whose answer was given 
in his Third Representation. He proposed to reduce the 
guinea from 21s. Gd. to 21s. as an experimental measure.^ 
The proper reduction for the object in view w'ould have 
bScn to 20s. 8d. The silver drain, therefore, continued, 
and England came to hare a gold currency. An opposite 
arrangement gave France a silver coinage. The recent 
facts of French monetary history', as well as those of the 
United States, illustrate the same condition of affairs. The 
difficulty of constituting a double standard system on a 
secure basis i.s thus made clear, so far at least as regards a 
single country. For the continuance of the two metals in 
the currency depends on the market ratio and the legal 
ratio between gold and silver being the same. The slightest 
examination of the history' of these metals \4'ill show how 
variable they have been. Without accepting the estimates 
which regard silver as being more valuable than gold,® the 
well-attested variations of the precious metals have been 
very considerable. Tims, Herodotus estimates the ratio as 
1 to 13, Plato 1 to 12, Jlenander 1 to 10, and in Caesar’s 
time the ratio was 1 to 9." Table I. contains the varia- 
tions since the discovery of America. ' In the 1 4tli century 
the value of gold rose remarkably', and the gradual move- 
ment has ever since been towards an appreciation of gold 
relatively to silver. Another point, previously noticed, is 
the tendency, as wealth increases, to adopt a more valuable 
form of currency. Greece, Rome, and England all afford 
illustrations of this movement. The experience of the evils 
of a mixed currency led the earlier ^mters on coinage in 
England to regard a single standard system as the best, and 
silver as tbe most suitable metal for the standard. Locke, 
Petty, and Harris all advocated this view. The earlier 
Italian writers proposed to combine gold and silver at a 
ratio of 1 to 12, which they conceived to be the actual pro- 
portion. The theory of a composite system was, as before 
mentioned, first given by' Lord Liverpool.® This method 

* Tlic various clianges uiatlc can kc estimated from the Tables gi* cn 
in James’s Essays on Money, ke. ; see also Ency. Brit., 8tii ed., article 
“Jloncy." A careful statement will be found in Lord Liverpool s 

"‘’s'Kcwton^ report will be found in Sdect Tracts on Mon^j, edited 
1/v J B M'Cnlloch for tbe Political Economy Club (18o6). One 
pass-age is worth quoting. » The demand for exportation anses from 
tl.c higher price of silver in other places than in England in proper- 
tionlo^gold, ... and may therefore be dimmiriied by lowenng the 
v.aluc of gold in proportion to silver. If gold in England, or silier in 
E.ast Indfa, could be brought dorni so low as to bear the same propor- 
rimfto one another in b^tb place.s, would ^ beie^o prater 

demand for silver than for gold to be exported to Mia. Aiid if gold 
were lowered onlv so as to have the .same proportion to the silver 
In ■FiiA-m'd which it hath to silver in the rest of Europe, 
tlmre would 1« no iemptation to export silver rather than gold to any 
E 277). italics are in the ongmal pass^ 



10 times a-s v.aluable as gold, gold has come to 

valuable than silver. .. 

7 See Smith, DieL of Ant., s. v. Argentum. 

® See above, p. 731. 
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tlicir special knowledge would be saved to ovdinarj- traders. (3) 
Tlio improvement of the currencies of backward states. Jlany 
countries .still po=.ses3 tlio.so ini.vcd currencies which were once coin- 
liiou all over lJuroiK-, ami much confusion consequently arises. The 
commercial coins have been introduced for intcniatioiial circulation,* 
mid a uiiiver.sal currency would iicrform their function more satis- 
factorily. (4) tJreatcr facility in comiiaring price-lists, ^;c. Thi.s 
ndvautage, which is ro.-erved for the last, has heeii legardcd hy 
comiictent judges as the greatest.^ It h.asa practical and a theo- 
retical interest : the former, .since trade with foreign countiics would 
he lendcrcd easier and safer; the latter, .since statistical inquiries 
would he very much hieililatod. At present, it is quite impossible 
for an ordinary trader to understand a set of foreign iiricc-lists, c.ich 

jicrhaps c.vjirc.ssed in terms ofa dilfercnt currency Irom the others, 

Cl diHiculty which is enhanced by the variations of gold .and silver 
values, not to add the c.a.se of an inronvcrtildc pa{)er currency. The 
c.vistcnccof a common monetary langu.age would remove these dilli- 
culties, and the premium on gold could ho allowed for in the case 
of depreciated paper. A much iriderdovelopmentofsmallertrading 
transactions would hocome possible, and would add to the world’s 
wealth. Xor would the greater e.aso of statistical inquiry be unim- 
qiort.ant ; the rate.s of wage.s in diihjrcnt countric.s, and "the profits 
on dilfercnt tniii'cictions, wotiM !>■■ readily compared, and the move- 
ments of labour and capital to the most advantageous points 
remlcied more rapid. Against thes'! great gains can lie .set only a 
certain and a jiosdhlc disadvaiit.agr'— namely, the loss and trouble 
involved in change, which would, of course, for the time be con- 
mdenihle, hut would soon lie over, and the chance th.at .some states 
might i.-'Ue a depreciated currency, which would cviiel the other 
and better coins. In the case of a universal coinage this case would 
hardly ari-e, .sinre there would be no held of employment for the 
purer coins, and th'-y would consequently remain in circulation, 
init the whole currency would become depreciated. I’roiKir mint 
regulations, however, would obviate this danger, and could surely 
Ix’ devised. It m.ay ho sai>l that the principal hindranre to one 
coinage system for all civihVed et.atcs is the. as yet unsettled ques- 
tion of the .standard to ho riiqiloyed. Till the debate on this 
problem is clo-ed it is vain to cxjK'ct monetary nnification. The 
establishment of a universal sasstem based on gold seemed quite 
feasible to the i onferenre of 1807. hut doubtful to that of 1878, while 
a double standard was the propoval discus.s. d in 1881. 

9. (7onsiV/em/io;!.* on tin’ QucMionx tirixin'f from (he Con- 
Jlirt of Stnn'hrdi. — In the preceding .section tlic variou-s 
])ossib!o inonct.'iry .sy.stenis were set forth, but no di.scu.s.sion 
wa.s entered into with ro-sircct to tlteir comparative merits. 
Only three of thc.se Ky.sfeins need be liere c.vainincd, namely, 
the JuV//c st.andard sy.stem, the mvlttplc standard .sy.stem. 
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commercial money. The advance of gold to a position 
parallel to silver was commenced in the 13th and continued 
m the Uth eenturj', the method of regulating the mixed 
gold and silver currencies being by proclamation, which 
lixed the varying ratios from time to time. In England 
this course avas followed from the first introduction of 
gold coins (12.o7) to IGGS.-* From 1GG3 to 1717 sUver 
was the standard, and the gold coins passed at their mar- 
ket value. As the silver coins avere very much debased, 
the gold guinea sometimes avas deemed equivalent to 30s! 
After the recoinage of 1G9G the guinea passed at 21s. 6d. 
At this ratio silver avas underrated, and was accordingly 
cx])orted to pontinental Europe and to India, The loss of 
the silver coins aroused the public attention, and the matter 
was submitted to Sir I, Neavton, avhose ansaver avas given 
in his Third Representation. He proposed to reduce the 
guinea from 21s. Gd. to 21s. as an experimental measure.^ 
The proper reduction for the object in vieav would haa'e 
bScn to 20s. 8d. The sila-er drain, therefore, continued, 
and England came to have a gold currenc}'. An opposite 
arrangement gaa-e France a silver coinage. The recent 
facts of French monetary historjq as avell as those of the 
United States, illustrate the same condition of affairs. The 
difficulty of constituting a double standard system on a 
secure basis i.s thus made clear, so far at least as regards a 
single countrj'. For the continuance of the two metals in 
the currency depends on the market ratio and the legal 
ratio between gold and silver being the same. The slightest 
examination of the histor}' of these metals wdll show' how 
variable they have been. Without accepting the estimates 
which regard silver as being more valuable than gold,® the 
well-attested variations of the precious metals have been 
very considerable. Tlius, Herodotus estimates the ratio as 
] to 13, Plato 1 to 12, Jlenander 1 to 10, and in Caesar’s 
time the ratio was 1 to 9." Table I. contains the varia- 
tions since the discover}' of America. ' In the 1 4th century 
the value of gold rose remarkably, and the gi'adual move- 
ment has ever since been towards an appreciation of gold 

_ ^ ^ , relatively to silver. Another point, previously noticed, is 

an'l, la.'-tly, tlic rompodt/- sy.stcin. Xor even is there any | the tendency, as wealth increases, to adopt a more valuable 


need for c.xamiuiiig the v.arious ])o-.sible single or multiple 
.standard.s. The single .silver .sl.amlnrd i.s the only one of 
the former, os the double gold utkI silver standard is tlic 
only one of the latter, which need bo taken into account. 
It is tnie, hhtorical inquiry lias shown that the problem of 
the [iroi>cr projiortion between two different metals when 
u.se(l together pre.-ented itself to the Chine.se with regard 
to their iron niid copper coinages ; but the course of mone- 
tary evolution, as di.scii.s.sed in section 3, h.xs rasultcd in the 
rejection of the Ic-ss valuable metals and in confining the 
material of the jirincipal coins to silver and gold. The u.se 
of silver a.s a principal coinage was, as we have seen, widely 
dilfused. The Hellenic coins were coiniio.-^ed of that metal, 
gold being afterwards introduced a.s a variable commercial 
money; and cojijier was brought in still later as a token 
, currency. Though copper preceded silver as money in 
Rome, the latter, soon after its introduction, .succeeded in 
displacing it, the ratio first fixed being 1 to 2.o0. A regular 
gold coinage did not exist at Rome till the empire, but 
gold in bars passed, the legal ratio being 1 to 11'91. Still 
the questions connected with the use of a double standard 
do not seem to have arisen.® Tlie various European mon- 
archies bad silver a.s their principal money (see p. 72G 
above), gold where it wa.s used being, a.s in Greece, a 

* nic jiriiicipal of tlie«e .arc — the AnBtri.an Jfaria Tliere«a dollar, 
the Mexican dollar, and the United States trade dollar, wliicli is 74 
grs. heavier than the national coin of the same name. See also T.ahles 
Il.^and III. 

■ Bagehot and Prof. Jevons. Tlie former divelhs on the com- 
mercial ,'ispeet ; the latter naturally places the scientific side first. 

* See Moinni.sen, //isl, of Jiomc, ii. p. 382 and iv. p. 553. 


form of currency. Greece, Rome, and England all afford 
illustrations of this movement. The experience of the evils 
of a mixed currency led the earlier writers on coinage in 
England to regard a single standard system as the best, and 
silver as the most suitable metal for the standard. Locke, 
Petty, and Harris all advocated this view'. The earlier 
Italian writers proposed to combine gold and silver at a 
ratio of 1 to 12, which they conceived to he the actual pro- 
portion. The theory of a composite system '"’as, as before 
mentioned, first given by Lord Liverpool.*’ 


This method 


* Tlie v.'irious changes made can he estimated from the Tables gii en 
in J.ames’s Ksmjs on Money, &c. ; see also Kncy. Brit, 8th ed., article 
“Jloncy." A careful statement will be found in Lord Liverpool s 

"“s 'Newton^ report will be found in SdeU Tracts on Mm^j, c<mii. 
bv 7 B M'Cnlloch for the Political Economy Club (18o6). One 
pa«s.age is worth quoting. » The demand for exportation anses from 
tlic higher price of silver in other places than in England in proper- 
tion lo^gohl, ... and may therefore be diminiriied by lowering the 
value of gold in proportion to silver. If gold in England, or silver in 
E.ast Indfa, could be brought down so low as to bear the same propor- 
Hmfto oue another in h^th place.s, *1.®™ --’<1 - 

demand for silver than for gold to be exported to Mia. Aiid if gold 
were lowered onlv so as to have the .same proportion to the silver 
n,. in ■FiiA-in’d which it hath to silver in the rest of Europe, 
there would 1« no temptation to export silver rather than gold to any 
If IT/ of Ft rone '*(P 277). Tlie italics .are in the onginal pass' 
which haf been much discussed in recent controversies. 

“"t’ De 1 .a ^ d/ the Preclovs Metals, p. 221 According to 
this writer the variation has been 200 dcgrees-i.c., from silver being 
lo times Ls valuable as gold, gold has come to 

valuable than silver. , 

r See Smith, DicL of Ant., s. v. Argentum. 

® Sec above, p. 731. 
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Vrtluc of those substinoe, .sh ill he. They o, .ne fiom history that 
Fcvcral metals have been successively tiemom-tiretl, that different 
ratios have been lived botivoeu metals eirculatinc toMlher, that in- 
(onvcrtiblo luiwr ««rcneies have I, ecu kept in circulation by the 
lull of the state. The iloctiiiie of cost of production as dctcinunin" 
the value of money is also assailed by them. TJier hold that it is 
thc qiiantityof inoiiey iihich govouis its value,-’ and that cost ol 
jiroduotion ns little or no inilucnce in the niatlei. The iiovt .sten in 
the himctalho . argument is to contend that thcii i.toposcd latio for 
gold to siivor (1 to ir-i) c,an be maintained bv the legal icgiilations 
to that elfei't. 1 ho common ohjectioii to himetallism is, tint iiliich- 
cver metal mas undervalued Mould bo cvjiorted. Tliev nnsiier tint 
tlic s,ame ratio existing over all, or a gicat part of, tbc iiorid, thcic 
Mould he no inducement to evpoit cither met.al, and in support 
of their areument they .ajipe.s} to the p^svage fiom ^'clvtou nuoted 
ahove, and claim him as the inventor of niodeiu himetallism,^ 
Thirdly, a CTc.ater .staliility ns icgards value is claimed foi the two 
metals combined than for citlicr singly, .since tlic lluctnatious ate 
distributed over a nider field, and, tlie conditions of production of 
gold and .silver heing somcMhat dilfoicut, iUictwilions in them tend 
to comitcrhalanee each otiier. A fourth iwint consists in the grc.atci 
facilities Mhieli ivonld exist for trade, .since tlio flnetimtions of the 
exebangesM bicb arise from tbee\ist«nce of gold and silver cm reneies, 
am! the v.ariatioiH of relative value of these metals. Mould umloi 
a himctallic Kvstetu disamvar. Tlic fifth argument for himetallism 
is tbe adv.ant.ages iibieb Mould result f/om the increased ]>riecs 
caused by tbe greater nliuiidauee of money, or at all events fiom 
thcrhcck to .any fill in prices MdiiVli migiit’niisc from a (limiimtion 
in tbe prodiietion of gold. Tbe final argnmeiit is tli.at a iinivcnsai 
currency is desirable, and that, a .single gold currency being by 
general cons-mt praetieally imitowible, this advantageous refoiui 
<nn he rc.ilired i/i no otiicr u-ay tliau hy adnnting a plan iibicb iior- 
mits tbe coneuirent circnlatioii of tiio metals. Most of these jiosi- 
tions arc contested by tbe monometallists, and even iihcro any 
concession is m.ade the v.ilne of the advantage to lie re.aped is esti- 
mated .at ,1 intich smaller amoiint. Tiie contention that tbe value 
of money is largely iudueneed by state demand is met hi* the 
a-s-ertioii that cost of production is'lbc ultimate icptulator of value, 
and that any artificial regulation iioiild .stinmlato the pioduvtion of 
the cheajicr metal, .and tlius flood the world Mitli it. The fixing of 
.1 ratio ihtferent fiom the market one is derided by them as .absurd, 
and an extreme vas» is inst.iiiced for this piirmse, la it jiossihlc, 
they ask, to make the value of silver equal to that of gold t If not, 
limvcaii it be {Kissiblc to alter the market ratio in even the slightest 
degree ? Is there not a groat demand for the niccionsniet.als in the 
various trades 1 And Mould not the ratio of tiiis demand be affected 
by tbe fi.xing of a neiv ratio? The .argument of liimef.allists fliat 
their system noiiM produce greater st-ihility in the value of money 
ismet by tbc .ansMtr that there is no jiroof of this. It is quite 
iiQSsiidc tliat a single nietol may bo steadier in value than too coui- 
liined, and tbe evidence of liistory shoivs that silver is more li.ahic 
to deprci’iation than gold. Tlio argument derived fiom the advan- 
tages to cxebaiige trans-ielions is to a slight extent admitted, but 
it is jwiiitedont tint the factors ivhich nllect the foreign exchanges 
arc so iiiimeroiis, and are .so rapidly eliminated in the course of 
trade, that a nidic.il currency change need not be adopted for this 
purjios.-'. It isalsoshoMU that, even ii ben most Einojiean countries 
ivcre himetallie, fluctuations in the cvcbalige price of .silver took 
place; and still more that, mIicic it is the Icxs valii.able metal that 
IS in com so of depre.-iation, biinctalUsiu can afl'otd no aid. The 
assumed tendcuey of tlie binictallic sclieine to piodnco a biglicr 
scale of prices than Mould otbcriiise prov.ail is ihvelt on by o/ipo- 
nents as a proof of its iiiberently vicious cbai.ictcr. Tbc claim to 
Vnefit tbe iiorld by adding to its stock of money places bimetal- 
lists ill tbc s,aine riiiss M-itii tiie advocates of inconvertible paper 
money, and slions the abseiiee of rc.ason in tlieir vicMs. fheir 
position becomes flic .same as that of tlie Hirniingbam currency 
i>l1)oo 1. The piofio/ition that the quantity of money is of no con- 
sequence .since prices vary in proportion to’ it is cited ns epnclnsive, 
and tlic contcmjit so fiequcntly expressed for bimetallists is nc- 
counled for hy tlicir advocacy of this prinei[)lc of the beiicfici.al 
ctfeets of an iiiere.ised amount of inonej'. To the contention that 
bimetallism is tlic neress iry condition for a universal coinage systoni 
the aiisivor is, tliat tiie idea of iinivcrs.al coinage is prcinntiuc, and 
that the gradual inttodneiion of the gold .standaid is desirable ns 
preparing the ii.ay for a future universal coinage based on^ gold 
monometallism. On tlic praetic.al question ns to tho actual intio- 
ditctiou of the system, tiie nioiioine tallists deny the possibility oi 

^ bee J>im llotiou't patier on tlie Position of Low tit the O^trine ofhloneijt 
presputwl to the nmiietan’ coofcresice oC ISSl (Appeadlx fp C; i.. 

■ On p. 721, nlxii e, tlie tlicoev of iimiicy i .able bns Iwcn fifated, mill tlic objec- 
tions to the cost of jirdbictihii tlieory Riven. It Is straiiKO to find Jei n 
nrnmnc (In common with IlaRdiot and I’rof. Price) that •’‘e '“’'”1 
nltlmatel)- rtejienils on cost of jiroibiction, when bis TmoVII’s 

tnno In ceneral is considered. Conipai e Coiilemp. Per. (JIa> 18S1) w itii Jei ons s 

^a'Kim”lilmeUm/sts' admit tliat two different 

f.r., ImiiiiK'dilfcrcnt rat!o,-cotiId iiotciist, forc.acli would drain tlicotlicror 

one 


737 


com- 

mious 

com- 


foiimng a umycisal bimotalhc league iihicli would not be liable to 
be hiokcu up by M-al, or impaned by some of tbe states ivliioli 
posed 1 1 issuing meouvol tiblo paper. On tho other hand, the va 
iiitci |iational conventions for postal pm poses, extradition uom- 
morcial miangomcnts, and other iiiattcns of inteiest, are conkdeied 
by bimetallists as evidences of tbe feasibility of their nlan.-‘ 

The above .siimmaiy gives tlio main arguments on each side 
or_ the discussion as given by tlio advocates of tho contendiu" 
p!inciplcs._ A sboit coiisidoiation iiill show that the conlrovoisv 
may be suitably divided into tlueo heads, viz.~(l) the possibility 
of constuictiim a imivcisal bimetallic system Mliicli slnall be in 
accoulaiico M ith sound economic principle ; (2), if tlie first question 
be aimeicd in tho nniniiatiie, tho compaiative merits of this 
system as opjioscd to the present variety of systems, or a future 
imivei.sal gold-stanclaul systoni ; and (3) the e.xpedioncy under 
present eiiciinistaiices of nations in general, and England in p.arti- 
ciilar, joining in the proposed coiivontioii. Each of these topics 
calk for sonic lemaik (3) Tho possibility of a bimetallic system 
can jiaidlj' be denied. Under all the diiiicultics attending" its 
cMstcncc in a single country, it ’svas retained in j>ractical nmk- 
ing in Fiance dming the early part of tlio 18th centoy, audit 
IS ]>lain that a uidely-oNtended league uould afford a better field 
foi its .action. It is quite possible that national preferences foi one 
iimt.il or the other would be displayed, but this iionld bo no 
liindiance, since the exchanges would be regulated by tho legal late, 
ami prices would depend on the total quantity of botli metals 
(the amount of gold being multiplied by tbe legal latio, and added 
to the amount oi silvci ).® The objection wliieh denies the power of 
Goicnmiciit.s to fix tlio relative values of gold and silver, and which 
i-i supported by tbe instance of tbc extreme case of silver being 
made equal in value to gold, may be set aside by the consideration 
that the use of the precious metals takes two forms — {a] their use 
ns commodities, (6) their use as money. Since tbc state can 
jtifincnce tbe demand for these metals as inoiiej', and since tbeiofore 
it can raise tbc v.abio of cither of them hy this increased demand, it 
rollois.s that, lutliiii assignable limits, it can fix the ratios between 
tiieiii, and that these limits arc “the lalio wliicli would subsist 
between tlieir v.abies if gold were dcmoiiDtized, and that wliich 
would subsist if silver were demonotired."® The possibility of bi- 
metallism, if all nations were agiccd, is allowed by some mono- 
metallists (r.g.,_ Professor Jevons), and an unconscious aigumont to 
this cfluct was given by tbc propos.al of Chevalier, at tbe time of tho 
Australian gold discoveries, to adopt siivor as the standaid and 
demoiietizc gold, which is a clear recognition of the force of law in 
monetary questions. It is therefore reasonable to answer in the 
liimctallists' favour the question fii st i aised. (2) Tbe considerations 
to i)o taken into account under tbc second head arc far more com- 
plex, and do not .admit of accurate dotci’mination. Tho present 
cnnciicy systems of England and the Scaiidinaiian Union are 
based oil tlic composite system, and aflbid the gieatcst satisfaction 
to tho inliabitniita of those countries. The bimetallic system of 
the Larin Union lias been suspended, tbe introduction of silver 
ns tbc principal nioncv not being dcsiicd by the vaiions peoples 
conceiitod. Oennaiiy lias lost considoiably by the sales of depre- 
ciated silver, and, were a gold standard once firmly established, it 
is not likely that any iiisli foi change wDiild be manifested. With 
silver countries tbc case is different. They have to receive masses 
of depreciated silver and to give commodities in exchange, while 
their purchasing power is icdiiced owing to tbe greater relative 
value of gold to silver. It would tborefoie bo clearly advantagc'ons 
for silver-using countries that a system should be adopted which 
would laiso tho value of tlieir money, and save tliein from the 
necessity of iuqioiting largo quantities of silver to pioduce a proper 
ndjiistniciit. The ultimate consequences of the complete demone- 
tiratioii of silvci ns icgaids silver-using countries are not so cle.ar. 
Tlio snpjdy of gold might suflice for all wants, and might fiiroish 
a better ciiiTCncy than the heavier silver. The preseivatiou of 
two separate monometallic systems, of gold for the more advanced 
countries of Em ope and the United States, of siivor for Eiissia and 
India, would, when the supcifliious slock of siivor had passed to 
the East, present little difficulty after equilibrium was attamed. 
Tbe new ratio botivecii silvci and gold would become established, 
and .silver in ices in silver-using coimtiios would bo higher in pio- 
poition to tlie fall in the value of silver. It is tbeiefoie plain that 
a suitable adjustment would be reached under any variety ol 
cmieiicv si’stcms, and it may therefore be concluded that the 
comparative merits of the competing standaids arc not capable ol 


4 'Hie nrincipil sources for tlie aliovo suinmary, besides worbs before cit^, 
arc the nnnpUicte of Seyd, Cernusolii, and Do Laveleye, on tlio Vimetollht 
side* ns well ns tlio articles of the litter in tho fort and Lei leus 

Tlic’inonmnLdnllist amwwewts are given by Prof. Jevons (Coiitcmp , Afnj 1881b 
GiZ fT rvi ta Dinon^ Pin 288-310), and Lord Sherbrooke (A.netreiitft 
foiitiiVp, April 1882) Sec also' lieport of tbe Pam eonfeiencc, ISSl, and 
Mr T U Iwrrcr, The State xn xts Itelafxon to Trade, jip. 49 o^. ,«f»nrtv 

^ S It is'assiinica that ttie otiier factors nwWiice U\e \alue of niQUoy 

biin^tallisme." ^ 

' XVI. — 93 



MONEY 


vjiluc of those substincoa he. Tlioy arf'ue fioin history that 
several metals have heoJi successix'oly ilcmouetireil, that different 
ratios hav 0 Deen hveu hetiveon metals eirculatiim together, that in- 
' ® ^opt ill cireiilatioii hy the 

M ill of the state. The lioetinic of cost of production as dotcinuning 
the value of money is also assiilcd by them. Thev hold that it il 
the oiiniitity of money iihieh governs its value," ami that cost of 
proiiuetion Ins little or no inlluenee in llic matlei . The no\t .step in 
tlie himctallio argument is to contend that thcii moposed latio for 
gold to silver (1 to ItA) can bo mnlnUihicd hv tlio legal icgnlations 
to tint elTeid. 1 he common ohjectioii to biniotallisni is, that ii hieh- 
cver metal ivas- iimlorvalueil would bo cviiortcd. They answer that 
the value ratio existing over all, or a gicat part of, the world, theic 
would be no iiiduecnicnt to espoit cither metal, and in support 
of their arminieiit they appeal to the passage fiom Xcwtoii <i!iotcil 
above, awl daim him ns the inventor of modem l)imet.allism.3 
Thirdly, a greater stahility ns regards value is elaimed foi the two 
metals eombined than for cither singly, .siiieo the lluctiiations aie 
distributed over a wider field, and, the conditions of production of 
gold and .silver being .somewhat dilfeieut, tluetuations in them tend 
to cmuiterbalauce each other. A fourth iioiiit consists in the grcatci 
facilities which w'oiild eVist for trade, .since the lluotnations of the 
etchangeswhiehnri-'efrom fliec\istcnecofgoldaml Mlvcremreneies, 
and the variations of i-elative value of these metals, would iiiidoi 
a bimetallic aystcui divappar. The fifth argument for bimetallism 
is the aiivant.ages which would lesnlt fiom the iticro.ased prices 
caused by the greater ahiimlatiee of money, or at all events fiom 
the cheek to any fall in prices wiiich might aii-.e from a diminution 
in the production of gold. The final argument is that a iiniverxal 
currency is desirable, ami that, a .single gold currency being hy 
general cons.mt praetic.ally imjtossihle, this advautagc’ons rcfoim 
can he re.alired in tio other vs-ay than hy adopting a plan which pr- 
mits the eoncuirent circiiIatioii of two metals. Most of these jiosi- 
tions arc contested hy tlu' monomctallist-., and even where any 
concession is made the a-.iluc of the mlcatitagc to he reaped is esti- 
mated at ,a much smaller amount. The contention tliat the value 
of money is largely inilucnecd by sbato demand is met by the 
nv-ertion that cost of production I's'the iilfimato legulator of saaluc, 
and that any artificial regulation would .stinmiato the piodtietioii of 
the cheajicr niet.ah and tluis flood the world with it. The fixing of 
a ratio ihfferent fimn the market one is derided by tlicin as absurd, 
and nn rvtn-me cas.' N inst.inccd for this piiriios'e, Ls it iwssihlc, 
they ask, to make tlic v.alue of silver equal to that of gold ? If not, 
how c-an it he pssihle to alter the market ratio in even the slightest 
degme ? Is (here not a groat demand for the tiieeioiis metals in tho 
v,arious trades ? And would not the ratio of this demand bo affected 
by tlie fixing of n new ratio 1 The argument of bimetallists that 
their system wouM produce greater stildlity in the value of money 
ismet hy tlic answer that there is no jiroof of this. It is quite 
posdblc tlnl a single iin'i.al maybe steadier in value than tno com- 
bined, and tbc evixleuce of liis'tory shows that siU'cr is more liahle 
fo (lepro’iatioii than goM. Tho argument derived fiom the advan- 
t-ages fo cxciniigc fniiis.iefiotis is to a .slight extent admitted, but 
it is jiointi’d out tli it the factors which nlb'cl the foreign csehaiigcs 
arc BO numerous, ami arc .so rapidly climiii.atcd in the course of 
trade, that a wdic.d curnmc}' change need not be adopted for this 
jmrjHis.’, It is also show ii that, even w hen most Euroiieati countries 
were IiimctaUic, tluetuations in tho exchange jirice of silver look 
place; and still more that, wheic it is tbc less valuable metal that 
IS in couise of depri'ciatian, bimetallism can atlbid no aid. The 
assumed tendency of tlie bimetallic sclicme to jiiodiieo a higher 
sc.alc of juices than would otherwise jircvail is <Uvclt on by ojqto- 
iients as a proof of its inherently vicious ehiii.ieter. The claim to 
Ix'iiejit the world by adding to its stock of money places bimetal- 
lists ill the value class with the advocates of inconvertible paper 
money, and shows the absence of vc.asou iii tlieir views. Iheir 
jiositioii becomes the .vaiiio as that of tlie IJirminglmin currency 
sdiool. The pioposition that the quantity of money is of no con- 
sequence siiieo prices vary in jiroprtion to it is oited ns conclusive, 
and tiie coutemjit so frequently expressed for bimetallists is nc- 
counted for by their advocacy of this priiieijilc of the bpnencial 
clfcets of an inrre.ised amount of money. To tbc contention that 
bimetallism is the iieecss iry condition for a niuversal coinage systoiu 
tbc answer is, tliat the idea of universal coinage is prcmatnic, and 
that the gradual intiodiietioii of the gold .stamlaid is desirable ns 
prejiaring tho way for a future iiniver&al coinage based on_ gold 
monometallism. On the jiraetical question ns to the actual intio- 
duction of the system, tbc tuoiioiiietallisfs deny the possibility ol 

^ Hee Bun Jlorton't nspr on ttfc of iMtr tu t7ic pocirltie o/Montiff 

preseiitc<l to tlie iiionetatT conference of )8SI (AlHicwlK iv W oliicc. 

5 On p. 7»1, almi e, tlic (Iieore of nioney x .aHie lias 
Ilona to tlic coat of production tlicory Rlx'Cii. ttjs aiimiRc to nn 
nmuinKOa common w' itlx IlaRcliot nnd I’rof. Price) tli.at “'"''r i?. 

ultimately (Ir.jn.nda on coat of jiroilnctioii, ixlieii Ida ifi, j»,ons’s 

ftintiiii ppnomUHConHU\t'ret\, Compile 18Sl)^ * 

WmHanlsri*fiwdy admit tlmtUxo dSfrerent I'®, 

f.f., liaxinudimireiit ratio— cOTiId not exist, forc.acli xxonld drain tlicotlicror 
one inelal. 
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foiminga umveisal bmicfaihe league which xvould not he liable to 
lie biokcn up by wax, or impahcd by some of tbe states whiob com- 
posed It issuing incouvcitiblc paper. On tho other band, tlic vaiioxxs 
iiitei national conventions for postal pmposos, extradition coin- 
mcmnl aiiangcmDiits, and other mattcis of iiiteiest, are conrideied 
by bimetallists as ox'ideiiccs of the feasibility of their plan ■* 

The abovo summaty gives the main argnments on each side 
or_ the discussion as given by tho advocates of the coutondino 
inincijilcs. A shoit coiisidciation will show that the controversy 
may be suitably divided into tluec heads, viz.— (1) the possibility 
of coiistiuctiim a univcisal himotallic system which shall bo in 
accoulaiico with somul economic principle ; (2), if the first question 
lie answcieil in the nflinnathe, tho coiiipaiativc merits of this 
system as opjxoscd to tho piesent variety of systems, or a future 
uiiivoi.va!_ gold-staiidaxd system ; and (3) the expediency under 
present ciicumstanccs of nations in general, and England in parti- 
cular, joining in the proposed convention. Each of these topics 
calls for some lemaik. (1) The possibilitj- of a bimetallic system 
can baldly he denied. Under all the difficulties attending its 
existence m a single country, it xvas retained in practical woik- 
Hig in Exanee dnuug tbc early part of tho 18th century, and it 
IS plain that a widely-extended league xxonld afford a better fxehV 
foi its action. It is quite possible that national prefoioneosfoi one 
niet.il or the other would be displayed, but tliis would bo no 
Itindiaticc, since tho esclxawgcsxsoxxld be regulated by the legal late, 
ami places would depend on the total quantity of botlx metals 
(the amount of gold being multiphcd by the legal latio, and added 
to the amount ot silvci).'’ The objection xvhielx denies tbe porxer of 
Goicnmiciits to fix the xclativc values of gold and silver, and xxhich 
is snjijxorted by tbe instance of the c.xtreme case of silver being 
inaxlc equal in vahie to gold, may be set aside by the consideration 
that the use of the precious metals takes txxo forms — (a) tlxeir use 
ns commodities, (b) their use as money. Since the state can 
influence tlxc deiuaud for these metals as money, and since tbeiofore 
it can raise the value of cither of them hy this increased (ieinauil, it 
follott.s that, within assignable limits, it can fix tho ratios between 
them, and tlmt these limits are “the latio wliich would subsist 
betxx-eeii tlxeir values if gold wcie demonetized, and that xvliich 
xx’onht .subsist if silver xx ere deinonotized."® The possibility of bi- 
metallism, if all nations ueie ngiccd, is allowed by some nxono- 
metallists {c.g., Professor Jevons), nnd an xmeonseious aigumcnt to 
this effect was given hy the proposal of Chevalier, at the time of tho 
Australian gold discoveries, to adopt silver as the standaxd and 
demonetize gold, xxliicli i.s a clear lecogiiition of the force of law in 
inoiietarj- questions. It is tlieicfoic rcasoiiablo to ansxxer in the 
bimetallists' favour the question fust laiscd. (2) The consideiations 
to 1)0 taken into account under the second head are far moie conx- 
plex, and do not admit of accurate dctcimination. The present 
cmieiicy systems of England and the Scaiidiuaxian Union aie 
based oil the composite system, and affoul the gieatest satisfaction 
to tho inlxabitauts of tlioso countries. The bimetallic system of 
the Latin Union has been suspended, tbe introduction of silver 
as the jirincipal moiiev not being deshed by tho x-aiious peoples 
conceiiiod. tlcniiany Ixas lost cousxdciably by the sales of depre- 
ciated silx-er, and, wcic a gold standard once firmly established, it 
is not likely that any wish foi cliaugo would be manifested. "With 
silver counriics the case is diffeient. They hax’e to leceix’e masses 
of ilejucciatcd silx-er and to gix-c commodities in exchange, w-2iilo 
their purchasing power is icduccd owing to the greater relative 
value of gold to silver. It would tlxerefoie bo clearly advantagc'ous 
for .sili-cr-using countries that a system should be adopted which 
would laiso the x-alue of their money, and sax-e them from the 
necessity of im]) 0 i ting largo quantities of silver to pioduce a proper 
adjustment, 'nie ultimate consequences of the complete demone- 
tization of silvci ns legaids silver-using countries aie not so clear. 
Tlio supply of gold might sullico for all wants, and might fiiniish 
a better cuiTcncy than the heavier silx-er. The preseix-atioii of 
txxo .separate monometallic systems, of gold for the more adx-auced 
coxxntncs of Evxiopo and the United States, of silx-er for Russia aiid 
India, would, w-licn tho supoifluous stock of silver had passed to 
the East, present little difiiculty after equilibrium was attained. 
The new- ratio betw-ecii silvci and gold would become established, 
and silver prices in silver-using countiies would bo higher in pio- 
poition to the fall in tho value of silver. It is theiefoie plain that 
a snifciWe adjustment would be leached under any variety of 
cmiencv systems, and it may thcicfore be concluded that the 
comjiaiativo merits of the competing standaids arc not capable ot 

4 Tlie nrinoipil sources for tlie abox-o summary, besides works before ci hid, 
mttlm pvnplflets of Se,-d, Cerniisobi, and Be ^velere, biaisM^^^^^ 
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result Eo quickly tkat the commandant at first refioscd to 
receive it — ^the time necessarj- for the work had not been 
taken ; but uj/on esamination the value of the discovery 
was recognized, and the method was adofitei And ilomre, 
coatfntiing his researches, arrived at that generai metfa"^ 
of the application of geometry- to the arts of constrac- 
tion which is now called descriptive geometry. But such 
was the system in France before the Eevolution that the 
oScers instructed in the method were strictly forbidden 
to communicate it even to those engaged in other branches 
of the public service; and it was not until many years after- 
wards that an account of it was published, "lie method 
consists, as is well known, in the use of the two halves of 
a sheet of |!aper to represent say the planes of xy and xz 
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jiosition. 

In 17GS 3ronge became professor of mathematics, and 
in 1771 professor of physics, st 3Jczit-rcs; in 177S he 
married ifadame Horlwn, a young widow whom he had 
Tireviously defended in a very sjiirited manner from an 
unfounded charge; in 1780 he was appointed to a chair 
c: hydraulics at the Lyceum in Paris (held by him together 
with his appointments at ilezieres), and was receiv^ as a 
member of the Academy; his intimate friendship with 
Berthollet began at this time. In 1783, quitting ilezieres, 
he v.'as, on the death of Bezont, appointc-d e.vaminer of 
naval candidates. Although pressed by the minister to 
jeepare for them a complete course of mathematics, he 
declined to do so, on the ground that it would deprive 
Madame Bezoat of her only income, anVing from the sale 
of the works of her late hu-bar.d ; he wrote, however 
(17SG), his Train tlimmtairc de la Utatuyue. 

3Ionge contributed (1770-1790) to the .Uemoiins of the 
Acadtmy of Turin, the Memoire^ dtf Havanls ^irangert of 
the Academy of Pari.--, the Mcvioirts of the i=ame Academy, 
and the Annalu de CMmic, various mathematical and 
physical paper.-. Among these may be noticed the memoir 
“Sur la theorie des deblais et des remblais” (Jfem. de 
r Acad, de Pari*, 1781), which, while gfi'ang^ a remarkably 
elegant inve.stigation in regard to the problem of earth- 
work referred to in the title, establishes in connexion with 
it bis capital discovc-iy of the curves of curvature of a 
surface. Euler, in hLs j/iper on curvature in the Berlin 
MtnifArc for I7G0, had comridert-d, not the normals of the 
Eurface, hat the normals of the plane sections through a 
jarticular normal, .so that the question of the intersection 
of succe-ssive normals of the surface had never presented 
itself to him. Monge's memoir just referred to gdves the 
ordmary- diilerential equation of the cun-es of curvatore, 
and establish^ the general theory in a very Eatisfactoiy 
manner ; but the application to the interesting particular 
case of the ellipsoid wa.s first made by him in a later paj)er 
in 1795. A memoir in the volume for 1783 relates to 
the j/roduction of water by the combustion of hydrogen ; 
but Mongels results in this matter had Ix-en anticipated 
by 3^ atts and Cavendish. 

In 1792, on the creation by the Legislative Assembly 
of an executive council, 3Ionge accepted the office of 
minister of the marine, but retained it only until April 
1793. IVhen the Committee of Public Safety made an 
appeal to the savants to assist in producing the maieriel 
required for the defence of the republic, he applied him- 
self wholly to these operations, and distinguished himself 
iy his indefatigable activity therein ; he wrote at this 
time his Percriptiem. de Varl de fahripuer les canena, and 
his Avif aux ourriers tn fer sur la fahncaiwa de T acier. 
He took a very active part in the measures for the 
establishment of the Isonnal School (which existed only 


during ihe first four montns of the Tear 17951 Rnrt nf 
fte School for PubHc Works, afterwards the Polytechnic 
.^cnooL and was at eacli of them professor for descriptive 
geometry : his methods in that science were first pnb- 
Eshed in the form in which the shorthand writers took 
down his lessons given at the Normal School in 1795, and 
again m 1798-99. In 1796 3Ionge was sent into Italy 
with Berthollet and some artists to receive the pictnr4 
and statues levied from several Italian towns, and made 
there the acquaintance of General Bonaparte. Two years 
afterwards he was sent to Borne on a political mission, 
which terminated in the establishment, under IfawgnR of 
the shortlived Eoman republic ; and he thence joined the 
expedition to Egypt, taking part with his friend Berthollet 
as well in various operations of the war as in the scientific 
labours of the Egyptian Institute of Sciences and Arts ; 
they accompanied Bonaparte to Syria, and returned with, 
him in 1798 to France, ilonge was appointed president 
of the Egj-pitian co mmis sion, and he resumed his connexion 
nith the Polytechnic SchooL His later mathematical 
papters are published (1794-1816) in the JcAimal and the 
Corre.*fj<mdance of the Poljlechnic SchooL On the forma- 
tion of the Senate he was appointed a member of that 
body, with an ample provision and the title of count of 
Pelusium ; but on the fall of Napaleon he was deprived of 
all his honours, and even excluded from the list of mem- 
bers of tbe reconstituted Institute. He died at Paris on 
the 2Sth July 1818. 

For farther information see E. Brissen, Petke liktmiqne t'ur 
Giug/iTd Jlc-nge ; Dnpin, Essai hki'/rique sur les strtrkes et la Ira- 
raux teientif.qua de Gaepard ilcmge, Paris, IS19, rrhich eontams 
(pj). IC2-1G6) a Ikt of lloage's laciaoiis and works ; and the hio- 
gtaptiy ly Arago {CEurrts, t. iL, IS54). 

Monge’s varions mathematical papiers are to a conriderahle 
extent repTO<luced in the Appliention de VAnahne a la GtanUtrie, 
4ti. edition (last revised by the author), Paris, 181& — the pure text 
of this is repredneed in tbe 5th edffion (revue, corrigee et annotie 
jer Jl. Liouville), Paris, 1S50, which contains ^so Ganss's 3Iemoir, 
“ DLspuisitioces generales circa surerficies enrvas,” and some valu- 
able notes by tbe editor. The other principal separate works are 
Train ilern.entaire dt la Siaiimte, S'- edition, ‘eanformee d la jrriU- 
dente, par if. IfaehdU, et svirie cTune yue de., par if. Caucf.y, 
Paris, 1S4G; and tbe Giomdrit LrserixAixe (originating, as mentionM 
above, in the lessons given at the Normal School). The 4th edirlon, 
jiublished shortly after the author’s death, seems to have been sub- 
stantially the same as the 7th {Gecrrnilrie Daeripiice par G. ifor.ne, 
svivie cT unc theorie da Omlres cl de la Perspedive, extraiie dapapriers 
de rau/eur, p-ar if. Brkson, Paris, 1847). (A. CA.) 

MONGHTE, or Mungie, a district in the lieutenant- 
governorship of Bengal, lying between 24° 22' and 25° 49' 
N. lat, and 85° 40’ and 86° 52' E. long., is bounded on 
the N. by Darbhangah and Bhigalpur, on the E. by Bhdgal- 
piur, on the S. by the Santdl Parganas and Hazdribigh, and 
on the W. by GayL, Patni, and Darbhan^, with an area 
of 3922 square mfies. 'Tlie Ganges divides the district 
into two portions. The northern, intersected by the Bnri 
Gandak and Tfijngd, two important tributaries of the 
Ganges, is always liable to inundation during the rainy 
£ea.son,"and is a rich, fiat, wheat and rice country, rapport- 
in" a large population. A considerable area, immedi- 
ately bordering the banks of the great rivers, is devoted to 
permanent pasture. ImmenHe quantities of buffalos are 
sent every hot season to graze on these marshy prain« : 
and the aht, or clarified hatter, made from them miR 
forms an "important article of export to Calcutta. To Ae 
south of the Ganges the country is dry, much Ip fertile, 
Md broken up by fragmentary ridges. ^^e soB ransists 
of quartz, mixed in varying proportions with mica, riang^ 
of hills intersect this part of the district, and m the 
extreme south form conical peaks, dpely covered wirt 
jungle, but of no great height Irrigation m necessary 
thrra"hont the section lying on the south of the Gang^. 

Te f'^7-’’ tb® poptdation of llongbyr was 1,812,. So (males, 
89?07V/'fc^lersl5,912): Hiudnsf l,613,54C; Jlohammedaus, 
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result Eo quickly tkat the commandant at first refused to 
receive it— the time necessarj- for the work had not been 
taken ; but uj/on esaminatfon the value of the discovery 
was recognized, and the method was adoxked. And Mon^e, 
continuing his researches, arrived at that general meth*^ 
of the appUcation of geometiy' to the arts of construc- 
tion which is now called de=criptive geometrj-. But such 
was the system in France before the Eevolution that the 
oScers instructed in the method were strictly forbidden 
to communicate it even to those engaged in other branches 
of the public service; and it was not until many years after- 
wards that an account of it was published. "The method 
consists, as is well known, in the nse of the two halves of 
a sheet of japer to represent say the planes of xy and xz 
at right angles to each other, and the consequent repre- 
sentation of {foint', lines, and figures in space by means 
of their plan and elevation, placed in a determinate relative 
jiosition. 

In 17GS 3ronge became profe'Sor of mathematics, and 
in 1771 professor of jdiyrics, at ilezicrcs ; in 1778 he 
married iladame Horbon, a young widow whom he had 
Tireviously defended in a very sjiirited manner from an 
unfounded charge; in 1780 he was appointed to a chair 
c: hydraulics at the Lyceum in Paris (held by him together 
with his appointments at il^Ieres), and wa.s receiv^ as a 
member of the Academy; his intimate friendship vrith 
Berthollet began at this time. In 1783, quitting Mezieres, 
he v.'as, on the death of Bezont, appointc-d e.vaminer of 
naval candidates. Although pressed by the minister to 
jeepare for them a comj)Ieie course of mathematics, he 
declined to do so, on the ground that it would deprive 
Madame Bezout of her only income, ari.-ing from the sale 
of the works of her late hu-band ; he wrote, however 
(17SG), his Traitc UcmKiiltnrt dt la H'tali'/ue. 

ilonge contributed (1770-1790) to the Mevioirs of the 
Academy of Turin, the Memoire^ dtf .^ai-ants £irangert of 
the Academy of PanV, the Mcmciiroj q{ the same Academy, 
and the Annala de Chv,n'^ various mathematical and 
jihysical papers. Among these may be noticed the memoir 
“Sur la theorie des deblans et de.s remblais” {Item, dt 
r Acad, dt Pari*, 1781), which, while giring- a remarkably 
elegant investigation in regard to the problem of earth- 
work referred to in the title, establishes in connexion with 
it bis capital discovery of the curves of curvature of a 
surface. Euler, in his j/aper on curvature in the Berlin 
-l/eaioiVo for I7G0, had considered, not the normals of the 
Eurface, hut the normals of the plane .sections through a 
jiarticular normal, .so that the question of the intersection 
of successive normals of the surface had never presented 
itself to him. ilonge's memoir just referred to gives the 
ordmarv' diiTerential equation of the curves of cxirvature, 
and establish^ the general theory in a very satisfactory 
manner ; but the application to the interesting particular 
case of the ellipsoid was first made by him in a later pap>er 
in 1795. A memoir in the volume for 1783 relates to 
the production of water by the combustion of hydrogen ; 
but 3longe’s results in this matter had been anticipatc-d 
vj Watts and Cavendish. 

In 1792, on the creation by the Legislative Assembly 
of an executive council 3Ionge accepted the office of 
minister of the marine, but retained it only imtil April 
1793. "When the Committee of Public Safety made zu 
appeal to the savants to assist in producing the inaiejael 
required for the defence of the republic, he applied^ him- 
self wholly to these operations, and distinguished himself 
hj his indefatigable activity therein; he wrote at this 
time his Petcripiion, de Fart dt fahriquer Its canons, and 
his Avis avx ouuritrs en fer snr la fahneation dt Facier. 
He took a very active part in the measures for the 
establishment of the Xonnal School (which existed only 
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I 3 -ear 1795), and of 

. the ..chool mr Pubhc Works, afterwards the Polvtechmc 
*^cnooL and vras at eacli of them professor for descriptive 
geometry ; his methods in that science were first pub- 
lished in the form in which the shorthand writers took 
down his Itesons given at the Normal School in 1795, and 
a^in in 1798-99. In 1796 3Ionge was sent into Italy 
with Berthollet^ and some artists to receive the picturi 
and statues levied from several Italian towns, and made 
there the acquaintance of General Bonaparte. Two years 
afterv^ardft he was sent to Home on a political mission, 
which terminated in the establishment, under ilassena. of 
the shortlived Homan republic ; and he thence joined the 
e.xpedition to Egypt, taking part with his friend Berthollet 
as well in various operations of the war as in the scientific 
labours of the Egyptian Institute of Sciences and Arts ; 
they accompanied j^naparte to Syria, and returned with 
him in 1798 to France. Monge was appointed president 
of the Egjqitian commission, and he resumed his connexion 
with the Polytc-chmc School His later mathematical 
papers are published (1794-1816) in the Journal and the 
Correspondance of the Poljdechnic School On the forma- 
tion of the Senate he was appointed a member of that 
body, with an ample provision and the title of count of 
Pelusmm ; but on the fall of Napjoleon he was deprived of 
all his honours, and even excluded from the list of mem- 
bers of the reconstituted Institute. He died at Paris on 
the 28th July 1818. 

For farther information see E. Brisson, Sciict liistoriqut t'ur 
Giupard Mcngc ; Dapin, JSssa: hUif/riqut sur les strxices el les Ira- 
raux ttienHf.qucs dt Gatjtzrd ilonnt, Paris, 1619, rrliich contains 
(pp. 1G2-1C6) a list of Jlonge’s taemoirs and works; and the hio- 
grnptiy by Arago {CEmxes, T. iL, 1554). 

Mo.nge’s various matheiDatical papers are to a considerable 
extent repTO<luced in the Ai/plimlion dt VAnahnt a la GlmiUtrk, 
4ti, edition (last revised by the author), ParL«, 1819 — the pure text 
of this is reproduced in the 5tL edition (rerae, corrig^ et annot^e 
jer Jl. Liouville), Paris, 1550, which contains also Ganss's Jlemoir, 
“ DLrfpnisitiones gencrales circa superficies enrvas,” and some valu- 
able notes by the editor. The other principal separate works are 
T taiU iltrr.tt'.kiirc dt la Staiiqut, S‘ edition, cmformts a la priU- 
dtnlt, j,aT if. JIarJteiU, et svirit (Flint 2F(J.c tic., par If. Caud.y, 
Paris, 1540; and the Giorp.itric Lretrip.ixt foriginating, as meniionM 
above, in the lessons given at the Xcrinal School). The 4th edirlon, 
published shortly after the author’s death, seems to have been sub- 
stantially the same as the 7th {Gicmitric Destripiirt pir G. ilcmnc, 
x-'ivit F line ihlorit des Omlres d de la Perspedive, extraiXt desjapiers 
dt Fauicur, par 21. Brisson, Paris, 1847). (A. CA.) 

MONGHTE, or Mukgie, a district in the lieutenant- 
governorship of Bengal, lying between 24° 22' and 25° 49' 
N. lat, and 85° 40’ and 86° 52' E. long., is bounded on 
the N. by Darbhangah and Bhigalpnr, on the E. by Bhdgal- 
pur, on the S. by the Santdl Parganas and Hazdrihigh, and 
on the W. by Gayl Patnd, and Darbhangah, with an area 
of 3922 square miles. The Ganges divide.? the district 
into two portions. The northern, intersected by the Buri 
Gandak and TDjngd, two important tributaries of the 
Ganges, is always liable to inundation during the rainy 
season, and is a rich, fiat, wheat and rice country, ^pport- 
in" a large jiopnlation. A considerable area, immedi- 
ately bordering the banks of the great rivers, is devoted to 
permanent pasture. ImmenHe quantities of buffalos are 
sent every hot season to graze on these marshy prain« : 
^d the ghi, or clarified butter, made from their 
forms an important article of export to Calcutta. To rae 
south of the Ganges the country is dry, much Ip fertrJe, 
and broken up by fragmentary ri^es. ^e sofi insists 
of quartz, mixed in varying proportions with mica. Bang^ 
of hills intersect this part of the district, and m the 
extreme south form conical peaks, densely covered wirt 
iunde, but of no great height Irrigation m necessary 
thrroghout the section lying on the south of Ae (^ng^^ 

In 1572 the population of llongnyr ^1,81-,. So ( > 

S 9 L 074 ; ftinaler915,912): Hindus, l,613,o4C; Jloimmmedans, 
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jidvanced ^Mongol guards reached Amid (Diarbekr), whither 
Jeial al-dm had retreated, before that unfortunate sovereign 
Iiad any idea of their approacii. Accompanied by a few 
followers, Jel.-il al-dfn fled to the Kurdish mountains, where 
lie was basely murdered by a peasant. The primar}' object 
of the Mongol invasion was thus accomidished; but, with 
the instinct of their race, they made this conquest but a 
stepping-stone to another, and without a moment’s delay 
pushed on still farther westward. Unchecked and almost 
unopposed, they overran the districts of Diarbekr, Meso- 
potamia, Erbil, and lOielat, and then advanced upon 
Azerbijan. So great was the terror with which these 
fierce warrior.s inspired the people of the provinces they 
attacked that single Mongols arc said to have slain the 
inhabitants of entire villages without a hand having been 
raised against them. In the following year (1236) they 
invaded Georgia and Great Armenia, committing frightful 
atrocities, sparing neither man nor woman, young nor old, 
with the exception of those whom they saved to minister 
to their wants or passions. Tifiis was among the cities 
captured b}- assault, and Kars was surrendered at their 
ajiproach in the vain hope that submission would gain 
clemency from the victors. !Mcanwhile. in 123.’>, Ogdai, 
whose troops were as numerous as their thirst for conquest 
was devouring, despatched three armies in as many direc- 
tions. One was directed against Corea, one against the 
Sung dynasty, which ruled over the jirovinces of China 
south of the Vnng-tszc Keang. and the third was sent we.st- 
ward into eastern Europe. Tiiis last force was commanded 
by Batu, the son of .Tuchi, Ogdai's deceased eldest brother, 
who took with him the celebrated Sabutai Bahadur as his 
chief adviser. Bulgar, the capital city of the Bulgars, fell 
before the force under Sabutai, while Batu pushed on over 
the Volga. With irresistible vigour and astoni.shing .speed 
the Mongols made their way through the forests of Penza 
and Tamboff, and ajijicarcd before the “ beautiful city ” of 
Biazan. For five da 3 's they discharged a ceaseless storm 
of shot from their balistas, and, having made a breach in 
the defetices, earned the city by assault on the 2151 of 
December 1237. “The prince, with his mother, wife, 
son.s, the boj'ars, and the inhabitants, without regard to 
age or sc.x, were slaughtered with the .savage cnielty of 
Mongol revenge : some were impaled, some shot at with 
arrows for .«j)orl, others were flaj'cd or had nails or .sjdinters 
of wood driven under their nails. Priests Avere roa.sted 
alive, and nuns and maidens ravished in the churches 
before their relatives. ‘ No eye remained open to Aveep 
for the dead.’” Moscoav, at this time a place of little 
importance, next fell into the hands of the inA-aders, Avho 
then advanced against Vladimir. After having held out 
for several daj's against the Mongol attack.c, the city at 
length succumbed, and the horrors of Biazan Avere repeated. 
The imiierial familj-, A\-ith a A’ast croAA'd of fugitives, sought 
shelter in the cathedral, onl.v to perish by the SAvords of the 
conquerors or by the flames Avhich reduced it to ashes. If 
possible, a more dire fate overtook the inhabitants of 
Kozel.sk, near Kaluga, Avhere, in revenge for a partial 
defeat inflicted on a Mongol force, the folloAvers of Batu 
held so terrible a “camh-al of death ’’that the city Avas 
renamed by its captors Jlobalig, “ the city of woe.” With 
the tide of A’ictoty thus strong in their favour the Mongols 
adA'anced against KieflT, “ the mother of cities,” and carried 
it by assault, 'riio incA'itable mas.sacre folloAved, and the 
city Avas razed to the ground. Vliile the scene of blood- 
shed AA’as at its height a catastrophe occurred AAdiich at 
any other time Avould liaA'e been considered of supreme 
horror. Under the Aveigbt of a vast croAvd of fugitives 
the flat roof of the metropolitan church fell in, butying 
all, young and old, in a va.st hecatomb. 

Victorious and ahAuys advancing, the Mongols, having 
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desolated this portion of Russia, moved on in two divisions 
one under Batu into Hungary, and the other under Baidar 
and Kaidu into I oland. Without a check, Batu marched 
to the neighbourhood of Pestb, where the whole force of 
the kingdom Avas arrayed to resist him. The Hungarian 
anny Avas posted on the Aidde heath of Mohi, Avhich is 
bounded by “the vine-clad hills of Tokay,” the mountains 
of Lommtz, and the Aimods of Diosgyor. To an army thus 
hemmed in on all sides defeat meant ruin, and Batu 
instantly recognized the dangerous position in which his 
enemies had placed themselves. To add to his chances of 
success he determined to deliver his attack by night, and 
while the_carcle.ss Hungarians were sleeping he launched 
his battalions into their midst. Panic-stricken and help- 
les."!, the}’ fled in all directions, foUoAved by their mercile.s 3 
foes. ^ Two archbishops, three bi.shops, and many of the 
nobility Avere among the slain, and the roads for two days’ 
journey from the field of battle were streAvui Aidth corpse.s. 
The king, Bela TV., was saved by the fleetness of his 
horse, though closely pursued by a body of Mongols, who 
folloAvcd at his heels as far as the coast of the Adriatic, 
burning and destroying everything in their AA’ay. Mean- 
AA'hile Batu captured Pesth, and on Christmas Day 1241, 
haA’ing crossed the Danube on the ice, took Gran by assault. 
While Batu had been thus triumphing, the force under 
Baidar and Kaidu had carried fire and SAA'ord into Poland. 
At their apjiroach the inhabitants of Cracow deserted the 
city, after having given it over to the flames. Disappointed 
at the Idas of their expected spoil, the Mongols advanced 
to Wahlbtatt in the neighbourhood of Liegnitz, where the 
Polish army under Duke Henry II. of Silesia aivaited their 
onslaught. With savage impetuosity, the troops of Baidar 
ru.«hed to the attack, and completely defeated the Poles. 
As usual, no quarter AA’as given. The massacre was fright- 
ful, and Duke Henry himself u-as amongst the slain. It. 
Avas a Mongol habit to cut off an ear from each corpse of 
their slaughtered foes, and on this occasion it is said that 
they filled nine sacks AA-ith these ghastly trophies. Follow- 
ing the example of the inhabitants of CracoAA’, the people 
of Liegnitz left but the blackened walls of what had once 
been the toAvn as a prey for the Mongols, who Avithout 
delay pushed south-eastAA-ard into Moravia as far as the 
vicinity of Troppau. MTiile laying waste the country in. 
the neighbourhood of that tOAvn, they received the an- 
nouncement of the death of Ogdai, and at the same time 
a summons for Batu to return eastwards into Mongolia. 

Mliile his lieutenants had been thus carrying his arms 
in all directions, Ogdai had been giving himself up to 
ignoble ease and licentiousness. Like many Mongols, he 
AA'as much given to drink, and it was to a disease produced 
by this cause that he finally succumbed on the Ilth of 
December 1241. He AA’as succeeded by his son Kuyuk, who 
reigned only seven years. Little of his character is knoAWi, 
but it is noticeable that his tAvo ministers to Avhom he left 
the entire conduct of affairs were Christians, as also Avere his 
doctors, and that a Christian chapel stood before his tent. 
This leaning towards Christianity, however, brought no 
peaceful tendencies Avith it. On the contrary, we hear of 
an adA’anee against the sultan of Riim (Asia Minor), and of 
an expedition into-Syria, by AS’hich that country was made 
tributar}’ to the Great Mongol empire, of a fresh campaign 
against Corea, and of another attack on the Sung dynasty 
of China. On the death of Kuyuk dissensions Avhich had 
been for a long time smouldering between the houses of 
Oadai and Jagatai broke out into open Avar, and after 
the short and disputed reigns of Kaidu and Chapai, ^and- 
sons of Ogdai, the lordship passed away from the house 

of Ofidai for ever. , 

On the Ist of July 1251 Mangu, the eldest son of. ^ 
Tule, and nephew to Ogdai, was elected khakan. With 



advanced Mongol guards readied Amid (Diarbekr), whither 
Jeial al-di'n had retreated, before that unfortunate sovereign 
Iiad any idea of their approadi. Accompanied by a few 
followers, Jel:il al-dtn fled to tlie Kurdish mountains where 
lie was basely murdered by a peasant. The primarj* object 
of the Mongol invasion was thus accoiniilished; but, with 
the instinct of their race, they made this conquest but a 
stepping-stone to another, and vdthout a moment’s delay 
pushed on still farther westward. Unchecked and almost 
unopposed, they overran the districts of Diarbekr, Meso- 
potamia, Erbil, and lOielat, and then advanced upon 
Azerbijan. So great was the terror with which these 
fierce warrior.s inspired the people of the provinces they 
attacked that single Mongols arc said to have slain the 
inhabitants of entire villages without a hand having been 
raised against them. In the following year (1236) they 
invaded Georgia and Great Armenia, committing frightful 
atrocities, sparing neither man nor woman, young nor old, 
with the excejition of those whom they saved to minister 
to their wants or passions. Tiflis was among the cities 
captured by assault, and Kars was surrendered at their 
ajiproach in the vain hope that submission would gain 
clemency from the victors. .Meanwhile, in 123.">, Ogdai, 
whose troops were as numerous as their thirst for conquest 
was devouring, despatched three armies in as many direc- 
tions. One was directed against Corea, one against the 
Sung dynasty, which ruled over the provinces of China 
south of the Vnng-tszc Keang. and the third was .sent we.st- 
ward into eastern Europe. Tliis last force was commanded 
by Batu, the son of .Tuchi, Ogdai'.s deceased elde.st brother, 
who took with him the celebrated Sabutai Bahadur ns his 
chief adviser. Bulgar, the capital city of the Bulgar.«, fell 
before the force under Sabutai, while Batu pu.shed on over 
the Volga. With irresi.«tible vigour and astonishing .speed 
the Mongols made their way through the forests of Penza 
and TambofT, and ajijiearcd before the “ beautiful city ’’ of 
Biazan. For five day.s they discharged a ceaseless storm 
of shot from their balistas, and, having made a breach in 
the defence’s, earned the city by assault on the 21st of 
December 1237. “The prince, with his mother, wife, 
sons, tlie boyars, and the iniiahitants, without regard to 
age or se.x, were slaughtered with the .savage cruelty of 
Mongol revenge : some were impaled, .some .shot at with 
arrows for .sjiorl, others were flayed or had nails or .sjdinters 
of wood driven under their nails. Priests were roa.sted 
alive, and nuns and maidens ravished in the churches 
before their relatives. ‘ Ko eye remained open to weep 
for the dead.’” Moscow, at this time a place of little 
importance, next fell into the hands of the invaders, who 
then advanced again.=t Vladimir. After haring held out 
for several days against the Mongol attack.«, the city at 
length succumbed, and the horrors of Biazan were repeated. 
The imiierial family, tvith a vast crowd of fugitives, sought 
shelter in the cathedral, only to perish by the swords of the 
conquerors or by the flames which reduced it to ashes. If 
possible, a more dire fate overtook the inhabitants of 
Kozelsk, near Kaluga, where, in revenge for a partial 
defeat inflicted on a Mongol force, the followers of Batu 
held so terrible a “carnival of death” that the city was 
renamed by its captors Jlobalig, “ the city of woe.” With 
the tide of victor}’’ thus strong in their favour the Mongols 
advanced .against KicflT, “ the mother of cities,” and carried 
it by assault. The inevitable mas.sacre followed, and the 
city was razed to the gwound. IVliile the scene of blood- 
shed was at its height a cata‘-tro]ihe occurred which at 
any other time would have been considered of supreme 
horror. Under the weight of a vast crowd of fugitives 
the flat roof of the metropolitan church fell in, bur}dng 
all, young and old, in a va.st hecatomb. 

Victorious and always advancing, the Mongols, having 
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, j niovcd on in two divi.sinn^ 

and K.'-T p" 1 ° •>’’ the other under Baidar 

and Kaidu into Poland. V ithout a check, Batu marched 

to the neighbourhood of Pe«th, where the whole force of 
the kingdom was arrayed to resist him. The Hungarian 
anny was posted on the wide heath of Mohi, which is 
bounded by “the vine-clad hills of Tokay,” the mountains 
of Lomnitz, and the umods of Diosgyor. To an army thus 
hemmed in on all sides defeat meant ruin, and Batu 
instantly recognized the dangerous position in which his 
enemies had placed themselves. To add to his chances of 
success he determined to deliver his attack by night, and 
while the carele.ss Hungarians were sleeping he launched 
his battalions into their midst. Panic-stricken and help- 
les.s, they fled in all directions, followed by their merciless 
foes. Two archbishops, three bi.shops, and many of ‘the 
nobility were among the slain, and the roads for two days’ 
journey from the field of battle were strewn svith corpses. 
The king, Bela IV., was isaved by the Seetness of his 
horse, though closely pursued by a body of Mongols, who 
followed at his heels as far as the coast of the Adriatic, 
burning and destroying everything in their way. Mean- 
while Batu captured Pesth, and on Christmas Day 1241, 
having cro.ssed the Danube on the ice, took Gran by assault. 
MTiile Batu liad been thus triumphing, the force under 
Baidar and Kaidu had carried fire and sword into Poland. 
At their apjiroach the inhabitants of Cracow deserted the 
city, after having given it over to the flames. Disappointed 
at the lo<-s of their expected spoil, the Mongols advanced 
to Wahlbtatt in the neighbourhood of Liegnitz, where the 
Polish army under Duke Henry II. of Silesia awaited their 
onslaught. With savage impetuosity, the troops of Baidar 
rushed to the attack, and completely defeated the Poles. 
As usual, no quarter was given. The massacre was fright- 
ful, and Duke Henry himself was amongst the slain. It. 
was a Mongol habit to cut off an ear from each corpse of 
their slaughtered foes, and on this occasion it is said that 
they filled nine sacks with these ghastly trophies. Follow- 
ing the example of the inhabitants of Cracow, the people 
of Liegnitz left but the blackened walls of what had once 
been the town as a prey for the Mongols, who without 
delay pushed south-eastward into Moravia as far as the 
vicinity of Troppau. MTiile laying waste the country in 
the neighbourhood of that to-wn, they received the an- 
nouncement of the death of Ogdai, and at the same time 
a summons for Batu to return eastwards into Mongolia. 

Mliile his lieutenants had been thus carrying his arms 
in all directions, Ogdai had been giving himself up to 
ignoble ease and licentiousness. Like many Mongols, he 
wa.s- much given to drink, and it was to a disease produced 
by this cause that he finally succumbed on the 11th of 
December 1241. He was succeeded by his son Kuyuk, who 
rei*^ned only seven years. Little of his character is kno’wn, 
but it is noticeable that his two ministers to whom he left 
the entire conduct of affairs were Christians, as also were his 
doctors, and that a Christian chapel stood before his tent. 
This leaning towards Christianity, however, brought no 
peaceful tendencies rvith it. On the contrary, we hear of 
an advance against the sultan of Rum (Asia Minor), and of 
an e.xpedition into-Syria, by -which that country was made 
tributaiy’ to the Great Mongol empire, of a fresh campaign 
afminst Corea, and of another attack on the Sung dynasty 
of China. On the death of Kuyuk dissensions which had 
been for a long time smouldering between the houses of 
Oudai and Jagatai broke out into open war, and after 
the short and disputed reigns of Kaidu and Chapai, ^and- 
sons of Ogdai, the lordship passed away from the house 

of Ogdai for ever. , 

On the Ist of July 1251 Manp, the eldest son of. 
Tule, and nephew to Ogdai, was elected khakan. With 
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.system of state ^anaries, wliicli Iiad- fallen into disorder. 
His court was vihib;d Ijy Friar Odoric, who gives a minute 
description of the jialacc and its inhabitants. .Speakinr' 
of the palace tliis writer nnyn — . • , , . , ° 

■ “ito hwmint v/.'w raised about two pnec-s from tlio m-ound .and 
v,-itbin, there v/cre tv/cnty-foiir co)nmm of gold, .and all the Walls 
v,-«re hiingwith skiri.s of red le.ather, said to Is,- the finest in tlic 
world. ' In the inidHt of the juilace w.is a great jar more than two 
paecs in height, made of'a certain 'jireeious stoiie c.alled incrdac.as 

(),ide)';-its' price exceeded the value of four large tovvris Into 

tluH vcBscl drink w.as conducted .by. certain conduits from the" court 
of the palace, and beside it were many golden goblets, from "which 
those drank who listed. . . . Wlieii tlie khakan sat oti his throne, 
the queen v.ws on his left hand, and a step lower two oflient of his 
avornen, avin'ic at tiie bottom of the steTr) stood tlic otlier ladies of 
his family. All those wlio ivere married aeorc ujKm tlieir heads the 
foot of a man as it were a cubit and a half in length, and at tlic 
top of the foot there avere certain mnes’ feathers, the ivliole foot 
being set aadtb great jicarls, so that if there were in the avdiole avorld 
any fine and large piarls they avero to he found in tlie decoration 
of tho^e ladies.”' 

The following yearn avere yearn of great natural and 
pofiticaf convufaform, Dovastating f!owIn savepf over Cfu'na, 
carrying death and ruin to thou.sand.s of Jiornc.H ; e.artlir{uakc.s 
made dc.solate avholc di.stricts; and in more than one ii,art 
of the empire the banners of revolt avere unfurled. Tlic 
khakan.s avlio-nov/.succe.'-.sivcly occujiicd tlie tlironc, in.'jtcad 
of .striving to .stem the tide of di.scontcnt and disorder,' gave 
tliem.sclvc.s up to every’ kind of debauchery. An- a natural 
con.scquencc, tlic conduct of affairs fell entirely into the 
hands of their miiii.sters, avho but too often reflected the 
viccs of their sovcrcign.s. A comet avhicli appe-ired in the 
reign of Toghon Timur Khan, and aa'liicb aa’as believed to 
be the p/recur.sor of frc.sh di.sa-stcr.s to the reigning house, 
justified -the prediction by being almo.st immediately fol- 
iov.’cd In’ -an - earthquake,- avliiclt oa’crtlirew the temple of 
the Imperial Ancestors; from the altars of avhicli, as if to 
complete the mi.sfortunc, the silver tablets of the emperors 
aa’crc'in tlic'coriseriucnt confusion .stolen. It aa-as not long 
before 'the -popular discontent found a'crit. In order to 
prevent the recurrence of tlic periodical inundations caused 
h}' the overflow of thc-yclloav’ river, the emperor ordered 
a lea-y of 70,000 men to excavate a near channel for its 
dangerous stream, and impo.scd a hcaa-y tax to meet the 
ncce.ssary expen.sas. ' Tlicsc opi)rc.s,sive edicts overstrained 
the patience of the people,- and they broke into 'open re- 
bcllion. Under various'lcaderH the rebels cajitured a num- 
ber of cities in the iirOvinccs' of Keang-nan and Honan; 
and took po.sses.sion of Hang-choav, the capital of the Sung 
emperors,' At'- the same time pirates raa-aged the coasts 
and saa'cpt "the - imperial ve.s.sel.s off the • sea. "VVliilc 
these combined-disorders avere di.sturbing the cr)untry,-thc 
empcror,'nnder tbe guidancc-of Tibetan Lamas, was being 
initiated into the sen.sual enjoyments peculiar to the w.anncr 
climate-s of Asia. • • - . . - ■ 

In 13o5 a- I’liddhlst priest named Choo Yucn-cliang 
.became .so'itupre.s.sed aaith-thc rn i.serj’ of Ills countrymen 
that he tlireav off - his a-estmentS and enrolled him.self in 
the rebel army.- His military genius .soon raised him to 
the- position of a le,ider, and avith- extraordin.ary’ Bucces.s 
he 'overcame aa-ith his rndc' levies the trained degions of 
the 'Hongol cmiieror; • While ntiahle to defeat or check 
the rebels in the central jirovincas Toghon Timur av,af( al.so 
called ujwn to face a rebellion in Corea. Nor avere his 
arms morcfortiinate in the north than in the fiouth. An 
army which v/an sent to suppress- the rea'olt v.-as cut to 
pieces almost to a man, Tlic-sc events made a dream 
avhich the emperor dreamt about- tlii.s- time of ca.sy inter- 
pretation. He saavin his sleep “aavild hoar avith Iron 
tusks ntsh into the city and avound the pcoific, avho avere 
driven hither and thither avithoiit finrling sheUer, Mean- 
svhile the sun and the moon -rushed together and perished.” 
“Tlii.s dream,” .said the diviner, “is a projilieey that the 
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khakan avill lose hi.s empire.” The fulfilment followr^d 
clo.sely on tlic prophecy. By a .subterfuge, the reVd.s, nfi; 
having gamed possc.ssion of mo.st of the central prorince 
of the empire, captured Peking. But Toghon Timur bv 
a hasty fiight c.scapcd from his encmic-s, and .sought haU-ly 
on the shores of the iJolonor in Mongolia. For time tlm 
aye.stcrn provinces of China continued to hold out against 
the rcueiH, but ^vith tlic flight of Toghon Timnr the Mon- 
gol troops lo.st heart, and in inOB the c.x-Buddliist prie'-t 
ascended the throne as the first sovereign of the Miii" or 
“Bright” dynasty, under the title of Hung -WOO. 

Thus ended the sovereignty of the Iiou.'-e of .Tenghix 
Khan in Cliina, nor need avc look far to find the c,aii.sc of 
its fall. Brave and hardy the Mongol.s have alw.iys .shown 
thcmsclvas to he ; hut the capacity for con.solidating llie 
fruits of victory’, for establishing a .settled form of govern- 
ment, and for gaining the allegiance of the conquered 
peoples, have invariahly la-en wanting in them. For a 
time their prowc.ss and the exceptional ability’ of .some of 
the first emperors of their fine hcirl the people of China 
in a bondage which was only outwardly peaceful, and, 
when the hands which hold the reins lo-st their nervous 
power, and the troojis, enervated by the .softer climate of 
Cliina, lo.st mucli of tlioir hardihood, the long pent-np 
hatred of a foreign yoke broke out and witli gathering 
strength drove the invaders Irack to their Mongolian 
pasture-grounds. 

Not content with having recovered Cliina, the emperor 
Hung-woo sent an army of 400,000 men into hfongolia in 
pursuit of the forces which yet remained to the kh.’ikau 
Even on their own ground the disheartened Mongol.s 
failed in their rc.si.st,aT)ec to the Cliincse, and at all jioints 
suffered di.sastcr. Meanwhile Togliou Timur, wlio did 
not long survive his defeat, was succeeded in the 
khakanato by Biliktu Khan, who again in L37.9 was 
foIIov;cd by TJ.ssakhal Kiian. During the reign of this la.st 
prince the Cliino.se again invaded Mongolia, and inflicted 
a crushing defeat on the khan’s forces in the neighbour- 
hood of Lake Buynr. Be.sides the sl.ain, 2994 officers and 
77,000 soldiers are .said to have been taken prisoners, and 
an immcn.se booty to have been secured. This defeat 
wa.s the final ruin of the ea.stcm hraiicli of the Mongol.s, 
who from this time surrendered the su[)rcrnacy to the 
western divi.sion of the tribe. At first the Kcraits or 
Torgod, as in the early day.s before .Tenghiv, Khan rose 
to power, exercised, lordship over tlic eastern Jfongols, 
but from tlic.se before long tlie supremacy’ passed to tiic 
Oirad, who for fifty years treated them as va.ssals. Nol- 
u-ithstanding their subjection, however, the Kcraits still 
preserved the imperial line, and kliakan after khakan 
assumed the nominal sovereignty of the tribe, while the 
real power rested with .the dc.^ccndant.s of Toghon, the 
Oirad .chief, who had originally attached them to hi.s 
.sceptre. Gradually, however, the Mongol tribes broke 
away from all goveniing centres, and established si^ttcred 
communities with as many chiefs over the whole of 
eastern Mongolia. The di.sercdit of having finally di=iri- 
tograted the tribe Is generally attaclicd to Lingdan Klian 
fl 604-1 C.34), of whom, in reference to hi.s arrogant an<l 
brutal character, has been quoted the Mongolian proverb; 
“ A raging khakan disturbs the .state,^ and a mging 
s-acdian (elephant) overthrow.s his keepers.” , • 

At tlds time the Mongols, tiiougli sc-attercd and 
Isolated bwlics, had recovered somewhat from 
of the dlMster which tlicy suffered at the hand of the firat 
Vncrno\vrei^'n of Chwn. WJicn fir^t driven northwards, 
Miev^bctook Uiem-olves to the Ixinks of tlie Kcnilon, from 

mccr- but gradually, a,s the Chine-e power l^eaine wc.ak^ 
rmTn'’ the frontier tribes, they again pu lad .southwards, 
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.system of state granaries, wiiicli Iiad- fallen into disorder. 
His court was vWit/'A Ijy Friar Odoric, who gives a minute 
description of the jialacc and its inhabitants, .Speakinr' 
of the palace this writer g,ay.s — . • , , . . ° 

■ b.i'cmcrit v/.'w raised ahout two pnec-s from tlio oround, .and 
vdthin, there v/cre tv/cnty-foiir colmmin of gold, and all the walls 
were hang with skins of red leather, said to Is,- the finest in tlic 
world. ' In the midst of the fuilace was a great jar more thnri two 
paces in height, made of a certain 'jirecious stoiie ealled incrdacae 

(jadel'pits' price exceeded the value of four large tokens Into 

tiiis vcBsel drink w.as conducted , by. certain conduits from tlie court 
of the palace, and heside it were many golden goblets, from whieli 
those drank who listed. . . . When the khakan sat on his throne, 
the queen v.-as on Iiis left hand, and a step lower two otliers of his 
svornen, while at tiie bottom of the HtoT/i stood tlic other ladies of 
liis family. All those who were married wore ujKm their heads the 
foet of a man as it wore a cuhit and a half in length, and at tlic 
top of the foot there were certain cranes’ featliera, the svliole foot 
heing set svith great jvjarl.s, so’tliat if there were in the rvholn svorld 
.any fine and large piarls they were to be found in the decoration 
of tho^e ladies.”' 

The following yearn were yearn of grc-it natural and 
political convukiona, Deva.stating flowls swept over Oliina, 
carrying death and ruin to thou-sand-s of liornc.H ; e.artlir{uakc.s 
made de.solate whole districts; and in more than one jiart 
of the empire the banners of ' revolt were unfurled. The 
khakan.s who now.succe.«.sivcly occupied the throne, in.stcad 
of .striving to .stem the tide of di.scontcnt and disorder,' gave 
them.sclvc.s up to every’ kind of debauchery. An- a natural 
con.scqtiencc, the conduct of affair.s fell entirely into the 
hands of their miili.ster.s, who bub too often reflected the 
vices of their sovcrcign.s. A comet whicli appe.ared in the 
reign of Toghon Timur Khan, and which was believed to 
be the p/recunsor of fresh di.sa.stcr.s to the reigning house, 
justified -the prediction by being almost immediately fol- 
loTvcd liy -an - earthquake,- wliiclt overthrew tlie temple of 
the Imperial Ance.stors; from the altars of which, as if to 
complete tlio mi.sfortunc, tiic silver tabict.s of tiio emperors 
werc'in thc'coriscriucnt confusion stolen. It was not long 
before the 'popular discontent found vent. In order to 
prevent the recurrence of the periodical inundations caused 
b}’ the overflow of the Yellow river, the emperor ordered 
a levy of 70,000 men to excavate a new channel for its 
dangeron.s straim, and impo.scd a heavy tax to meet the 
nece.ssary expen.ses. - T^iesc opi)rcs,sive edicts overstrained 
the patience of the people,- and they broke intompen re- 
bellion, TJuder variousicaders the rebels caj)turcd a num- 
ber of cities in the ijrdvinccs of Keang-nan and Honan; 
and took p>o.sses.sion of Hang-chow, the cajiital of the Snug 
emperor.?,' At'- the same time pirate.? ras'aged the coasts 
and Rsvept 'the • imperial ve.ssel.s off the • sea. ‘VVliilc 
these combined disorders sverc di.sturbing the country, -the 
crnperor,'under the guidancc'of Tibetan Lam-as, was being 
initiated into the sen.sual enjoyments peculiar to the w.anncr 
climate.? of Asia. . . - ■ 

In 13~75 a- I’uddhi.st priest named Cimo Yucn-chang 
, bcaame .so'ituprc.s.sed with -the misery of lii.s countrymen 
that he thresv off - his vestments and enrolled him.self in 
the rebel army.- Hi.s military genius soon raised him to 
the position of a leader; and with- cxtraordin.ary success 
he 'overcame with his rude lcvic.s the trained degions of 
the iMongol cm 2 )eror; 'While -unable to defeat or check 
the rebels in the central j)rovincc.s Toghon Timur w.as also 
called ujwn to face a rebellion in Corea. Nor were liis 
arm.? morcfortiinate in the north than in tlic south. An 
army wliich v/an sent to .supprc.ss- the revolt was cut to 
pieces almost -to a man, Tiic-sc' events -made a dream 
which the em 2 >eror dreamt about- this' time of ca.sy inter- 
pretation. He p,aw in hi.s sleep “a wild boar vdth iron 
tusks nj.sh into tbc city and ■^vound the pcojdo, who were 
driven hither and thither svithoiit finding slielter, 
while the sun and the moon -rushed together and jierishcd, 
“This dream,” .said the diviner, “is a prophecy that the 
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khakan will lose hi.s empire.” The fnlfihncnt followr^d 
clo-scly on the prophecy. By a .subterfuge, the rel>cl,, nfi; 
having gamed possc.ssion of mo.st of the central prorinccs 
of the empire, captured Peking. Put Toghon Timur bv 
a lia-sty flight e.saai)cd from his encinic.s, and .sought rafety 
on the sliores of the iJolonor in Mongolia. For time the 
western provinces of China continued to hold out against 
the rebels, but with the flight of Toghon Timur the Mon- 
gol troops lo.st heart, and in 1.TG8 the c.x-Buddhist prie'st 
ascended tlic tlironc as the first sovereign of the Miii" or 
“Bright” dynasty, under the title of Hung -WOO. 

Thus ended the sovereignty of the liou.'-e of .Tenghix 
Khan in Cliina, nor need wc look far to find the caurl of 
its fall. Brave and liardy the Mongols have alway.s .shown 
themselves to he ; hut the eapacity for con.solidating llie 
fniits of victory, for establishing a .settled form of govern- 
ment, and for gaining the allegiance of the compicred 
people.?, liavc invariably Ijcen wanting in them. For a 
lime their prowc.ss and the exceptional ability of .some of 
the first emperors of their line heid the people of China 
in a bondage whioli was only outwardly peaceful, and, 
when the liands which hold the reins lo'st their ners'ous 
posver, and the troojis, enervated by the softer climate of 
Cliina, lost mticli of their hardihood, the long pent-up 
hatred of a foreign yoke broke out and with gathering 
strength drove the invader.s Ixick to their Mongolian 
pasture-grounds. 

Not content with having rccos-ered Cliina, the emperor 
Hung-woo sent an army of 400,000 men into ^fongolia in 
pursuit of the forces which yet remained to the kliakan. 
Even on their own ground tlic disheartened Mongols 
failed in their rc.sist,ai)ec to the Cfiiincse, and at all jioints 
suffered di.sastcr. Meansvhilc Toghon Tirnur, svlio did 
not long sun'ivc liis defeat, svas succeeded in the 
khakanatc by Biliktu Klian, svho again in 13T0 sens 
followed by TJ.ssaklial Kiian. During the reign of this la.st 
prince the Cliiiic.se again invaded Mongolia, and inflicted 
a crushing defeat on the khan’s forces in the neighbour- 
hood of Lake Buynr. Besides the slain, 2094 oflicers and 
77,000 soldiers are said to have been taken pri-soners, and 
an immcn.se booty to have boon secured. This defeat 
svas the final ruin of the ea.stcrn branch of the ^^ongol.s, 
who from this time surrendered the su[)rcniacy to the 
sve.stcni divi.sion of the tribe. At first the Kcraits or 
Torgod, as in the early days before .Tcngliiv, Klian rose 
to power, exercised lord-shij) over the eastern Mongols, 
but from these before long the .supremacy passed to the 
Oirad, wlio for fifty years treated them as va.s.sal.s. Nol- 
srithstanding their .subjection, however, the Kcraits still 
nreaerved the imperial line, and khakan after khakan 
asrsumed the nominal sovereignty of the tribe, while the 
re.al power rested svith .the dc.^ccndant.s of Toghon, the 
Oirad .chief, wlio had originally attached them to hi.s 
.sceptre. Gradually, however, the Mongol tribes broke 
away-from all goveniing centres, and established srattcred 
communities svith as many chiefs over the whole of 
eastern Mongolia. The di.scrcdit of having finally disiri- 
tegrated the tribe is generally attached to Lingdan Khan 
(160i-lG3A), of svhoni, in reference to hi.s arrogant ami 
brutal character, has been quoted the Mongolian proverb; 

“ A raging kliakan disturb.? the .state,^ and a raging 
radian (elephant) overthrow.? hi'? keeper?.” , • 

At till.? time the Mongols, though seattered and in^' 
isolated bwlic?, had recovered somewhat frorn 
of the dlMster wliich they suffered at the hand of the flra 
?ing -sovereign of China: IVhen firat driven 
Mi -v betook thcmralves to the Ivink.? of tlie Kendon, from 
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ten oxen, a hundred sheep, and a hundred sacks of kumiss. 
These last, however, instead of being filled with skins of 
the liquor which Mongolians love so well, contained armed 
men, who, when the Tatar was feasted, rushed from their 
concealment and killed him. A grandson of Merghus was 
the celebrated Wang Khan, who was sometimes the ally and 
sometimes the enemy of Jenghiz Khan, and has also been 
identified as the Prester John of early Western writers. In 
war he was almost invariably unfortunate, and it was with no 
greatdifficulty, therefore, that his brother Ki Wang detached 
the greater part of the Kerait tribes from his banner, and 
The founded the Torgod chieftainship, named probably from 
Torgod. country where they settled themselves. The unrest 
peculiar to the dwellers in the Mongolian desert disturbed 
the Torgod as much as their neighbours. Their histoiy 
for several centuries consists of nothing but a succession 
of wars with the tribes on either side of them, and it was 
not until 1672, when Ayuka Khan opened relations with 
the Russians, that the country obtained an even temporarily 
settled existence. Its position, indeed, at this time made 
it necessary that Ayuka should ally himself either with the 
Russians or with his southern neighbours the Turks, though 
at the same time it was obvious that his alliance with the 
one would bring him into collision with the other. His 
northern neighbours, the Cossacks of the Yaik and the 
Bashkirs, both subject to Russia, had the not uncommon 
propensity for invading his borders and harassing his sub- 
jects. This gave rise to complaints of the czar’s govern- 
ment and a disposition to open friendly relations with the 
Krim klian. A rupture 'W’iUi Russia followed, and Ayuka 
carried his arms as far as Kasan, burning and laying waste 
thevillages and towns on his route and carrying off prisoners 
and spoils. Satisfied with this vengeance, he advanced no 
farther, but made a peace with the Russians, which was 
confirmed in 1722 at an audience which Peter the Great 
gave him at Astrakhan. On Ayuka’s death shortly after 
this event, he was succeeded by his son Clieren Donduk, 
who received from the Dalai Lama a patent to the throne. 
But this spiritual .support availed him little against the 
plots of Ills nephew Donduk Ombo, who so completely 
gained the suffrages of the people that Clieren Donduk 
fled before him to St Petersburg, where he died, leaving 
his nephew in jiossession. With consummate impartiality 
the Russians, when they found that Donduk Ombo had 
not only seized the throne but was governing the country 
with vigour and vrisdom, formally invested him with the 
khanate. At his death he was succeeded by Donduk 
Taishi, who, we are told, went to Moscow to attend the 
coronation of the empress Elizabeth, and to swear fealty 
to the Russians. After a short reign he died, and his 
- throne was occupied by his son Ubasha. The position of 
the Torgod at this time, hemmed in as they were between 
the Russians and Turks, was rapidly becoming unbearable, 
and the question of migrating “bag and baggage” was 
very generally mooted. In the war between his two power- 
ful neighbours in 1769 and 1770, Ubasha gave valuable 
assistance to the Russians. His troops took part in the 
siege of Otchakoff, and gained a decided victory on the 
Kalans. Flushed Muth these successes, he was in no mood to 
listen patiently to the taunts of the governor of A.strakhan, 
who likened him to a “bear fastened to a chain,” and he 
made up his mind to break away once and for all from a 
tutelage which was as galling as it was oppressive. He 
determined, therefore, to migrate eastward with his people, 
and on the 5th of January 1771 he began his march with 
70,000 families. In vain the Russians attemjited to recall 
the fugitives, who, in .spite of infinite hardships, after a 
journey of eight months reached the province of Ili, where 
they were welcomed by the Chinese authorities. Food 
for a year’s consumption was supplied to each family; 
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many lost their lives on the toil.^^oine march it is impo.v 
sible to say, but it is believed that 300,000 persons Inr- 
viyed to receive the hospitality of the Chinese Tins 
migration is interesting as illustrating the many disiilaci^ 
ments of tnbes and peoples which have taken place on 
the continent of Asia at different periods of historj^. Such 
another migration occurred between four and five thousand 
years ago, when the Chinese crossed from western Asia 
into their present empire ; such, again, was the movement 
which carried the Osmanli Turks from north-eastern Asia 
into Asia Minor, and eventually across the Bosphorus. 
By this desperate venture the Torgod escaped, it is tnic, 
the oppression of the Russians, but they fell into the hand.s 
of other masters, who, if not so exacting, were equally de- 
termined to be supreme. The Chinese, flattered by the 
compliment implied by the transference of allegiance, 
settled them on lands in the province of Ili, in the neigh- 
bourhood of the Altai Mountains, and to the west of the 
desert of Gobi. But the price they were made to pay for 
this liberality was absorption in the Chinese empire. Like 
the other Chinese-subdued Mongols, the Torgod were 
divided into banners, and from that time forth they lost 
their individuality. 

Among the Mongol chiefs who rose to fame during the 
rule of the Ming dynasty of China was Toghon, the Kal- 
muk khan, who, taking advantage of the state of confusion 
which reigned among the tribes of Mongolia, established 
for himself an empire in north-western Asia. Death carried 
him off in 1444, and his throne devolved upon his son 
Ye-seen, who was no degenerate offspring. Being without 
individual foes in Mongolia for the same rea.'on that 
Narvaez had no enemies — namely, that he had killed them 
all — he turned his arms against China, which through all 
history has been the happy hunting-ground of the northern 
tribes, and had the unexampled good fortune to fake 
prisoner the Cliinese emperor Ching-tung. But victoiy 
did not always decide in his favour, and, after having suf- 
fered reverses at the hands of the Chine.se, he deemed it 
xvisc to ojjen negotiations for the restoration of his imperiai 
prisoner. 'Ihus, after a captivity of seven years, Ching- 
tung re-entered his capital in 1457, not altogether to the 
general satisfaction of his subjects. On the death of Ye-seen, 
shortly after this event, the Kalmuks lost much of their 
power in eastern Asia, but retained enough in other por- 
tions of their territory to annoy the Russians by raids 
within the Russian frontier, and by constant acts of pillage. 
In the 17th century their authority was partly restored by 
Galdan, a Lama, who succeeded by the usual combination 
of wile and violence to the throne of his brother Sengh6. 
Having been jiartly educated at Lhasa, he was well versed 
in Asiatic jiolitics, and, taking advantage of a quarrel be- 
tween the Black and White ^Mountaineers of Kashgar, he 
overran Little Bokhara, and left a viceroy to rule over the 
province with his capital at larkand. At the .rame lime 
he opened relations with China, and exchanged jircsents 
vrith the emperor. Having thus secured 1ns powerful 
southern neighbour, as he thought, he turned his arms 
against the IClialkhas, whose chief ground of offence was 
their attachment to the cause of his brothers. But his rest- 
less ambition created alarm at Peking, and the emperor 
K’ang-he detennined to protect the Klialkhas again.'^t tlicir 
enemy. Great preparations were made for the carajiaign. 
The emperor, in person commanding one of the two forces, 
marched into Mongolia. After enduring incredible haid- 
ships during the march through the desert of mi- 

uerial army encountered the Kalmuks at Cha^modo. Hie 
fiercly c.„.c.«d. l.ut_ —d 
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ten oxen, a hundred sheep, and a hundred sacks of kumiss. 
These last, however, instead of being filled with skins of 
the liquor which Mongolians love so well, contained armed 
men, who, when the Tatar was feasted, rushed from their 
concealment and killed him. A grandson of Merghus was 
the celebrated Wang Khan, who was sometimes the ally and 
sometimes the enemy of Jenghiz Khan, and has also been 
identified as the Prester John of early Western writers. In 
war he was almost invariably unfortunate, and it was with no 
greatdifficulty, therefore, that his brother Ki Wang detached 
the greater part of the Kerait tribes from his banner, and 
The founded the Torgod chieftainship, named probably from 
Torgod. country where they settled themselves. The unrest 
peculiar to the dwellers in the Mongolian desert disturbed 
the Torgod as much as their neighbours. Their history 
for several centuries consists of nothing but a succession 
of wars with the tribes on either side of them, and it w-as 
not until 1672, when Ayuka Khan opened relations with 
the Russians, that the country obtained an even temporarily 
settled existence. Its position, indeed, at this time made 
it necessary that Ayuka should ally himself either with the 
Russians or with his southern neighbours the Turks, though 
at the same time it was obvious that his alliance with the 
one would bring him into collision with the other. His 
northern neighbours, the Cossacks of the Yaik and the 
Bashkirs, both subject to Russia, had the not uncommon 
propensity for invading his borders and harassing his sub- 
jects. This gave rise to complaints of the czar’s govern- 
ment and a disposition to open friendly relations with the 
Krim klian. A rupture 'W’iUi Russia followed, and Ayuka 
carried his arms as far as Kasan, burning and laying waste 
thevillages and towns on his route and carrying off prisoners 
and spoils. Satisfied with this vengeance, he advanced no 
farther, but made a peace with the Russians, which was 
confirmed in 1722 at an audience which Peter the Great 
gave him at Astrakhan. On Ayuka’s death shortly after 
this event, he was succeeded by his son Gieren Donduk, 
who received from the Dalai Lama a patent to the throne. 
But this spiritual .support availed him little against the 
plots of Ills nephew Donduk Ombo, who so completely 
gained the suffrages of the people that Clieren Donduk 
fled before him to St Petersburg, where he died, leaving 
his nephew in jiossession. With consummate impartiality 
the Russians, when they found that Donduk Ombo had 
not only seized the throne but was governing the country 
with vigour and vrisdom, formally invested him with the 
khanate. At his death he was succeeded by Donduk 
Taishi, who, we are told, went to ^Moscow to attend the 
coronation of the empress Elizabeth, and to swear fealty 
to the Russians. After a short reign he died, and his 
- throne was occupied by his son Ubasha. The position of 
the Torgod at this time, hemmed in as they were between 
the Russians and Turks, was rapidly becoming unbearable, 
and the question of migrating “bag and baggage” was 
very generally mooted. In the war between his two power- 
ful neighbours in 1769 and 1770, Ubasha gave valuable 
assistance to the Russians. His troops took part in the 
siege of Otchakoff, and gained a decided victory on the 
Kalans. Flushed Muth these successes, he was in no mood to 
listen patiently to the taunts of the governor of A.strakhan, 
who likened him to a “bear fastened to a chain,” and he 
made up his mind to break away once and for all from a 
tutelage which was as galling as it was oppressive. He 
determined, therefore, to migrate eastward with his people, 
and on the 5th of January 1771 he began his march with 
70,000 families. In vain the Russians attempted to recall 
the fugitives, who, in .spite of infinite hardship.s, after a 
journey of eight months reached the province of Ili, where 
they were welcomed by the Chinese authorities. Food 
for a year’s consumption was supplied to each family; 
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many lost their lives on the toil.^^oine march it is impo.v 
sible to say, but it is believed that 300,000 persons Inr- 
viyed to receive the hospitality of the Chinese This 
migration is interesting as illustrating the many disiilaei^ 
ments of tnbes and peoples which have taken place on 
the continent of Asia at different periods of historj'. Such 
another migration occurred between four and five thousand 
years ago, when the Chinese crossed from western Asia 
into their present empire ; such, again, was the movement 
which carried the Osmanli Turks from north-eastern Asia 
into Asia Minor, and eventually across the Bosphorus. 
By this desperate venture the Torgod escaped, it is tnic, 
the oppression of the Russians, but they fell into the hand.s 
of other masters, who, if not so exacting, were equally de- 
termined to be supreme. The Chinese, flattered by the 
compliment implied by the transference of allegiance, 
settled them on lands in the province of Ili, in the neigh- 
bourhood of the Altai Mountains, and to the west of the 
desert of Gobi. But the price they were made to pay for 
this liberality was absorption in the Chinese empire. Like 
the other Chinese-subdued Mongols, the Torgod were 
divided into banners, and from that time forth they lost 
their individuality. 

Among the Mongol chiefs who rose to fame during the 
rule of the Ming dynasty of China was Toghon, the Kal- 
muk khan, who, taking advantage of the state of confusion 
which reigned among the tribes of Mongolia, established 
for himself an empire in north-western Asia. Death carried 
him off in 1444, and his throne devolved upon his son 
Ye-seen, who was no degenerate offspring. Being without 
individual foes in Mongolia for the same reason that 
Narvaez had no enemies — namely, that he had killed them 
all — he turned his arms against China, which through all 
history has been the happy hunting-ground of the northern 
tribes, and had the unexampled good fortune to fake 
prisoner the Cliinese emperor Ching-tung. But victoiy 
did not always decide in his favour, and, after having suf- 
fered reverses at the hands of the Chine.se, he deemed it 
wise to ojjen negotiations for the restoration of his imperial 
prisoner. Thus, after a captivity of seven years, Ching- 
tung re-entered his capital in 1457, not altogether to the 
general satisfaction of his subjects. On the death of Ye-seen, 
shortly after this event, the Kalmuks lost much of their 
power in eastern Asia, but retained enough in other por- 
tions of their territory to annoy the Russians by raids 
within the Russian frontier, and by constant acts of pillage. 
In the 17th century their authority was partly restored by 
Galdan, a Lama, who succeeded by the usual combination 
of wile and violence to the throne of his brother Sengh6. 
Having been ])artly educated at Lhasa, he was well versed 
in Asiatic jjolitics, and, taking advantage of a quarrel be- 
tween the Black and White Mountaineers of Ka.shgar, he 
overran Little Bokhara, and left a viceroy to rule over the 
province with his capital at Yarkand. At the .raine lime 
he opened relations with China, and exchanged jircsents 
wth the emperor. Having thus secured 1ns powerful 
southern neighbour, as he thought, he turned his arms 
against the IClialkhas, whose chief ground of offence was 
their attachment to the cause of his brothers. But his rest- 
less ambition created alarm at Peking, and the eiiqicror 
K’ang-he detennined to protect the Klialkhas again.'^t llicir 
enemy. Great preparations were made for the carajiaign. 
The emperor, in person commanding one of the two forces, 
marched into Mongolia. After enduring incredible hnid- 
ships during the march through the deseri of ‘I'c im- 
uerial army encountered the Kalmuks at Cha^modo. Ihe 
ln"4e„.e^t fierc.ly c.„.c.«d. l.ut_ —d 
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'ruler of Egypt, that he sent to demand in marriage 
a princess of the house of Jenghiz Khan. At first his 
request -was refused by the proud ilongols, but the present 
of a million gold dinars, besides a number of horses and 
suits of armour, changed the refusal into an acquiescence, 
and in October 1319 the princess landed at Alexandria in 
regal state. Her reception at Cairo u’as accompanied u-ith 
feasting and rejoicing, and the members of her escort were 
sent back laden u-ith presents. With' that religious tolera- 
tion common to his race, TJzbeg Khan, having mamed one 
princess to Ka-sir, gave another in marriage to George the 
prince of Moscow, whose cause he espoused in a quarrel 
existing between that prince and his uncle, the grand- 
juince ilichael. Assuming the attitude of a judge in the 
dispute, Uzbeg Klian summoned Slichael to appear before 
him, and, having given his decision against liiTii, ordered his 
e.vecution. The sentence was carried out -with aggravated 
cruelty in sight of his nephew and accuser. From this 
time TJzbeg’s sympathies turned towards Christianity. He 
protected the Kussian churches within his frontiers, and 
put his seal to his new religious views by marrjdng a 
daughter of the Greek emperor, Andronicus III. He died in 
1340, after a reign of twent 3 ’-oight years. Hi.s coins were 
struck at Sarai, Kharezm, Mokshi, Eulgar, Azak, and 
Krim, and are dated from 1313 to 1340. His .son and suc- 
cessor, Tinibeg Khan, after a reign of onlj- a few months, 
was murdered bj’his brother Janibeg Klian,who usurped his 
throne, and, according to the historian Ibn Haidar, jiroved 
himself to be “just. God-fearing, and the patron of the 
meritorious.” These excellent qualities did not, however, 
prevent his making a raid into Poland, which was conducted 
in the usual Mongol manner, nor did they save his countrj'- 
men from being decimated by the black plague, which for 
the first .time in 1345 swept over Asia and Europe, from 
the confines of China to Paris and London. With all their 
love of war the ilongols had a keen eye to monetary 
advantage, and Janibeg, who was no exception to the rule, 
concluded treaties ^vith the merchant-princes of Venice and 
Genoa, in which the minute acquaintance displayed n-ith 
shipping dues and customs charges shows how great were 
the advances the Mongols had made in their knowledge of 
European commerce since the daj's of Jenghiz IGian. The 
throne Janibeg had seized by violence wa.s, in 1357, snatched 
from him bj' violence. As he lay ill on his return from a 
successful expedition against Persia he was murdered by 
his son Berdibeg, who in his turn was, after a short reign, 
murdered by his son Kulpa. With the death of Berdibeg 
the fortunes of the Golden Horde began rapidly to decline. 
As the Uzbeg proverb saj's, — “ The hump of the camel was 
cut off in the person of Berdibeg.” 

But while the power of the Golden Horde was dwin- 
dling away, the MTiite Horde or Eastern Kipchak, which 
was the inlieritance of the elder branch of the family 
of Juchi, remained prosperous and full of 'idtality. The 
.descendants of Orda, Batu’s elder brother, being far re- 
moved from the dangerous influences of European courts, 
maintained much of the simplicity and vigour of their 
nomad ancestors, and the throne descended from father 
to son with undiminished authority until the reign of 
Urus Khan (1360), when complications arose which changed 
the fortunes of the tribe. Like manj' other opponents of 
the Mongol rulers, Klian Tuli Khoja paid ^vith his life for his 
temeritj’ in opposing the political schemes of his connexion 
Urus Khan. Toktamish, the son of the murdered man, 
fled at the news of his father’s death and sought refuge at 
the court of the famous Timur-i-leng (Tamerlane), who 
received him with honour and at once agreed to espouse 
Ids cause. AYith this intention he despatched a force 
agaiust Urus Khan, and gained some advantage over him, 
but, while fitting out another army to make a fresh attack, 
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news reached him of the death of Urus. Only at Sichnak 
are coins known to have been struck during the rdgn of 
Urus, and these bear date from 1372 to 1375 ^ 

. ■n'as followed' on the throne by his two sons Tuk-Tok 
takia and Timur Malik, each in turn; the first reignk but^ - 
tor a few weeks, and the second was killed in a battle 
against Toktamish, the son of his father’s enemj-. Tok- 
tamish now seized the throne, not only of Eastern Kipchak 
but also of the Golden Horde, over which his arms had 
at the same time proved victorious. His demands for trib- 
ute from the Eussian princes met with evasions from men 
who had grown accustomed to the dimini.shed power of the 
later rulers of the Golden Horde, and Toktamish therefore 
at once marched an army into Piussia. Having captured 
Serpukhoff, he advanced on Moscow. On the 23d August 
1382 his troops appeared before the doomed cit}-. For 
some days the inhabitants bravely rvithstood the constant 
attacks on the walls, but failed in their resistance to the 
stratagems which were so common a phase in Mongolian 
warfare. IVith astonishing credulity they opened the gates 
to the Mongols, who declared themselves the enemies of 
the grand-prince alone, and not of the people. The usual 
result followed. The Eussian general, who was imdted to 
Toktamish’s tent, was there slain, and at the same time the 
signal was given for a general slaughter. Without dis- 
criminating age or sex, the Mongol troops butchered the 
rvTetched inhabitants ■without mere}', and, ha'ving made 
the streets desolate and the houses tenantless, they first 
plundered the city and then gave it over to the flames. 
The same pitiless fate overtook Vladimir, Zvenigorod, 
Yurieff, Mozhaisk, and Dimitroff. With better fortune, 
the inhabitants of Pereslavl and Kolomna escaped uith 
their lives from the troops of Toktamish, but at the expense 
of their cities, which were burned to the ground. Satisfied 
■with his conquests, the khan returned homewards, travers- 
ing and plundering the principalitj' of Eiazan on his way. 
Flushed ■with success, Toktamish demanded from his patron 
Timur the restoration of Ivharezm, which had fallen into 
the hands of the latter at a period when disorder reigned 
in the Golden Horde. Such a request was not likely to 
be well received by Timur, and, in answer to his positive 
refusal to jdeld the citj', Toktamish marched an army of 
90,000 men against Tabriz. After a siege of eight days 
the city was taken by assault and ruthlessly ravaged. 
Meanwhile Timur was collecting forces to punish his 
rebellious protege. When his plans were fully matured, he 
advanced upon Old Urgenj and captm-ed it. More merci- 
ful than Toktamish, he transported the inhabitants to 
Samarkand, but in order to mark his anger against the 
rebellious city he levelled it vith the ground and sowed 
barley on the site where it had stood. On the banks of 
the Oxus he encountered his enemj', and after a bloodj' 
battle completely routed the Kipchaks, who fled in confu- 
.sion A lull followed this victorj-, but in 1390 Timur 
a<rain took the field. To each man was given “a bow, 
•i\uth thirty araows, a quiver, and a buckler. The anny was 
mounted, and a spare horse was supplied to eveiy two men, 
whde a tent was furnished for eveiy ten, and with this 
were two spades, a pickaxe, a sickle, a saw, an axe, an a^^ I, 
a hundred needles, Sh of cord, an ox's hide, and a -strong 
pan.” Thus equipped the annj' set forth on its march. 
After a considerable delaj' owing to an illness which 
took Timur his troops arrived at Kara Saman. Here 
envoj's arrived from Toktamish bearing presents and a 
messaf^e a.sking pardon for his past conduct ; but Timur 
was inexorable, and, though he treated the messengers with 
consideration, he paid no attention to their prayer. In 
face of innumerable difficulties, as well as of cold, hunger 
and weariness, Timur marched forward month after nior^ 
throm^h the Kipchak countfj- in pursuit of Toktamish. A 
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'ruler of Egypt, that he sent to demand in marriage 
a princess of the house of Jenghiz Khan. At first his 
request "was refused by the proud ilongols, but the present 
of a million gold dinars, besides a number of horses and 
suits of armour, changed the refusal into an acquiescence, 
and in October 1319 the princess landed at Alexandria in 
regal state. Her reception at Cairo -svas accompanied u-ith 
feasting and rejoicing, and the members of her escort were 
sent back laden u-ith presents. With' that religious tolera- 
tion common to his race, TJzbeg Khan, having married one 
princess to Ka-sir, gave another in marriage to George the 
prince of iloscow, whose cause he espoused in a quarrel 
existing between that prince and his uncle, the grand- 
juince ilichael. Assuming the attitude of a judge in the 
dispute, Uzbeg Klian summoned Slichael to appear before 
him, and, having given his decision against him, ordered his 
e.vecution. The sentence was carried out -with aggravated 
cruelty in sight of his nephew and accuser. From this 
time TJzbeg’s sympathies turned towards Christianity. He 
protected the Russian churches within his frontiers, and 
put his seal to his new reli^ous views by marrjdng a 
daughter of the Greek emperor, Andronicus III. He died in 
1340, after a reign of twent 3 ’-eight j-ears. His coins were 
struck at Sarai, Kharezm, Mokshi, Eulgar, Azak, and 
Krim, and are dated from 1313 to 1340. His son and suc- 
cessor, Tinibeg Khan, after a reign of onlj- a few months, 
was murdered bj’his brother Janibeg Klian,who usurped his 
throne, and, according to the historian Ibn Haidar, proved 
himself to be “just. God-fearing, and the patron of the 
meritorious.” These excellent qualities did not, however, 
prevent Iiis making a raid into Poland, which was conducted 
in the usual Mongol manner, nor did they save his countr)'- 
men from being decimated by the black plague, which for 
the first .time in 1345 swept over Asia and Europe, from 
the confines of China to Paris and London. With all their 
love of war the ilongols had a keen eye to monetary 
advantage, and Janibeg, who was no exception to the rule, 
concluded treaties mth the merchant-princes of Venice and 
Genoa, in which the minute acquaintance displayed with 
shipping dues and customs charges shows how great were 
the advances the Mongols had made in their knowledge of 
European commerce since the days of Jenghiz IGian. The 
throne J anibeg had seized by violence was, ini 357, snatched 
from him bj' violence. As he lay ill on his return from a 
successful expedition against Persia he was murdered by 
his son Berdibeg, who in his turn was, after a short reign, 
murdered by /lis son Kulpa. With the death of Berdibeg 
the fortunes of the Golden Horde began rapidly to decline. 
As the Uzbeg proverb saj's, — “ The hump of the camel was 
cut off in the person of Berdibeg.” 

But while the power of the Golden Horde was dwin- 
dling away, the MTiite Horde or Eastern Kipchak, which 
was the inlieritance of the elder branch of the family 
of Juchi, remained prosperous and full of 'sdtality. The 
. descendants of Orda, Batu’s elder brother, being far re- 
moved from the dangerous influences of European court-s, 
maintained much of the simplicity and vigour of their 
nomad ancestors, and the throne descended from father 
to son with undiminished authority until the reign of 
Urus Khan (1360), when complications arose which changed 
the fortunes of the tribe. Like manj’’ other opponents of 
the Mongol rulers, Klmn Tuli Khoja paid ^vith his life for his 
temerity in opposing the political schemes of his connexion 
Urus Khan. Toktamish, the son of the murdered man, 
fled at the news of his father’s death and sought refuge at 
the court of the famous Timur-i-leng (Tamerlane), who 
received him with honour and at once agreed to espouse , 
Ids cause. AYith this intention he despatched a force 
agaiust Urus Khan, and gained some advantage over him, 
but, while fitting out another army to make a fresh attack, 
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news reached him of the death of Urus. Only at Sicrhnak 
are coins known to have been struck during the rdgn of 
Urus, and these bear date from 1372 to 1375 ^ 

■«’as followed' on the throne by his two sons Tuk-Tok 
takia and Timur Malik, each in turn; the first reignk but* 
for a few weeks, and the second was killed in a battle 
against Toktamish, the son of his father’s enemj-. Tok- 
tamish now seized the throne, not only of Eastern Kipchak 
but also of the Golden Horde, over which his arms had 
at the same time proved victorious. His demands for trib- 
ute from the Russian princes met with evasions from men 
who had grown accustomed to the diminished power of the 
later rulers of the Golden Horde, and Toktamish therefore 
at once marched an army into Russia. Having captured 
Serpukhoff, he advanced on Moscow. On the 23d August 
1382 his troops appeared before the doomed cit}-. For 
some days the inhabitants bravely rvithstood the constant 
attacks on the walls, but failed in their resistance to the 
stratagems which were so common a phase in Mongolian 
warfare. With astonishing credulity they opened the gates 
to the Mongols, who declared themselves the enemies of 
the grand-prince alone, and not of the people. The usual 
result followed. The Russian general, who was imdted to 
Toktamish’s tent, was there slain, and at the same time the 
signal was given for a general slaughter. Without dis- 
criminating age or sex, the Mongol troops butchered the 
rvTetched inhabitants ■without mere}', and, haring made 
the streets desolate and the houses tenantless, they first 
plundered the city and then gave it over to the flames. 
The same pitiless fate overtook Vladimir, Zvenigorod, 
Yurieff, Mozhaisk, and Dimitroff. With better fortune, 
the inhabitants of Pereslavl and Kolomna escaped with 
their lives from the troops of Toktamish, but at the expense 
of their cities, rvhich were burned to the ground. Satisfied 
■with his conquests, the khan returned homervards, travers- 
ing and plundering the principalitj' of Riazan on his way. 
Flushed rvith success, Toktamish demanded from his patron 
Timur the restoration of EFarezm, rvhich had fallen into 
the hands of the latter at a period when disorder reigned 
in the Golden Horde. Such a request rvas not likely to 
be well received by Timur, and, in answer to his positive 
refusal to yield the citj', Toktamish marched an armj' of 
90,000 men against Tabriz. After a siege of eight days 
the city was taken by assault and ruthlessly ravaged. 
Meanwhile Timur was collecting forces to punish his 
rebellious 'proiege. When his plans were fully matured, he 
advanced upon Old Urgenj and captured it. More merci- 
ful than Toktamish, he transported the inhabitants to 
Samarkand, but in order to mark his anger against the 
rebellious city he levelled it with the ground and sowed 
barley on the site where it had stood. On the banks of 
the Oxus he encountered his enemj', and after a bloodj' 
battle completely routed the Kipchaks, who fled in confu- 
.sion A lull followed this victorj-, but in 1390 Timur 
a<rain took the field. To each man was given “a bow, 
wath thirty araows, a quiver, and a buckler. The anny was 
mounted, and a spare horse was supplied to everj' two men, 
while a tent was furnished for eveiy ten, and wath this 
were two spades, a pickaxe, a sickle, a saw, an axe, an aw 1, 
a hundred needles, 84 B) of cord, an ox's hide, and a strong 
pan ” Thus equipped the annj' set forth on its march. 
After a considerable delay owing to an illness which over- 
took Timur his troops arrived at Kara Saman. Here 
envoj's arrived from Toktamish bearing presents and a 
messaf^e asking pardon for his past conduct ; but Timur 
was inexorable, and, though he treated the messengers with 
consideration, he paid no attention to their prayer. In 
face of innumerable difficulties, as well as of cold, hunger 
and weariness, Timur marched forward month after mor* 
throiK^h the Kipchak countfj- in pursuit of Toktamish. A 
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of six hours destroyed all the churches, palaces, and 
houses, with the exception of the Kremlin, -within a 
compass of 30 miles. Thousands of the inhabitants 
perished in the flames. “The river and ditches about 
Mosco-«',” says Horsey, “ -n’cre stopped and filled -nuth the 
multitudes of people, laden -svith gold, .silver, jeweLs, 
chains, ear-ring.s, and treasures. So many thousands rvere 
there burned and drowned that the river could not be 
cleaned for twelve months afterwards.” Satisfied with 
the destruction he had indirectly caased, and unwilling to 
attack the Kremlin, the khan withdrew to the Crimea, 
ravaging the countiy’ as he went. Another invasion of 
EiLssia, a few years later (1572), was not .so fortunate for 
the hlongoLs, who suffered a severe defeat near Molody, 
.50 versts from Moscow. A campaign against Persia made 
a diversion in the wars which were constantly waged 
between the Krim khan and the Eussians, Cossacks, and 
Poles. So hardly were these last pressed by their per- 
tinacious enemies in 1649 that they bound themselves 
by treaty to pay an annual subsidy to the khan. But 
the fortunes of war were not always on the side of the 
Tatars, and srith the advent of Peter the Great to the 
Eussian throne the power of the Krim Mongols began to 
decline. In 1696 the czar, supported by a large Cossack 
force under JIazeppa, took the field against Selim Girai 
Khan, and gained such successes that the latter was 
compelled to cede Azoff to him. By a turn of the wheel 
of fortune the khan had the satisfaction in 1710 of 
having it restored to. him by treat }' ; but this -was the last 
real success that attended the Tatar arms. In 1735 the 
Eussians in their turn invaded the Crimea, captured the 
celebrated lines of Perekop, and ravaged Baghchi Serai, 
the capital. The inevitable fate which was banging over 
the Krim Tatars was now being rapidly accomplished. 
In 1783 the Krim, together with the eastern portion of 
the land of the Nogals, became absorbed into the Russian 
province of Taurida. 

Another branch of the Mongol family which requires 
mention is that of the Kazaks (see Kieohiz, vol. xiv. pp. 
95, 96), 'whose ancient capital was Sighnak, which, as we 
have seen, passed into the hands of the great Timur. It 
mil now only be necessary to refer briefly to the Uzbegs, 
who, on the destruction of the Golden Horde, assumed an 
important position on the east of the Caspian Sea. The 
founder of their greatness -was the khan Abulkhair, who 
reigned in the 15th century, and who, like another .Jenghiz 
Khan, consolidated a power out of a number of .small clans, 
and added lustre to it by his successful war.s. Sheibani 
Khan, his grandson, proved himself a worthy successor, and 
a doughty antagonist of the great iloghul emperor Baber. 
In 1500 he inflicted a severe defeat on Baber’s forcc-s, and 
captured Samarkand, Herat, and Kandahar. By these and 
Other conquests he became possessed of all the country be- 
tween the Oxus and the Jaxartes, of Ferghana, Kliarezm, 
and Hissar, as well as of the territory of Ta.shkend from 
Kashgar to the frontiers of China. In the following year, 
by a dashing exploit, Baber recovered Samarkand, but only 
to lose it again a few months later. During several succeed- 
ing years Sheibani’s arms proved victorious in many fields 
of battle, and but for an indiscreet outrage on the teiri- 
tories of the shah of Persia he might have left behind him 
a powerful empire. The anger, however, of Shah Ismael 
roused against him a force before which he was destined 
to fall. The two armies met in the neighbourhood of- 
Merv, where, after a desperate encounter, the Uzbegs 
Were completely defeated. Sheibani, with a few followers, 
sought refuge in a cattle-pound. But, finding no exit on 
the farther side, the refugees tried to leap^ their horsra 
over the wall. In this attempt Sheibani was killed. 
When his body was recognized by his exultant enemies 
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thej cut off the head and presented if to tPn t.!..,! i 
caused the .skull to be mounted in gold and to be converted 
into a dnnking-cup After this defeat the Uzbeg.s withdrew 
across the Oxus and abandoned Khor.-ls.4n. Farther east the 
news aroused Baber to renewed activity, and Ijcfore lom' 
he reoccupied Samarkand and the province “Beyond the 
River, which had been dominated by the Uzbegs for nine 
years. But though the Uzbegs were defeated, thev were by 
no means crushed, and ere long we find their khans'rei<'nin<' 
now at Samarkand, and now at Bokliara. As time advanced 
and European powers began to encroach more and more 
into Asia, the history of the khanates ceases to be confined 
to the internecine struggles of rival khans. Even Bokhara 
vvas not beyond the reach of Eussian ambition and English 
diplomacy. ^ Several European envoys found their "^way 
thither during the first half of the jirr.sent century, and 
the murder of Stoddart and Connolly in 1842 forms a 
melancholy episode in British relations with that fanatical 
capital. With the absorption of the khanate of Bokhara 
and the capture of Khiva by the Ru.osians the individual 
hi.stor 3 .’ of the Mongol tribes in Central Asia comes to an 
end, and their name has left its imprint only on the dreary- 
stretch of Chinese-owned countiy from .Afanchuria to the 
Altai Mountain-s, and to the equally unattractive country 
in the neighbourhood of the Koko-nor. (n. K. d.) 

LwaQuaiji: o.nd Lileralure. — Tlic Mongol tongue is a inemher of 
the great .stock which recent scholars designate as Finno-Tatarie or 
Ural-Altaic, which comprehends also the languages of the Tungoos 
(JIanehu), Turko-Tatars, Finns, and .Samoyeds. The memhers of 
this group are not so closel}- related to one another as those of the 
Indo-European stock ; hut they arc all hound together by the com- 
mon principle of agglutinative formation, especially the so-calle.I 
harmony of vowels, by their grammatical .striicttirc, and al.'o hv 
certain common elements in the stock of roots which run through 
them all, or through particular more closely-connected families 
within the group.* 

The fatherland proper of the Mongols is the Fo-callcd Sfongolia. 
It stretches from Siberia in the north towards the Great 'Wall of 
China in the south, from Dauria and Jlanchirria in the east to the 
Altai and tire sources of the Irtish, Tliian-slian (r.c,, Iieaven moun- 
tains), and East Turkestan in the west. In the centre of this 
country is the desert of Gobi (Chinese Shn-mo, i.e,, 6and-.sca). The 
Mongolian population, however, extends in the south over the Great 
■\Vall to the ba.sin of the Kbkb-nor (blue lake), and thence cxtciuls 
due west over Tangut and the northern border of Tibet. Crossing 
the political frontier, we find .4IoirgoIs irr the Russian provittce 
Turkestan, irr the territories of Scmirj-etsheit.sk (land of the seven 
streams), Alatan, and Semipalatin.sk itt the west, in tire sotrth of 
the province of Tomsk, with a more populous region due north in 
Siberia, round the Baikal Lake. The country irortli of the Gobi, 
from the Altai, Tangnu, and the Saian morrirtains in the west to 
Manchuria in the east, is called Klialkha, with the chief districts 
Urga (KiirC-), Uliassutai, Khohdo (Kolxlo). In a north-westerly 
direction fr om Gobi, bctw-cen Thian-shan and the Altai, i3.Stingari.i. 
The sum total of the Mongol popirlatiorr urtder Chinese government 
is calculated at botw-cen two and three ntilltons. , , . 

Generally tire whole Mongol tribe m.ay be divided into three 
branches : East Mongols, iVest Mongols, and liuriats 

(1) The East Mongols arc divided into the Khalkhas in tlic 
borders just mentioned, the Shara Mongols south of the Gobi .slong 
the Great Wall north-easbvard to Jlanclitina, and lastly the .Shir- 
ai-'ol or Sliaraigol in Tangut and in northenr Tibet 
‘(2) On the signification and cmploj-mcnt of the different names 
of tire West Mongols (Kalmnk.s, Oelikl, Oirad or Dbrlwn Oirad--thc 



ei/jploycd ^ ^ ^ 

(Khalimak), but even with them the name is not commoii, and 
almost a h\-name. It isof foreign oririn, and irio.st likely a la...... 

w-ord which has vet to be explained. Oirnd nieans the ness, 
ones.” the “related." The usual e.vjdanation given i.s that tli. 



tribes, comprise (1) Sungars, (2) Torgod, (•'5) Khoshod, (t) Dorhsl 

» Compare W. Schott, T'crsuc/i'uirr die iatarisdien S^pradicn (Bcr* 
183G), XJeher das allaische oder /innisch-lalarische SpraehmgesM'c. 
(Berk, 1849), AUeijisdie Studien, Parts i.-v. (Beri., 1860-18/0); 

A. n/Lslren. Ethnolnnisehe Yotlesumen iiher die AUaisdien Mike, 


A. Castren , ' Ethnologisehe Vorlesungen 
e/lited by A. Schiefner (Petersb., 18.'.7). 
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of six hours destroyed all the churches, palaces, and 
houses, with the exception of the Kremlin, within a 
compass of 30 miles. Thousands of the inhabitants 
perished in the flames. “The river and ditches about 
Moscow,” .says Horsey, “ were stopped and filled with the 
multitudes of people, laden uith gold, .silver, jewels, 
chains, ear-rings, and treasures. So many thousands svere 
there burned and drosvned that the river could not be 
cleaned for twelve months afterwards.” Satisfied with 
the destruction he had indirectly caased, and unwilling to 
attack the Kremlin, the khan withdrew to the Crimea, 
ravaging the country’ as he went. Another invasion of 
RtLssia, a few years later (1572), was not so fortunate for 
the hlongols, who suffered a severe defeat near Molody, 
.50 versts from Moscow. A campaign against Persia made 
a diversion in the wars which were constantly waged 
between the Krim khan and the Eussians, Cossacks, and 
Poles. So hardly were these last pressed by their per- 
tinacious enemies in 1649 that they bound themselves 
by treaty to pay an annual subsidy to the khan. But 
the fortunes of war were not alway.s on the .side of the 
Tatars, and with the advent of Peter the Great to the 
Eassian throne the power of the Krim Mongols began to 
decline. In 1696 the czar, supported by a large Cossack 
force under JIazeppa, took the field against Selim Girai 
Khan, and gained such successes that the latter was 
compelled to cede Azof! to him. By a turn of the wheel 
of fortune the khan had the satisfaction in 1710 of 
having it restored to him by treaty ' ; but this was the last 
real success that attended the Tatar arms. In 1735 the 
Eussians in their turn invaded the Crimea, captured the 
celebrated lines of Perekop, and ravaged Baghchi Serai, 
the capital. The inevitable fate which was hanging over 
the Krim Tatars was now being rapidly accomplished. 
In 1783 the Krim, together with the eastern portion of 
the land of the Nogals, became absorbed into the Russian 
province of Taurida. 

Another branch of the Mongol family' which requires 
mention is that of the Kazaks (see Kirghiz, vol. xiv. pp. 
95, 96), whose ancient capital was Sighriak, which, as we 
have seen, passed into the hands of the great Timur. It 
svill now only be necessary to refer briefly' to the Uzbegs, 
who, on the destruction of the Golden Horde, assumed an 
important position on the east of the Caspian Sea. The 
founder of their greatness was the khan Abulkhair, who 
reigned in the 15th century’, and who, like another .Jenghiz 
Khan, consolidated a power out of a number of small clans, 
and added lustre to it by his successful wars. Sheibani 
Khan, his grandson, proved himself a worthy' successor, and 
a doughty antagonist of the great iloghul emperor Baber. 
In 1500 he inflicted a severe defeat on Baber’s forces, and 
captured Samarkand, Herat, and Kandahar. By’ these and 
Other conquests he became possessed of all the country be- 
tween the Oxus and the Jaxartes, of Ferghana, Kliarezm, 
and Hissar, as well as of the territory of Tashkend from 
Kashgar to the frontiers of China. In the following year, 
by a dashing exploit, Baber recovered Samarkand, but only 
to lose it again a few months later. During several succeed- 
ing y’ears Sheibani’s arms proved victorious in many' fields 
of battle, and but for an indiscreet outrage on the teiri- 
tories of the shah of Persia he might have left behind him 
a powerful empire. The anger, however, of Shah Ismael 
roused against him a force before which he was destined 
to fall. The two annies met in the neighbourhood of j 
Merv, where, after a desperate encounter, the Uzbegs ] 
were completely defeated. Sheibani, with a few followers, 
souKht refut'G in a c.-ittle-uoiind. But, finding ho exit on 
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they cut off the head and presented it tr> fhi% ei.oi i 
caused the skull to be mounted in gold and to be converted 
into a dnnkmg-cup. After this defeat the Uzbegs withdrew 
across the 0ms and abandoned Khor.4s.4n. Farther east the 
news aroused Baber to renewed activity, and Ijcfore loii" 
he reoccupied Samarkand and the province “Beyond the 
River, which had been dominated by the Uzbeks for nine 
years. But though the Uzbeg., were defeated, thev were by- 
no means crushed, and ere long we find their khans'rei<'nin<' 
now at Samarkand, and now at Bokliara. As time ad vanced 
and European powers began to encroach more and more 
into Asia, the history of the khanates ceases to be confined 
to the internecine struggles of rival khans. Even Bokhara 
was not beyond the reach of Russian ambition and English 
diplomacy. ^ Several European envoys found their '^way 
thither during the first half of the jirr^ent century, and 
the murder of Stoddart and Connolly in 1842 forms a 
melancholy episode in British relations with that fanatical 
capital. With the absorption of the khanate of Bokhara 
and the capture of Khiva by- the Piu.^sians the individual 
hi.story’ of the Mongol tribes in Central Asia comes to an 
end, and their name has left its imprint only on the dreary- 
stretch of Chinese-owned country from .Afanchuria to the 
Altai Mountain.s, and to the equally unattractive country 
in the neighbourhood of the Kokd-nor. (n. K. d.) 

Langiiagc ovd Lit/’ralurc. — Tlie Mongol tongue is a inemher of 
the great stock which recent scholars designate as Finno-Tatarie or 
Ural-Altaic, which comprehends also the languages of the Tungoos 
(Manchu), Turko-Tatars, Finns, and .Samoycib. The roemhers of 
this group are not so closely related to one another as those of the 
Indo-European .stock ; hut they are all hound together by the com- 
mon principle of agglutinative formation, especially the so-called 
harmony ot vowels, by their grammatical structure, and abo hv 
certain common elements in the stock of roots which run througii 
them all, or through particular more closely-connected families 
within the group.* 

The fathciland proper of the Mongols B the so-called Mongolia. 
It stretches from Siberia in the north towaids the Great IVall of 
China in the south, from Dauria and Jfanchuria in the east to the 
Altai and the sources of the Irtish, Tliian-shan (i.c., heasen moun- 
tains), and East Turkestan in the west. In the centre of this 
country- is the desert of Gobi (Chinese Shn-vio, i.e,, sand-sea). The 
Mongolian population, however, extends in the south over the Great 
Wall to the basin of the Koko-nor (blue lake), and thence extends 
due west over Tangut and the northern border of Tibet. Crossing 
the political fiontier, we find Jlongols in the Russian prounce 
Turkestan, in the territories of Scrniiyetshensk (land of the sc\en 
streams), Alatau, and Semipalatinsk in the west, in the south of 
the province of Tomsk, with a more populous region due north in 
Siberia, round the Baikal Lake. The country north of the Gobi, 
from the Altai, Tangnu, and the Saian mountains in the west to 
Manchuria in the east, is called Klnilkha, with the chief districts 
Urga (Kure), Uliassutai, Khohdo (Kobdo). In a north-westerly 
direction fiom Gobi, between Tliian-shan and the Altai, is.Simgim. 
The sum total of the Jlongol population under Chinese go\ eminent 
is calculated at between two and three millions. ^ 

Generally the whole Mongol tribe m.ay h^ divided into three 
branches : East Mongols, West Mongols, and Buriats 

(1) The East Mongols are divided into the Khalkhas in tlic 
borders just mentioned, the Shara Jlongols south of the Gobi .along 
the Great Wall north-east^^ard to Jfanchuna, and lastly the .Sliir- 
aie-ol or Sharaigol in Tangut and in northcni Tibet 
‘(2) On the signification and employment of the different names 
of the West Jfongols (Kalmnks, Oelod, Oirad or Dorlwn Oirad = thc 
fourOirad, Jlongol Oirad), andalsoasrcgardsthc subdivision of the 
tribes, there is much uncertainty. The name Kalmuk, so guieralh 
employed among us, is in fact only used by the 4 olga Kalmuk 
(Khalimak), but even with them the name is not common, and 
almost a byname. It isof foreign oririn, and most likely a la. .... 
word which has vet to be exphained. Oirnd means the ncL 
ones,” the “related.” The usual eKjdanation given is that tli 
single tribes consider themselves as being related to c.ach otbtr,^ 
hence d/imw? Oimd, “the Mongol re*atcd tribe.’ This is t.. 
favourite name among Kalrnuks. Dorbon Oirad, or the fou^elatc. 
tribes, comprise (1) Sungars, (2) Torgod, (.’5) Khoshod, (4) Dorbid 

» Compare W. Schott, I'erstic/i uhtr die (a/ariscfien Upradicn (Bcr* 
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same endings in singular and plural. Gcndei js not indicated. 
The adjective is uninflected both as attiibutc and as jircditate • 
there is no comparative form, this idea being expressed by the con- 
struction or by the use of certain particles. The personal pronouns 
are bi,l; tchi, thou ; hida, u e ; to, ye ; their genitives serve as pos- 
tessives. The dcmoiiitrativcs are<m<r, Icrc (this, that), plural ede, 
ledc ; interrogative ken, who ? The relative is lacking, and its place 
is supplied by circumlocutions. The numerals are ; 1, nujen • 2 
kJioyar ; 3, gurktn ; 4, dorben ; 5, (abuti ; 0, jirgitgan ; 7, dol(^an\ 
S, naiinan ■, 9, ijistai ; 10, urban; 100, dsagon; 1000, rninggan. 
The ordinals arc formed by appending tugar, lugcr. The theme of 
the verb is seen in the imperative, as bun, grasp. The conjugation 
is rich in forms for tense and mood, but person and number are 'witli 
few c.xceptioiis tine.xprcssed. The picseut is formed from the theme 
by adding miii (barunui), the preterite by hai or lugu (baribai, hari- 
higa), the future hyssugai or sue (barissugra, barissu]. The preterite 
has also in the third person the tenninations dsicgui and run • the 
future has in the third person gn, and in the first i/«. The’ con- 
ditional ends in bassu {barihassu), the precative in lugui, lugti, 
the potential in sa (barivintsu), the imperative plural in /dun, the 
gerund in the present in n, dsn (burin, baridsu) or in/a, “u bile, till ’’ 
(burdala, “ inter capiendum ”), in tiic preterite it is formed in gad, 
(barigad ) ; the present part, has IdclU (bari/dda), the past iiart 
kssan (bari/:ssun) ; the supine ends in ra, the infinitive in L/m 
( darik/nc, or when used suhstantiVcly Carik/iuCj. There is but one 
perfectly regular conjugation, and derivative fonns, derived from 
the therne by infixes, are conjugated on the same scheme. Thus 
the passive has infixed to or kekt (bari/.dal:kn, to be grasped), the 
causative gul (barigul/:hu, to cau=o to grasp), the co-operative or 
sociative Itsa or Ida (bariltsakhu, to giasp together). 

There are no prepositions, only iiost-positious. Adverbs are either 
simple particles (afliiinative, negatiic, interrogative, modal, &c.), 
or are fonned by suffixes from other parts of speech. There aic 
very few conjunctions ; the relations of clauses and sentences arc 
mainly indicated by tliu verbal foims (part., sup., conditional, but 
mainly by the gerund). 

Tlie order of words and sentences in construction is pretty much 
the opposite of that which we follow. In a simple sentence the 
indication of time and place, whether given by an adverb or a sub- 
stantive with a post-position, always coiiks first; then comes the 
subject, always preceded by its adjective or genitive, then the object 
and other cases depending on the verb, hast of all the veib itself 
preceded by any adverbs that belong to it. So in the structure of 
a period all causal, hypothetical, concessive clauses, ivhich can he 
conceived as preceding the m.iiii predication in point of time, or 
even as contemporary with it, or as in any way modifying it, must 
come first; the finite verb appears only at the end of the main 
predication or apodo■^is. The periods are longer than in other 
languages ; a single one may fill several pages. 

Gnininars and dlctionanos may fie divided according to the three dialects. 
For East llongolian, I. J. Schmidt gave the first gramin.ir(Fctcrsli, 1831), and 
a Jloiigolian Gcmian-Russian dictioinrj (Petersb , 183S) Next Jos. Koualcvvski 
pulilifilied in Russian a Jlongolian grammar (Kasan, i83S), a Uirestomatliy (2 
vols , Kas.an, lfe36, 1837), and his great Dictionnnire monyol riii'c./rantats(3 v ols., 
Ka.s..n, ISli, igjc, IS-iO) Wc name also R. yuille, FAort Mongolian Grammar 
(in Mongolian), xjlograplied at tlic mission press near Sselengmsk beyond Lake 
Baikal (issy. A, Bobrownikow’s Russian Grammar of the Mongollan-Kahavh 
iMngtiage (Kasan, 1810) is also very good. An aliridgmcnt ot Schmidts work 
18 C. Puini^ ElemrnU della grammatica mongoUca (Florence, 1S78) A. Popovv's 
Mongolian Chrestomathy appeared In 2 v ols, at Kasan (1838). For the Kalmnk 
we have grammars by Popow (Kasan, 1617), Bobrovvnikow as above, and H. A. 
Zwick (s. i. et a.), autographed at Donanescldngen (1881). Zwick's autographed 
Kalmuk and Gennan dictionary w itli a pirinted Oennan index appeared (s. i. 
et a.) in 1802 ; B. Julg’s edition of tlie talcs of Siddlii-kar (Lcips., 1866) gives 
a complete glossary to tlicse stones. Tlierc are small Russian and Kalmuk 
vocabularies by P, fcmirnow (Kasan^ 1887) and C. Golstunskyi (Petersb , 18C0). 
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edited bjsJ?hiefncr^l88'7rand7L*Or"b^rSa FprarWd.re, 

atic colloquial language (Kasan7is7S) ^ Russian grammar of the Jlongol Cun- 

vvntten or twoWmiguagf ail'd tfre’coim^^ between the higher and nobler 

day life. The diirerencc bctvveen tU twn k 
Tairiy compare)} to that Iwtoeen the Vodern 

the different dialects. All gramimrs German book-language and 

ouly of the book-language ; ana published treat 

literary documents are wnttcn^iii tl, , hSmr stvle palhsl.fsl 

" a'hn mafcnal for the study of the popular htenturc. ’ ^ 

a fiferatnre known at present consists inostlj of translation’s from the 

ka'nmd’ Tim t“iVs tan n "I'lri* » still the language of thf 

Itatiied. Tlie Tibetan BuilUliist literature is itself translated from tin. hansknl 

mafoA ^ ^''rougli Itongols and Kalmnks wc get acquainted witli 

Indian works the onginals of which arc not known in Sanskrit. Such is the 
n'a'rw ‘ * biiWhi kilr. .Many books have also Ism 

^*1° *b‘mesc. Most of the writings arc of a religions, histoneal 

leek aS’ fniv ilfiV “^'■“"1““““'’ ustrologic.al character. Fav onnto side 
jects arc folk-lore and fairy talcs. Among the religions books, perhaps the most 

!.’o.nna^”a ^ugeinis cntitltd iiiigcr iiii liaidi, "ottan of 

comparisons (edited by the late I J,acdli Sehinidt under the title, I)er lleire 
undder Vior, m fibctan and German, Petersb , 1813) To tins may beailded 
tiic loddht mor or ‘ the holy path,” the uUan gerel, “gleaming of gold, ■ the 
mini garnho, and yerlunlehn yin toh, “mirror of the v orld." W'iiat was known 
of poctiral literature before Pozdnjejew is scarcely worth mentioning In 
some parts of the historical and narrative literature we find, wherever the mr- 
rative takes a higher flight, aii aduiixture of jottical diction. The noitVy 
appears in a certain Tiarallclism of tiic phrases, witii a return cither of tiic 
siinc endings (rhyme) or of the same lu/rds (refrain) Freqacntly wc find, 
hcsidcs tlic rhyme or refrain. alliUnition. Tlie tssay of H C. -v on der Galxikntz 
inZ./.d /ftfndedcs-A/orfjCiUandcs, vol. 1 iqi 2u 37, “Finigcs uber Mongolihtlic 
Poesic," Ins been superseded by the work of Pozdnjcjc". 

Among histoncal works a high place is due to that composed hy tlic tribal 
prince, Ssanang Ssetsen, in the middle of the 17tb eeuturv (Gt^c}iicfite der Ost- 
MongoWi uml ihrcs rursUidiams, Mong and Genn , b> I J Schmidt, FlU rsb , 
1829), and to the Altan tohtchx, t c., “Golden kiob” or “precious contents'* 
(text and Russian translation by the foama Gal«ang Gombojew, Fetcriih, 
3858) Of folk lore and fairy tales, wc ha\e the legend of the hero (rrrjr- 
ivMn (texted, by I. J. Schmidt, petersb , 1830, and Gennan a ersion, 18C0, c» mp 
Schott, Utbirdit Sagev. Geser-Khan, Berl , 1861, and B JUlgin the Traneactuins 
of the Wurzburgerl^hilol.Vtrsain. of 1608, pp , f-eips , 16C0); and the tales 
about Ardsht Jiordshi (Russian \er^Jon hy Gabang Goml>o>tw, Petersb , J858 
text and German trans byB Julg, Innsbr, lbC7, 16CS) Afasounte book is 
the tales of Siddhi*kGr based on the Sanbknt Petd/a j<inchaiin^ti (Russian 
trans. by GaUang Goinboyew, Petersb , 38C5 , nine of the tales m 3Iongoltaa 
and German by B. Julg, Innsbr., liCS) TJit fuller colkction of these titles m 
Kalmuk hrst became known hy the Gennan trans of B Bergmann in vol i. 
of his Xomadtsche Slrei/erelen jmterd halmuftn (4 toIs , Riga, UOl, 1605), 
an autographed edition in the vulgar dialect was published b> C. Gohlunskji 
(Petersb , 1801 , text and German trans with glossary by B Julg, Lcips , Iboo) 

A itociic heroic story )s the .t>ycii^orwd, extjncl'i from wbicJj were gnen hy 
Bf'rgTnann (op cd., iv 181 Sd(?), a complete Russian ^crslon by A. Bobrowmikow 
(Petersb , 3654), a Germain ersmn 3iy F. v trdmann mZ.Z) M G , 1857(KtUmiik 
text by OoIstunsk>a, Petersb , 36t4) A similar poem is the histor} of UbashI 
Kiinntaidshi and his war with the Oirad, Kalmuk text and Russian trans hy 
Ge Gombojew in his Altan toUchi as abo\e, and text alone nutograplud hy 
Golslunsk>i (Petersb , 186-J) Some books of religion for the Christian Burials 
(transenbed m Russian ci)aractcrs)represtntllie Bunatic dialect Ihc Russian 
and English Bible Societies have gi\en us a translation of the \Uiolc BibU I 
J. Schmidt translated the Gosjicls and the Acts into ilougohau and K dimik 
for the Russian Bible Society (8 \o1h , Petersb , 1819 1821),— a masterly worl . 
Tlic English missionanes, E.t-tallj brass and W Hwaii, andaf^cn^*lrds R. 1 uillc, 
translated the whole Old Testament into Alongolnn (1839-1840) Tins work was 
pnntcd at a mi^ion press erected at great cost for the jiurpose near Sselenginsk, 
beyond Lake Baikal in &ibena. In 184C tlie New Testament by thesamc inmh 
appeared at London. , , , , 

Tlie richest collections of Sfougohanand Kalmuk printed books and 318*5 
are m the Asiatic museum of the Petersburg Academy, and m the hbrants oi 
ICasan and Irkutsk ; there is also a good collection m the rojal library at Drr- 
den. Consult in general, besides the already cited works of ^rgmann and Pc 
rdiiieiew, P. S. Pallas, SamTrUwnqen hisCorischer Aachnetiten u d. ^fongolisau 
VolUrschafien(2\o]s yVeterah , 377C 1801). L J. Schmidt, For£''3unf;caimCclb 
derulteren . . . JiildungsgezchichtfderVaOer Ifittelasie/iSyXorz.d Monqolen nr’- 
Tibgter (Petersb. and Leips , 1824) , B J ilg, “ On the Present State of Mor . 

Researches,” Journ Jl. As. Soc , xiv. (1663), pp 42 05. (L. J.) 


MOl^GOOS, or iluNGOos. See IfTHNETDiON. 

M02SiITIOIS, in the practice of the English ecclesiastical 
courts, is an order requiring or admonishing the person 
complained of to do something specified in the monition, 
“ under pain of the law and penalty thereof.” It is the 
lightest form of ecclesiastical censure, but disobedience to 
it, after it has been duly and regularly served, entails the 
penalties of contempt of court. See Phillimore, Ecclesi- 
oxlir-al Law (London, 187.3). 

MONK, George (1608-1669), duke of Albemarle, the 
second son of Sir Thomas iilonk, a gentleman of good 
family hut in embarrassed circumstances, was horn at 
Potieridge, near Taedngton in Devonshire, on &th Dccem- 
ber 1608. An exploit which brought liim within the 
reach of the law compelled him to begin his career as a 
soldier of fortune at the age of seventeen. Ho acted 
under Sir Pv. Grenville as a volunteer in the e.xpedition to 


>diz, and the next year did notable service at the Isle o 

Th4. ’ . , . ■ • 

In 1629 Jlonk went to the Low Countries, the tramin^ 
uound for military men, where in Oxford’s and in Goring 
■emments he obtained a high reputation for courap an 
or a thorough knowledge of his trade. In 1638 h 
brew up his commission in consequence of a quarrel wt' 
he Dutch civil authorities, came to England, and obtainc 
he lieutenant-colonelcy of Newport’s regiment during *• 
iperations on the Scottish border. Here he showed 
ikill and coolness in the dispositions hy which he save 
he English artUlery at Newborn, though him=elf Gtetitnt 
)f ammunition; and in the councils of war he confidenti 
'Oted with Strafford for fighting, and against retreat c 
omposition. One of Monk’s hiograiiliers relates that 1. 
low thought of joining the advcnturcis vvho propo'-ed 
olonize iladagascar. 'The Irisli rebellion, Imw ever, offcrc 
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same endings in singular and plural. Gcndei is not indicated. 
The adjective is uninflected both as attiibutc and as jircditate ■ 
there is no comparative form, this idea being expressed by the con- 
struction or by the use of certain particles. The personal pronouns 
are li, 1 ; Mu, thou ; hida, ue; ta, ye; their genitives serve as pos- 
Ecssives. The demonstratives are cnc, Icrc (this, that], plural ede, 
Ude ; interrogative ken, who ? The relative is lacking, and its place 
is supplied by circumlocutions. The numerals are : 1, nif/cn ; 2, 
khoyar-, Z,gurban-, i,dorlen; i,iahun- (j, jirgiigan -, 7,dologan-, 
6, nainian •, 9 , yisttn ; 10 , urban", 100 , dsagoti", 1000 , rninggan. 
The ordinals arc formed by appending tugar, tugcr. The theme of 
the verb is seen in the imperative, as bun, grasp. The conjugation 
is rich in forms for tense and mood, but person and number arc with 
few exceptions tine.xprcsscd. The picseut is formed from the theme 
by adding nuU {barumd), the preterite by hai or bign (baribui, bciri- 
luga), the future hyssugui orsw (barissngai, barissu). The preterite 
has also in the third person the tenninations dsitgui and rua ; the 
future has in the third person yit, and in the first ya. The con- 
ditional ends in basstt (baribassu), the prec.itive in lugai, lligti, 
the potential in sa (barivinisn), the imperative plural in /dun, the 
gerund in the present in ii, dsii [burin, huridsu) or tala, “w bile, till ” 
(bitrdalu, " inter capiendum ”), in tiic preterite it is formed in gad 
(barigad ) ; the present part, has J:MU (bari/dda), tlic past jiart 
kssan (bari/:<:sun) ; the supine ends in ru, the infinitive in /Jut 
(barik/iu, or when used substantively harik/mi). There is but one 
perfectly regular conjugation, and derivative fonns, derived from 
the therne by infixes, are conjugated on the same scheme. Thus 
the passive has infixed ta or kiUt tbari/.dak/M, to be grasped), the 
causative gul (barigul/Jtu, to cau=o to grasp), the co-operative or 
soeiative lisa or Ida {barillsak/ui, to giasp together). 

There are no prepositions, only post-positions. Adverbs are either 
rimple particles (afliimative, negatiic, interrogatia’c, modal, Ac.), 
or are fonned by suffixes from other parts of speech. There aic 
very few conjunctions ; the relations of clauses and sentences arc 
mainly indicated by tliu verbal foims (part., sup., conditional, but 
mainly by the gerund). 

The order of words and sentences in construction is pretty much 
the opposite of that which we follow. In a simple sentence the 
indication of time and place, whether given by an adverb or a sub- 
stantive with a post-position, always comrs first; then comes the 
Bubject, always preceded by its adjective or genitive, then the object 
ami other cases depending on the verb, hast of all the veib itself 
preceded by any adverbs that belong to it. .So in the structure of 
a period all causal, hypothetical, concessive clauses, which can be 
conceived as preceding tlie m.iiu predication in point of time, or 
even as contemporary with it, or as in any way modifying it, must 
come first; the finite -verb appears only at the end of the main 
predication or apodods. The periods are longer than in other 
languages ; a single one may fill several pages. 

Gnininars ami dlctionanos may to du kU'I according to the three dialects. 
For East 3IongoIian, I. J. Schmidt ga\e the first grammar (Fetersh , 1831), and 
nilongofian Gcrman-Russian dictionary (Petersb , 18CS) Next Jos- Koualcwshi 
iruhlifilicd in Russian a Jlongolian grammar (Kasan, 1830), a chrestomathy (2 
sobs , Kasan, 1836, 1837), and his great Diciwnnairemonxjol ri«'C-/rantats(3aoIs., 
Kas-m, IS«, 1816, I8-(9) Wc name also R. YuiIIe, FAort Mongolian Grammar 
(in Mongolian), xjlogriplied at tlie mission press near Sseltnginsk beyond Labe 
Raikal (183^. A. liobrownibow’s Russian Grammar of the MongoUan-KahnuL 
iMngaage (Kasan, 1819) is also aery good. An abridgment of SchmidPs work 
18 C. PuinI, Eltmenii dAla grammatica mongoUca (Florence, 1678) A. Popow's 
Mongolian Chrestomathy aygeared in 2 sols, at Kasan (1836), For the Kalmnk 
we liaat grammars by Popow (Kasan, 1817), llobrowmikoK as above, and H. A 
Zwick (s. L el a.), autographed at Donauescliingeii (1881). ZwicVs autographed 
Kalniuk and Gcnnan dictionary w Itli a pnntcd (jcnnan index appeared (s. i. 
«( o.) in 1802 ; B. Julg’s edition of tlie talcs of Siddlii-kar (Lcips., 1866) gives 
a coinjAete ^•los‘iary to these stones. TIigtc arc sjoaJl Jtussjsu and Kalinuk 
vocabulanes by P, kimrnow (Kasan, 1687) and C. Golstunskyi (Petersb, 1860). 
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atic colloquial language (Kasan, ISlsT' ^ grammar of the Mongol Ciin- 

avntten or IwoWmiguagf In'd ti"e’coim^^^ l^twecn tlie higher ami nobler 

day life. The dilferencc between L of ci cr> 

Gd|tS).“nie%nlafort^^ 

LUemlure Of the j^fontjohan frihrs part i , “ I’opnhr horiKs’’ (retersb ittoi 
^^hicli contains ricli inatcnal for the study of the popular litcnturc ' ^ 

M pre^nt consists mostly of translations from the 

libetan, Imly language of Buddhism, Tshich js stil) the lancuatrc of fhr 
loanied. TlieTibtten ButlUliist literature is it‘-elf translated from Ihefcinshnt 
^ Jtongols and Kalmnks ^\e get acnuamlcd with 

^ onginals of ^Uiich arc not kno^\n m Sanskrit. Such ik the 
^isc, for instance, %uth the tales of buklhi kdr. aMany books have aho Ikcu 
translated from the Clnnese. Most of the writings are of a religious, histoncal 
|diilosophi^l, medical astronomical, or astrological character. Fa\ onnto snln 
jectaarc folklore and lairy tales. Among the religious books, ])erhaps the most 
important IS that containing the Jegends entitled idiger'un dahii. ^‘oetan of 
comparisons (edited by the late I JaccH.. Schmidt under the titJe, Der 
itndder lhorg m Iibctan and German, Petersb , 1813) To this may beadded 
the loddht mor, or the holy path,” the uUaa gerel, “gleaming of gold, ’ the 
puini gamho, and yertuntchu yin tol^ ‘‘mirror of tlie v orld." Witat nas known 
of poetical literature before Pozdnje^ew is scarcely north mentioning In 
some parts of the historical and narratnc hteratwre ne find, nhcrcier the mr- 
rative takes a higher flight, an admixture of loetical diction. The jioitVy 
appears in a certain parallelism of the i>hra'-es, with a return either of l!ic 
same endings (rh}7nc) or of the same words (refrain) Frequently wc find, 
besides the rhyme or refrain. allHenition. Tlie essay of H C. -von der Galxikntz 
in Z./. d Kunde des ,A/orj 7 cn/andcs, vol. i pp 2u 37, “Biniges uber Mongoliselic 
Poesic," Ins been superseded by the work of Pozdnjcjc"- 
Among histoncal works a high place is due to that composed by the tnhal 
prince, Bsanang Ssetsen, in the middle of the 17tb eenturv (Gt^cJitcfite der Ost- 
Mongoleii und ihrcs Purstt/diauses^ Mong and Genn ,b> I J Schmidt, FeUrvb , 
1829), and to the Allan tohtchr, i e., “Golden kiob” or “precious contents'* 
(text and Russian translation by the f.ama Gal«ang Goinbojew, Fetersh, 
1858) Of folk lore and fairy tales, wc ha\e the legend of the hero (trrjr- 
A7t/m (texted, by I. J. Schmidt, Petersb , 1830, and Gcnnan \ersion, 1830, c» mp 
Schott, Vtherdit Sugev. Geser-Khan, Berl , 1861, and B JUlgin the TTaneadums 
ofthe WurzburgerPhilol.Vtrsam. of 1808, pp OUsqg , Leips , 16C0); and the fairs 
about Ardshi Jiordshi (Russian >ergjon b 3 ' Gabang Gombo>tw, Petersb , 1868 
text and German trans byB JUlg, Innsbr, lbC7, 18C8) Afa>ountc book is 
tbc tales of Siddlii'kflr based on tbe Sansknl Vet&Ui j<inchaiin^ti (Russian 
trans. by Galsang Gomboyew, Petersb , 18C6 , nine of the tales in .Mongoifan 
and German by B. Jnig, Innsbr., 18CS) TJit fuller collection of these t^lrs in 
Kabnuk first became known b> the Gennan trans of B Bcrgmann in vol i. 
of his Xomadtsche Strel/ereUn untcrd halmnhn (4 vols , Riga, UOl, 1606), 
an autographed edition in the vulgar diakct was published I>> C. Gohlunskji 
(Petersb , 1801 , text and German trans with glocsary by B Julg, Lcips , Iboo) 
A poetic heroic story' ts the />ja/tgariaily extracts from which were given by 
Bf'rgTnaun (op cd., iv 181 sqq)* a complete Russian ^c^slon by A. BobrowmiKow 
(Petersb , 1664), a German > ersion by F. v trdmann mZ.B 3/ G , 1857 (KiUmnk 
text by Golstunskyi, Petersb , 18W) A similar poem la the history of ULashi 
Klinntaidslii and his war with the Oirad, Kalmuk text and Russian trans by 
G. Gombo>cw in Ins Allan toUchi as abo\e, and text alone niitograplud by 
Golslunsk>i (Petersb , 186-J) Home books of religion for the Christian Burials 
(transcribed in Russian ci)aractcrs)rcprestntlhe Buriatic dialect Ihc Russian 
and English Bible Societies have given us a translation of the whole BibU I 
J, Schmidt translated the Gospels and the Acts into Mongolian and K dmuk 
for the Russian Bible Society (8 aols , Petersb , 1819 1821),— a masterly worl . 
Tlie English missionaries, E.Htallj brass and W Hwaii, andaf^cn^.l^ds R. 1 uille, 
translated the whole Old Testament into Alongolnn (1S3G'1840) Thu work was 
nnnted at a mission press erected at great cost for the jiurpose near Sselenginsk, 
beyond Lake Baikal in fcibena. In 184C tbe New Testament by tbesamc hamh 

appeared at London. * , , , , 

Tire richest collections of Sfongohanand Kalmuk printed books and MHH 
arc in the Asiatic museum of the Petersburg Academy, and in tho librants oi 
Kasan and Irkutsk ; there is also a good collection m the rojal library at Drr- 
den. Consult in general, besides the already cited works of Bcrgmann and 1 c 
rdnievew, P. S. Pallas, Sarmnlungtn hUtorucher ^achnc}^Un u d. MongohsOu 
VoVcrschafleni^\o\s .VeieTBh , 277C 1801). L J. Schmidt, Por£''hun^nimGc5h 
deruUeren . , . JhldangsguchichUderValHr Mitt€la3ans,\ors,d Morujolennr'^ 

r»8e(cr (Petersb. anJ Lcips , 1824) , B J ilf!. “On Present State of - 

Researches, " Journ R. Js. Soc , xiv. (188.'), PP 42 65. (L- J-) 


MONGOOS, or Muxgoos, See Khnermok. 

MONITIO^T, in the practice of the English ecclesiastical 
courts, is an order requiring or admonishing the person 
complained of to do something specified in the monition, 
“ under pain of the laav and penalty thereof.” It is the 
lightest form of ecclesiastical censure, but disobedience to 
it, after it has been duly and regularly served, entails the 
penalties of contempt of court. See Phillimore, Ecclesi- 
asiiml Law (London, 187.3). 

MONK, George (1608-1669), duke of Albemarle, the 
second son of Sir Thomas !Monk, a gentleman of good 
family hut in embarrassed circumstances, avas born at 
Potheridge, near Torrington in Devonshire, on dih Decem- 
ber 1608. An exploit which brought liim within the 
reach of the law compelled him to begin his career as a 
soldier of fortune at the age of seventeen. He acted 
under Sir K. Grenville as a volunteer in the expedition to 


ladizj and the next year did notable service at the Isle o 

lh4. . 1 . • • 

In 1629 Jlonk went to the Low Countries, the traimn^ 

round for military men, avhere in Oxford’s and in Goring 
jmments he obtained a high reputation for courage an 
jr a thorough knowledge of his trade. In 1638 n 
krew up his commission in consequejice of a quarrel wt 
lie Dutch civil authorities, came to England, and obtamc 
lie lieutenant-colonelcy of New port’-*’ regiment during * • 
perations on the Scottish border. Here he showed I” 
kill and coolness in the dispositions by which he paae 
lie English artillery at Newborn, though him=elf oastitnt 
f ammunition; and in the councils of war he confidenti 
oted with Strafford for fighting, and against retreat c 
jmposition. One of Monk’s biographers relates that fi 
ow thought of joining the advcnturcis who proposed 
jlonize iladagascar. 'The Irisli rebellion, how ever, offerc 
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nient, in accordance witli his desire, liad arranged for its 
dispersion that he would enter witlv his troops. Even 
now Ills intentions were strictly concealed ; the spies set 
upon him by the various anxious parties were baiiled by 
his impenetrable reserve. Ho was careful to appear only 
as the .servant of parliament, but wlien he was de-sired to 
take the oatli of abjuration ho .skilfully evaded the request. 
Tlie city, always jealous of the Kumj), now refused to pay 
taxes excei)t at the orders of a free ])arliamcnt. Monk, 
in consequence, was ordered to march his troo])s into the 
city, take down the chains and posts, and unhinge the 
gates. He obeyed these unpleasant orders to the letter on 
10th February, thus permitting the hatred against the 
Rimip to rise to the height, while ho sliowed liow unwilling 
an instrument of its will he was. Oji the 11th, however, 
he threw olT the mask, and wrote to the Hump, i>crcmiv 
torily ordering them to admit the secluded members, and 
to arrange for the dissolution of parliament by 6th May. 
On 21st February he conducted the secluded members 
to their scats. At the same time he refused to restore 
the Lord.s, and issued an order disowning Charles Stuart 
to all oflicers commanding garrisons. Every day brought 
him fresh opportunities for tact or evasion. His parti.sans 
urged him to take the protectorate hiin.sclf ; another party 
pressed upon him to accomplish the restoration by the 
army alone ; a body of his olHcens sent him a declaration 
expre.^sing their fears that his action would lead to the 
restoration of monarchy ; the parliament tried to make 
him their own by the oiler of Hamjiton Court. His 
trained habits of rlissimulation and cvn.sion, a,s.sistcd now 
and again by downright lying, carried him triumphantly 
through all the-'^o dangers, and at length the dHsolution of 
parliament on 17th ^larch removed his greatest ditUcultie-s. 

It was now that, with the utmost secrecy, he gave an 
interview for the first time to the king’s agent Grenvil, 
and by him sent to Ch.arles the conditions of his restoration, 
afterwards embodied in the Declaration of Breda. For 
himself at pic.scnt he would acccjit nothing but a royal 
commission as captain-general, which he carefully kept 
to himself. All parties were anxious to gain the credit of 
the now certain rc.storntion. The Pre.sbyterians in jiarti- 
cular, fearful of the king being restored without terms, 
(lid their best to discredit Monk and to impose the old Isle 
of Wight conditions ; but in vain. The new parliament was 
elected, and the House of Lord.s restored ; an insurrection 
by Lambert, who had escaped from the Tower, was quelled 
by Jlonk’s prompt mca.sure.s, and on the Both of April he 
received the solemn thank.s of both Hou.se.s, and the title of 
captain-general of the land forces. Even yet the farce 
w,^s kept up. ilonk received with feigned surprise the 
king's oilicial letter from Grenvil, denied all knowledge 
of its contents, and handed it over sealed to the council, 
who decided to defer opening it until the meeting of 
parliament on the 1st of May. 

With the Kestoration the historic interest of Monk’s career 
cease.s. The rude .soldier of fortune had played the game 
with incomparable dexterity, and had won the stakes. He 
was made gentleman of the bedchamber, knight of the 
Garter, master of the horse, commandcr-in-chief, and duke of 
Albemarle, and had n jien.sion of £7000 a year allotted him. 
His utmost desires were satisfied, and he made no attempt to 
compete further in a society in which neither he nor his 
vulgar wife could ever be at home, and which ho heartily 
de.spised. As long as the army existed of which ho svas 
the idol, and of which the last service was to suppress 
Venner’s revolt, he was a person not to be displeased. 
But he entirely concurred in the measure for disbanding 
it, and thenceforward his influence was small, though men’s 
eyes turned naturally to him in emergency. In the trial 
of the regicides he was on the side of moderation, and his 
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mterposition saved Hazelrig’s life ; but his action at the 
time of Argj-lls trial will always be regarded as the most 
dishonourable episode in his career. In 1664 he had 
c large of the admiralty when James was in command of 
the fleet, and when in 1665 London was deserted on 
account of the plague. Monk, snth all the readiness of a 
man accustomed to obey without thinking of risk, remained 
m charge of the government of the city. Once more, at 
the end of this year, he was called upon to fight, having a 
joint commission with Prince Eupert against the Dutch. 
The whole burden of the preparations fell upon him. On 
23d April 1666 the admirals joined'the fleet, and on the 1st 
of J une began a battle near Dunkirk which lasted four days, 
followed by another on 23d July, in which Monk showed 
all his old coolness and skill, and a reckless daring which 
had seemed hitherto foreign to his character. His last 
service was in 1 667, when the Dutch fleet sailed up the 
Thames, and Monk, ill as he was, hastened to Chatham to 
oppose their further progress. From that time he lived 
much in privacy, and died of dropsy on the 3d of December 
1669. 

Sec the ZiVfA Of Monk by DrGumble, his chaplain (London, 1671), 
and Dr Skinner (London, 1724), and Guizot’s ./Essa?/, which contain 
.all necessary infonnation concerning his life up to the Restoration. 
The numerous and amusing notices of him in the court of Charles 
in Popys’s Diary should on no account be omitted. (0. A.) 

MONICEY. See Ape. 

MONMOUTH, a maritime county of England, is bounded 
E. by Gloucester, N.E. by Hereford, N.W. by Brecknock, 
W. and S.W. by Glamorgan, and S. by the Bristol Channel. 
Its greatest length from north to south is about 35 miles, 
and its greatest breadth about 28 miles. The area is 
368,399 acres, or about 572 square miles. 

The surface of Monmouth is very varied, and in many 
districts picturesque, especially along the valley of the 
Wye, and between that river and the Usk. In the west 
and north the hills rise to a considerable height, and this 
mountain region encircles a finely undulating country. 
The highest summits are Sugar Loaf (1954 feet), Blorenge 
(1908), and Skyridd Vawr (1601). Along the shore on 
both sides of the Usk are two extensive tracts of marsh 
land, called the Caldicot and Wentllooge levels, stretching 
from Cardiff to Portskewett, and protected from inunda- 
tions by strong embankments. 

The princijial rivers are : the Wye, which forms the 
eastern boundary of the county with Gloucester, and falls 
into the Severn; the Jlonnow, which forms a portion of its 
boundarj* with Hereford, and falls into the Wye at the 
town of Monmouth ; the Usk, which rises in Brecknock, 
and flows southward through the centre of the county to the 
Bristol Channel ; the Ebbw, which rises in the north-west, 
and enters the estuary of the Usk at Neu-port ; and the 
Rumney, which rises in Brecknock, and, after forming the 
boundary between Jlonniouth and Glamorgan, enters the 
Bristol Channel a little to the east of Cardiff. Salmon 
abound especially in the Wye and the Usk, and trout are 
plentiful in all the streams. The Monmouthshire canal 
ktends from Neu-port to Pontypool, where it is joined by 
the Brecknockshire canal, which enters the county near 
Abergavenny. The Crumlin canal also joins it a little 
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ment, in accordance with his desire, liad arranged for its 
dispersion that he would enter witlv his troops. Even 
now Ills intentions were strictly concealed ; the spies set 
upon him by the various anxious parties were balllcd by 
his impenetrable reserve. Ho w.as careful to appear onty 
as the servant of parliament, but wlien he was desired to 
take the oatli of abjuration ho .skilfully evaded the request. 
Tlie city, always jealous of the Kumj), now refused to pay 
taxes excei)t at the orders of a free ])arliamont. Monk, 
in consequence, was ordered to march his troops into the 
city, take down the chains and posts, and unhinge the 
gates. Ho obeyed these unpleasant orders to the letter on 
10th February, thus permitting the hatred against the 
Rimip to rise to the height, while ho sliowed liow unwilling 
an instrument of its will ho was. Oji the 11th, however, 
he threw olT the mask, and wrote to the Hump, pcremiv 
torily ordering them to admit the secluded members, and 
to arrange for the dissolution of parliament !)}• Gth May. 
On 21st February he conducted the secluded members 
to their scats. At the same time he refused to restore 
the Lords, and issued an order disowning Charles Stuart 
to all oflicers commanding garrisons. Every day brought 
him fresh opportunities for tact or evasion. His parti.sans 
urged him to take the protectorate him.sclf ; another party 
pressed upon him to accomplish the restoration by the 
army alone ; a body of his olHcens sent him a declaration 
expre.^sing their fears that his action would lead to the 
restoration of monarchy ; the parliament tried to make 
him their own by the oiler of Hamjiton Court. His 
trained habits of di.ssimulation a!id cva.sion, a.ssistcd now 
and again by downright lying, carried him triumphantly 
through all the-'^o dangers, and at length the dissolution of 
parliament on 17th ^iarch removed his greatest diflicultie-s. 

It was now that, with the utmost secrecy, he gave an 
interview for the iir.st time to the king’s agent Grcnvil, 
and by him sent to Ch.arles the conditions of his restoration, 
afterwards embodied in the Declaration of Breda. For 
himself at ptc.scnt he would accept nothing but a royal 
commission as captain-general, which he carefully kept 
to himself. All p.irtics were anxious to gain the credit of 
the now certain re.storation. The Pre.sbyterians in j)arti- 
cular, fearful of the king being restored without terms, 
((id their best to discredit Monk and to impose the old Isle 
of Wight conditions ; but in vain. The new parliament svas 
elected, and the House of Lords restored ; an insurrection 
by Lambert, who had escaped from the Tower, was quelled 
by Monk’.s prompt mcasure.s, and on the 2.uth of April he 
received the solemn thanks of both Hou.se.s, and the title of 
captain-general of the land force.s. Even yet the farce 
was kept up. ilonk received with feigned surprise the 
king's oilicial letter from Grcnvil, denied all knowledge 
of its contents, and handed it over sealed to the council, 
who decided to defer opening it until tho meeting of 
parliament on the 1st of May. 

With the Kestoration the historic interest of Monk’.s career 
cease.s. The rude .soldier of fortune had played the game 
with incomparable dexterity, and had won the stakes. He 
was made gentleman of the bedchamber, knight of tho 
Garter, master of the horse, commandcr-in-chief, and duke of 
Albemarle, and had n ])en.sion of £7000 a year allotted him. 
His utmost desires were satisfied, and he made no attempt to 
compete further in a society in which neither he nor his 
vulgar wife could ever be at home, and which he licartily 
de.spised. As long as tho army existed of which he was 
the idol, and of which tlie last service was to suppress 
Venner’s revolt, he was a person not to be displeased. 
But he entirely concurred in the measure for disbanding 
it, and thenceforward his influence was small, though men’s 
eyes turned naturally to him in emergency. In the trial 
of the regicides he was on the side of moderation, and his 
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interposition saved Hazelrig’s life ; but his action at the 
rime of Argyll s trial will always be regarded as the most 
dishonourable episode in his career. In 1664 he had 
charge of the admiralty when James was in command of 
the fleet, and when in 1665 London was deserted on 
account of the plague. Monk, iHth all the readiness of a 
man accustomed to obey without thinking of risk, remained 
in charge of the government of the city. Once more, at 
tlm end of this year, he was called upon to fight, having a 
joint commission with Prince Rupert against the Dutch. 
The whole burden of the preparations fell upon him. On 
23d April 1666 the admirals joined'the fleet, and on the 1st 
of J une began a battle near Dunkirk which lasted four days, 
followed by another on 23d July, in which Monk showed 
all his old coolness and skill, and a reckless daring which 
had seemed hitherto foreign to his character. His last 
service was in 166/, when the Dutch fleet sailed up the 
Thames, and Monk, ill as he was, hastened to Chatham to 
oppose their further progress. From that time he lived 
much in privacy, and died of dropsy on the 3d of December 
1669. 

Sec the Lives of Jfonk by Dr Gumble, his chaplain (London, 1671), 
and Dr .Skinner (London, 1724), and Guizot’s ./Gsott/, which contain 
.all necessary infonnation concerning his life up to the Restoration. 
The miinerous and amusing notices of him in the court of Charles 
in Popys’s Dinrij should on no account be omitted. (0. A.) 

MONICEY. See Ape. 

MONMOUTH, a maritime county of England, is bounded 
E. by Gloucester, N.E. by Hereford, N.W. by Brecknock, 
W. and S.W. by Glamorgan, and S. by the Bristol Channel. 
Its greatest length from north to south is about 35 miles, 
and its greatest breadth about 28 miles. The area is 
368,399 acres, or about 572 square miles. 

The surface of Monmouth is very varied, and in many 
districts picturesque, especially along the valley of the 
Wye, and between that river and the Usk. In the west 
and north the hills rise to a considerable height, and this 
mountain region encircles a finely undulating country. 
The highest summits are Sugar Loaf (1954 feet), Blorenge 
(1908), and Skyridd Vawr (1601). Along the shore on 
both sides of the Usk are two extensive tracts of marsh 
land, called the Caldicot and Wentllooge levels, stretching 
from Cardiff to Portskewett, and protected from inunda- 
tions by strong embankments. 

The princijial rivers are : the Wye, which forms the 
eastern boundary of the county with Gloucester, and falls 
into the Severn; the Jlonnow, which forms a portion of its 
boundary with Hereford, and falls into the Wye at the 
town of Monmouth ; the Usk, which rises in Brecknock, 
and flows southward through the centre of the county to the 
Bristol Channel ; the Ebbw, which rises in the north-west, 
and enters the estuary of the Usk at Newport ; and the 
Rumney, which rises in Brecknock, and, after forming the 
boundary between Jlonmouth and Glamorgan, enters tho 
Bristol Channel a little to the east of Cardiff. Salmon 
abound especially in the Wye and the Usk, and trout are 
Tilentiful in all the streams. The Monmouthshire canal 
extends from NeuTort to Pontypool, where it is joined by 
the Brecknockshire canal, which enters the county near 
Abergavenny. The Crumlin canal also joins it a little 
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MONMOUTH 


forces. Besides tlie cliurclies — the new church of St Mary, 
completed in 1SS2, and the church of St Thomas, an Old 
Norman structure — the })rincipal public buildings are tlie 
market-house, the town-hall, and Jones’s free grammar 
school in the Tudor style, which dates from 1G14. The 
manufactures of the town are unimportant. The fine 
scenery of the Wye attracts a large number of tourists. 

Monmouth w.is one of the strongholds of the Saxons ; and under 
the name of Blestiuin formed one of the station.s of the Romans. 
Itwasincorporatcd hy Edward VI., and received additional privileges 
from Queen ilary, James I., and Charles II. It has sent incmhers 
to parliament since the 27th of Henry VIII., and, along uith New- 
port and Usk, fonns the Momnoufh district of boroughs. The area 
of the municipal and parliamontarj' borough is 4983 acres, nitli a 
population in 1871 of SS79, and in 1881 of Gill, 

MONJfOUTH, a small manufacturing city of the 
United States, in Warren county, Illinois, 1 b'O miles south- 
west of Chicago by the main line of the Chicago, Burling- 
ton, and Quincy Railroad, and 182 miles north of St 
Louis, by the St Louis division of the .same raihva}*. The 
Iowa Central Railway passe,s through the city. An opera- 
house and Monmouth College are among the principal 
buildings. The population increased from 46G2 in 1870 
to 5000 in 1880. The city charter dates from 1852. 

MON.MOUTH, J.VMKS, Dcke of (1G49-1G85), was the 
. son of Lucy Walters, “a bromi, beautiful, bold, but insipid 
creature,” who became the mi.stress of Charles II. during 
his exile at the Hague. He was born at Rotterdam on 
9th April 1G49. That Charles was his father is more 
than doubtful, for Lucy Walters had prcviou-sly lived with 
Robert Sidnej’, brother 'of Algernon, and the boy re.sem- 
bled him very closel}'. Charles, hoAvever, always recog- 
nized him as his .son, and lavished on him an almost doting 
affection. Until the Restoration he was placed under the 
care, first of Lord Crofts, and then of the queen-dowager, 
receiving his education to the age of nine from Roman 
Catholics, but thcnccfonvard from Protestant tutors. In 
July 1GG2 he was sent for by Charles, and at thirteen was 
])laced under the jirotection of I>ady Castlemaine and in the 
full tide of the worst influences of the court. No formal 
acknowledgment of his relation to the king was made 
until his betrothal to Anne Scott, daughter of the carl of 
Buccleuch, and the wealthiest heiress of .Scotland, whom 
he married in 1GC5. During 1 G 63 he was made duke of 
Orkney, duke of ilonmouth, and knight of the Garter, 
and received honorary degrees at both universities. At 
court he was treated as a prince of the blood. In 1GG5 
he served with credit under the duke of York in the san- 
guinary naval battle off Lowestoft. A captaincy in the 
Life Guards was given him, and in 1G70, on the death of 
Monk, he wa.s made captain-general of tlie king’s forces. 
Offices of wealth also were showered upon him, and he was 
admitted to the privy council. In 1G70 Monmouth was 
with the court at Dover, and it is affirmed by Reresby 
that the mj'sterious death of Charles’s sister, the duchess 
of Orleans, was due to her husband’s revenge on the dis- 
covery of her intrigue with the duke. It is certain, from 
an entiy’ by Pepys, that as early as 1666 he had estab- 
lished a character for vice and profligacy. He was the 
direct author of the attack in December 1670 on Sir .John 
Coventry, and only a few months later received the royal 
pardon for his share in the wanton murder of a street 
watchman. De Gramont, in his vivid sketch of Mon- 
mouth, after describing the beauty and bodily prowess for 
which he was celebrated, notices the fatal emptiness and 
poverty of his mind; “Tous Ics avantages du corps par- 
loient pour lui ; mais sort e.sprit ne disait pas rm petit mot 
en sa faveur. H n’avait de sentimens que ce qu’on lui en 
inspirait.” 

Hitherto Monmouth had been but the spoiled child of 
a wicked court. Now, however, by no act or will of his 
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S S V .Politically important. As 

a iy as 166.. the king’s excessive fondness for him had 
ca^ed an:nety. Even then the fear of a “difference” 
between_ Monmouth and James, duke of York, exSd 
men s minds ; and every caress or promotion kept the fear 
alive. _ R ho coidd tell but that, in default of legitimate i«sue 
Rom his queen, Charles might declare Monmouth himself his 
lawful son ? civil war would be the certain consequence. 
Soon after 16(0 the matter took a- more serious aspect. 
I he anti-popery spirit was rapidly becoming a frenzy 
Md the succession of James a probability and a terror! 
Charles was urged to legitimize Monmouth by a declara- 
tion of his marriage with Lucy Walters. He returned 
answer that, much as he loved the duke, he would rather 
see him hanged at Tyburn than own him for his legiti- 
mate son. Every attempt, however, was henceforth made, 
especially by .Shaftesbury, to accustom people to this idea. 
He was taught to regard himself as the representative of 
the Protestant interest, and his position was emphasized by 
James s second marriage with the Roman Catholic princess 
Mary of Modena. From this time his popular title was “ the 
Protestant duke.” Charles was induced to confer many 
prominent employments upon him. The influence of James, 
however, was strong enough to prevent his obtaining the 
lord-lieutenancy of Ireland ; but he received the command 
of the 6000 troops who assisted the French in the second 
Dutch war, and, though without any claims to generalship, 
behaved irith courage in the field. In 1674 he was made 
“commander-in-chief;” and, in connexion with this, another 
unsuccessful attempt, graphically described in Clarke’s 
Life of James, was made to gain from Charles a tacit 
admission of his legitimacy. At .Shaftesbury’s instance 
he was placed in command of the army employed in 1675 
against the Scottish Covenanters, and was present at Both- 
well Bridge (22d June 1679). He was also, at the king’s 
request, elected chancellor of the university of Cambridge. 
In 1678, when Charles was driven into war with Louis, 
ilonmouth took the command of the English contingent, 
and again gained credit for personal courage at the battle 
of St Denis. On his rettun to London England was in 
the throes of the popish terror. The idea of securing the 
Protestant succession by legitimizing Monmouth again took 
shape and was eagerly pressed on by .Shaftesbury ; at the 
time it seemed possible that success would wait on the 
audacity. 

The Pensionary ^^arliament was dissolved in January 
1678-79, and was succeeded by one still more determined 
in its anti-popery spirit. To avoid the storm, and to save, 
if possible, his brother’s interests, Charles instructed him 
to leave the countrj*. James retired to Brussels, the king 
having previously signed a declaration that he “never 
was married, nor gave contract to any woman whatsoever 
but to my rvife Queen Catherine.” In spite of this, Mon- 
mouth might naturally now nourish ambitious views. 
His rival was off the stage; Shaftesbury, his chief supporter, 
was president of the remodeUed privy council ; and he 
himself was the favourite of the city. In the summer of 
1679 the king suddenly fell ill, and the dangers of a dis- 
puted succession became ten-ibly apparent. The party 
opposed to Monmouth, or rather to Shaftesbury, easily 
prevailed upon Cliarles to consent to his brothers tem- 
poraiT return. IVhen, after the king’s recovery, Jame.s 
went back to Brussels, he received a promise that Mon- 
mouth too should be removed from favour and ordere. 
to leave the country. Accordingly, m September 10(J 
the latter repaired to Utrecht, while short y afteiward 
James’s friends so far gained ground as to obtain tor y 
permission to reside at Edinburgh instead of at Brus.n 
Within two months of his arrival at Utrecht, Me ju. 
secretly returned to England, arriving in London on ..(t 
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forces. Besides tlie cliurclies — the new church of St ilary, 
completed in 1SS2, and the church of St Thomas, an Old 
Norman structure — the })rincipal public buildings are tlie 
market-house, the town-hall, and Jones’s free grammar 
school in the Tudor style, which dates from 1G14. The 
manufactures of the town are unimportant. The fine 
scenery of the Wye attracts a large number of tourists. 

Jfonmouth w.is one of the strongholds of the Saxons ; and under 
tlie name of IMcstiuin formed one of tlie stations of the Eoinans. 
Itwasincorporatcd hy Edward VI., and received additional privileges 
from Queen ilary, James I., and Charles II. It has sent incmhers 
to parliament since the 27th of Henry VIII., and, along irith New- 
port and Usk, fonns the Monnionfh district of boroughs. The area 
of the municipal and parliamontarj- borough is 4983 acres, nith a 
population in 1871 of 5879, and in 1881 of Gill, 

MONJfOUTH, a small manufacturing city of the 
United States, in Warren county, Illinois, ISO miles south- 
west of Chicago by the main line of the Chicago, Burling- 
ton, and Quincy Railroad, and 182 miles north of St 
Louis, by the St Louis division of the .same railwa}*. The 
Iowa Central Railway passe,s through the city. An opera- 
house and Monmouth College are among the iirincipal 
buildings. The population increased from 46C2 in 1870 
to 5000 in 1880. The city charter date.s from 1852. 

MON.MOUTH, J.vJrKS, Dcjke of (1G49-1G85), was the 
. son of Lucy Walters, “a bromi, beautiful, bold, but insipid 
creature,” who became the mistress of Charle.s II. during 
his exile at the Hague. He was born at Rotterdam on 
9th April 1649. That Charles was his father is more 
than doubtful, for Lucy Walters had previously lived with 
Robert Sidney, brother 'of Algernon, and the boy resem- 
bled him very closely. Charles, however, always recog- 
nized him as his .son, and lavished on him an almost doting 
affection. Until the Restoration he was placed under the 
care, first of Lord Crofts, and then of the queen-dowager, 
receiving hi.s education to the age of nine from Roman 
Catholics, but thcnccfonvard from Protestant tutors. In 
July 1GG2 he was sent for by Charles, and at thirteen was 
j)laced under the jirotection of T^ady Castleiuaine and in the 
full tide of the worst influences of the court. No formal 
acknowledgment of hi.s relation to the king was made 
until his betrothal to Anne Scott, daughter of the carl of 
Buccleuch, and the wealthiest heiress of Scotland, whom 
he married in 16G5. During 1663 he was made duke of 
Orkney, duke of ilonmouth, and knight of the Garter, 
and received lionorary degrees at both universities. At 
court he was treated as a prince of the blood. In 1G65 
he served with credit under the duke of York in the san- 
guinary naval battle off Lowestoft. A captaincy in the 
Life Guards was given him, and in 1670, on the death of 
Monk, lie wa.s made captain-general of tlie king’s forces. 
Offices of wealth also were showered upon him, and he was 
admitted to the privy' council. In 1670 Monmouth was 
with the court at Dover, and it is affirmed by Reresby 
that the mysterious death of Charles’s sister, the duchess 
of Orleans, was due to her husband’s revenge on the dis- 
covery of her intrigue with the duke. It is certain, from 
an entry by Pepys, that as early as 1666 he had estab- 
lished a character for vice and profligacy. He was the 
direct author of the attack in December 1670 on Sir John 
Coventry, and only a few months later received the royal 
pardon for liis share in the wanton murder of a street 
Avatchinan. De Gramont, in his vivid sketch of Mon- 
mouth, after describing the beauty and bodily prowess for 
which he was celebrated, notices the fatal emptiness and 
poverty of his mind; “Tous Ics avantages du corps par- 
loient pour lui ; uiais son esprit ne disait pas im petit mot 
en sa faveur. H n’avait de sentimens que ce qu’on lui en 
inspirait.” 

Hitherto Monmouth had been but the spoiled child of 
a wicked court. Now, hoAvever, by no act or will of his 
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S as .Politically important. As 

early as 1662 the king’s excessive fondness for him had 
ca^ed an:nety. Even then the fear of a “difference” 
between_ Monmouth and James, duke of York LSfl 
men s mmds ; and every caress or promotion kept the fear 
alive. _ U ho could tell but that, in default of legitimate i«sue 
from his queen, Charles might declare Monmouth himself his 
kivful son ? A civil war would be the certain consequence. 
Soon after 16/0 the matter took a- more serious asnect. 
The anti-popery spirit was rapidly becoming a frenzy 
Md the succession of James a probability and a terror! 
Charle.s was urged to legitimize Monmouth by a declara- 
tion of his marriage with Lucy Walters. He returned 
answer that, much as he loved the duke, he would rather 
see him hanged at Tyburn than oivn him for his legiti- 
mate son. Every attempt, however, was henceforth made, 
especially by Shaftesbury, to accustom people to this idea. 
He Avas taught to regard himself as the representative of 
the Protestant interest, and his position aa'os emphasized by 
James s second marriage Avith the Roman Catholic princess 
Mary of Modena. Prom this time his popular title was “ the 
Protestant duke.” Charles Avas induced to confer many 
prominent employments upon him. The influence of James, 
hoAA-eyer, Avas strong enough to prevent his obtaining the 
lord-lieutenancy of Ireland ; but he received the command 
of the 6000 troops aaJio assisted the French in the second 
Dutch AA'ar, and, though Avitliout any claims to generalship, 
behaA'ed Arith courage in the field. In 1674 he Avas made 
“commander-in-chief;” and, in connexion Avith this, another 
unsuccessful attempt, graphically described in Clarke’s 
Zt/e of James, was made to gain from Charles a tacit 
admission of liis legitimacy. At Shaftesbury’s instance 
he AA’as placed in command of the army employed in 1675 
against the Scottish Covenanters, and AA'as present at Botli- 
Avell Bridge (22d June 1679). He was also, at the king’s 
request, elected chancellor of the university of Cambridge. 
In 1678, when Charles AA'as driven into A\’ar Avith Louis, 
ilonmouth took the command of the English contingent, 
and again gained credit for personal courage at the battle 
of St Denis. On his retmn to London England Avas in 
the throes of the popish terror. The idea of securing the 
Protestant succession by legitimizing Monmouth again took 
shape and Avas eagerly pressed on by Shaftesbury ; at the 
time it seemed possible that success AA'ould AA’ait on the 
audacity. 

The Pensionary parliament was dissolved in January 
1678-79, and Avas succeeded by one still more determined 
in its anti-popery spirit. To avoid the storm, and to save, 
if possible, his brother’s interests, Charles instructed him 
to leave the countrj'. James retired to Brussels, the king 
having previously signed a declaration that he “never 
was married, nor gaA'e contract to any vroma.n Avhatsoever 
but to my AAufe Queen Catherine.” In spite of this, Mon- 
mouth might naturally noAV nourish ambitious vieAvs. 
His rival was off the stage; Shaftesbuiy, his chief supporter, 
was president of the remodelled privy council ; and he 
himself Avas the favourite of the city. In the summer of 
1679 the king suddenly fell ill, and the dangers of a dis- 
puted succession became ten-ibly apparent. The party 
opposed to Monmouth, or rather to Shaftesbury, easily 
prevailed upon Cliarles to consent to his brothers tem- 
porary return. IVhen, after the king’s recovery, James 
went back to Brussels, he received a promise that Mon- 
mouth too should be removed from fav-our and ordere. 
to leave the country. Accordingly, in September lOiJ 
the latter repaired to Utrecht, Avhile shorty afterAvarJ 
James’s friends so far gained ground as to obtain tor ■ 
permission to reside at Edinburgh instead of at Bnisse 
Within two months of his arrival at Utrecht, Me jui 
. secretly returned to England, arriving in London on ..rt 



guards. Tlie attempt, however, miscarried; and, after 
.summoning Bath in vain, iMonmonth, with a disordered 
force, began his retrograde march through Philips-Norton 
and Brome, continually liarassed by Fevcrsham’s soldiers. 
At the latter place lie lieard of Argyll’s total rout in the 
western Highlands. He was now anxious to give up the 
enterprise, but Avas overruled by Grey, Wade, and others. 
On the 3d of July he reached BridgAvater again, with an 
anny little better than a rabble, living at free quarters 
and behaving A\-ith reckle.ss violence. On Sunday the 5th 
Feversham entered Sedgemoor in pursuit ; Monmouth the 
same night attempted a surpri.^c, but his troops AA’erc hope- 
lessly routed. He himself, AAuth Grey and a feAv others, 
fled over the Mendip Hills to the XeAv Forest, hoping to 
reach the coast and escape by sea. The aa'IioIc country, 
hoAvever, Avas on the alert, and at midnight on the 8th, 
AA'ithin a month of their landing, James heard that the 
revolt, desperate from the first, Avas over, and that his rml 
had.been caiitured close to BingAA-ood, in Hampshire. 

The jioor strain in Monmouth’s character aa’cs noAv 
sliOAATi. On the day of his capture he Avrote to James in 
terras of the most unmanly contrition, ascribing his Avrong- 
doings to the action of others, and imploring an interA'icAA*. 
On the 13th the prisoners reached the ToAver, and on 
the next day ^lonmonth Avas alloAA-cd to see James. The 
accounts of this intervicAV are diflicult to reconcile in some 
points, but all agree that Monmouth’s behaviour aa-us un- 
manly in the extreme. No merej’ Avas shoAvn him, nor did 
he in the least deserve mercy ; he had A\-nntonly attacked 
the peace of the countrj*, and had cruelly libelled James. 
The king had not, even in his OAvn mind, any family tie to 
restrain him from exercising .just severity, for he had never 
believed Monmouth to be the .son of any one but Robert 
Sidney. Tavo painful intervicAWs folloAved Avith the AAife 
for Avhom he bore no love, and aa-Iio for him could feel no 
resjicct; another imploring letter Avas sent to the king, and 
abject protestations and beseechings A\’ere made to all Avdiom 
he saAv. He offered, as the last hojie, to become a Roman 
Catholic, and this might jios.'-ibly have proved successful, 
but the priests sent liy James to ascertain the sincerity of 
his “ conA'crsion ” declared that he cared only for his life 
and not for his soul. 

He met his death on the scaffold AA'ith calmness and 
dignity. In the paper Avhich he left signed, and to AA-hich 
he referred in ansAA'er to the questions AvhercA\-ith the 
busy bishops ])lied him, he expressed his sorroAv for having 
assumed the royal style, and at the last moment confessed 
that Charles had denied to him privately, as he had publicly, 
that he was ever married to Luej’ Walters. He died at the 
age of thirty-six, on the 1 5th of July 1 G85. “ Thus ended,” 
says Evel3'n, “this C]Uondam duke, darling of liis fatlier 
and the ladie.s, being extremelj' handsome and adroit ; an 
excellent souldier and dancer, a favourite of the jicople, of 
an easy nature, debauched by lusts, seduced by crafty 
knavc.s, avIio Avould liaA'o set him up only to make a pro- 
pertj", and took the opportunity' of the king being of 
another religion to gather a party of discontented men. 
He failed and perished.” 

Authorities for Monmouth’s c.Areer arc, besides the knoAvn modem 
histories, Roberts's Life (1844), Evelyn’s and Vefty&'s Diaries, Old- 
muon’s Ilutonj (1724), James II. ’s Memoirs, Clarke’s Zr/e c/" James, 
Eeresby’s Memoirs, Sidney’s Diary (1843), Scott’s notes to Absalom 
and Acliilophcl, and The Heroic Life, &c. (1083). For the rebellion, 
Lord Grey’s Secret History should bo consulted. (O. A.) 

MONMOUTH, Geoffrey of. See Geoffrey of Mon- 
mouth. 

MONOPHYSITES. See Eutyches and Jacobite 
Chtjrch. 

_ MONOPOLI, a city of Italy, in the province of Bari, is 
situated on the coast of the Adriatic, 25 miles by rail 
south-east of Bari. It is a bishop’s see, is surrounded by 


ancient Avails, and possesses a castle built by Cliarles V in 
155-, a cathedral, and a hospital dating from 1368 'The 
harbour is neither large nor weU protected, but a certain 
amount oi trade is carried on in the export of local pro- 
ducts. ihe population was about 12,000 in the 17th 
century; 12,377 in 1861; and 13,000 in 1871, that of 
the commune being 20,918. Monopoli probably grew up 
after the destruction of Egnatia (5th century), the ruins 
of AA'hich lie a feAV miles to the south. 

MCINOPOLY (fiovoTTioXla, exclusive sale). Though still 
used in the sense of the original Greek, the term is more 
accurately applied only to grants from the croAvn or from 
parliament, the private act of an individual Avhereby he 
obtains control over the supply of any particular article 
being properly defined as “ en^ossing.” It Avas from the 
practice of the sovereign granting to a favourite, or as a 
rcAvard for good service, a monopoly in the sale or manu- 
facture of some particular class of goods that the sj’stem 
of protecting inventions arose, and this fact lends additional 
interest to the history of monopolies (see Patents). YTien 
the practice of making such grants first arose it does not 
appear easy to say. Sir EdAvard Coke laid it doAvn that 
by the ancient common Irav the king could grant to an 
inventor, or to the importer of an invention from abroad, a 
temporary monopoly in his invention, but that grants in 
restraint of trade Avere illegal. Such, too, aa'us the law laid 
doAA’n in the first recorded case, Darcy v. Allin (the case of 
monopolies, 1 602), and this decision Avas never overruled, 
tliough the laAV Avas frequently evaded. The patent rolls 
of the Plantagenets show feAV instances of grants of mono- 
polies (the earliest knoAATi is temp. EJav. Ill), and Ave 
come down to the reign of Henry VIII. before we find 
much evidence of this exercise of the prerogative in the 
case of either neAv inventions or knoAvn articles of trade. 
Elizabeth, as is Avell knoAvn, granted patents of monopoly 
so freely that the practice became a grave abuse, and on 
several occasions gave rise to serious complaints in the 
House of Commons. Lists prepared at the time shoAv that 
many of the commonest necessaries of life Avere the subjects 
of monopolies, by Avhich their price Avas grievously enhanced. 
That the queen did not assume the right of making these 
grants entirely at her pleasure is shoAvn, not only by her 
OAvn statements in ansAver to addresses from the House, but 
by the fact that the preambles to the instruments convey- 
ing the grants ahvays set forth some public benefit to be 
derived from their action. Thus a grant of a monopoly 
to sell playing-cards is made, because “ divers subjects of 
able bodies, Avhich might go to plough, did employ them- 
selves in the art of making of cards”; and one for the sale 
of starch is justified on the ground that it would prevent 
wheat being wasted for the purpose. Accounte of the 
angry debates in 1565 and 1601 are given in Hume and 
elseA^ere. The former debate produced a proinise from 
the queen that she Avould be careful in exercising her 
privileges; the latter a proclamation u-hich, received Avith 
S toy by the House, really had but little effect m 
Eping the abuses complained of. A ew grants Avere 
cancelled, others limited, and others again left to the action 
of the ordinary law courts (instead of the privy council). 
In speaSg of the results M the proclamation, previous 
liters seem to have been misled by the promises made m 
“speed, promises by no 

the text of tlie document itself, ti copy of tvbich still exi . 

‘"SdS^pSent of V°' 

grievances” Avas appointed, of were brought ui 

chairman. Numerous J P'^Sy jnore^, however 

before them, and ^''^re cancel ed Many mor ^ 

were granted by the king, and b ti , 

“ purveyors,” Avho made use of the priAi g fc 



M 0 N~M 0 N 


guards. Tlie attempt, however, miscarried; and, after 
.summoning Bath in vain, iMonmonth, with a disordered 
force, began his retrograde march through Philips-Norton 
and Brome, continually liarassed by Fevcrsham’s soldiers. 
At the latter place lie lieard of Argyll’s total rout in the 
western Highlands. He was now anxious to give up the 
enterprise, but Avas overruled by Grey, Wade, and others. 
On the 3d of July he reached BridgAvater again, with an 
anny little better than a rabble, living at free quarters 
and behaving A\-ith reckle.ss violence. On Sunday the 5tli 
Feversham entered Sedgemoor in pursuit ; Monmouth the 
same night attempted a surpri.^c, but his troops Avero hope- 
lessly routed. He himself, AAdth Grey and a fcAv others, 
lied over the Mendip Hills to the Xcav Forest, hoping to 
reach the coa.st and e.scape by sea. The aa’IioIc country, 
hoAvever, Avas on the alert, and at midnight on the 8th, 
AA'ithin a month of their landing, James heard that the 
revolt, desperate from the first, Avas over, and that his rml 
had.been caiitured close to BingAA-ood, in Hampshire. 

The jioor strain in Monmouth’s character aa-us noAv 
sliOAATi. On the day of his capture he Avrote to James in 
terras of the most unmanly contrition, ascribing his Avrong- 
doings to the action of others, and imploring an interA'icAA*. 
On the 13th the prisoners reached the ToAver, and on 
the next day ^lonmouth Avas alloAA-cd to see James. The 
accounts of this intervicAV are dillieult to reconcile in some 
points, but all agree that Monmouth’s behaviour AA-as un- 
manly in the extreme. No merej’ avus shoAvn him, nor did 
he in the least deserve mercy ; he had Avantonly attacked 
the peace of the countrj', and had cruelly libelled James. 
The king had not, even in his OAvn mind, any family tie to 
rc,strain him from c.\'ercising just severity, for he had ncA'er 
believed Monmouth to be the .son of any one but Robert 
Sidney. Tavo painful intervicAWs folloAved Avith the A\ife 
for Avhorn he bore no love, and aa-Iio for him could feel no 
rcsjicct; another imploring letter Avas sent to the king, and 
abject protestations and beseechings A\-cre made to all Avliom 
he saAv. He offered, as the last liojie, to become a Roman 
Catholic, and this might jios.sibly have proved successful, 
but the priests sent by James to ascertain the sincerity of 
his “ conA'crsion ” declared that he cared only for his life 
and not for his soul. 

He met his death on the scaffold AA'ith calmness and 
dignity. In the paper Avhich he left signed, and to AA'hich 
he referred in ansAA-er to the questions AvhcrcAA-ith the 
busy bishops ])lied him, he expressed his sorroAv for having 
assumed the royal style, and at the last moment confessed 
that Charles had denied to him privately, as he had publicly, 
that he was ever married to Luej’ Walters. He died at the 
age of thirty-six, on the 1 otli of July 1 083. “ Thus ended,” 
says Evel 3 m, “this quondam duke, darling of his fatlier 
and the ladie.s, being extremelj' handsome and adroit ; an 
excellent souldier and dancer, a favourite of the jAeojde, of 
an easy nature, debauched by lusts, seduced by crafty 
knavc.s, avIio Avould liaA’o set him up only to make a pro- 
pertj', and took the opportunity' of the king being of 
another religion to gather a party of discontented men. 
He failed and perished.” 

Authorities for Monmouth’s c.areer arc, besides the knoAATi modem 
histories, Roberts's Life (1844), Evelyn’s and Pepys’s Diaries, Ohl- 
mixon’s Ilisionj (1724), James II. ’s Memoirs, Clarke’s ih/e c/" James, 
Eeresby’s Memoirs, Sidney’s Diary (1843), Scott’s notes to Absalom 
and Aehitophel, and The Heroic Life, &c. (1083). For the rebellion, 
Lord Grey’s Secret History should be consulted. (0. A.) 

MONMOUTH, Geoffrey of. See Geoffrey of Mon- 
mouth. 

MONOPHYSITES. See Ehtyciies and Jacobite 
Chtjrch. 

_ MONOPOLI, a city of Italy, in the province of Bari, is 
situated on the coast of the Adriatic, 25 miles by rail 
south-east of Bari. It is a bishop’s see, is surrounded by 
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ancient Avails, and possesses a castle built by Cliarles V in 
155-, a cathedral, and a hospital dating from 1368 ’The 
harbour is neither large nor weU protected, but a certain 
amount oi trade is carried on in the export of local pro- 
ducts. Ihe population was about 12,000 in the 17th 
century; 12,377 in 1861; and 13,000 in 1871, that of 
the commune being 20,918. Monopoli probably grew up 
after the destruction^ of Egnatia (5th century), the ruins 
of which lie a feAv miles to the south. 

MCINOPOLY (fiovoTTioXla, exclusive sale). Though still 
used in the sense of the original Greek, the term is more 
accurately applied only to grants from the crown or from 
parliament, the private act of an individual AA’hereby he 
obtains control over the supply of any particular article 
being properly defined as “ engrossing.” It Avas from the 
practice of the sovereign granting to a favourite, or as a 
rcAA’ard for good service, a monopoly in the sale or manu- 
facture of some particular class of goods that the sj’stem 
of protecting inventions arose, and this fact lends additional 
interest to the history of monopolies (see Patents). MTien 
the practice of making such grants first arose it does not 
appear easy to say. Sir EdAvard Coke laid it doAvn that 
by the ancient common laiv the king could grant to an 
inventor, or to the importer of an invention from abroad, a 
temporary monopoly in bis invention, but that grants in 
restraint of trade Avere illegal. Such, too, AA'as the law laid 
doAA'n in the first recorded case, Darcy v. Allin (the case of 
monopolies, 1 602), and this decision Avas never overruled, 
tliougb the laAV Avas frequently evaded. The patent rolls 
of the Plantagenets show feAV instances of grants of mono- 
polies (tlie earliest knovTi is temp. Edrv. Ill), and Ave 
come down to the reign of Henry IHII. before we find 
mucli evidence of this exercise of the prerogative in the 
case of either neAv inventions or knoAvn articles of trade. 
Elizabeth, as is Avell knoAvn, granted patents of monopoly 
so freely that the practice became a grave abuse, and on 
several occasions gave rise to serious complaints in the 
House of Commons. Lists prepared at the time shoAv that 
many of the commonest necessaries of life Avere the subjects 
of monopolies, by Avhich their price Avas grievously enhanced. 
Tliat the queen did not assume the right of making these 
grants entirely at her pleasure is shoAvn, not only by her 
OAvn statements in ansAver to addresses from the House, but 
by the fact that the preambles to the instruments convey- 
ing the grants ahvays set forth some public benefit to be 
derived from their action. Thus a grant of a monopoly 
to sell jilaying-cards is made, because “ divers subjects of 
able bodies, Avhidi might go to plough, did employ them- 
selves in the art of making of cards”; and one for the sale 
of starch is justified on the ground that it Avould prevent 
Avheat being wasted for the purpose. Accounte of the 
angry debates in 1565 and 1601 are given in Hume and 
elseA^ere. The former debate produced a pronuse from 
tlie queen that she Avould be careful in exercising her 
privileges; the latter a proclamation AA-hich, received Avitb 
great joy by the House, really had but little effect m 
Sling the abuses complained of. A ew grants Avere 
cancelled, others limited, and others again left to the action 
of the ordinary law courts (instead of the privy council). 

speaSg of the results M the proclamation, previous 
liters seem to have been misled by the promises made n 
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preserved, and is one of the finest cloisters both for size 
and beauty of detail that now exists anywhere. It is about 
170 feet square, with pointed arches covered with marble 
inlay, supported on pairs of columns in white marble, 216 
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( NOW OESTROYED.) 


Plan of tlie cathedral of ^lonreale, as built in the l'2th century, 
omittins later additions. 


1, 1. .stairs to towers, now altered. 

2. Chapel under the sooth amho. 

3. Stairs to amho. 

4. Holy-water stoop. 

5, 5. “Pulpitom" or choir-screen, 

noo' destroyed. 

6, C. Screens behind stalls, now 

destroyed. 

7, 7. Stalls, now destroye<l. 

8. King's throne. 

f*. Archbishop'.s throne. 

10, 10. Sanctuary screen. 


11. High altar and haldacchino. 

12. Altar in northern apse. 

13. Altar in southern aj>se. 

14. Altar at tomb of William I. 

15. Archbishop’s throne. 

1C, le. Seats for clergy. 

17. Door to great cloister. 

IS. Door to chapter hoose. 

19. Door to sacnsty. 

20, 20. Doors to royal palace. 

21. Bronze door by Barisanos. 

22. Bronze door by Bonannns. 


in all, which are sumptuously decorated either by rich sur- 
face carving or by bands of patterns in gold, silver, and 
colours, made of glass tesserte, arranged either spirally or 
vertically from end to end of each shaft. The marble caps 
are each richly carved with figures and foliage executed 
with great skill and wonderful fertility of invention -no 
two being alike. At one angle, a square pillared projection 
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evidently 


contain.? the marble fountain or monks’ lavatory 
the work of iloslem sculptors. - ’ 

"^e chief feature of the place— the church— like the main 
cloister, IS fortunately well preserved. In plan it a 
^stem and Western arrangement (see 
c-)- The nai e is hke an Italian basilica, while the lar^e 
taple-apsed choir is like one of the early three-apsed 
chnrche.-, of which so many examples still exist in Sj-ria 
and other Eastern countries (see De Vogue, Syrie Cen- 
trale) It is, in fact, like two quite difirerent churches put 
together endwise. ^ The basilican nave is ■wide, ■with narrow 
aisles. Monolithic columns of Oriental granite (e.vcept 
one, which is of cipollino), evidently the spoils of older 
buddings, on each side support eight pointed arches much 
stilted. 'There is no triforium, but a high clerestory with 
wide two-light -windows, u-ith simple tracery like those in 
the nave-aisles and throughout the church. The other 
half, IJasteru in two senses, is both wider and higher than 
the nave. It also is divided into a central space with two 
aisles, each of the divisions ending at the east with an 
apse.^ The roofs throughout are of open woodwork vety 
low in pitch, constructionally plain, but richly decorated 
ulth colour, now mostly restored. At the west end of 
the nave are two projecting towers, -with narthex-entrance 
between them. A large open atrium, which once existed 
at the west, is now completely destroyed. The outside of 
the church is plain, except the aisle walls and three eastern 
apses, which are decorated with intersecting pointed arches 
and other ornaments inlaid in marble. The outsides of 
the principal doorways and their pointed arches are magni- 
ficently enriched -with carving and inlay, a curious com- 
bination of three styles — Isonnan-French, Byzantine, and 
Arab. 

It is, however, the enormous extent (80,630 .square feet) 
and glittering splendour of the glass mosaics covering the 
interior, which make this church so marvellously splendid 
(see Mosaic). With the exception of a high dado, itself 
very beautiful, made of marble slabs enriched ■with bands of 
mosaic, the whole interior surface of the walls, including 
sofiits and jambs of all the arches, is covered with minute 
mosaic-pictures in brilliant colours on a gold ground. Tliis 
gorgeous method of decoration takes the place of all purely 
architectural detail, such as mouldings and panelling. 
The mosaic covers even the edges of the arches and jambs, 
which are slightly rounded off, so as to allow them to be 
covered by the glass tesserce. This device gives apparent 
softness to all the edges, and greatly enhances the richness 
of effect produced by the gleaming gold grounds. The 
only carving inside is on the sculptured caps of the nave 
arcade, mostly Corinthian in style. The mosaic pictures 
are arranged in tiers, divided by horizontal and vertical 
bands of elaborate flo-wing mosaic ornament.^ In parts of 
the choir there are five of these tiers of subjects or single 
fifnires one above another. The half dome of the central 
apse has a colossal half-length figure of Christ, with a 
seated Virgin and Child below ; the other apses have full- 
lentdh colossal figures of St Peter and St Paul. ^ Inscriji- 
tions on each picture explain the subject or saint^ repre- 
sented; these are in Latin, except some few whiA are 
in Greek. The subjects are partly from the Old Testa- 
ment tjqies of Christ and His scheme of redemption, vatu 
figures of those who prophesied and prepared for Hi = 
cmnincf. Towards the east are subjects from the 
Testament, chiefly representing Christ’s miracles and suffer- 
in<T -with apostles, evangelists, and other saints. liic 
delign, execution, and choice of subjects all appear to L- 
of Byzantine oriffin, the subjects being selected from the 
Jlenohyium drav-n up by the emperor Basihus PorphjTC 

senitus in the 10th centiity. 

I7o other mosaics perhaps so closely resemble the * lo 
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preserved, and is one of the finest cloisters both for size 
and beauty of detail that now erists anywhere. It is about 
170 feet square, with pointed arches covered with marble 
inlay, supported on pairs of columns in white marble, 216 



ATRIUM. 

(NOW DESTBOYCO.) W 

Plan of the cathedral of Monreale, as built in the 12th century, 
omitting later additions. 


1, 1. .^tairs to totrcrs, no'vr altered. 

2. Chapel under the south ambo. 

3. Stairs to ambo. 

4. Holy-water stoup. 

5. “Pulpitum” or choir-screen, 

now destroyed. 

6, C. Screens behind stalls, now 

destroyed. 

7, 7. Stalls, now destroy6<l. 

8. King’s throne. 

f. Archbishop's throne. 

10, ID. Sanctuary screen. 


11. High altar and baldacchino. 

12. Altar in northern apse. 

13. Altar in soutbem 

14. Altar at tomb of William I. 

15. Archbishop's throne. 

IG, 16. Seats for clergy. ^ 

17. Door to great cloister. 

IS. Door to chapter house. 

19. Door to sacnsty. 

20, 20. Doors to royal palace. 

21. Bronze door by Ban^anos. 

22. Bronze door by Bonanaos. 


in all, "wliicli are sumptuously decorated either by rich sur- 
face carving or by bands of patterns in gold, silver, and 
colours, made of glass tessene, arranged either spirally or 
vertically from end to end of each shaft. The marble caps 
are each richly carved with figures and foliage executed 
with ^eat skill and wonderful fertility of invention -no 
two being alike. At one angle, a square pillared projection 
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arraUement Le 

ho-)- The nave is like an Italian basilica, while the lar^-e 
triple-apsed choir is like one of the early three-ap4d 
churches, of which so many examples still exist in s\-ria 
and other Eastern comitries (see De Vogue, Syrie Cen- 
ttale). It IS, m fact, like two quite different churches put 
together endwte, ^ The basilican nave is wide, "^th narrow 
aisles. Monolithic columns of Oriental granite (except 
one, which is of cipollino), evidently the spoils of older 
buildmgs, on each side support eight pointed arches much 
stilted. There is no triforium, but a high clerestory with 
wide two-light windows, u-ith simple tracery like those in 
the nave-aisles and throughout the church. The other 
half, Eastern in two senses, is both wider and higher than 
the nave. It also is divided into a central space with tn'o 
aisles, each of the divisions ending at the east with an 
apse.^ The roofs throughout are of open woodwork verj- 
low in pitch, constructionally plain, but richly decorated 
u-ith coloiw, now mostly restored. At the west end of 
the nave are two projecting towers, with narthex-entrance 
between them. A large open atrium, which once existed 
at the west, is now completely destroyed. The outside of 
the church is plain, except the aisle walls and three eastern 
apses, which are decorated with intersecting pointed arches 
and other ornaments inlaid in marble. The outsides of 
the imncipal doorways and their pointed arches are magni- 
ficently enriched witli earring and inlay, a curious com- 
bination of three styles — Norman-French, Byzantine, and 
Arab. 

It is, however, the enormous extent (60,630 square feet) 
and glittering splendour of the glass mosaics covering the 
interior, which make this church so marvellously splendid 
(see Mosaic). With the exception of a high dado, itself 
%-ery beautiful, made of marble slabs enriched with bands of 
mosaic, the whole interior surface of the walls, including 
sofiits and jambs of all the arches, is covered with minute 
mosaic-pictures in brilliant colours on a gold ground. This 
gorgeous method of decoration takes the place of all purelj' 
architectural detail, such as mouldings and panelling. 
The mosaic covers even the edges of the arches and jambs, 
which are slightly rounded off, so as to allow them to be 
covered by the glass tesserm. This device gives apparent 
softness to all the edges, and greatly enhances the richness 
of efiect produced by the gleaming gold grounds. The 
only carving inside is on the sculptured caps of the nave 
arcade, mostly Corinthian in style. The mosaic pictures 
are arranged in tiers, divided by horizontal and vertical 
bands of elaborate flowing mosaic omamenk In parts of 
the choir there are five of these tiers of subjects or single 
Smires one above another. The half dome of the central 
apse has a colossal half-length figure of Christ, with a 
seated Virgin and Child below ; the other apses have full- 
length colossal figures of St Peter and St Paul. ^ Inscrij)- 
tions on each picture explain the subject or saint repre- 
sented ; these are in Latin, except some few which are 
in Greek. The subjects are partly from the Old Testa- 
ment tj-pes of Christ and His scheme of redemption, vath 
fimires of those who prophesied and prepared for Hi'' 
coming. Towards the east are subjects from the Zsev 
Testament, chiefly representing Christ’s miracles and sufter- 
ins, with apostles, evangelists, and other saints, iiit 
design, execution, and choice of subjects all appear to L- 
of Byzantine orifidn, the subjects being selected from the 
J/e»ofogium dravm up by the emperor Basihus PorphjTC 

genitus in the 10th centuty. 

No other mosaics perhaps so closely resemble the Mon 
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to succeed Eufus King, who had resigned. In 1804 he 
undertook a mission to Madrid, wdth the object of 
negotiating the purchase of the Floridas ; but in this he 
was unsuccessful, and returned to London in 180.5. The 
next 3 ’ear he was joined in a commission -with William 
Pinkney to negotiate a treaty udth England to take the 
place" of the Jay treaty, which expired in that j'ear. 
Lords Auckland and Howick having been appointed on the 
part of England, a treaty was concluded on the last day 
of the year, which was perhaps more favourable to the 
United States than the Jay treaty ; but, like the latter, it 
contained no provision against the impressment of Ameri- 
can seamen-. For this reason President Jefferson refused 
to submit it to the Senate for ratification, hut sent it back 
for revision. In the meantime Canning had become 
foreign secretary in place of Fox, and refused to re- 
open the negotiation. Monroe returned to the United 
States in 1807, and, as in the case of his first French 
mission, he drew up a defence of his diplomatic conduct 
in England. In 1808 certain disaffected Republicans 
attempted to put Monroe forward as the candidate for the 
presidenc}", but as Virginia declared in favour of Madison 
Monroe withdrew his name. In 1810 he was again in 
the legislature of his native State, and the next year its 
governor. But in this year he was called from the state 
to the national councils, superseding Robert Smith as 
secretary of state in Madison’s cabinet, and took an 
active part in precipitating the war against England in 
1812. On the retirement of -Armstrong, after the capture 
of Washington in 1814, Monroe assumed the duties of the 
war department in addition to those of the state depart- 
ment, and by his energy and decision infused something 
of vigour into the conduct of the war. He was elected 
president in 1816, and was re-elected in 1820 without 
opposition. The period of his administration (1817-25) 
has been called “ the era of good feeling,” for the reason 
that the party issues of the past were mostly dead, and 
new issues had not yet arisen. In the formation of 
his cabinet Monroe showed the soundness of his judg- 
ment, selecting for the leading positions J. Q. Adams, 
J. C. Calhoun, W. H. Cra'wford, and William Wirt. With 
these able advisers he devoted himself to the economic 
development of the country, which had been so long 
retarded by foreign complications. As president, more- 
over, he was able to accomplish in 1819 the acquisi- 
tion of the Floridas, which as minister to Spain he had 
failed to do in 1804, and to define the boundary of Louis- 
iana, which he had been the agent in purchasing in 1803. 
But Monroe is best known to later generations as the 
author .of the so-called “ ilonroe doctrine,” a declaration 
inserted in his seventh annual message, 2d December 1823. 
It was the formulation of the sentiment, then beginning 
to prevail, that America was for Americans. One of the 
principles of the neutral policy of the countiy, which had 
been established with much difficulty, had been that the 
United States would not interfere in European politics ; 
and now this policy was held to include the converse as a 
necessary corollary — that is, that Europe should not inter- 
fere in American piolitics, whether in Uorth America or South 
America. The occasion of proclaiming this doctrine wp 
the rumoured intervention of the Holj'^ Alliance to aid Simin 
in the reconquest of her American colonies. President 
Jlonroe believed that such a policy entered upon by the 
allied continental powers of Europe would be dangerous 
to the peace and safety of the United States ; he therefore 
declared that “we would not Uew anj' intervention for 
the jiurjiose of oppressing them (the Spanish American 
states) or controlling in any manner their destiny, by any 
Europ.ean power, in any other light than as the manifesta- 
tion of an unfriendly disposition towards the United 
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Sftvnf declaration, together with the known hos- 

fnrtL ^ project, was sufficient to prevent 

further action on the part of the Mliance ^ 

", presidential term Monroe re- ’ 
tired to Oak Hill, his residence in London county, Vir. 
ginia ; but at the time of his death, 4th July 1831, he was 
residing in New York. He was married about 1786, and 
left two daughters. He was a man of spotless character • 
and though not possessing ability of the first order, he 
ranks high as a vase and prudent statesman. His Zife 
has been written by D. C. Gilman. (f. sx.) 

MOHROE, a city of the United States, county seat of 
Monroe county, Michigan, lies 32 miles south-south-west 
of Detroit, on both banks of the Raisin river, 3 miles 
inland from Lake Erie, with which it has been connected 
by a ship-canal since 1843. It is a station on the Canada 
Southern, the Flint and Fire Marquette, and the Detroit 
divi.sion of the Lake Shore and Michigan Southern Rail- 
ways. Agricultural implement factories, a spoke and hub 
factory, foundries and engineering-works, carriage-works, 
grist-mills, jiaper-mills, and fruit-drying establishments are 
in operation. From 400 to 500 tons of grapes are shipped 
yearly from the neighbouring vineyards, and over 100,000 
gallons of ivine are made here. The population in 1880 
was 4928. Settled as Frenchtown by a body of Canadians 
in 1784, Monroe received its present name, in honour of 
President ilonroe, in 1817. Its city charter dates from 
1837. It was the scene of the battle of the river Raisin, 
22d January 1813. 

MONROVIA. See Libeeia, voI. xiv. p. 508. 

MONS, a towm of Belgium, the capital of the province 
of Hainault, on the rivers Haine and Trouille, and 31 
miles south-west of Brussels. The population in 1880 was 
25,600. Mons is divided bj' the river Trouille into an 
upper and lower town, the first built on rising ground in 
the shape of an amphitheatre, the second extenffing into the 
plain ; four bridges connect the two. The place is pleasing 
and cheerful of aspect, having broad well-paved streets 
and handsome squares. The fortifications, once among the 
strongest of the Continent, have quite recently been razed, 
their site being now occupied by an extensive avenue or 
boulevard. Among the monuments worthy of mention 
are — the church of St Waudru, one of the best types of 
original architecture to be found in Belgium ; the church 
of St Elizabeth, a combination of the Gothic style and 
the Corinthian ; the tovm-hall, erected in 1458 ; and the 
belfry tower, next to w'hich formerly rose the old castle 
of the counts of Hainault, the demolition of which led, 
a few years ago, to the discovery of some curious mural 
paintings belonging to the 12th century. Jlons possess^ 
a military arsenal, a school of engineering, and a public 
library of importance; the administration of law and 
government for the province is concentrated there. It 
contains manufactures of cotton, velvet, cloth, muslin, 
soap, and clay pipes; also brass-foundries, tan-yards, and 
breweries, and a market of some note for agncultural 
produce, cattle, horses, and tobacco. The inain source of 
the wealth and prosperity of Mons is derived from thr 
collieries which exist in its vdeinity, and yield ann 
between two and three million tons of first-class coal, *■ 
greater part of which is carried into France ; in the ■ . 

diate neighbourhood of the town are the large and import"r 
villages of Jemmapes, Quaregnon, Frameries, Paturag. ' 
IVasmes, and Dour, each with a poi>ulation of from ten 
twelve thousand inhabitants ; these localities, together wit ■ 
many others somewhat less peopled, form an aggloinerati 
called the Borinage, rich in coal-mines, in iron-foundries, 
stone and marble quarries, and may be considered as c- 
of the busiest centres in the world. , t 

Mons i.s built on the site of a Roman camp erected by Ju., 

XVI. — 9.6 
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to succeed Eufus King, who had resigned. In 1804 he 
undertook a mission to Madrid, wdth the object of 
negotiating the purchase of the Ploridas ; but in this he 
was unsuccessful, and returned to London in 180.5. The 
next 3 'ear he was joined in a commission -with Williain 
Pinkney to negotiate a treaty udth England to take the 
place" of the Jay treaty, which expired in that year. 
Lords Auckland and Howick having been appointed on the 
part of England, a treaty was concluded on the last day 
of the year, which was perhaps more favourable to the 
United States than the Jay treaty ; but, like the latter it 
contained no provision against the impressment of Ameri- 
can seamen-. For this reason President Jefferson refused 
to submit it to the Senate for ratification, but sent it back 
for revision. In the meantime Canning had become 
foreign secretary in place of Fox, and refused to re- 
open the negotiation. Monroe returned to the United 
States in 1807, and, as in the case of his first French 
mission, he drew up a defence of his diplomatic conduct 
in England. In 180S certain disaffected Republicans 
attempted to put Monroe forward as the candidate for the 
presidency, but as Virginia declared in favour of Madison 
Monroe withdrew his name. In 1810 he was again in 
the legislature of his native State, and the next year its 
governor. But in this year he was called from the state 
to the national councils, superseding Robert Smith as 
secretary of state in Madison’s cabinet, and took an 
active part in precipitating the war against England in 
1812. On the retirement of -Armstrong, after the capture 
of Washington in 1814, Monroe assumed the duties of the 
war department in addition to those of the state depart- 
ment, and by his energy and decision infused something 
of vigour into the conduct of the war. He was elected 
president in 1816, and was re-elected in 1820 without 
opposition. The period of his administration (1817-25) 
has been called “ the era of good feeling,” for the reason 
that the party issues of the past were mostly dead, and 
new issues had not yet arisen. In the formation of 
his cabinet Monroe showed the soundness of his judg- 
ment, selecting for the leading positions J. Q. Adams, 
J. C. Calhoun, W. H. Cra-wford, and William Wirt. With 
these able advisers he devoted himself to the economic 
development of the country, which had been so long 
retarded by foreign complication^ As president, more- 
over, he was able to accomplish in 1819 the acquisi- 
tion of the Floridas, which as minister to Spain he had 
failed to do in 1804, and to define the boundary of Louis- 
iana, which he had been the agent in purchasing in 1803. 
But Monroe is best known to later generations as the 
author .of the so-called “ ilonroe doctrine,” a declaration 
inserted in his seventh annual message, 2d December 1823. 
It was the formulation of the sentiment, then beginning 
to prevail, that America was for Americans. One of the 
principles of the neutral policy of the country, which had 
been established with much difficulty, had been that the 
United States would not interfere in European politics ; 
and now this policy was held to include the converse as a 
necessary corollary — that is, that Europe should not inter- 
fere in American politics, whether in Uorth America or South 
America. The occasion of proclaiming this doctrine was 
the rumoured intervention of the Holy Alliance to aid Spain 
in the reconquest of her American colonies. President 
Jlonroe believed that such a policy entered upon by the 
allied continental powers of Europe would be dangerous 
to the peace and safety of the United States ; he therefore 
declared that “we would not xuew any intervention for 
the jiurjiose of oppressing them (the Spanish American 
states) or controlling in any manner their destiny, by any 
European power, in any other light than as the manifesta- 
tion of '.in unfriendly disposition towards the United 
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tihW known hos- 

■fiiw-L a project, was sufficient to prevent 

further action on the part of the Alliance. ^ 

tire^”t?oS'HiiM”^ kis pre.sidential term Monroe re- 
tired to Oak Hill, his residence in London coiintv. Vir- 
gima; but at the time of his death, 4th July 1831, he was 
residing in Lew York He was married about 1786, and 
left two daughters. He was a man of spotless character • 
and though not possessing ability of the first order, he 
ranks high as a wise and prudent statesman. His Z 7 'fe 
has been written by D. C. Gilman. (f. ss.) 

^fONROE, a city of the United States, county seat of 
Monroe county, Michigan, lies 32 miles south-south-west 
of Detroit, on both banks of the Raisin river, 3 miles 
inland from Lake Erie, with which it has been connected 
by a ship-canal since 1843. It is a station on the Canada 
Southern, the Flint and P^re Marquette, and the Detroit 
division of the Lake Shore and Michigan Southern Rail- 
ways. Agricultural implement factorie.s, a spoke and hub 
factory, foundries and engineering-work.‘-, carriage-works, 
^ist-mills, jiaper-mills, and fruit-drying e.stablishments are 
in operation. From 400 to 500 tons of grapes are shipped 
yearly from the neighbouring vineyards, and over 100,000 
gallons of ivine are made here. The population in 1880 
was 4928. Settled as Frenchtown bj' a body of Canadians 
in 1784, Monroe received its present name, in honour of 
Pr&sident klonroe, in 1817. Its city charter dates from 
1837. It was the scene of the battle of the river Raisin, 
22d January 1813. 

MONROVIA. See Libeeia, voI. xiv. p. 508. 

MONS, a town of Belgium, the capital of the province 
of Hainaiilt, on the rivers Haine and Trouille, and 31 
miles south-west of Brussels. The population in 1880 was 
25,600. Mons is divided by the river Trouille into an 
upper and lower town, the first built on rising ground in 
the shape of an amphitheatre, the second extending into the 
plain ; four bridges connect the two. The place is pleasing 
and cheerful of aspect, having broad well-paved streets 
and handsome squares. The fortifications, once among the 
strongest of the Continent, have quite recently been razed, 
their site being now occupied by an extensive avenue or 
boulevard. Among the monuments worthy of mention 
are — the church of St Waudru, one of the best types of 
original architecture to be found in Belgium ; the church 
of St Elizabeth, a combination of the Gothic style and 
the Corinthian ; the tovm-hall, erected in 1458 ; and the 
belfry tower, next to which formerly rose the old castle 
of the counts of Hainault, the demolition of which led, 
a few years ago, to the discovery of some curious mural 
paintings belonging to the 12th century. Jlons jjosscssm 
a military arsenal, a school of engineering, and a public 
library of importance; the administration of law and 
f'overnment for the province is concentrated there. It 
contains manufactures of cotton, velvet, cloth, muslin, 
soap, and clay pipes ; also brass-foundries, tan-yards, and 
breweries, and a market of some note for agricultural 
produce, cattle, horses, and tobacco. The main source of 
the wealth and prosperity of Mons is derived from thr 
collieries which exist in its vdeinity, and yield ann 
between two and three million tons of first-class coal, *■ 
greater part of which is carried into France ; in the '■ . 

diate neighbourhood of the town are the large and import"v 
villages of Jemmapes, Quaregnon, Frameries, Paturag. ' 
Wasme.«, and Dour, each with a pojmlation of from ten i 
twelve thousand inhabitants; these localities, together wit. 
many others somewhat less peopled, form an agglomerati 
called the Borinage, rich in coal-mines, in iron-foundries, 
stone and marble quarries, and may be considered as o- 
of the busiest centres in the world. , t - 
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like tlie redundancy, it is • apt to repeat itself, in tlie 
same family, ileckel saw a girl who had an extra di'dt 
on each extremity, while a sister wanted four of the fingers 
of one hand. TiTiere the snpernumerar}' digits are more 
tlmn one on each extremity, the whole set are apt to be 
rudiraentarj" or .stunted ; they look as if two or more of the 
.,emhr}’onic buds had been .subject to cleavage dorni the 
middle, and to arrest of longitudinal grou-th. Tliere are 
two or three authentic instances of a whole lower limb ap- 
pearing at birth as two withered halve.s, as if from embrj-- 
onic cleavage.^ Other redundancies of the skeleton are 
extra vertebrm (sometimes the coccygeal, giving the ap- 
pearance of a rudimentary tail), or an extra rib. A 
double row of teeth is occasionally met with; the most 
interesting case of this anomaly is that in which ' the 
rudiments of a double row exist from the first, but the 
phenomenon is sometimes produced by the milk teeth 
persisting along with the second .set. One or more extra 
teeth are occasionally met witli in line rvith the rest. 
Among redundancies of the soft parts, by far the most 
frequent is an extra nipple, or pair of nipples. It is only 
the nipple, or -the most external mechanical adjunct of the 
mammary apparatu-s, that is repeated, and very seldom, if 
ever, the breast structure itself. The nipple, although it is 
the latest addition to the mechanism of lactation, is in the 
individual mammal developed on the skin before the gland 
is formed underneath ; and that facilitj-, which applies to 
the development of external characters generally, appears 
to be the reason why there may be one or more extra 
nipples but no redundant gland. In the same connexion, 
it is interesting to observe that the supemumerarj' nipple 
has been .sliomi by statistics on a large .scale to be twice as 
common in men as in women, although in the male the 
mammary function never comes to maturity, and even the 
.structure retrogrades after puberty. Traces of an additional 
nipple, or pair of them, in more or less sjunmetrical position 
below the normal ones, are not very uncommon when care- 
fully looked for. Among the sense organs there is a 
remarkable instance recorded of doubling of the appendages 
of the left eye, but not of the eyeball itself ; the left half 
of the frontal bone is double, making two eye-sockets on 
that side, and the extra orbit has an eyebrow and eyelid.- 
The external ear {pinna) has also been found double on one 
side. Doubling of any of the internal organs is extremely 
rare, and is probably always traceable to a more or less 
complete fis.suring or lobation. The ducts or vessels con- 
nected with organs, and playing a purely mechanical part, 
are not unfrequently doubled ; thus each kidney may have 
two ureters, and a similar variation may occur in veins 
and arteries. 

Monstrosities from D^ective Closure in the Middle Line . — 
Under this head come some of the commonest congenital 
malformations, including slight deficiencies such as harelip, 
and serious defects such as a gap in the crown of the 
head with absence of the brain. The embiyo is originally 
a circular flattened disc spread out on one pole of the yolk, 
anditisformedintoacjdindricalbody(withfourappendaps) 
by the free margins of the disc, or rather its s'entral laminm, 
folding inwards to meet in the middle line and so close in 
the pelvic, abdominal, thoracic, pharyngeal, and oral cardties. 
Sleanwhile, and indeed rather earlier, two longitudinal 
parallel ridges on the top or along the back of the disc 
have grown up and united in the middle line to form the 
second barrel of the body — the neural canal — of small and 
uniform width in the lower three-fourths or spinal region, 
but expanding into' a wide chamber for the brain. This 
dlrision into neural (do rsal) and hmmal (ventral) canals 

i See Foster’s AUas, Taf. vui., figs. 13 and 14. 

... P^cp^ratioTi in the WUrzburs Museum, figured bj* Forster, Taf. 
vm., figs. 9-12, ® 
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underlies all vertebrate development. Imperfect closure 

dnJ!f f embryonic lines of junction may pro- 

duce xanous degrees of monstrositj-. The simplest and 
common^t form, hardly to be reckoned in the present cate- 
gory, 13 harelip ^vith or without cleft palate, which msults 
from defective closure of the ventral laminre at their extreme 
upper end. Another simple form, but of much more serious 
import, IS a gap left in the neural canal at its lower end • 
usually the arches of the lumbar vertebne are deficionti 
and the fluid that surrounds the spinal cord bulges out in 
its membranes, producing a soft tumour under the skin at 
the lower part of the back. This is the condition known 
as hydrorhachis, depending on the osseous defect known as 
spina hifido. Cliildren bom with this defect are difficult 
to rear, and are very_ likely to die in a few days or weeks. 
Jlore rarely the gap in the arches of the vertebrae is in the 
region of the neck. If it extend all along the back, it will 
probably involve the skull also. Deficiency of the croivn 
of the head, and in the spine as well, may be not always 
traceable to want of formative power to close the canal in 
the middle line ; an over-distended condition of the central 
water-canal and water-spaces of the cord and brain may 
prevent the closure of the bones, and ultimately lead to 
the disruption of the nervous organs themselves ; and 
injuries to the mother, with inflammation set up in the 
foetus and its appendages, may be the more remote cause. 
But it is by defect in the middle line that the mischief 
manifests itself, and it is in that anatomical categorj' that 
the malformations are included. The osseous deficiency 
at the crown of the head is usually accompanied by want 
of the scalp, as well as of the brain and membranes. The 
bones of the face may he well developed and the features 
regular, except that the eyeballs bulge forward under the 
closed lids ; but there is an abrupt horizontal line above 
the orbits where the bones cease, the skin of the brow 
joining on to a spongy kind of ti.ssue that occupies the 
sides and floor of tlie cranium. Tliis is the commonest 
form of an anencephaloxis or brainless monster. There arc 
generally mere traces of the brain, although, in some rare 
and curious instances, the hemlsplieres are developed in 
an exposed position on the back of the neck. The cranial 
nerves are u.sually perfect, with the exception sometimes 
of the optic (and retina). Vegetative existence is not im- 
possible, and a brainless monster has been known to 
sunive sixty-five days. The child is usually a verj- large 


one. 


Closely allied, as we have seen, to the anencephalous 
condition is the condition of congenital hydrocephnlus. 
The nen'ous system at its beginning is neural canal, not 
only as regards its bony covering, but in its interior ; a 
wide space lined by ciliated epithelium and filled with 
water extends along the axis of the spinal cord, and 
expands into a series of water-chambers in the brain. As 
development proceeds, the wails thicken at the c.vpense of 
the internal water-spaces, the original tubular or chambered 
plan of the central nervous system is departed from, and 
those organs assume the practically solid fonn in winch 
we famifiarly know them. If, however, the ivater-spaces 
persist, in their emhrj-onic proportions notwithstamhng 
the thickening of the nervous substance forming their 
walls, there results an enormous brain which is more than 
half occupied in-side with water, contained in spaces tha' 
correspond on the whole to the ventricles of the brai 
as normally liounded. A hydrocephalic fcctns may sur 
vive its birth, and will he more apt to he aficctcd in ^ 
nutrition than in its- intelligence. In many cases t< 
hydrocephalic condition does not come pn till alter 
child is born. The microcephalous condition, where it ■ 
not a part of cretinism, is not usually a congenital de- .■ 
the strict sense, but more often a consequence ol t-. 


in 
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like tlie redundancy, it is apt to repeat itself, in tlie 
same family, ileckel saw a girl who had an extra digit 
on each extremity, while a sister wanted four of the fingers 
of one hand. "RTiere the supernumerarj' digits are more 
tlmn one on each extremity, the whole set are apt to be 
rudiraentarj' or stunted ; they look as if two or more of the 
..emhr}-onic buds had been .subject to cleavage doum the 
middle, and to arrest of longitudinal gro-wth. Tliere are 
two or three authentic instances of a whole lower limb ap- 
pearing at birth as two withered halves, as if from embrj-- 
onic cleavage.^ Other redundancies of the skeleton are 
extra vertebrm (sometimes the coccygeal, giving the ap- 
pearance of a rudimentary tail), or an extra rib. A 
double row of teeth is occasionally met with; the most 
interesting case of this anomaly is that in which ' the 
rudiments of a double row exist from the first, but the 
phenomenon is sometimes produced by the milk teeth 
persisting along with the second .set. One or more extra 
teeth are occasionally met with in line ■with the re.st. 
Among redundancies of the soft parts, by far the most 
frequent is an extra nipple, or pair of nipples. It is only 
the nipple, or -the most external mechanical adjunct of tlie 
mammary apparatu-s, that is repeated, and very seldom, if 
ever, the breast structure itself. The nipple, although it is 
the latest addition to the mechanism of lactation, is in the 
individual mammal developed on the skin before the gland 
is formed underneath ; and that facilitj-, which applies to 
the development of external characters generallj’, appears 
to be the reason why there may be one or more extra 
nipples but no redundant gland. In the same connexion, 
it is interesting to observe that the supemumerarj' nipple 
has been .shomi by statistics on a large .scale to be twice as 
common in men as in women, although in the male the 
mammary function never comes to maturity, and even the 
.structure retrogrades after puberty. Traces of an additional 
nipple, or pair of them, in more or less sjunmetrical position 
below the normal ones, are not very uncommon when care- 
fully looked for. Among the sense organs there is a 
remarkable instance recorded of doubling of the ajjpendages 
of the left eye, but not of the eyeball itself ; the left half 
of the frontal bone is double, making two eye-sockets on 
that side, and the extra orbit has an eyebrow and eyelid.- 
The external ear (pinna) has also been found double on one 
side. Doubling of any of the internal organs is extremely 
rare, and is probably always traceable to a more or less 
complete fissuring or lobation. The ducts or ve.ssels con- 
nected -with organs, and playing a purely mechanical part, 
are not unfrequently doubled ; thus each kidney may have 
two ureters, and a similar variation may occur in veins 
and arteries. 

Monsirosiiies from D^ective Closure in the Middle Line . — 
Under this head come some of the commonest congenital 
malformations, including slight deficiencies such as harelip, 
and serious defects such as a gap in the crown of the 
head with absence of the brain. The embrj'o is originally 
a circular flattened disc spread out on one pole of the yolk, 
and itisformedintoacylindrical body ('with four appendages) 
by the free margins of the disc, or rather its ■ventral laminm, 
folding in-u-ards to meet in the middle line and so close in 
the pelvic, abdominal, thoracic, pharj'ngeal, and oral ra^vuties. 
hleanwhile, and indeed rather earlier, two longitudinal 
parallel ridges on the top or along the back of the disc 
have gro^uTi up and united in the middle line to form the 
second barrel of the body — the neural canal — of small and 
uniform ■\vidth in the lower three-fourths or spinal region, 
^^Ji’iding into^ a ■wide chamber for the brain. This 
division into neural (dorsal) and hmmal (ventral) canals 

^ See Foster’s Allas, Taf. inii., figs. 13 and 14. 

Sec preparation in the WUrzburs Museum, figured by" Forster, Taf. 
viii., figs. 9-12. 
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underlies all vertebrate development. Imperfect closure 
along either of those embryonic lines of junction may pro- 
duce various degrees of monstrositj-. The simplest and 
common^t form, hardly to be reckoned in the present cate- 
gory, 13 harelip ivith or vsithout cleft palate, which results 
from defective closure of the ventral laminre at their extreme 
upper end. Another simple form, but of much more serious 
import, is a gap left in the neural canal at its lower end • 
usually the arches of the lumbar vertebne are deficient' 
and the fluid that surrounds the spinal cord bulges out in 
its membranes, producing a soft tumour under the skin at 
the lower part of the back. This is the condition known 
as hydrorhaclm, depending on the osseous defect known as 
gpina bifida. Cliildren bom with this defect are difficult 
to rear, and are very_ likely to die in a few days or weeks, 
ilore rarely the gap in the arches of the vertebrae is in the 
region of the neck. If it extend all along the back, it will 
probably involve the skull also. Deficiency of the crown 
of the head, and in the spine as well, may be not always 
traceable to -want of formative power to close the canal in 
the middle line ; an over-distended condition of the central 
water-canal and water-spaces of the cord and brain may 
prevent the closure of the bones, and ultimately lead to 
the disruption of the nervous organs themselves ; and 
injuries to the mother, -u-ith inflammation set up in the 
fo3tus and its appendages, may be the more remote cause. 
But it is by defect in the middle line that the mischief 
manifests itself, and it is in that anatomical categorj' that 
the malformations are included. The osseous deficiency 
at the cro-wn of the head is usually accompanied by want 
of the scalp, as well as of the brain and membranes. The 
bones of the face may be well developed and the features 
regular, except that the eyeballs bulge forward under the 
closed lids ; but there is an abrupt horizontal line above 
the orbits where the bones cease, the skin of the brow 
joining on to a spongy kind of ti.ssue that occupies the 
sides and floor of the cranium. Tliis is the commone.st 
form of an anencephalous or brainless monster. There arc 
generally mere traces of the brain, although, in some rare 
and curious instances, the hemispheres are developed in 
an exposed po.sition on the back of the neck. The cranial 
nerves are u-sually perfect, with the exception sometimes 
of the optic (and retina). Vegetative existence is not im- 
possible, and a brainless monster has been kno'sm to 
survive sixty-five days. The child is u-sually a verj- large 


one. 


Closely allied, a.s we have seen, to the anencephalous 
condition is the condition of congenital hydrocephalus. 
The nervous .system at its beginning is a neural canal, not 
only as regards its bony covering, but in its interior ; a 
svide space lined by ciliated epithelium and filled with 
water extends along the axis of the spinal cord, and 
expands into a series of water-chambers in the brain. As 
development proceeds, the walls thicken at the expense of 
theintemalivater-spaces, the original tubular or chambered 
i)lan of the central nervous system is departed from, and 
those oremns assume the practically solid fonn in ■which 
we famifiarly know them. If, however, the ■water-spaces 
persist in their embrj-onic proportions not'uuthstancung 
the thickening of the nervous substance forming their 
walls there results an enormous brain which is more than 
half occupied in-side with water, contained in spaces tha' 
correspond on the whole to the ventricles of the brai 
as normally bounded. A hydrocephalic fccriis may sur 
vive its birth, and will be more apt to be affected in 
nutrition than in its- intelligence. In many cases - 
hydrocephalic condition does not come on till after 
child is born. The microcephalous condition, ^hc’-e it ■ 
not a part of cretinism, is not usually a congenital de- -■ 
in the strict sense, but more often a consequence of 



tiona, there are others of them referable to the effects of 
mechanical pressure, and even to direct amputation of 
jiarts within the uterus. 

Acardiac and Acranial Atonsters. — ^It .sometimes happens 
in a twin pregnancy that one of the embryos fails to 
develop a heart and a complete vascular system of its 
own, depending for its nouri-shment upon blood derived 
from tJie placenta of its well-formed twin bj- means of its 
umbilical vessels. It grorvs into a more or less shapele.ss 
mass, in which all traces of the human form may be lost. 
Other viscera besides the heart will be wanting, and 
no head distinguishable ; the most likely parts to keep 
the line.of development are the lumbar region (with the 
]cidney.s), the pelvis, and the lower limbs. The twin of 
this monster may be a healthy infant. 

Jlmrsed Position of the Viscera, — ^This is a develop- 
mental error depending on the retention of the right aortic 
arch as in bird.s, instead of the left as is usual in mammals. 
The position of all the unsymmetrical viscera is transposed, 
the spleen and cardiac end of the stomach going to the 
right side, the liver to the left, the emeum re.sting on the 
left iliac fossa, and the sigmoid flexure of the colon being 
attached to the right. This condition of sitvs inversus 
visceruin need cause no inconvenience ; and it null probably 
remain undetected until the occasion .should arise for a 
physical diagnosis or 2 ^ost~viorlem inspection. There are 
numerous other anomalies in the development of the great 
vessels. In the heart itself there may be an Imperfect 
.septum ventriculorum, and there is more frequently a 
patency of the foetal communication between the auricles, 
permitting the venous blood to pass into the arterial 
.system, and producing the livid appearance of the face 
knomi as cyanosis. 

The causes of congenital anomalies are difficult to specify. 
There is no doubt that, in some cases, they are pre.sent in 
the spenn or germ of the parent; the .same anomalies 
recur in several children of a family, and it has been 
found possible, through a variation of the circumstances, 
to trace the influence in some cases to the father alone, 
and in other cases to the mother alone. The remarkable 
thing in this parental influence is that the malformation 
in the child may not have been manifested in the body of 
cither j)arent, or in the grandparents. More often the 
malformation is acquired by the embryo and foetus in the, 
cour.se of development and growth, either through the 
mother or in itself independently, hlaternal impressions 
during pregnancy have often been alleged as a cause, and 
this causation has been discussed at great length by the 
best authorities. The general opinion seems to be that it 
is impossible to set aside the influence of subjective states 
of the mother altogether. The doctrine of maternal impres- 
sions has often been resorted to when any other explana- 
tion was either difficult or inconvenient; thus, Hippocrates 
is said to have saved the virtue of a woman who gave 
birth to a black child by pointing out that there was a 
picture of a negro on the wall of her chamber. Injuries 
to the mother during pregnane)’’ have been unquestion- 
ably the cause of certain malformations, especially of 
congenital hydrocephalus. The embryo itself and^ its 
membranes may become the subject of inflammations, 
atrophies, hypertrophies, and the like ; this causation, 
to which Otto traced all malformations of the foetus, is 
doubtless accountable for a good many of them. But a 
very large residue of malformations must still be referred 
to no more definite cause than the erratic spontaneity of 
the embryonic cells and cell-groups. The nisus formalimis 
of the fertilized ovum is always made subject to morpho- 
logical laws, but, just as in extra-uterine life, there may 
be deviations from the beaten track ; and^ even a slight 
deviation at^an early stage will carry ndth it far-reaching 
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This IS particularly noticeable in double 
2. Pmihle iI/ons«er«.— Twins are thephysiological analog’ 

double monstfirS- nnri onnift ^ ^ 


of double monsters, and some of theSn^Tcome very 
near to being two separate individuals. Triple monsters 
are too rare to dwell upon, but their analogy would be 
triplets. _ The Siamese tnms, who died in 1874 at the 
age of sixty, were joined only by a thick fleshy ligament 
from the lower end of the breast-bone (xiphoid cartilage) 
haying the common navel on its lower border ; the anatom- 
ical examination showed, however, that a process of peri- 
toneum extended through the ligament from one abdominal 
cavity to the other, and that the blood-vessels of the ,two 
livers were in free communication across the same bridge. 
There are one or two cases on record in which such a liga- 
ment has been cut at birth, one, at least, of the tirins 
surviving. From the most intelligible form of double 
monstrosity, like the Siamese twins, there are all grades 
of fantastic fu.sion of two individuals into one doini to 
the tmly marvellous condition of a small body or fragment 
parasitic upon a well-grown infant, — the condition known 
as fahts in fceltc. These monstrosities are deviations, not 
from the usual kind of twin gestation, but from a certain 
rarer physiological type of dual development. In by far the 
majority of cases Hrins have separate uterine appendages, 
and have probably been developed from distinct ova ; but 
in a small proportion of (recorded) cases there is evidence, 
in the jJacental and enclosing structures, that the twins 
had been developed from two rudiments arising side by 
side on a single blastoderm. It is to the latter physiological 
category that double monsters almost certainly belong; 
and there is some direct embryological evidence for this 
opinion. Allen Thomson observed in the blastoderm of a 
hen's egg at the sixteenth or eighteenth hour of incubation 
two “ primitive traces ” or rudiments of the backbone form- 
ing side by side ; and in a goose’s egg incubated five days he 
found on one blastoderm two embryos, each with the rudi- 
ments of upper and lower extremities, crossing or cohering 
in the region of the future neck, and with only one heart 
between them. Somewhat similar observations had been 
previously published (four cases in all) by WollF, Von Baer, 
and Reichert. Malformations in the earliest stages of the 
blastoderm have been more frequently observed of late, 
especially in the ova of the pike ; and these point not so 
much to a symmetrical doubling of the primitive trace as to 
irregular budding from the margin of the genninal disc. In 
any case, the perfect physiological type appears to be two 
rudiments on one blastoderm, whose entirely separate de- 
velopment produces twins (under their rarer circumstances), 
whose nearly separate development produces such double 
monsters as the Siamese twins, and whose less separate 
development produces the various grotesque forms of two 
individuals in one body. There can be no question of a 
literal fusion of two embryos ; either the individuality of 
each was at no time complete, or, if there were two dis- 
tinct primitive traces, the uni-axial type was approximately 
reverted to in the process of development, as in the forma- 
tion of the abdominal and thoracic viscera, limbs, pelvis, or 
head. Double monsters are divided in the first instance 
into those in which the doubling is symmetrical and equal 
on the two side.s, and those in which a small or fragment- 
ary foetus is attached to or enclosed in a fmtus of average 
develo])ment, — the latter class being the so-called cases of 
“parasitism.” 

Symmetrical Double Alonsters are subdivided according 
to the part or region of the body where the union or fusion 
exists — head, thorax, umbilicus, or xielvis. One of the 
simplest cases is a Janus head upon a single body, or there 
may be two pairs of arms with the two faces. Again, the • 
may be one head with two necks and two complete trunl 
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tiona, there are others of them referable to the effects of 
mechanical pressure, and even to direct amputation of 
jiarts within the uterus. 

Acardiac and Acranial Afmtsio’s . — ^It .sometimes happens 
in a twin pregnancy tliat one of tlic embryas fails to 
develop a heart and a complete vascular sy.stem of its 
own, depending for its nouri.sbment upon blood derived 
from the placenta of its well-formed twin b}- means of its 
umbilical vessels. It grorvs into a more or less shapele.ss 
mass, in which all traces of the human form may be lost. 
Other viscera besides the lieart will be wanting, and 
no head distinguishable ; the most likely parts to keep 
the line.of development are the lumbar region (with the 
kidneys), the pelvis, and the lower limbs. The twin of 
this monster may be a healthy infant. 

Reversed Position of the Viscera , — ^This is a develop- 
mental error depending on the retention of the right aortic 
arch as in bird.s, instead of the left as is usual in mammals. 
The position of all the unsymmetrical viscera is transposed, 
the spleen and cardiac end of the stomach going to the 
right side, the liver to the left, the caecum resting on the 
left iliac fossa, and the sigmoid flexure of the colon being 
attached to the right. This condition of situs inversus 
visceruin need cause no inconvenience ; and it null probably 
remain undetected until the occasion .should arise for a 
physical diagnosis or post-mortem inspection. There are 
numerous other anomalies in the development of the great 
vessels. In the heart itself there may be an imperfect 
.septum ventriculorum, and there is more frequently a 
patency of the foetal communication between the auricles, 
permitting the venous blood to pass into the arterial 
.system, and producing the livid appearance of the face 
knomi as ct/anosis. 

The causes of congenital anomalies are difficult to specify. 
There is no doubt that, in some cases, they are ])re.sent in 
the spenn or germ of the parent; the .same anomalies 
recur in several children of a family, and it has been 
found possible, through a variation of the circumstances, 
to trace the influence in some cases to the father alone, 
and in other cases to the mother alone. The remarkable 
thing in this parental influence is that the malformation 
in the child may not have been manifested in the body of 
cither j)arent, or in the grandparents. More often the 
malformation is acquired by the embrjm and foetus in the. 
course of development and growth, either through the 
mother or in itself independently, hlaternal impressions 
during pregnancy have often been alleged as a cause, and 
this causation has been discussed at great length by the 
best authorities. The general opinion seems to be that it 
is impossible to set aside the influence of subjective states 
of the mother altogether. The doctrine of maternal imiwes- 
sions has often been resorted to when any other explana- 
rionwas either difficult or inconvenient; thus, Hippocrates 
is said to have saved the virtue of a woman who gave 
birth to a black child by pointing out that there was a 
picture of a negro on the wall of her chamber. Injuries 
to the mother during pregnane}’’ have been unquestion- 
ably the cause of certain malformations, especially of 
congenital hydrocephalus. The embryo itself and_ its 
membranes may become the subject of inflammations, 
atrophies, hypertrophies, and the like ; this causation, 
to which Otto traced all malformations of the foetus, is 
doubtless accountable for a good many of them. But a 
very large residue of malformations must still be referred 
to no more definite cause than the erratic spontaneity of 
the emhryonic cells and cell-groaps. The siisus fcyrmalimis 
of the fertilized ovum is always made subject to morpho- 
logical laws, but, just as in extra-uterine life, there may 
be deviations from the beaten track ; and^ even a slight 
deviation at^an early stage will carry wtli it far-reaching 
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is particularly noticeable in double 

2. Dcnthle Monster s.~T\s\n% are thephysiological analom^ 
of double monsters, and some of the latter hafe come veS 
near to being two separate individuals. Triple monster^ 
are too rare to dwell upon, but their analogy would be 
tuplets. _ The Siamese twins, who died in 1874 at the 
p of sixty, were joined only by a thick fleshy ligament 
from the lower end of the breast-bone (xiphoid cartilage) 
haying the common navel on its lower border ; the anatom- 
ical examination showed, however, that a process of peri- 
toneum extended through the ligament from one abdominal 
^vity to the other, and that the blood-vessels of the two 
livers were in free communication across the same bridge. 
There are one or two cases on record in which such a liga- 
ment has been cut at birth, one, at least, of the tirins 
surviving. From the most intelligible form of double 
monstrosity, like the Siamese twins, there are all grades 
of fantastic fu.sion of two individuals into one domi to 
the truly marvellous condition of a small body or fragment 
parasitic upon a well-grown infant,— the condition known 
as foetus in foetu. These monstrosities are deviations, not 
from the usual kind of twin gestation, but from a certain 
rarer physiological type of dual development. In by far the 
majority of cases tirins have separate uterine appendages, 
and have probably been developed from distinct ova ; but 
in a small proportion of (recorded) cases there is evidence, 
in the iilacental and enclosing structures, that the twins 
had been developed from two rudiments arising side by 
side on a single blastoderm. It is to the latter physiological 
category that double monsters almost certainly belong; 
and there is some direct embryological evidence for this 
opinion. Allen Thomson observed in the blastoderm of a 
hen’s egg at the sixteenth or eighteenth hour of incubation 
two “primitive traces ” or rudiments of the backbone form- 
ing side by side ; and in a goose’s egg incubated five days he 
found on one blastoderm two embryos, each with the rudi- 
ments of upper and lower extremities, crossing or cohering 
in the region of the future neck, and ndth only one heart 
between them. Somewhat similar observations had been 
previously published (four cases in all) by IVolff, Von Baer, 
and Reichert. Malformations in the earliest stages of the 
blastoderm have been more frequently observed of late, 
especially in the ova of the pike ; and these point not so 
much to a symmetrical doubling of the primitive trace as to 
irregular budding from the margin of the germinal disc. In 
any case, the perfect physiological type appears to be two 
rudiments on one blastoderm, whose entirely separate de- 
velopment produces twins (under their rarer circumstances), 
whose nearly separate development produces such double 
monsters as the Siamese tirins, and whose less separate 
development produces the various grotesque forms of two 
individuals in one body. There can be no question of a 
literal fusion of two embryos ; either the individuality of 
each was at no time complete, or, if there were two dis- 
tinct primitive traces, the uni-axial type was approximately 
reverted to in the process of development, as in the forma- 
tion of the abdominal and thoracic viscera, limbs, pelvis, or 
head. Double monsters are divided in the first instance 
into those in which the doubling is symmetrical and equal 
on the two side.s, and those in which a small or fragment- 
ary foetus is attached to or enclosed in a foetus of average 
develoj)ment, — the latter class being the so-called case.5 of 

parasitism.” . . , , 

Symmetrical Double Monsters are subdivided according 
to the part or region of the body where the union or fusion 
exists — head, thorax, umbilicus, or pelvis. One of the 
simplest cases is a Janus head upon a single body, or there 
may be two pairs of arms with the two faces. Again, the • 
may be one head with two necks and two complete trunl 
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a noble family in tlic district of Boulogne. He held in 
1430, and later, the office of lieutenant-gavenier (receiver 
of the gave, a kind of dmrch rate) in the city of Cambray, 
and seems to have usually resided there. Besides tliis lie 
was for some time bailiff of the chapter of that city, and 
later provost. He was married, and left children. But 
this almost exhausts the amount of our knowledge raspect- 
iiig liim, except that he was present, not at the capture of 
the Haid of Orleans, but at her subsequent interview with 
the duke of Burgundy. A.s a subject of this latter prince 
he naturally takes the Burgundian side in his history, which 
extends in the genuine part of it to two books, and covers 
the period from 1400 to 1444. At this time, as another 
chronicler Jlatthicu de Coucy infonns us, llonstrelet ceased 
writing. But, according to a habit by no means uncommon 
in the Middle Ages, a elum.sy sequel, extending to a period 
long subsequent to his death, was formed out of various 
other chronicles and tacked on to his work. The genuine 
part of this, dealing with the last half of the Hundred Years 
War, is valuable because it contains a large number of 
documents which are certainly, and rcjiorted .speeches which 
are probably, authentic. It has, liowever, little colour or 
narrative merit, is dully, though clearly enough, written, 
and is strongly tinged with the pedantr}’ of its centurj-, — 
the most pedantic in French historj’. The best edition is 
that published for the Societe de I’Histoirc de France by 
M. Douet d’Arcq in 185G. 

MONTAGU, L.U)Y Mauv IYoiitley (1690-1762), one 
of the most brilliant lettcr-WTiters of the 18tli centurj*, was 
the eldest daughter of Evelyn Pierrepont, duke of Kingston, 
and Lady Mary Fielding, daughter of the earl of Denbigh. 
Her near relationship with Fielding the novelist is worth 
remarking. She was born at Thoresby in Nottingham- 
shire in 1690. Her mother died when she was a child, 
and by some chance she received or gave herself an un- 
usually wide literary education, had the run of her father’s 
library, wa.s encouraged in her studies by Bishop Burnet, 
and while still a girl translated the Eneltiridmi of Epic- 
tetus. After a courtsbij) in which .<'he showed a singular 
jjower of thinking for herself, .she wa-s married in 1712, 
against her father’.s wish, to Mr. E. lYortley Montagu, 
an accomplished and scholarly friend of the Queen Anne 
wits. At the, new court of George I. her beautj’ and 
wit brought her much liomage ; Pope was among her 
most devoted ■worshipper.s, and she even gained and kept 
the friendship of the great duchess of Marlborough. Her 
husband being appointed ambassador to the Porte in 
1716, .she accompanied him to Constantinople, and wTotc 
to her friends at home brilliant de.scriptions of Eastern life 
and scenery. These letters were not published till 1763, 
the year after her death ; but, copies being handed about 
in fashionable circles, their lively, witty .style, grajJiic 
pictures of unfamiliar- life, and shrewd and daring judg- 
ments gave the writer instant celebrity. In one of them 
she described the practice of inoculation for the smallpox, 
and announced her intention of trying it on her own son, 
and of introducing it in spite of the doctors into England. 
The most memorable incident in her life after her return 
from the East was her quarrel with Pope, caused, accord- 
ing to her account, by her laughing at him when he made 
love to her in earnest. He satirized her under the name 
of Sappho, and she teased him with superior ingenuity 
and hardly inferior wit. From 1739 to 1761 Lady Mary 
lived abroad, apart from her husband, maintaining an 
affectionate correspondence ■with her daugliter Lady Bute, 
in which she set forth views of life largely coloured by 
the asceticism of her master Ejnetetus, and wearing an 
appearance of oddity and eccentricity from their contrast 
with conventional thought. The character of coldness 
and nnwomanliness which Pope contrived to- fasten on his 
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deserved; her lettens show her 
to have been a very warm-hearted woman, though on 
principle she turned the hard side to the ’workl.^ She 

that of 1 ^ « 

.tliat of 1861, with a memoir by Moy Thomas 

MONTAIGNE Michel de (1533-1592), essayist, was 
^ eleven o’clock and noon 

on ..8th I ebruary 1 .'>33, The patronymic of the Jlontaigno 
family, who derived their title from the chateau at which 
the essayist was bom and which had been bought by his 
grandfather, was Eyquem. It was believed to be of Eng- 
li.sh origan, and the long tenure of Gascony and Guienne by 
the English certainly provided abundant opportunity for the 
introduction of English colonists. But the elaborate re- 
searches of M. Malv4zin have proved the existence of a 
family of Eyquems or Ayquems before the marriage of 
Eleanor of Aquitaine to Henry II. of England, though 
no connexion between this family, who were Sieurs de 
Le.sparre, and the essayist’s ancestors can be made out. 
Montaigme is not far from Bordeaux, and in Montaigne’s 
time was in the province of Perigord. It is now in 
the arrondissement of Bergerac and the department of 
Dordogne. The Eyquem family had for some time been 
connected with Bordeaux. Indeed, though they possessed 
more than one estate in the district, they were of doubt- 
ful and certainly very recent nobility. Pierre Eyquem, 
Montaigne’s father, had been engaged in commerce (a 
herring-merchant Scaliger calls him), had filled many 
municipal offices in Bordeaux, and had served under 
Francis 1. in Italy as a soldier. The essayist was not 
the eldest son, but the third. By the death of his 
elder brothers, however, he became head of the family. 
He had also six younger brothers and sisters. His father 
appears, like many other men of the time, to have made 
a hobby of education. Michel was not a strong boy, 
indeed he was all his life a valetudinarian, and this may 
have c.s])ecially prompted his father to take pains •with 
him. At a time when the rod was the universal instru- 
ment of teaching it was almost entirely sjjared _ to 
Montaigoie. He was, according to the French fashion 
common at all times, put out to nurse with a ])easant 
w'oman. But Pierre Eyquem added to this the unusual 
fancy of choosing his son’s sponsors from the same class, 
and of accustoming him to associate with it. He was 
taught Latin orally by servants who could speak no French, 
and many curious fancies were tried on him, as, for 
instance, that of waking him every morning by soft music. 
But he was by no means allowed to be idle. A ])lan of 
teaching him Greek, still more out of the common way 
than his Latin course, by some kind of mechanical 
arrangement, is not very intelligible, and was quite uii- 
.successful. These details of his education (which, like 
most else that is known about him, come from his own 
mouth) are not only interesting in themselye.s, but remind 
the reader how, not far from the same time, the other 
greatest writer of French during the Eenais.sance was also 
exercising himself, though not being exercised, m plans of 
education almost as fantastic. At six years old (for the 
father’s reforming views in education do not seem to har e 
disgusted him with the extremely early age at which it 
wa.hhen usual to begin school training) ^ 

sent to the ColEge de Guienne at Bordea^, then at the 
height of its reputation, having more than double the 
number of scholars (two thousand) that even the largtet 
English public school has usually boasted, ilmong ifa 
mSters were Buchanan, afterwards the teacher of James 
I and Muretus, one of the first scholars of the age. These, 
wdth their colleague Gudrente, composed Latin plays for 
Sir pupils to act, and are held to have ^ven no smal 
ll “proaurti,. of tho ctoic.1 F,eo.l, t„so,ly 



I 


M 0 N — M 0 N 


a noble family in tlic district of Boulogne, He held in 
1430, and later, the office of lieutenant-gavenier (receiver 
of the gave, a kind of dmrch rate) in the city of Cambray, 
and seems to have usually resided there. Besides tliis he 
was for some time bailiff of the chajJter of that city, and 
later provost. He was married, and left children. But 
this almost exhausts the amount of our knowledge respect- 
ing liim, except that he was present, not at the capture of 
the Haid of Orleans, but at her subsequent interview with 
the duke of Burgundy. As a subject of this latter prince 
he naturally takes the Burgundian side in his history, which 
extends in the genuine part of it to two books, and covers 
the period from 1400 to 1444. At this time, as another 
chronicler Jlatthicu de Coucy infonns us, llonstrelet ceased 
writing. But, according to a habit by no means uncommon 
in the Middle Ages, a clum.sy sequel, extending to a period 
long subsequent to his death, was formed out of various 
other chronicles and tacked on to his work. The genuine 
part of this, dealing with the last half of the Hundred Years 
War, is valuable because it contains a large number of 
documents which are certainly, and rcj)orted .speeches which 
are probably, authentic. It has, however, little colour or 
narrative merit, is dully, though clearly enough, written, 
and is strongly tinged with the pedantr}’ of its centurj-, — 
the most pedantic in French historj’. The best edition is 
that published for the Societc de I’Histoirc de France by 
M. Douet d’Arcq in 1836. 

MONTAGU, L.U)V JIauv IYortley (1690-1762), one 
of the most brilliant lettcr-WTiters of the 18tli centurj*, was 
the eldest daughter of Evelyn Pierrepont, duke of Kingston, 
and Lady Mary Fielding, daughter of the earl of Denbigh. 
Her near relation.ship with Fielding the novelist is worth 
remarking. She was born at Thorcsby in Nottingham- 
shire in 1690, Her mother died when she was a child, 
and by some chance she received or gave herself an un- 
usually wide literary education, had the run of her father’s 
library, was encouraged in her studies by Bishop Burnet, 
and while still a girl translated the Enehiridion of Epic- 
tetus. After a courtshij) in which .<-he showed a singular 
power of thinking for herself, she was married in 1712, 
against her father’.s wish, to Mr. E. lYortley Montagu, 
an accomplished and scholarly friend of the Queen Anne 
wits. At the, new court of George I. her beauty and 
wit brought her much homage; Pope was among her 
most devoted worshippens, and she even gained and kept 
the friendship of the great duchess of Marlborough. Her 
husband being appointed ambassador to the Porte in 
1716, .she accompanied him to Constantinople, and wrote 
to her friends at home brilliant de.scriptions of Eastern life 
and scenery. These letters were not published till 1763, 
the year after her death ; but, copies being handed about 
in fashionable circles, their lively, witty .style, graiJiic 
pictures of unfamiliar- life, and shrewd and daring judg- 
ments gave the writer instant celebrity. In one of them 
she described the practice of inoculation for the smallpox, 
and announced her intention of trying it on her own son, 
and of introducing it in spite of the doctors into England. 
The most memorable incident in her life after her return 
from the East was her quarrel with Pope, caused, accord- 
ing to her account, by her laughing at him when he made 
love to her in earnest. Ho satirized her under the name 
of Sapfjho, and she teased him with superior ingenuity 
and hardly inferior wit. From 1739 to 1761 Lady Mary 
lived abroad, apart from her husband, maintaining an 
affectionate correspondence with her daugliter Lady Bute, 
in which she .set forth views of life largely coloured by 
the asceticism of her master Ejnetetus, and wearing an 
appearance of oddity and eccentricity from their contrast 
with conventional thought. The character of coldness 
and nnw’omanliness which Pope contrived to- fasten on his 
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T her lettens show her 

to have been a very warm-hearted woman, thoimh on 

dCTo) si'lo fo the workl.^ She 

died 21st August 1 < 62. The best edition of her works is 
.that of^ 1861, with a memoir by Moy Thomas 

MONTAIGNE Michel de (1533-1592), essayist, was 

eleven o’clock and noon 
on ..8th I ebruary l:)oZ. The patronymic of the Jlontaigno 
family, who derived their title from the chateau at which 
the essayist was bom and which had been bought by his 
^andfather, was Eyquem. It was believed to be of Eng- 
lish origin, and the long tenure of Gascony and Guienne by 
the Engli.sh certainly provided abundant opportunity for the 
introduction of English colonists. But the elaborate re- 
searches of M. Malvdzin have proved the existence of a 
family of Eyquems or Ayquems before the marriage of 
Eleanor of Aquitaine to Henry II. of England, though 
no connexion between this family, who were Sieurs de 
Le-spaire, and the essayist’s ancestors can be made out. 
Montaigne is not far from Bordeaux, and in Montaigne’s 
time was in the province of Perigord. It is now in 
the arrondissement of Bergerac and the department of 
Dordogne. The Eyquem family had for some time been 
connected with Bordeaux. Indeed, though they possessed 
more than one estate in the district, they were of doubt- 
ful and certainly very recent nobility. Pierre Eycjuem, 
Montaigne’s father, had been engaged in commerce (a 
herring-merchant Scaliger calls him), had filled many 
municipal offices in Bordeaux, and had served under 
Francis 1. in Italy as a soldier. The e.ssayist was not 
the eldest son, but the third. By the death of his 
elder brothers, however, he became head of the family. 
He had also six younger brothers and sisters. His father 
appears, like many other men of the time, to have made 
a hobby of edueation. Michel was not a strong boy, 
indeed he was all his life a valetudinarian, and this may 
have e.s])ecially prompted his father to take pains with 
him. At a time when the rod was the universal instru- 
ment of teaching it was almost entirely sjjared to 
Montaigne. He was, according to the French fashion 
common at all times, put out to nurse with a jieasant 
woman. But Pierre Eyquem added to this the unusual 
fancy of choosing his son’s sponsors from the same class, 
and of accustoming him to associate with it. He was 
taught Latin orally by servants who could speak no French, 
and many curious fancies were tried on him, as, for 
instance, that of waking him every morning by soft music. 
But he was by no means allowed to be idle. A jilan of 
teaching him Greek, still more out of the common way 
than his Latin course, by some kind of mechanical 
arrangement, is not very intelligible, and was quite un- 
successful. These details of his education (which, like 
most else that is known about him, come from his own 
mouth) are not only interesting in tbemsehes, but remind 
the reader how, not far from the same time, the other 
greatest writer of French during the Eenais-sance was also 
exercising himself, though not being exercised, m plans of 
education almost as fantastic. At six years old (for tlie 
father’s reforming views in education do not seem to have 
disgusted him with the extremely early age at which it 
was then usual to begin school training) Monteigne iras 
sent to the ColEge de Guienne at Bordea^, then at the 
height of its reputation, having more than double the 
n^ber of scholars (two thousand) that even the larg^t 
English public school has usually boasted, jhnongi^ 
masters were Buchanan, afterwards the teacher of Jame.s 
I and Muretus, one of the first scholars of the age. Tliese, 
■irith their colleague Gudrente, composed Latin 

to act and are held to have given no small 
impuke to the production of the classical I’rcnch tragw y 
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edition liitlicrto, make it rather difficult to use it as a 
document. The freak of writing part of it in a strange 
dog-Italian is not uncharacteristic of Montaigne, but the 
words of his last and best editors, MiM. Courbet and 
Boyer, who speak of the letters as “Funique compidment 
des essais,” seem to indicate that they are not of those 
who accept the published Voycifje as authentic. Of the 
fact of the journey there is no doubt wliatever. 

Montaigne (as was not unnatural in a man oT his tempera^ 
ment, who had for some years, if not for the greater part 
of liis life, lived solely to please himself) was not altogether 
deliglited at his election to the mayoralty, which promised 
him two years of responsible if not very liard work. The 
memory of his father, however, and the commands of the 
Idng, wliich seem to have been e.^pressed in a manner rather 
stronger than a mere formal confirmation, induced him to 
, accept it ; and he seems to have discharged it neither better 
nor worse than an average magistrate. Indeed, he gave 
sufficient satisfaction to the citizens to be re-elected at the 
close of his term, and it may be suspected that the honour 
of the position, which was really one of considerable dignity 
and importance, was not altogether indifferent to him. 
Unfortunately, it cannot be said that nothing in his office 
became him like the leaving of it, for it was at the close 
of his second tenure that he gave the only sign of the 
demoralizing effect which is sometimes alleged by severe 
moralists to come of the half epicurean, half sceptical philo- 
sophy which he undoubtedly professed. Itwas his business, 
if not e.vactly his duty, to j^reside at the formal election of 
his successor, the marechal de Matignon ; but there was a 
severe pestilence in Bordeaux, and Montaigne writes to the 
jurats of that town, in one of the few undoubtedly authentic 
letters which we possess, to the effect that he will leave 
them to judge whether his presence at the election is so 
necessary' as to make it worth his while to expose himself 
to the danger of going into the town in its then condition, 
“ which is specially dangerous for men coming from a good 
air as he does.” That is to say, the chief magistrate of one 
of the greatest towns in France not only declined to visit 
it because of sickness prevailing there, but had left it to 
itself at a time when nearly half the population perished, 
and when, according to the manners of the age, civil dis- 
turbance was almost sure to follow accordingly. AttemjJts 
liave been made to jastify Jlontaigne, and it may be at 
least said that he at no time pretended to unselfish heroism; 
but it is to be feared that the facts and the inference drarra 
from them admit of no dispute. At the least, Montaigne’s 
conduct must be allowed to contrast very little to his 
advantage with that of Kotrou in the next century under 
somewhat similar circumstances though in a position of 
much less responsibility. It may, however, be urged in 
Montaigne’s favour that the general circumstances of the 
time, where they did not produce reckless and foolhardy 
daring, almost necessarily produced a somewhat excessive 
caution. The League was on the point of attaining its 
greatest power; the extreme Calvinist and Navarrese party, 
on the other side, was (as may be seen in Agrippa d’Aubignd) 
no less fanatical than the League itself, and the salvation 
of Franco seemed to lie in the third party of politiques, or 
trimmers, to which Montaigne belonged. Tlie capital 
motto of this party was that of the Scotch saying, “ Jouk 
and let the jaw gang by,” and the continual habit of parry- 
ing and avoiding political dangers might be apt to extend 
itself to dangers other than j)olitical. However this may 
be, (Montaigne had difficulty enough during this turbulent 
period, all the more so from his neighbourhood to the chief 
haunts and possessions of Henry of Navarre. He was 
able, however, despite the occupations of his journey, his 
mayoralty, and the pressure of civil war and pe.stilence, 
which was not confined to the town, to continue his essay 
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writing, and m 1088, after a visit of some length to Paris 
the third book of the Bmtys was publi.shed, to^'cther vith 
Bie formerones considerably revised. The new e="vs m 
has been remarked, differ strikingly from the older on^ b 

itself to the average of those in the first two books. The 
whimsical unexpectedness of the titles, moreover, reaiif.ears 
’in but two of them: “Des coches” and “Des boiteux.” 
they are, however, identical with the earlier ones in s])irit 
and make with them a harmonious whole— a book which 
has liardly been second in influence to any of the modern 
world. 

This influence is almost ciiually remaikabJo in jioint of niatlcr 
aiiU in point of form, as icg.anls the subscijuent history of thoii'dit 
and as legards the subsequent history ofliteratiii o. The latter aspect 
inay be taken first. Jlontaigne is one of the few great writers uho 
hai’c not only perfected but have also invented a litcrarv form. 
The essay as he gave it had no forerunner in modern literature, and 
no direct ancestor in the literature of classical times. It is indeed 
not improbable that it owes something to the body of tractates by 
different authois and of different dates, which goes under the name 
of Plutarch s Morals, and it also bears some lesemblance to the 
miscellaneous work of Lucian. But the lesemblance is in both cates 
at most that of suggestion. Tlic peculiar dcsiiltoriiiess and tenta- 
tive character of the essay pioper Mere alien to the ordeily chaiaotcr 
of the Greek mind, as were also its garrulity and the tendency nhich 
it has rather to reveal the idiosynciasy of the writer than to' deal in 
a systematic manner with the peculiarities of tlie subject. It li.as 
been suggested tliat the form which the c.ssays assumed was in a 
way accidental, and this of itself precludes the idea of a delmite 
model even if such a model could be found. Beginning vith the 
throwing together of a few sti.ay tlioughts and quotations linked 
by a community of subject, the author by degrees acquires more 
•and more certainty of hand, until he jirodiices such inastcipioccs of 
apparent desultoriness and real unity as the css.iy “Sur des vers dc 
Virgilc.” In matter of stylo and language Jlontaignc’s position is 
equally impoitant, but the ways which led him to it are more 
cieaily traceable. Ilis favourite author was beyond all doubt Plu- 
tarch, and his own explicit confession makes it undeni.ablo tha* 
Plutarch’s translator Amyot was his master in point of voeabnlaiy, 
and (so far as he took any lessons in it) of .style. Amyot 
unquestionably one of the most remarkable writers of French !■ 
the ICtli centiir}', and to him more than to any one else is <' 
the beauty of the jiiO'-c style which marked the second half o 
tliat centurj’, a style which, though unequal and requiring to i. 
modified for general use, is at its best the very flower of the lai. 
guage. Montaigne, however, followed with the perfect indepondciK 
that characterized him. Ho was a contemporary of Ronsard,_ an( 
his first essays were publi.shed when the innovations of the Pleiad 
had fully established themselves. He adopted them to a gie 
extent, but with much discrimination, and he used his own judg 
ment in Latinizing when ho pleased. In the same way he ret'iinci 
archaic and provincial woids with a good deal of ficedom, but b 
no moans to excess. In the arrangement as in the sclertion of If 
lanmiage he is equally original. There is little or no tiaec in b" 
of the interminable sentence which is the drawbiek of eail\ jiro' 
in all languages when it has to deal with anything more dilbcit 
to manage than mere narrative. He has not the excessive clas-.u !-■ 
of style which mars even the fine piose of Calvin, and whicli niak< 
that of some of Calvin’s followers intolerably stiff, pi'* a rule lie 
careless of definitely rhythmic-al cadence, thougli his .sentences .u 
.always pleasant to the ear. But the i.rincinal characteristic 
Montaimio’s prose style is it-s i emarkablo case and flevibi ity. I lit 
peculiarities, calculated in themselves to cxeicise a salutary ind'. 
Lice on a langu.age as yet somewhat undisciplined, 
accident an importance of an extraordinao kmd. A ft j 
after Montaigne's death agioat V 

mssed over French. The cnticism of Jl.alhcrbe, followed b\ 
ekablLshment of the Academy, the minute gramniatwa censuies ■ 
VaiK'clas, and the severe literary censorship of Imileati tiini^ 

Freirdiin less than three-quarters of a century fioni one of , 

freest languages in Enrojie to one of the most restricted. 
Sinisms'’and Gnecisins of the Pleiade }vere talrooed at the e... 
time with the most pictiiresciue exiires^ioiis of 11 e older tongu 
The efforts of the reformers were directed .-iboyc .all things to lU’ 
and trrefino to impose additional difficulties in the f ’ 

nniaitP r^t tl 0 same time that, by holdingoiita strict lydefim 

moTf Sy a^sted of iiti genius and 

IrftP tolm-aidv During this revolution only two 
dateheW h 
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edition liitlicrto, make it rather difficult to use it as a 
document. The freak of writing part of it in a strange 
dog-Italian is not uncharacteristic of Montaigne, but the 
words of his last and best editors, Mil. Courbet and 
Boyer, who speak of the letters as “I’unique complement 
des essais,” seem to indicate that they are not of those 
who accept the published Voycifje as authentic. Of the 
fact of the journey there is no doubt wliatevcr. 

Montaigne (as was not unnatural in a man oT ids tempera^ 
ment, who had for some years, if not for the greater part 
of liis life, lived solely to please himself) was not altogether 
deliglited at his election to the mayoralty, which promised 
him two years of responsible if not very liard work. The 
memory of his father, however, and the commands of the 
Idng, wliich seem to have been e.^pressed in a manner rather 
stronger than a mere formal confirmation, induced him to 
, accept it ; and he seems to have discharged it neither better 
nor worse than an average magistrate. Indeed, he gave 
sufficient satisfaction to the citizens to be re-elected at the 
close of his term, and it may be suspected that the honour 
of the position, which was really one of considerable dignity 
and importance, was not altogether indifferent to him. 
Unfortunately, it cannot be said that nothing in his office 
became him like the leaving of it, for it was at the close 
of his second tenure that he gave the only sign of the 
demoralizing effect which is sometimes alleged by severe 
moralists to come of the half epicurean, half sceptical philo- 
sophy which he undoubtedly professed. Itwas his business, 
if not e.vactly Ids duty, to jireside at the formal election of 
his successor, the marechal de Matignon ; but tlicre was a 
severe pestilence in Bordeaux, and Montaigne writes to the 
jurats of that town, in one of the few undoubtedly authentic 
letters which we possess, to the effect that he will leave 
them to judge whether his presence at the election is so 
necessary' as to make it worth his while to expose himseK 
to the danger of going into the town in its then condition, 
“ which is specially dangerous for men coming from a good 
air as he does.” That is to say, the chief magistrate of one 
of the greatest towns in France not only declined to visit 
it because of sickness prevailing there, but had left it to 
itself at a time when nearly half the population perished, 
and when, according to the manners of the age, civil dis- 
turbance was almost sure to follow accordingly. AttemjJts 
liave been made to justify Jlontaigne, and it may be at 
least said that he at no time pretended to unselfish heroism; 
but it is to be feared that the facts and the inference draum 
from them admit of no dispute. At the least, Montaigne’s 
conduct must be allowed to contrast very little to his 
advantage with that of Kotrou in the next century under 
somewhat similar circumstances though in a position of 
much less responsibility. It may, however, be urged in 
Montaigne’s favour that the general circumstances of the 
time, where they did not produce reckless and foolhardy 
daring, almost necessarily produced a somewhat excessive 
caution. The League was on the point of attaining its 
greatest power; the extreme Calvinist and Navarrese party, 
on the other side, was (as may Ire seen in Agrippa d’Aubignd) 
no less fanatical than the League itself, and the salvation 
of Franco seemed to lie in the third party oi politiques, or 
trimmer.s, to which Montaigne belonged. Tlie capital 
motto of this party was that of the Scotch saying, “ Jouk 
and let the jaw gang by,” and the continual habit of parry- 
ing and avoiding political dangers might be apt to extend 
itself to dangers other than j)olitical. However this may 
be, (Montaigne had difficulty enough during this turbulent 
period, all the more so from his neighbourhood to the chief 
haunts and possessions of Henry of Navarre. He was 
able, however, despite the occupations of his journey, his 
mayoralty, and the pressure of civil war and pe.stilcnce, 
which was not confined to the town, to continue his essay 
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writing, and m 1588, after a visit of some length to Paris 
the third book of the Bmtys was publi.shed, to^'cther vith 
Bie formerones considerably revised. The new e="vs m 
has been remarked, differ strikingly from the older ffi 

Itself to the average of those m the first two books. The 
whimsical unexpectedness of the titles, moreover, reaiif.ears 
■m but two of them: “Des coches” and “Des boitciw.” 
iheyare, however, identical with the earlier ones in s])irit 
and make with them a harmonious whole— a book which 
lias liardly been second in influence to any of the modern 
world. 

This influence is almost wiually remaikablo in jioint of niatlcr 
ana in point of form, as ieg.anls the subscijuent history of thoii'dit 
ana as legards the subsequent history ofliteratiii o. The latter aspect 
inay be taken first Jlontaigne is one of the few great writers uho 
have not only perfected but have also invented a litcrarv form. 
The essay as he gave it had no forerunner in modern literature, and 
no direct ancestor in the literature of classical times. It is indeed 
not improbable that it owes something to the body of tractates by 
different authois and of different dates, which goes under the name 
of Plutarch’s Morals, and it also bears some lesemblance to the 
miscellaneous work of Lucian. But the i escmblancc is in both cates 
at most that of suggestion. Tlic peculiar dcsultoriness and tenta- 
tive character of the essay pioper ucre alien to the ordeily chamotir 
of the Greek mind, as were also its garrulity and the tendency uhieh 
it has rather to reveal the idiosynciasy of the writer than to' deal in 
a systematic manner with the peculiarities of tlie .subject. It li.as 
been suggested tliat the form which the c.ssays assumed was in a 
way accidental, and this of itself precludes the idea of a delmite 
model oven if such a model could be found. Beginning vith the 
throwing together of a few stnay tlioughts and quotations linkcci 
by a community of subject, the author by degrees acquires more 
.and more certainty of hand, until he jiroduccs such mastcipioccs of 
apparent desultoriness and real unity as the css.ay “Sur des vers dc 
Virgilc.” In matter of stylo and language Jlontaignc’s position is 
equally impoitant, but the svays wliich led him to it ore more 
cieaily traceable. Ilis favourite author was beyond all doubt Plu- 
tarch, and his own explicit confession makes it uiideni.ablo tha* 
Plutarch’s translator Amyot was his master in point of voeabnlaiy, 
and (so far as he took any lessons in it) of .style. Amyot 
unquestionably one of the most remarkable writers of French !■ 
the ICth centiir}', and to him more than to any one else is <' 
the beauty of the jiio-.c style which marked the second half y 
tliat centur)', a style which, though unequal and requiring to I. 
modified for general use, is at its best the very flower of the lai. 
gnage. Montaigne, however, followed with the perfect indepondcii.. 
that characterized him. Ho was a contemporary of Konsard,_ani 
his first essays were publi.shed when the innovations of the Pleiad 
had fully established themselves. He adopted them to a gie 
extent, but with much discrimination, and he used his own jiidg 
ment in Latinizing when ho plc.ascd. In the same way lie rctaiuci 
archaic and provincial woids with a good dc.al of ficcdom, but b 
no moans to excess. In the arrangement as in the selection of If 
lanmiage he is equally original. There is little or no tiacc in 
of the intcrminablo sentence wiiicli is the drawbick of caila jiro' 
in all languages when it has to deal with anything more dillicii 
to manage than mere narrative. He has not the excessive clas-.i( i-. 
of style which mars even the fine piose of Calvin, and whicli niak< 
that of some of Calvin’s followers intolerably .stiff. As a rule lie 
careless of definitely rhythmic.al cadence, thouglj his .sontenees . 1 . 
always pleasant to the ear. But the i.rincipal characterwtic 
Montaimio’s prose style is its i emarkablo ease and fletibi ity. I lit 
peculiarities, calculated in themselves to cxeicise a salutary ind'. 
Lice on a langu.age as yet somewhat undisciplined, acipiircd b 
accident an importance of an cvtr.aordinary kind. M 

after Montaigne's death agioat "CF 

nassed oa'or French. The cnticism of Jl.alhcrbc, followed b\ 
ekablLshment of the Academy, the minute 

VaiK'das, and the severe literary censorship of Imiltati tiinp 

Freirdiin less than three-quarters of a century fioni one of , 

freest langinages in Eurojie to one of the most rostrictwl. 
Sinisms^and Gnccisms of the Pleiade }vere taliooed at the s... 
time with the most pictiiresciue exiires^ioiis of ti c olUcr tongu 
The efforts of the reformers were directed .above .all things to lU’ 
and to refine to impose additional difficulties in the way of writ ’ 
iisiS" at thc s'^nie time that by hoblingouta stn^ 

?dd they as.sisted persons of little genius and 
--..'LT„,..ri.i,. rinrinfr this revolution only two wnterv o_f (1 . 


model, - .. 

write tolerably. Dunn 
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Not mucli is known of liim in these later years, and 
indeed, despite the laborious researches of many bio- 
graphers, of whom one, Dr Payen, has never been excelled 
in persevering devotion, it cannot be said that the 
amount of avaUablo information about Montaigne is large 
at any time of his life. It would seem that the essayist 
had returned to his old life of study and meditation 
and working up his Essays. No new ones were found 
after his death, but many alterations and insertions. His 
various maladies grew worse ; yet they were not the direct 
cause of his death. He was attacked with quinsy, which 
rapidly brought about paralysis of the tongue, and he died 
•on the 11th of September 1592, under circumstances which, 
as Pasquier reports them, completely disprove any intention, 
at least on his part, of displaying anti-Christian or anti- 
Catholic leanings. Feeling himself on the point of death, 
he summoned divers of his friends and neighbours to his 
chamber, had mass said before him, and endeavoured to 
raise himself and assume a devotional attitude at the 
elevation of the host, dying almost immediately afterwards. 
He was buried, though not till some months after his 
death, in a church in Bordeaux, which after some vicissi- 
tudes became the chapel of the Colldge. During the 
Ilevolution the tomb and, as it was supposed, the coffin 
were transferred 'with much pomp to the town museum ; 
but it was discovered that the wrong coffin had been taken, 
and the whole was afterwards restored to its old position, 
klontaigne’s -widow survived him, and his daughter left pos- 
terity which became merged in the noble houses of Bdgur 
and Lur-Saluces. But it does not appear that any male 
representative of the family survived, and the chateau is 
not now in the possession of any descendant of it. 

Wien Jladenioisellc do Gournay licaid of tho death of Mon- 
taigne slie undertook vith her mother a visit of ceremony and con- 
dolonce to the vddow, -ivln'ch had important results for literature. 
Madame do Montaigne gave her a copy of the edition of 1588, 
annotated copiously ; at the same time, apparently, she bestowed 
anotlicr copy, also annotated by tho author, on tho convent of the 
Fcuillants in Bordeau.x, to which the church in which his remains 
lay was attached. Mademoiselle do Gournay thereupon sot to work 
to jiroduce a new and final edition with a zeal .and energy which 
would have done credit to any editor of any date. She hcr-self 
worked with her own copy, inserting tho additions, marking tho 
alterations, and translating all the quotations. But when she had 
got this to press she sent the proofs to Bordc.iux, where a poet of 
some note, Pierre de Brach, revised them with the other annotated 
copy. The edition thus produced has -with justice passed as the 
standard even in preference to those -which appeared in the author’s 
lifetime. Unluckily, Mademoiselle do Gournay’s origin.il docs not 
appear to exist, and her text was said, until the appearance of MM. 
Courbet and Boyer’s edition, to have been .somewhat wantonly 
cornipted, especially in the important point of spelling. The 
Fcuillants copy is in existence, being tho only manuscript or partly 
TOanuscript authority for the text. It was edited in 1803 by 
Aaigeon, the disciple of Diderot ; but, according to later inquiries, 
considerable liberties were taken with it. The first edition of 1580, 
inth the various readings of two otlicrs which appeared during the 
author’s lifetime, was reprinted by MM. Dezeimeris and Burck- 
hausen. Hitherto the edition of Lo Clerc (S Vols., Paris, 1826-28) 
and m a more compact form that of Louandre (4 vols., Paris, 1854) 
iiavc been the most useful. The edition, however, of JIM. Courbet 
and Royer, which is based on that of 1595, will undoubtedly be the 
iflTii ? ’ the text is complete (Paris, Lcmcrrc, 1873- 

1877), the fifth volume, containing the biograpby|and all the editorial 
apparatus, has unluckily yet (1883) to make its appearance. The 
•editions of Jlontaigno in France .and elsewhere, and the works upon 
film during the past three centuries, are innumerable. His influence 
upim his successors has already been hinted at, and cannot here 
ne teced in detail. In one case, however, — that of Pascal — it is of 
Eiilhacnt importance to deserve mention. Pascal, w-ho has left a 
special discourse on Montaigne, -ivas evidently profoundly influenced 
liy film, and the attitude towards his teacher is an interesting one. ! 
lie .sceptical method of the essayist is at once tempting and tcmblc 
to liun. He accepts it in so far as it demolishes the claims of 
niiraan reason and heathen pliilosophy, but evidently dreads it in 
far as it is susceptible of being turned against religion itself. In 
migland Jlontaignc was early popular. It was long supposed that 
10 autograph of Shakespeare in a copy of Florio’s translation 
■s lowed his study of the Essays. The autograph lias been disputed. 
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S fifs^^or^ecmKiM’riie^p^ T’f ^^‘ow that 

Towards tho latter end of tfie acquainted with the essayist. 

Isaac W.ilton, executed a cmuplVto translation^ 
extraordinarily faithful, po.ssesLs a good fi of Si' S' "h 

unquestionably Bmerson’s in IkprLnlalivc Men. (^G.S) ''' 

_ MONTALEMBERT, Ciguiles Foiibes de (1810-1870) 
historian, was bom on 29t]i May 1810. The family was 
a very ancient_ one, belonging to Poitou, or ratlier to 
Angouinois. Direct descent is .said to bo provable to the 
loth century, and charters and other documents cany the 
history of the house two centurio.s further back. For some 
generations before the_ historian the family had been dis- 
tinguished, not merely in the army, but for scientific attain- 
ments. Montalembert’s father, Rend, emigrated, fought 
under Conde, and subsequently served in the Engli.sh 
army. He married a Mi.ss Forbes, and his eldest son 
Charles was born at London. At tho Restoration Rene 
de Montalembert returned to France, was raised to the 
peerage in 1819, and became ambassador to Sweden (where 
Charles received much of his education) in I82G. He died 
a year after the overthro-iv of the legitimate monarchy. 
Charles de Montalembert was too young to take his .“cat 
as a peer (twenty-five being the necessary age), but he 
retained other rights ; and this, combined with his literary 
and intellectual activity, made him a person of sonic 
importance. He had eagerly entered into the somew-hat 
undefined plans of Lamennais and Lacordaire for the 
establishment of a school of Liberal Catholicism, and he 
co-operated with them, both in the Avenir (see Lajien- 
NAis, vol. xiv. pp. 239, 240) and in the practical endeavour, 
which absorbed some of the best energies of France at the 
time, to break through the trammels of tho system of state 
education. This latter scheme first brought Jlontalcmbcrt 
into notice, as he was formally charged with unlicensed 
teaching. He claimed the right of trial by his jiccrs, and 
made a notable defence, of course with a deliberate intention 
of protest. His next most remarkable act was his particijia- 
tion in the famous pilgrimage to Rome of his two friends. 
This step, as is well known, proved useless to mitigate the 
measures which private intrigue.s, and perhaps a not alto- 
gether injudicious instinct, prompted tho Roman curia to 
take against the Avenir and the doctrines of its promotcr.“. 
Montalembert, however, submitted dutifully to the ency- 
clical of June 1835, and only devoted himself more 
assiduously to the work on which he was engaged, tlur 
Life of St Elizabeth of Hungary. This appeared in 1830. 
It displayed Montalembcrt’s constant litcrarycharactenstic.“, 
and, though inferior to Les Afoines d’Occtdenl in rescarcli 
and’ labour, is perhaps superior to it as a work of art. 
The famous speech by which Montalembert is best known, 

« Nous Eommes les fils des croisds et jamais nous no rc- 

culerons devant les fils do Voltaire", c.xprcssc.--, or at la-ist 
indicates, his attitude not insufficiently. He -ivas an ardent 
student of the Middle Age.s, but his medimval emhusiasm 
was strongly tinctured with religious sentiment, and at the 

same time by no means connected with any affeaion foi 

despotism, klontalcmbert still clung to hi.s^early libcralisin, 
an/he made himself conspicuous dunng the reign of Loui.s 
PhUippe by'his protests against the restrictions imj.oscd 
nn Siberty of the press, besides struggling for freedom 
to SnKwion. Ti.« parly «bicU ba ro|,r«» W . 
rtr rather which he strove to found, ir.es hy no jncen. n i } 
ZSSSt at heart, and at the downfall of tons I'ln £ 
Montalembert had no difficulty m accepting 

disinclined to accept the empire; but tiie mca.ur 
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Not mucli is known of liim in these later years, and 
indeed, despite the laborious researches of many bio- 
graphers, of whom one, Dr Payen, has never been excelled 
in persevering devotion, it cannot be said that the 
amount of avaUablo information about Montaigne is large 
at any time of his life. It would seem that the essayist 
had returned to his old life of study and meditation 
and working up his Essays. No new ones were found 
after his death, but many alterations and insertions. His 
various maladies grew worse ; yet they were not the direct 
cause of his death. He was attacked with quinsy, which 
rapidly brought about paralysis of the tongue, and he died 
•on the 11th of September 1592, under circumstances which, 
as Pasquier reports them, completely disprove any intention, 
at least on his part, of displaying anti-Christian or anti- 
Catholic leanings. Feeling himself on the point of death, 
he summoned divers of his friends and neighbours to his 
chamber, had mass said before him, and endeavoured to 
raise himself and assume a devotional attitude at the 
elevation of the host, dying almost immediately afterwards. 
He was buried, though not till some months after his 
death, in a cliurch in Bordeaux, which after some vicissi- 
tudes became the chapel of the Colldge. During the 
Ilevolution the tomb and, as it -was supposed, the coffin 
were transferred vdth much pomp to the town museum ; 
but it was discovered that the wrong coffin had been taken, 
and the whole was afterwards restored to its old iiosition. 
klontaigne’s -widow survived him, and his daughter left pos- 
terity which became merged in the noble houses of Sdgur 
and Lur-Saluces. But it does not appear that any male 
representative of the family survived, and the chateau is 
not now in the possession of any descendant of it. 

Wieu Jladenioisello do Gournay licaid of the death of Mon- 
taigne she undertook with her inotlicr a visit of ceremony and con- 
doloncc to the widow, -ivhioh had important results for literature. 
Madame de Jlontaignc gave her a copy of the edition of 1588, 
annotated copiously ; at the same time, apparently, she bestowed 
anotlier copy, also annotated hy the author, on the convent of the 
Fcuillants in Bordeaux, to which the church in which his remains 
lay was attached. Jilademoiselle do Gournay thereupon sot to work 
to jiroduce a now and final edition with a zeal .and energy which 
would have done credit to any editor of any date. She hcnself 
worked -with her own copy, inserting the additions, marking the 
alterations, and translating .all the quotations. But when she had 
got this to press she sent the proofs to Bordc.aux, where a poet of 
some note, Pierre de Brach, revised them with the other annotated 
copy. The edition thus produced has with justice passed .as the 
standard even in preference to those which appeared in the author’s 
lifetime. Unluckily, Maderaoi.se]le de Gournay’s original does not 
appear to exist, and her text was said, until the appearance of MM. 
Courbet and Boyer’s edition, to have been .somewhat wantonly 
wrnipted, especially in the important point of spoiling. The 
Fcuillants copy is in existence, being the only manuscript or partly 
manuscript authority for the text. It was edited in 1803 by 
baigeon, the disciple of Diderot ; but, according to later inquiries, 
considerable liberties were taken with it. The first edition of 1580, 
with the various readings of two otlicrs which appeared during the 
author’s lifetime, was reprinted by JIM. Dezeiraeris and Burck- 
hausen. Hitherto the edition of Lo Clerc (S Vols., Paris, 1826-28) 
and m a more compact form that of Louandre (4 vols., Paris, 1854) 
iiavc been the most useful. The edition, however, of JIM. Courbet 
and Royer, which is based on that of 1595, will undoubtedly be the 
iflT?! ? ’ th® complete (Paris, Lcmerrc, 1873- 

1877), the fifth volume, containing the biograpliy|and all the editorial 
apparatus, has unluckily yet (1883) to make its appearance. The 
editions of Jlontaignc in France .and elsewhere, and the works upon 
jiiin during the past three centurie.s, arc innumerable. His influence 
upon his successors has already been hinted at, and cannot licrc 
be teced in detail. In one case, however, — that of Pascal — it is of 
Eiilliacnt importance to deserve mention. Pascal, who has left a 
special discourse on Jlontaignc, was evidently profoundly influenced 
hy him, and the attitude towards his teacher is an interesting one. 
i he .sceptical method of the essayist is at once tempting and terrible 
to iiun. He accepts it in so far as it demolishes the claims of 
human reason and heathen pliilosophy, but evidently dreads it in 
^ lar as it is susceptible of being turned against religion itself. In 
^ngland Jlontaignc was early popular. It was long supposed that 
no autograph of Shakespeare in a copy of Florio’s translation 
■bliowcd his study of the Essays. The autograph has been disputed. 
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_ MCJNTALEMBERT, CiLuiLES Foiibes dk (1810-1870) 
lustorian, was bom on 29t]i May 1810. The family was 
a very ancient_ one, belonging to Poitou, or ratlier to 
Angouinois. Direct descent is said to be provable to the 
loth century, and charters and other documents cany the 
history of the house two centuries further back. For soim 
generations before the historian the family had been dis- 
tinguished, not merely in the army, but for scientific attain- 
ments. Montalembcrt’s father, Rend, emigrated, fought 
under Conde, and subsequently served in the Engli.sh 
army. He married a Miss Forbes, and his eldest son 
Charles was horn at London. At the llcstoration Rene 
de Montalembert returned to France, was raised to the 
peerage in 1819, and became ambassador to Sweden (where 
Charles received much of his education) in I82G. He died 
a year after the overthrow of the legitimate monarchy. 
Charles de Montalembert was too young to take his .“cat 
as a peer (twenty-five being the necessary age), but he 
retained other rights ; and this, combined with his literary 
and intellectual activity, made him a person of some 
importance. He had eagerly entered into the somewhat 
undefined plans of Lamennais and Lacordairc for the 
establishment of a school of Liberal Catholicism, and he 
co-operated with them, both in the Avenir (see Lajiun- 
NAis, vol. xiv. pp. 239, 240) and in the practical endc.avour, 
which absorbed some of the best energies of France at the 
time, to break through the trammels of the .system of state 
education. This latter scheme first brought Jlontalcmbcrt 
into notice, as he was formally charged with unlicensed 
teaching. He claimed the right of tri.al by his i)ecr8, and 
made a notable defence, of course with a deliberate intention 
of protest. His next most remarkable act was his participa- 
tion in the famous pilgrimage to Rome of his two friends. 
This step, as is well known, proved useless to mitigate the 
measures which private intrigue.s, and perhaps a not alto- 
gether injudicious instinct, prompted the Roman curia to 
take against the Avenir and the doctrines of its promoter.-;. 
Montalembert, however, submitted dutifully to the ency- 
clical of June 1835, and only devoted himself more 
assiduously to the work on which he was engaged, the 
Ufe of St EHzabeth of Uunyary. This appeared in 1 S.%. 
It displayed Montalembcrt’s constant literary chamctenstic.“, 
and, though inferior to Les Moines d Occident in research 
and labour, is perhaps superior to it as a work of art. 
The famous speech by which Montalembert i.s best known, 

« Nous sommes les fils des croisds ct jamais nous no rc- 

culerons devant les fils do Voltaire", expresses, or at leas! 
indicates, his attitude not insufiicicntly. He was an ardent 
student of the Jliddle Agc.s, but his medueval enthusiasm 
was strongly tinctured with religious sentiment, and at the 
same time by no means connected with any affection foi 
L-spotism. Montalembert still clung to hi.s^early liberalistn, 
an Ac made himself conspicuous dunng the reign of Louis 
Fhilippo by' his protests against the restrictions 
nn tlie liberty of the press, besides struggling for freedom 
fa SnKwion. Tto party .vbici, ha ro,«.c,.t., . 
or rather which he strove to found, was by no mcan_y w h Hj 


the pope. AS no imu ‘ . tke mca'-ures which 

disinclined to accept the empire; but the mea.ur 
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of the Bitter-root Mountains- into Idaho. This stream 
fvery rapid, and is not navigable. Its course, as well as 
lose of most of its tributaries, passes through narrow 
vivs the surrounding country being weU watered and 
cS ^vith dense forests of Conifer.^. 

rrnlomi -Most of the inoimtain area belongs to the Eozoic and 
oiSu formations. Along the base of tlie mountains is a rnassic 
V If ff variable width. Succeeding this is a broad aica of nearly 
Szon M S taceous beds, folloiml by the Tertiary formation. 
wHch covers nearly one-thiid of the Territory. These recent for- 
nations are interrupted here and there by volcanic upheavals 

S<c-Tho climate of Montana diffeis almost as greatly in 
diS parts of the Territory as that of Califoniia. In the north- 
wst lt rlsemhles that of the Pacific^ coast. The westerly muds 
Xwing off the Pacific do not meet with as foimidab c a Wer as 
farff south, and consequently aic not chilled, or deprived of so 
largo a proportion of their moisture. 1 he result is that the north- 
western portion of Montana enjoys a mild teniperato^ 

sufficient for the needs of agriculture, ^le -vallej'S of the Kootenai, 
Flathead, Jlissoula, and Bitter-root can he cultivated without iinga- 


tion i\ ith little danger of loss from di ought. F ai thcr cast and ‘•oath 
the rainfall decreases. In the valleys of the iippii Mi-^ouri, th" 
Jefferson, Madison, Gallatin, and the upper Yellowstone irriintinu 
is almost evcrywheie requiied, as well as over the broad eatcut of 
the plains. Over most of the Territory the rainfall ranges from lu 
to 16 indies annually ; in the nortli-n estern comer it nses to -i.'i. 

The gencial.tcmpeiatuic is comparatively mild for the latitude, 
the elevation above the sea being decidedly less than that of tli • 
average of the Kocky Mountain legion. The mean annual tenq ■>!- 
ature ranges from 40° to 50° Fahr., but the variations aio aery gnat 
and violent. Frosts and snoavstorms are possible during every 
month of the year, so that agiicultuic and stock-raising ara more 
or less hazardous. On the other hand, the ordinary’ e.\trome-v of 
temperature aie not so gi-eatasinmore-Srid portions ol the country. 

Fbreste.— Throughout the Territory, as cvcrj’whero else in the 
Cordilleran region, forests follow rainfall. The plains are treeless ; 
the mountain valleys about the heads of the Jiissouri are clothed 
only avith grass and artemisia, many localities c.xtcnding to a con- 
siderable height up the mountauis, which are themselves timbered, 
though not heavily. In the north-western part, roughly defined 
as the drainage area of Claik’s Fork, where the rainfall is tonicw hat 
greater, the forests become of importance. The mountains ai e forest- 
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■dad from summit to base ; and the narrower valleys are also 
while the timber is of larger size and of much gi-eater commer . 
value than elsewhere in the Tei ritory, — the valuable “ 

entirely of the various species of Coniferx, pine, nr, cedar, Sc. 
broad-leaved species, willow, aspen, and cotton-wood arc aoim . • 

Fauna . — The native fauna is not sharply 
that of neighbouring States and Territories. The higher laritude 
is, however, indicated by the relatively greater abundance of ®P . 
favouring a colder climate. The moose and the Kocky Mon • 
goat, though by no means abundant, still frequent chosen 
in the mountains, — the former in the cool marshy valleys, tli , 

upon the most rugged inaccessible elevations. The blac '- • 
and mule deer, the antelope, elk, and mountain sheep j 

and the bison still ranges the plains, though in sadly r 
mimbers. Among Camivorx, the black and grizzly bears, mo • 
lion, lynx, -wild cat, and several species of wolves are I 

AgricuUurc and Induslry . — Agriculture is dependent i 
parts of Montana upon the supply of water furnished > , 
streams. Owing to this fact it is probable that not more > 

8 per cent, of the tot-al area of the Territory can ever, even unuci 
the most economical distiihution of the v ater-supply,^ b® * B 
under cultivation. In the drainage area of Clarks For 


several fine Sr-r”ot! Deer IxxKe, 

imf Flatheal '°Upou the 

extent of arable land- T'>e of the mount.mis, n, ir 

deserve mention. Along the . Jlarias rivcr«, arc coiunh r- 



few minor breaks dovn , a country of -antrei. 
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base of the Bitter-root Mountains- into Idaho. This stream 
is very rapid, and is not navigable. Its course, as -well as 
those of most of its tributaries, passes through narrow 
valleys, the siurounding country being -svell -watered and 
covered -(vith dense forests of Coniferic. 

Geology.— ^iost of the mountain area belongs to the Eozoic and 
Silurian formations. Along the base of the mountains is a Tiiasaic 
belt of variable width. Succeeding this is a broad area of nearly 
horizontal Cretaceous beds, followed by the Tertiary foi-ination, 
which covers nearly one-thiid of the Ton-itory. These recent for- 
mations aro interrupted here and there by volcanic upheavals. 

Climate.— Tho climate of Montana differs almost as greatly in 
different parts of the Territory as that of California. In the north- 
west it resembles that of the Pacific coast. The westerly rvirrds 
blowing off the Pacific do not meet with as formidable a barr-icr as 
farther south, and consequerrtly are not chilled, or deprived of so 
largo a proportion of their moisture. The resirlt is that the north- 
western portion of Montana errjoysamild temperatirre andarairtfall 
sufficient for the needs of agricrrlture. The valleys of the Kootenai, 
Flathead, Missoirla, arrd Bitter-root can be cultivated without irriga- 


trori w rth little danger of loss from drought. Fat thcr emt -aid 
the ratnfall decreases. In the vallevs of tb.. 

Jefferson, Madison, Gallatin, and the upper Yellowbtone'irri^tinu 
IS alrrrost evcn'where rer[uitcd, as well ns over the broad extuit of 

a the rainfall ranges from Ig 

annually ; rn the north-western corner it nses to 2-; 

Xlro genctal.tempeiaturc rs comparatively nrild for the htitude 
the elevatroir above the sea being decidedly less than that of tli’- 
average of the Kooky Mounfcrirr tegiotr. The mean anrutal tentr -t - 
ature ranges from 40“ to C0“ Falrr., but the variations arc rery mat 
and -vrolent. Frosts and snorvstorrns are possible ditrirr- ererv 
inontli of the year, so that a^icultuic and stock-iaisiu^ ai‘o morvi 
or less hazaidous. On the other hand, the ordinarj’ extrome-v of 
tempcratrrre ate not so great as in morenrid portions of tire covtntry. 

Forests . — Throughout tire Territory^, as evcryrvhero else itt tire 
CordiUeran region, forests follow rainfall. The plains are treeless ; 
the mountain valleys about the heads of tiro Jlrssouri aro clothed 
only with grass and artemisia, many localities c.vtcnding to a con- 
siderable height up the mountaurs, which are themselves timhered, 
though not Irearaly. In tiro north-westorn part, roughlv <!cfrttcd 
as the drainage area of Clark’s Fork, where the rainfall is s-omewhat 
greater, the forests become of importance. The mountains ai e forest- 
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vlad from summit to base; and the narrower valleys are also covered, several fine Bittcr-ro'ot, Deer Ixulgc, Jo' I o, 

while the timber is of larger sire and of much gi-eatcr commercial land, such as those o i „ i ... .L^ of the Jli's'^ouri is abo a large 

1 FlclthCtXd. UPOll tllO iCflC t \f<i fiKil 


oroad-leavcd species, -willow, aspen, and cotton-wood arc abundant, deserve menhon. Teton and Marias river®, arc coii'-id- r- 

Fauna. — The native fauna is not sharply distinguished from of irrimtion’ Below tiro Forks the Mt'^'outi 

that of neighbouring States and Territories. The higher latitude able valley, much of wbieh ryi be tm- 

is, however, indicated by the relatively greater abundance of species flows for t o mil -n. however, the bluffs become higher and 

favounug a colder climate. The moose and the Eocky Moimtaiii gated ; below- 1 ort aPo, aft< r having the mouu- 

goat, though by no means abundant, still frequent chosen haunts close in on th® • ;„:]ar hind of v.allcy, which evt'-nds w itli -r 

II the mountains, — the former in the cool marshy valleys, the latter fciins, 7 . , jpo noint whore the river turns from an e-'-'t 

pen the most "ntcrced inaccessible elevations. The blaek-t.ailcd few minor Frenfers acounfrvof 


iiiourion or tiro warer-su|i|u.v, uu uiuug..- 

tiro drainage area of Clark’s Fork arc 1 prouuc 
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flo'mi there for a long career of activity, to Christianize the 
state along all its thoroughfares by imparting to it the n’ord 
of the gospel, but at the same time leaving it everything ex- 
cept its gods. On the other hand, she furnished herself Avith 
everything of value that could bo taken over from the world 
without overstraining the elastic structure of the organiza- 
tion Avhich she now adopted. With the aid of its philosophy 
she created her new Christian thcologj' j its polity furnished 
her Avith the most exact constitutional forms ; its juris- 
prudence, its trade and commerce, its art and industry, 
Avere all taken into her service; and she contrived toborroAV 
some hints even from its religious Avonship. Thus Ave find 
the church in the 3d century endoAved Avith all the resources 
Avhich the state and its culture had to ofier, entering into 
all the relationships of life, and ready for any compromise 
Avhich did not affect the confession of her faith. With 
this equipment she undertook, and carried through, arvorld- 
inission on a grand scale. But Avhat of those belieA'ers of 
the old school aa'Iio protested in the name of the gospel 
against this secular church, and Avho wished to gather 
together a pcoj)le prepared for their God regardless alike 
of numbers and circumstances? 'i^Hiy, they joined an 
enthusiastic movement AA'hich had originated amongst a 
small circle in a remote proA'ince, and had at first a merely 
local importance. There, in Phrj'gia, the cry for a strict 
Christiiin life Avas reinforced by the belief in a ncAV and 
final outpouring of the Spirit, — a coincidence AA'hich has 
been obson-cd clscAA’liere in church history, as, for instance, 
in the Irvingite movement. The Avish aaus, as usual, father 
to the thought; and thus societies of “spiritual” Cfiiristians 
Avcrc donned, AA'hich served, especially in times of persecu- 
tion, as rallying-])oints for all those, far and near, AA’ho 
sighed for the end of the AA’orld and the crcemis e sxculo, 
and Avho Avi.shed in these last days to lead a holy life. 
'Ilieso zealots hailed the appearance of the Paraclete in 
Phrj'gda, and surrendered themselves to his guidance. In 
so doing, hoAvever, they had to AA-ithdraAv from the church, 
to be knoAA'n as “ Montanists,” or “ Idataphrygians,” and 
thus to assume the character of a sect. Their enthusiasm 
and their prophesyings Avere denounced as demoniacal; 
their expectation of a glorious earthly kingdom of Christ 
Avas stigmatized as JeAvi.sh, their passion for martyrdom 
as A'ainglorious, and their aa’IioIc conduct as hypocritical. 
Nor did they escape the more serious imputation of heresy 
on important articles of faith ; indeed, there AA-as a disposi- 
tion to put them on the same level AArth the Gnostics. 
The effect on themselves aa'us AA'hat u.sually folIoAvs in such 
circumstances. After their separation from the church, 
they became narroAA’er and pettier in their conception of 
Christianity. The strict ndes of conduct Avhich in a former 
age had been the genuine issue of high-strung reli^ous 
emotion Avere noAv relied on as its source. Their asceticism 
degenerated into legalism, their claim to a monopoly of 
l)ure Cliristianity made them arrogant. As for the popular 
religion of the larger church, they scorned it as an adulter- 
ated, manipulated Christianity. But these vieAA's found 
A’ery little acceptance in the 3d century, and in the course 
of the 4th they died out. Regardless of the scruples of 
her most conscientious members, and driving the most 
earnest Cliristians into secession and the conventicle, the 
church AA'ent on to prosecute her great mission in the 
world. And before she AA'as able, as church of the state 
and of the empire, to call in the aid of the civil power to 
suppress her adversaries the ilontanistic conventicles Avere 
almost extinct. 

2. Such is, in brief, the position occupied by Montanism 
in the history of the ancient church. The rise and progress 
of the movement Avere as folloAA’s. 

At the close of the reign of Antoninus Pius — ^probably 
in the year 1.56 (Epiphanius) — Montanus appeared at 


7 /. 

Ard Jan in Phrygia, bringing revelations of the “Spirit 
to Christendom. It is unnecessary to seek an explaL'. 
m his appearance m the peculiarities of the Plirv''i'> 
temperament. The Christian churches had ahvays he’ 
that prophecy Avas to be continued till the return of G b 
al Jough, as a matter of fact, prophets had not been pa.’ 
cularly numerous. Montanus claimed to have a proplwi 
calling in the very same sense as Agabus, Judas, Silas t 
daughters of Philip, Quadratus, and Ammia, or as Heni- 
at Rome. At a later time, Avhen the validity of the M 
tanistic prophecy was called in question in the interest 
the church, the adherents of the neiv movement appp'^’ 
explicitly to a sort of prophetic succession, in AA’hich ’ 
prophets had received the same gift Avhich the daugh. 
of Philip, for example, had exercised in that A’ery cc”tii 
of Phrygia. The burden of the neiv prophecy w’as a > - 
exacting standard of moral obligations, especially « 
regard to marriage, fasting, and martyrdom. But M 
tanus had larger schemes in view. He Avislied to org^r 
a special community of true Christians to wait for > 
coming of their Lord. The small Phrygian toiA-ns 
Pepuza and Tymion Avere selected as the headquart 
— the Jerusalem, as the prophet called them — of 
church. He spared no effort to accomplish this union 
believers. Funds were raised for the new organic..’ ’ 
and from these the leaders and missionarie.s, A\’ho ..e. 
have nothing to do with Avorldly life, drcAv their pay. ! 
the ecstasy of the prophet did not prove so contagio” 
his preaching. Only tAvo women, Prisca and 
were moved by the Spirit ; like Montanus, they utterc 
a state of frenzy the commands of the Spirit, which 
through them sometunes as God the Father, sometim- 
the Son, and urged men to a strict and holy life. • 
does not mean that visions and significant dreams may 
have been of frequent occurrence in Montanistic cir- 
But, as chosen and permanent organs of the Paraclete, ■ 
three persons Avere recognized — Montanus, Prisca, 
Maximilla; by their side, hoAvever, Alcibiades and T^ 
dotus, from a very early date, played an active pa. 
missionaries and organizers. ^ 

For twenty years this agitation appears to have 
confined to Phrygia and the neighbouring prow. 
How could it be otherwise? To assemble the Avhol 
Christendom at Pepuza Avas a rather impracticable 
posal. But after the year 177 a persecution of Christ 
from some unexplained causes, broke out simultanec 
in many provinces of the empire. Now in these 
every persecution was regarded as the beginning of 
end. It quickened the conscience, and gaA'e more stre 
to eschatological hopes; it Avas a call to observe the 
of the times and the intimations of God s presence. 
Avould seem that before this time Montanus had disapp. 
from the scene ; but Maximilla, and pr Jably also 1 • 
were working Avith redoubled energy. And now thrc 
out the provinces of Asia Minor, m Rom , 

Gaul, amidst the raging of persecution, attention 
attracted to this remarkable movement. The desire 

»« “'fir. 

tion of the AA’orld, combined with a cravmg for some 

Section of God's AAdli in these last critical times 

nrenared many minds for an eager_ acceptance of 

tidings from Phrygia. There the Spirff, whom Christ 

promfsed to His disci^s, had 

least there Avere holy Christians and joyfid marlj-m. 

rirrth. Phrjian prophets 

lYi fli^;tant churches, and it "was al^\ays th 

mi„dT4rr.ceiv;d them o-ith undisguised sym - 
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flo'mi there for a long career of activity, to Christianize the 
state along all its thoroughfares by imparting to it the -n’ord 
of the gospel, but at the same time leaving it everything ex- 
cept its gods. On the other hand, she furnished herself Avitli 
everything of value that could bo taken over from the world 
without overstraining the elastic structure of the organize 
tion which she now adopted. With the aid of its philosophy 
she created her new Christian theologj'j its polity furnished 
her with the most exact constitutional forms ; its juris- 
prudence, its trade and commerce, its art and industry, 
were all taken into her service; and she contrived to borrow 
some hints even from its religious wonship. Thus rve find 
the church in the 3d century endowed with all the resources 
which the state and its culture had to offer, entering into 
all the relationships of life, and ready for any compromise 
Avhich did not affect the confession of her faith. With 
this equipment she undertook, and carried through, a world 
mission on a grand scale. But what of those belier'ers of 
the old school who protested in the name of the gospel 
against this secular church, and Avho wished to gather 
together a pcoj)le prepared for their God regardless alike 
of numbers and circumstances? ^^niy, they joined an 
enthusiastic movement which had originated amongst a 
small circle in a remote province, and had at first a merely 
local importance. There, in Phrj'gia, the cry for a strict 
Christian life was reinforced by the belief in a new and 
final outpouring of the Spirit, — a coincidence which has 
been obscn-cd elsewhere in church history, as, for instance, 
in the Irvingite movement. The wish was, as usual, father 
to the thought; and thus societies of “spiritual” Oiristians 
were donned, which served, especially in times of persecu- 
tion, as rallying-])oints for all those, far and near, who 
sighed for the end of the world and the ej'cemis e s, ratio, 
and who ivished in these last days to lead a holy life. 
Tlieso zealots hailed the appearance of the Paraclete in 
Phrj'gia, and surrendered themselves to his guidance. In 
so doing, however, they had to withdraw’ from the church, 
to be know'n as “ Montanists,” or “ ICataphrygians,” and 
thus to assume the character of a sect. Their enthusiasm 
and their prophesyings w'ere denounced as demoniacal ; 
their expectation of a glorious earthly kingdom of Christ 
was stigmatized as Jewi.sh, their passion for martyrdom 
as vainglorious, and their whole conduct as hypocritical. 
Nor did they escape the more serious imputation of heresy 
on important articles of faith ; indeed, there w’as a disposi- 
tion to put them on the same level w'ith the Gnostics. 
The effect on themselves was what usually follow's in such 
circumstances. After their separation from the church, 
they became narrow’er and pettier in their conception of 
Christianity. The strict ndes of conduct which in a former 
age had been the genuine issue of high-strung reli^ous 
emotion were now’ relied on as its source. Their asceticism 
degenerated into legalLsm, their claim to a monopoly of 
l)ure Cliristianity made them arrogant. As for the popular 
religion of the larger church, they scorned it as an adulter- 
ated, manipulated Christianity. But these view's found 
very little acceptance in the 3d century, and in the course 
of the 4th they died out. Regardless of the scruples of 
her most conscientious members, and driving the most 
earnest Cliristians into secession and the conventicle, the 
church went on to prosecute her great mission in the 
w'orld. And before she w’as able, as church of the state 
and of the empire, to call in the aid of the civil pow’er to 
suppress her adversaries the Montanistic conventicles were 
almost extinct. 

2. Such is, in brief, the position occupied by Montanism 
in the history of the ancient church. The rise and progress 
of the movement were as follow’s. 

At the close of the reign of Antoninus Pius — probably 
in the year 1.56 (Epiphanius) — Montanus appeared at 
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Ardaban in Phrygia, bringing revelations of the “Spirit 

S to seek an explaL^'. 

of his appearance in the peculiarities of the Plirv’'i'> 
temperament. The Christian churches had ahvar-s he’ 
that prophecy was to be continued till the return of CT h 
although, as a matter of fact, prophets had not been pai 
cuJarly numerous. Montanus claimed to have a prophti 
calling in the very same sense as Agabus, Judas, Silas t 
da^hters of Philip, Quadratus, and Ammia, or as Hero- 
at Rome. At a later time, when the validity of the M 
tanistic prophecy w'as called in question in the interest 
tho church, the adlierents of the new movement appp'^^ 
explicitly’ to a sort of prophetic succession, in which ’ 
prophets had received the same gift which the daugb. 
of Philip, for example, had exercised in that very cc”tii 
of Phrygia. The burden of the new prophecy was a > - 
exacting standard of moral obligations, especially « 
regard to marriage, fasting, and martyrdom. But M 
tanus had larger schemes in view. He ■wished to org^r 
a special community of true Christians to wait for > 
coming of their Lord. The small Phrygian tow’ns 
Pepuza and Tymion w’ere selected as the headquart 
— the Jerusalem, as the prophet called them — of 
church. He spared no effort to accomplish this union 
believers. Funds were raised for the new’ organic..'’ 
and from these the leaders and missionarie.s, who 
have nothing to do w’ith worldly life, drew’ their pay. ■ 
the ecstasy of the prophet did not prove so contagio” 
his preaching. Only two women, Prisca and 
W’ere moved by the Spirit ; like Montanus, they utterc 
a state of frenzy the commands of tho Spirit, which 
through them sometunes as God the Father, sometim- 
the Son, and urged men to a strict and holy life. • 
does not mean that "visions and significant dreams may 
have been of frequent occurrence in Montanistic cir- 
But, as chosen and permanent organs of the Paraclete, • 
three persons w’ere recognized — Montanus, Prisca, 
Maximilla; by their side, however, Alcibiades and T’ 
dotus, from a very early date, played an active pai 
missionaries and organizers. ^ 

For twenty years this agitation appears to have ’ 
confined to Phrygia and the neighbouring prow. 
How could it be otherwise? To assemble the who! 
Christendom at Pepuza was a rather impracticable 
posal. But after the year 177 a persecution of Christ 
from some unexplained causes, broke out simultanei. 
in many provinces of the empire. Now in these 
every persecution was regarded as the beginning of 
end. It quickened the conscience, and gave more stre 
to eschatological hopes ; it was a call to observe the 
of the times and the intimations of God s presence, 
would seem that before this time Montanus had disapp. 
from the scene ; but Maximilla, and probably also 1 • 
were working with redoubled energy. And now, tlirv 
out the provinces of Asia Minor, m Rome, and ev- 
Gaul, amidst the raging of persecution, attention 
attracted to this remarkable movement. The desire 
sharper exercise of discipline, and a more decided ren 
tion of the W’orld, combined with a cravmg for som 
Stion of God’s w’ill in these last critical times 
prepared many minds for an eager_ acceptance of 
ridiugs from Phrygia. There the Spirff, whom Christ 
promfsed to His disciples, had begun Pbs ''vork ; the. 
feast there were holy Chnstians and joyfid 

ills d tie Phrygian proptots 
in distant churches, and it was always th 

mindSd who receiv;d them with undisguised sym - 
And thus w’ithin the large congregations where th 
^ mur’that was open to censure in doctrine and 
StXn and momlsl-conventiclcs were formed in 
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rlmrdi at large v.n'; given over to worldlinef.^, tliat hlie 
Iiad fors-aken tlie old paths and entered on a way that 
liin.st lead to destruction. The writingn of Tertullian 
afTord the clearest deinoii'tration that what i.s called Ifon- 
tanism was a reaction against secularism in the church, 
and an effort to conserve the privileges of priinilivc Chris- 
tianity. At the .same time, they aliow no le.ss clearly that 
Montanisin in Carthage was a very different thing from 
the .Montani.sm of Jhmfarms. Western Montanism, at 
the beginning of the .Id centur}-, admitted the legitimacy 
of aiiiio-.t every point of the Catholic .sy.,tein. It allowed 
that the hhliops were the Kncca-or.s of the apO'tle,s-, that 
the Catholic rule of faith w.as a complete and authoritative 
c.vporition of Christianity, and that tlie Xew Te=t.amcnt was 
the supreme rule of the Christian life. How, then, one may 
veil ask, was it jios-ihle to .sej>aratc from the Catholic 
CliTirchl On what ground could the .separation he justi- 
fied? ITov.- could it he raid that a new era of the Spirit 
had come in when the S'liirit had already given all neces- 
.sary iristnictions in the Scriptures of the Xew Te't.amerit? 
And what claim could Ite thought to o.vcced the legitimate 
right ‘ (>{ the Micce-'or.s of the apostles ? Jfontanus him.self 
and h is flr.'l disci j lies had licen in e|uitc a different jm^ition. 
In hi--, time there vas jui fi.xed, divinely-institntcel congrega- 
tional orgamVation. no ceinon of Xew Te.stament Scripture?, 
no anti-Onostic theologv*, and no Catheilic Church, lliere 
we.rc simply certain communities of l>eliever.s l>onnd to- 
gether hy a common Jiojie, and hy a free org.anization, 
wiiich might ho ni'.iified to any required extent. When 
Montanns projio-ed f o , summon all t me Christians to Pcjtoza, 
in order to live a lioly life and preiiaro for the day of the 
Lord, there was nothing whatever to prevent the execution 
of liis jdan except the inertia and lukev.-armne=s of Cliri.s- 
tcndoin. But tliis uas not the ease in the West at the 
l^C'ginning of the 3d centurv-. At Bonie and Carthage, 
and in ail other pla'-es where .sincere Montanisf.s were 
found, they were confronted hy the imposing edifice of the 
Catholic Church, and they had neither the courage nor the 
inclination to lUidcniiiiie her .sacred foimdations. Tlii-s 
explains how the later HontanLsm never attained a posi- 
tion of influence. In acccjiting, with slight reservation.*:, 
the rc-sult.s of the devclo])ment which the church had 
undergone during the fifty years from ICO to 210 it 
reduced it.-elf to the level of a sect. For, if the stand- 
point of the Catholic Church is once acknowledged, then 
.Montanism is an innovation ; and if the canon of the Xew 
Tc-tament is accepted the doctrine of a new era of the 
Siiirit is heresy. Tertullian exhausted the re.soiirce.s of 
dialectic in the endeavour to define and vindicate the 
relation of the .spirituali.-ts to the “ jisychic'’ Cliristians ; 
hut no one will .say he has .succeeded in clearing the ilon- 
fanistic po-ition of its fundamental incon.sistency. 

Of the later history of ^lontanism very little i.s known. 
But it is at le,ast a .significant fact that prophecy could 
not he resiL-citated. 3Iontanu.s-, Pri-ca, and Maximilla were 
always recognized a.s the inspired authorities. At rare 
inter-. al.s a vision might perhaps he vonch.safed to .some 
Montanis'tic old woman, or a brother might now and then 
have a dream that .seemed to he of .suiiematural origin ; 
but the ovenna-stering pov.-er of religiou.s enthu.siasm was a 
thing of which the rklonfani.sts knew as little as the Catho- 
jic«. nieir di.scipline wa.s attended vrith equally di.-ap- 
pointing results. In place of an inten.se moral c-amestne-s 
binding itself by its own .strict law.-*, we find in Tertullian 
a legal ca,sui.strv-, a finical morality, from wliicli no good 
could ever come. It v.-a.s only in the land of its nativity 
that ifontani.sm held its ground till the 4th centuiya ^ It 
maintained itself there in a number of close communitie.**, 
probably in places where no Catholic congregation had 
been formed j and to the.s'e the Xovatiams at a later period 
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attached them.selves. In Carthage there existed dowr 
the year 400 a .sect called Tertulliani.sts; and in ■’ 
comparatively late survival we hav-e a striking test" n, 
to the influence of the great Carthaginian teacher, 
doctrinal que.stion.s there was no real difference betw 
the Catholics and the ifontanists. The early Mont-m 
(the firophet.s them.selve.s) u.sed expres.sions which z 
to indicate a Monarchian conception of the person 
Christ. After the close of the 2d century we find 
.sections amongst the Western Montani-sts, ju.st as . . 
the cstcrn Catholics, — there were some who adopted 
Logos-Christolog}-, and others who remained Monarch" 
.Soiirtyi.—'nia inatcri-vls for tlie liistorj- of .Montanisni, alt’ 
plentiful, arc fragmenta^-, and require a good deal of 
f-iftiiig. They may be divided into four groups. (1) The uttcri 
of .Montanns, Prisea, and Maximilla' are our most important 
hilt unfortunately they comiit of only twenty-one short sayi 
(2) Tlie works written hy Tertullian after he became a Jlon. 
furnish the most cojiious information,— not, however, about 
first stages of the movement, hut only about its later phase, 
the Catholic Chiire-h was established. (3) The oldc.st p... 
worlrs of the 2d century, c,xtracts from which have been prt. ■ 
f -iicciallv- by Eus'eblns {UUl, Eccles., bk. v.), form the ne.xt gr. 
These must he a-icd with the utmost caution, because even 
earliest ortho'lo.v writers give currency to many misconceptions 
ealnmnics. (4) The later lists of heretics, and the casual not 
of chnrch fathers from the 3d to the 5th century, though not ■ 
raining much that is of value, yet contain a little.- 
Lifnnilurc . — Ritschr.s investigations, referred to above, 
sfde- the older works of Tillemont, IVernsdorf, Mosheim, \S 
Xeander, I’aur, and .Schwegler (Z’er Monianismi's imd die c/» 
liehc Kirdie d's 2Un Jahrhtmderti, TuWngen, 1841 ). The later wc 
of which the best and most exhaustive is that of Bonwetseh, 
O'r’cfiicitle dcs ifonUmvmut'!, 1881, all follow the linos laid d. . 
Kitschl. .See abo, Gottwald, De Monlonismo Tcrtidliaiii, i< 
l!'"villc, “Tertullien et le JIontanLsme'’in the^eviie desDciu ifo.i 
1*1 Xovember 1804 ; Stroelin, Ess'll sv.r le Monicmisme, 1870 ; 
SojTOS, Monlaninn and the Primitive Church, London, 1878 ; 
Cunningham, The Churches of Asia, London, 1880 ; Renan, “ 
Cri'esdu Catholicisroe Xaissant” in Iltv. d. LeuxMondrs, 15th * 
niary 1S81 ; .Mollcr, art. “ .Montanismus ” in Herzog's Th 
H'rtlcncykhp., 2d cd. Special jioints of importance in the hi.." ■! 
.^Iontnni':m have l>ecn quite recently investigated by Lipsius, C 
lic'-k, \Veiz.*acker (Thcol. lAt.-Zeilv.nij, Xr. 4, 1882), and J -m 
[Dns ifonrhthvm, seine Ideate vnd seine Geschickte, 2d cd., 1882, 
Z. f. Kirctienj., Hi. pp. 569-403). M'eia'acker’.s short essays 
extremely valuable, and have elucidated several important pc 
liitbcrto overlooked. fA. HA, 

MOXT^UIGIS, chief town of an arrondi.ssement in 
department of Loiret, France, lies 40 miles ea.st-north-r 
! of Orleans on the railway from Paris to Lyons. Travci 
by the Loing, Montargis belongs to the ba-sin of the ‘so' 
but it communicates with the Loire by the Orleans 
the Briare canals. It has a fine church (.Ste Magdc > 
dating in part from the 12tb century, a museum, am 
public library ; and it .still preserves portions of its c 
magnificent castle, which was capable of containing GC 
men, and, previous to the erection of Fontainebleau, wc 
fp.vourite a residence of the royal family that it acquired > 
title of “ Berceau des Enfans de la Franc-e.” Paper-rnn'-l 
(introduced in the beginning of the I8th century') -> 
.‘■everal other considerable industries are carried on. 
population of both commune and town was 9175 in 18/ 
.Mont.vrgis (J/ons Arji or Al'fi, M. Arjinvs, Monturjium) . 
formcrlv the capital of the Gatinais {Pujus Vastinmris). Ha. 
jia^-cd 'in 1188 from the Courtenai family to Philip August"^ 
long fonned part of the royal domain. In 1528 Francis 1. inoitga,. 
town, castp., and forest (this last a tract of great value) to K( 
d'Ei-tc, daughter of Louis XII., the famous Huguenot prince*.s ; 
in 1570 Charles IX. gave them in full property to her daughter V n 
thiongh wliom they descended to the dukes of Gni*f-, but they w, 
rfpurcha*ed for the crowm in 1612. .Montargis was .‘■everal fi. 
taken or attacked by the English in the 15tb tentiuy, and is p..i 
cnlarly proud of tbe.racce'-sful defence it made in 1427. Both Cha. 
"i'll, a’nd CliarlesVIII. held court in the towm ; it was the latter w 
set the famous Dog of Montargis to fight a duel with liLs mastc 

murderer wliorn he had tracked and captured. 

’ Collected hy Munter, and by Bonwetseh, Geschichle des 
Umus, p. 197 sj. 

- On the Eonrcci, see Bonwetseh, pp. 16-55. 
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rliurdi at large v.n'; given over to worldiinef'S, tliat hlie 
Iiad fors-aken tlie old paths and entered on a way tliat 
liin.st lead to destruction. The writingn of Tertullian 
afTord the clearest deinoii'tration that what Ls called Mon- 
tanism was a reaction against secularism in the church, 
and an effort to conserve the privileges of i)riinitive Chris- 
tianity. At the .same time, they aliow no le.ss clearly that 
Montanism in Carthage was a very different thing from 
the .Montani.sm of Jlontanns. Western Wontanism, at 
the beginning of the .Id century, admitted the legitimacy 
of aimo-.t every point of the Catliolic .sy.,tein. It allowed 
that the hhhops were the Kuccas-or.s of the ap 0 'tle.s-, that 
the Catholic rule of faith w.as a complete and anthoritativc 
c.vporition of Christianity, and that tlie New Te=t.amcnt was 
the supreme rule of the Christian life. How, then, one may 
veil ask, was it jios-ihle to .sej>aratc from the Catholic 
CliTirchl On what ground could the .separation he justi- 
fied? ITow could it he r.aid that a new era of the Spirit 
had come in when the S'liirit had already given all neces- 
.sary iristnictions in the Scriptures of the New Tc-tamerit? 
And v,};at claim could Ik; thought to e.*:cced the legitimate 
right ‘ o[ the Micce-'or.s of the apo--tIes ? Jfontanus him.self 
and h is flr.'l disci j lies had licen in e|uitc a different jrosition. 
In hi--, time there vas n<i fi.\ed, divinely-instituteel congrega- 
tional organiration. no c.'inon of >'ew Tc.stament Scripture.®, 
no anti-Cnostic theology, and no Catholic Church, lliere 
were simply certain communities of l>etiever.s l>onnd to- 
gether hy a common Jiojic, and hy a free organization, 
v.-iiich might ho rti'.iified to any required extent. When 
Montaiiiis projio-ed f o .summon all t me Christians to Pei»uz,a, 
in order to live a lioly life and preiiare for the day of the 
Lord, there was nothing whatever to prevent the execution 
of Ids jdan except the inertia and lukev.-armne=s of Cliri.s- 
tcndoin. But tliis uas not the ease in the West at the 
l^cginning of the 3d century. At Itoriie and Carthage, 
and in ail other pla'-e-s where .sincere Montanist.s were 
found, they were confronted hy the imposing edifice of the 
Catholic Church, and they had neither the courage nor the 
inclination to nndennine her .sacred formdations. Tlii-s 
explains how the later HontanLsm never attained a posi- 
tion of influence. In acceiiting, with .slight reservation.®, 
the rc-iuIt-S of the devclo])ment which the church had 
undergone during the fifty ye-ar.s from ICO to 210 it 
redirccd it.-elf to the level of a sect. For, if the atand- 
poirit of the Catholic Church is onf-e acknowledged, then 
.Montardsrn is an innovation ; and if the canon of the New 
Tc'tainent is accepted the doctrine of a new era of the 
Stririt is heresj’. Tertullian e.'thausted the re.source.s of 
dialectic in the endeavour to define and vindicate the 
relation of the .sjdrituali.-t.s to the “ jiiychic''’ Cliristians ; 
hilt no one will .say he has .succeeded in clearing the ilon- 
fanisfic po-ition of its fundamental incon.sistency. 

Of the later history of 3Iontarii.®rn very little i.s known. 
But it is at le,Tst a .significant fact that prophecy could 
not he resiL-citated. 3Iontanu.®, Pri-ca, and Maximilla were 
always recognized a.s the inspired authoritie®. At rare 
inter-. al.s a vi®ion might perhaps he vonch.safed to .some 
Montanis'tic old woman, or a brother might now and then 
have a dream that .seemed to he of .suiiematural origin ; 
hut the ovennastering pov.-er of religiou.s enthu.siasrn wa.s a 
thing of which the rilonfani.sts knev,- a.s little as the Catho- 
jic®. nieir di.scipline wa.s attended vrith equally di.-ap- 
pointing results. In place of an inten.se moral c-amestne-s 
binding itself hy its own .strict law.®, we find in Tertullian 
a legal ca,sui.strv-, a finical morality, from wliicli no good 
could ever come. It v.-a.s only in the land of its nativity 
that ifontani.sm held its ground till the 4th century.^ ^ It 
maintained itself there in a number of close comrnunitfe.®, 
probably in places where no Catholic congregation had 
been formed j and to the.s'e the 2sovatian.s at a later period^ 
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attached them.selves. In Carthage there existed dowr 
the year 400 a .sect called Tertulliani.sts; and in ■’ 
comparatively late survival we hav-e a striking test" n, 
to the influence of the great Carthaginian teacher, 
doctrinal que.stion.s there was no real difference betw 
the Catholics and the ifontanists. The early Mont-m 
(the firopliet.s them.selve.s) u.sed expres.sions which z 
to indicate a Monarchian conception of the person 
Christ. After the close of the 2d century we find 
.sections amongst the Western Montani.-,t 3 , ju.st as . . 
the citcrn Catholics, — there were some who adopted 
Logos-Christology, and others who remained Monarch' 
Soxirtyi.—'nia iiiatcri.ils for tlie liistorj- of .Montanisni, alt’ 
jileiitiful, arc fragmenta^-, and require a good deal of 
sifting. They may be divided into fonr groups. (1) The utter® 
of .Mont.anns, Pn’sea, and Maximilla' are our most important 
hut iwfortun.-itcly they consist of only twenty-one short sayi 
(2) Hie works written hy Tertullian after he became a Mon. 
furnish the most cojiious information,— not, however, about 
first stages of the movement, hut only about its later phase, 
the Catholic Chiire-h was established. (3) The oldc.st p... 
works of the 2d century, c,xtracts from which have been prt. ■ 
f -iicciallv' by Eus-ebins {UUl, Eccles., bk. v.), form the ne.xt gr. 
These mu.5t he micd with the utmost caution, because even 
earlicit ortho'lo.v writers give currency to many miscoricepfions 
ealiimnics. (4) The later lists of heretics, and the casual not 
of chnrch fathers from the 3d to the 5th century, though not ■ 
raining much that is of value, yet contain a little.* 

Liicraturc. — P.it=ehr.s investigations, referred to above, f". 
sede- the older work-s of Tillemont, 'Wemsdorf, Mosheim, tV 
Xtander, I’aiir, and .Schwegler {Dor ilontanism’s und die c/» 

I khc Kircltc d's 2kn Jrihrhtmderk, TuWngen, 1841 ). The later wc 
of which the best and most exhaustive is that of Bonwetseh, 
Or'clicitle dcs ilontunUmiH'!, 1881, all follow the lines laid d. . 
Kit'clil. .See aho, Gottwald, Dc Montonisrao TcrlulUatii, n 
i;'’villc, “Tertullien et le JIontanLsnie"in thaUcviic desDeiu Ho.i 
1st November 1804 ; Stroelin, Essex sur le Monkmisme, 1870 ; 
SojTCS, Monlani'M and the Primilive Church, London, 1878 ; 
Cunningham, The Churches of Asia, London, 1880 ; Kenan, “ 
Cri'esdu Catholicisroe Naksant” in Itev. d. LeuxMondes, 15th * 
niary 1881; .Mollcr, art. “.’ilontanismus” in Herzog's Th 
IkitUncyklop., 2d cd. Special jioints of importance in the hi®’ ■! 
.^lontani®m have ixicn quite recently investigated by Lipsiu-s, C 
lic'-k, Wcizsacker (Thcol. lAt.-Zeilv.nij, Nr. 4, 1882), and j -m 
[Das idonchthvm, .seine Ideate vnd seine OesrJiichte, 2d cd., 1882, 
Z. f. Kirchenj., ill. pp. SGO-403). IVeiz'dcker’.s short essays 
cxtrcmtdy valuable, and have elucidated several important po 
hitherto overlooked. fA, HA, 

MONT^bRGIS, chief town of an arrondi.ssement in 
department of Loiret, France, lies 40 miles ea.st-north-r 
! of Orleans on the railway from Paris to Lyons. Travci 
by the Loing, Montargis belongs to the ba-sin of the ‘4pi 
but it communicates with the Loire by the Orleans 
the Briare canals. It has a fine church (.Ste Magdc > 
dating in part from the 12tb century, a museum, am 
public library ; and it .still preserves portions of its c 
magnificent castle, which was capable of containing GC 
men, and, previous to the erection of Fontainebleau, wa 
favourite a residence of the royal family that it acquired > 
title of “ Berceau des Enfans de la France.” Paper-rnn'-l 
(introduced in the beginning of the I8th century') -> 
.several other considerable industries are carried on. 
population of both commune and town was 9175 in 18/ 
.Mont.vrgis (lions Arji or Alji, M. ArjUws, Monlarjium) - 
forrncrlv the capital of the Gatinais (Pujus VastinmAs). Ha. 
jiv^-cd 'in 1188 from the Courtenai family to Philip August''® 
long fonned part of the royal domain. In 1528 Francis I. inoitga,. 
town, castb', and forest (this last a tract of great value) to K( 
d’E®tc, daughter of Louis XII., the famous Huguenot prince>.s ; 
in 1570 Charles IX. gave them in full property to her daughter V n 
thiongh wliom they descended to the dukes of Gni®f-, hut they w, 
rf purchased for the crown in 1612. Montargis was .several fii 
taken or attacked by the English in the 15th tentiny, and is p..i 
cnlarly proud of the.®ncce®sful defence- it made in 1427. Both Cha. 
VII. a'nd CliarlesVIII. held court in the towui ; it was the latter w 
set the famous Dog of Montargis to fight a duel with liLs mastc 

murderer wliorn he had tracked and captured. 

' Collected hy Munter, and by Bonwetseh, GesdAchle des 
Umus, p. 107 rj. 

- On the Eonrcc®, see Bonwetseh, pp. 16-55. 
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marked by extreme himpUeity. Clmsiity is a national 
r ii tucj and in tmic of nar the women and clnidrcn of the 
Turks linvc often found their safest as 3 dum among their 
hcrcditai'j foes. Ihe main stoekof the people is of Servian 
descent ; and, though the purity of both blood and language 
lias been to .some extent affected by foreign elements, mostty 
Albanian and liirkish, tlio national unity has not been iin- 
jiaircd. The cmious Gipsy colonj', wliicli, tliough speaking 
Servian, never intennavrics with the hlontcncgrins, is 
miinoricaiiy of iittie importance.^ Tlic great mass ot 'the 
])Cople belong to the Orthodox Gieek Church, only some 
7000 being Homan Catholics, and 3000 Mohammedans. 
According to Kaptsevitch, the population was 10,700 in 
1838, 120,000 in 1819, 124,000 in 18.12, and 170,000 in 
187 but in 1879 it was found that, inclusive of the new 
territory, the number could not exceed 130,000; since then 
about 1.0,000 liavo been added with Dulcigno. The official 
leturns for 1882 (not based on a ccn.su.s, however) give 
230,000 as the total, of whom some 23,000 live in the 
.so-called towns. 

/■ I’enrs .src .still foiiml in the liiglier forests, and volvcs, 
and especially foxes, over .a imich wider area. A few chnijjois roam 
on the loftiest sununits, the roebuck is not inftequont in the 
backwoods, tbewild boar iiify be met with in tlio same distiict, and 
the bare is abundant wherever llic ground is cover od with Ircibagc. 
There are oirc or two .species of sirakes in the conirtiy, including tbo 
poisonous Illyrian viper. Escrrlent frogs, tree frogs, the common 
tortoise, and various kiirds_ of li/aids arc .all conritroit. The list of 
birds observed by Ilaion Kaulbara includes golden eagles and vul- 
tures_, 12 sjrecics of falcoits,sovc!arl sjrecics of owl3,itigliti«ga]cs, larks, 
bmrtings, Irooirocs, partridges, borons, pelicans, ducks (10 species), 
goatsuckers, fee. The abttttdaricc of fish in Lake Scutari and the 
lower course of tiro Ita'cka is extraordirrary, the shoals of bleak (scoi- 
nntza, Lniciscw) a!liuriiu!i) tiral corno up tiro river forming almost 
solid masses, llotlr troirt nttd salnton arc cauglrt iit the illoratcha. 

Floret . — ^TJte flora of JlOJttcnegro is comparatively scanty. In 
the forest districts tiro beech is tiro prevailing tree up to a height 
of 5000 or 5500 feet, and then its jtlaco is taken by tiro nirro, Tire 
clicstimt fonns little groves in the country bctwcoir the sea ortd 
I>al:c Scutari, but never ascends more than 1000 feet, and the 
olive also is mairtly confitted to the ttoiglibourltooci of the Adriatic, 
ronicgmuatc bushes grow wild, and m many parts of tbo south 
cover the foot of the bills with dertso thickets, tiro rieli blossoms of 
avlricb arc one of the sjrccial cltaiins of the sjrt ittg landscape. Wheat, 
rye, bailey, nrai/c, cansicunis, and a little tobacco are grown in tiro 
north, and in the south, vittes, figs, peaches, apjrles, clreiiies, citrons, 
oranges, kc. The potato, introduced in 1780, is cultia’ntcd con- 
siderably beyond tbo local demaird ; the plairtiirg of mrtibotry trees 
.and the rearing of silk-avorms is of growing economical importance. 

Towns . — CimiXYE iq.v.), avith about 2000 inbabitaiits, is the 
capit.al of the countrj'. Podgoiit7a (.about 0000 or 7000 in 1879, 
since reduced to 4000) is the piincip.al trading town ; it lies .at the 
foot of the mourttairis (as its name imports), at the junction of the 
Bnibnit/a with the Morateba, and in Turkish bauds was one of tbo 
.strongest of their for tresses towards Jlontoiicmo. Dulcigno (see 
vol. vii. p, 520) 1ms 3000 inliabitants (before tiro transfer 5000 to 
7000). Kiksrtcli, a fortified place on a slight cniinonco in the 
midst of a plain, is about the same >>i.! 0 . Antivari (sec vol. ii. p. 
138), so called from its position opposite Bari in Italy, suircicd 
greatly in the w.ar 1879-80, and lost li.alf of its 5000 inhabitants. 
Danilovgiad, with 2000, lies on tbo north side of the Zohv valley ; 
in the vicinity is Oiialuka, the prince’s palace avith its inulbeiiy 
nuiberics, and the inonastoiios of Zlidiobanik (burnt by the Turks in 
1877, hutfcincc lehnilt), avhilo Tcheliya, Morateba (the most ancient 
in the piancip.ilrty), and Osliog (visited annually by about 10,000 
Iiilgiams) arc not far off. Spnzh (Sponge), a little lower on the 
wmo side of the stream, is a fortified post with about 1000 inhabit- 
ants, Nyegush or Nyegosh (1200), about tliroo hours distant from 
Cottiiiye on the road to Cattaio, is the native seat of the reigning 
family, wliieli originally came tliithoi from Nyomishiii Herregovina. 
Zliabliak (1200) w. as once the “capital," and has been a foitibcd 
post .since the time of the Vciiotian power. Ryeka (1600), on the 
liver of that name, is next to Podgoiit/a in commercial iropoitanco; 
(lie prince has two residences in the town. Graliovo (2000) is 
famous foi the gicat battles of 1851 and IS7C. ' 

Montoiiogro is an ahsoluto liorcditaiy inoiiaichy, I'esleu accoiu- 
iiig to the principle of primogoniturc in the family of Pctiovitch 
Nyogush. The piinco hcais the title “ Piiiicc of Montenegio and 
tiro Berda (mouutainsi Montoucgio here meaning the oid Mon- 
tenegrin nahias (provinces) of Ivatunska, Tzrmit/a , Ryetchka, and 
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See Bogisi6 in Das Ausland, 1874. 


Ljeshanska, and Berda the territory added in the 18th centurv 
vLut Pipe.ska, Moiatchska,“We’. 

Vs77 miuiatry was introdneed^n 

aIf.L i 1 r dopartinciits of justice, foreign 

all.ui.s, w,ai, and finance and education. The highest adinmistra- 
tno body is the council of state, instituted in 1870, and consistiiw 
of eight mcmber.9 appointed by the prince. Justice in ordinary 
cases IS rendered lu pumitive fashion. Fonnal codes were drawn 
up by Peter I. (1/98) and by Danilo (1855), but tbo real statute 
book IS national custom. A great court, consisting of the ministct 
ol jnstico, and five members named by the prince, is bold in the 
‘'‘Si?, j''ferior couits in each of the captaincies 

D- ir. '• . , foimcily tbo very president of the senate, 
MiiKo lotiovitcb (ek 18G5), wliose songs are the delight of Ins 
conntjymeir, could neither tend iioi write, primary education has 
been widely difftised during the reign of Prince Nicholas (Nikita) 
111 1851 tlieio was only one school, but befoie tbo recent war they 
bad increased to 58, nearly every clan liaving one for girls as well 
as for boy.s Tiro female Montencgiin Institute (founded and sup- 
ported by the empress of Russia) attracts pupils fiom beyond the 
iionticr. It was fioiii the printing-presses of Cettinyo and Ryeka 
that tbo first books in the Slavonic languages wore issued between 
1183 and 1493, wider tbo pationago especially of Ivan Beg and 
George (IV.) Cinoycvitch, “waywodcs oi the Zeta," but this pro- 
mise of literary productiveness w'ab'sooii cut off by wars with the 
Tuiks. Peter Pctiovitch Nyegush (1813-1851), who was called to 
rule in 1830, is recognized as perhaps the greatest of ali Servian 
poets,— his OorslJ Viycnae, or “Mountain Wicath,” giving dramatic 
c.vprcssion to tho " vorj' soul of the Soihian jicoplo.” 'Piiough the 
picss which ho established in 1834 was destroyed in tbo war of 
1852-53, another w,as soon obtained, and under Prince Nicliolas, 
himself a poet, his memory has proved a potent stimulus to 
intellectual culture. Tho first Montonegriu nowsp.apor, Cmogorac, 
now Qlas Cmogorca, began to appeal in 1870 ; tho lust book -shop 
was onioned in 1879." 

Tho Jlontonogrins, Iiow'evcr, have had nioio to do with the 
sword than with tho pen. “ Every man, diessed m tho picturesque 
costume of his tribe, cairics bis pistol and yataghan in Jus girdle,” 
Nomin.ally tho ago of militaiy serrico is between si.yteon and 
sixty-five, but wbcri wai bre.sks out schoolboy and superannuated 
veteran arc equally eager for tho fiay. When Prince Nioholos tried 
to pi event an old man of eighty fiom joining his foices, tho insulted 
waiiior drew his pistol and shot himself. War with tho Turks, 
indeed, is the cssoiico of Jloiitcrrogiin liistory. On the death of the 
Servian Icing Stephen Dtishan, Prince Balsha beoamo independent 
lord of the province of tho Zeta ; and when tho Servian power 
was shatteied by the Tmks in tho battle of Kossovo (13B9) his 
territoiy formed the asylum of all those who determined to make 
another stand for freedom. In 1485 Ivan Crnoyovitcli, finding 
Zhabliak imtonahlo, fi.xcd his “ capital ’’ at Cettinyo. In 161G iiis 
son George, wdio had .succeeded him, left his country to its fate ; 
blit tho pcoido chose their bishop .as their chief. Pririce-hishops 
or riadykns, elected hy the poojrlo, continued to lead them with 
success against the common foe of Chrostondom till 1697, when 
the authority was handed over to Pctiovitch Nyegush, with tho 
light of appointing his successors, Buhjcct to national approwal. 
At length, in 1851, Danilo, nephew and nominee of tho previous 
vladyka Peter ll., prevailed on the “skiiptchina” to declare Mon- 
tenegro a secular state with tho hoioditary goveniincnt of a prince. 
His iiojdiew Nicholas succeeded to tlio thioiio in 18G0, and at the 
close of tho war 187G-78 MontoncOTO was declared a sovereign 
principality. For an account of tho defeats and victories (the latter 
by far the more nunrorous) which have marked the national stiugglo 
for existeiico during its four centuries, the leader is referred to 
Denton’s Montenegro (Loud., 1877). 

Soo Obscri(itio7i3 071 Mo7i(cn((jro (St Pet., 1831), byJJ'iron Ivaiilban, Ru'i^lan 
wcinberof tlio Intcniational Coimmsamn j 'NVnkin^ion'H Balmatfo and iironfencfjra 
G8481; WliigncW, Tour in Vitlmallct, tc. (1650); Viscqmitoss Stroi^fonl, 

I astern Shores of tho Ailnatic (ISO!) ■, A. J. r;v.ans, ZHr/rinn is era (1^8); W.E. 
GlnUbtono In Uio ItinttcenlJi Cenlim), i. •. rreman, in MriOTiIiatv s Jfag , ISTO ; 
.Scintarr, Monleneffro (1882). Soo also tho hihllogmphles In Hull, de la Hoc de 
aiogr. (fans, 1806) and Valcntlncnr, Bill, della Datmazia (Agram, ^ ^ 

MONTEREY, a city of tire ITnitcd States, the capital 
of California up to 1847, is situated on Monterey Bay, 
125 miles south from San Francisco by the southern 
division of the Southern Pacific Railroad. Originally 
founded in 1770 as a mission station and presidio (garrison) 
by junipero Serra, it is still in the main a Spanish-looking 
town, with Siianisli talked in its streets and painted on its 
signboards. At the meeting of tho first constitutional 
convention of California Monterej’ was a jiort of entry 
xvith a flourishing trade and a promising future ; but it 
soon suffered from the rivalrj" of San Francisco, and it is 
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marked by extreme simplicity. Clmslity is a national 

safest asylum amonrr their 
hcrcditmy foes The main stock of the people is of Servian 
descent and, though the purity of both blood and langua-ro 
lias bed! to some extent aliected by foreign dements mosttv 
Albanian and Turkish, the national unity lias not been im- 
paired. riie cm ions Gipsy colonj', ivliich, though spealdne- 
bcnian, never intermarries rvith the JfontLgriiis, is 
“'3?? “ imiiortancc.i The great mass ot the 

^'finri ^ the Orthodo.x Gicek Church, only some 
«000 being ]»omnn Catholics, and 3000 Moliammcdans. 

1 Qoo 1 of the population ivas 10,700 in 

124,000 in 18b2, and 170,000 in 
jSn but in 18<0 it was found that, inclusive of tlie new I 
territory, the number could note.vceed 150,000; since then 
about Id, 000 have been added witli Bulcigno. The official 

^Ar ^ lioivcver“ 

-36,000 as the total, of whom sonic 23,000 live in the 
.so-called towns. 
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1877, and tlicio 


Cmmar.—Kcii^ arc stdl fomul in the higher forests, aiids\olvcs 

?!, v,‘ loftiest summits, tlie roebuck is not iiifiequont in tlm 
mtkwoods, the mid lioar may be met nitb iu tlic same distiict, and 
the hare is ahnudiint nliorcvcr tlicgiound is covoicdMith liciba're. 
, nicm n'l” t"osrecios of BU.skes in the countiy, iiidndingtlio 

fbc common 

tortoise, and N auous kinds of Uj-auIs arc all conwnou. TUc list of 
birds observed lyGJiton Kaidbais iiiclmios golden eagles and vul- 
tures, 12 snecics of falcons, several species of on la, nightingales, laiks, 
buntings, hooiiocs, partridges, beions, iielicans, ducks (10 species), 
goatsiickei-s, fee. iJio abundance of fish in Lake Scutari aW the 
ion er cour-,c of llio Itycka is extraoidinaiy, the shoals of Weak (scoi- 
nnm, Zniciscin aH/uriiii!!) (hat tome up (ho liver forming almost 
soim masses. IJoth tiont and salmon arc caught in the Moiatcha. 
d'/ow.— The llora of Jlontonogro is comparatively scanty. In 
distiiots tho beech is tiio ptcvailing ticc up to a liciglit 
of oOOO or 5500 feet, and then ita jilaco ia taken by tlio pino. Tlie 
chestnut foims little groves hi the country betwcon the sea and 
J^ako Scutari, but never nsccmls more than 1000 feet, and the 
wire also is mainly confiiwd to the neighbourhood of the Adiiatic. 
roiiicgmnate biislics glow nild, and m many nails of tho south 
cover the foot of the hills with douse tliickots, the lieh blossoms or 
n-liicU arc one of the special channs of the spi ing latidscape. witcat, 
lye, bsilcv, iini/e, cansicums, and a little tobacco niogiown in tho 
north, and in tho south, vinca, figs, peaches, apples, chenies, citioiis, 
oranges, Ac. The potato, intioduced in 1780, is cultivated con- 
siileinbly beyond thy local demand ; tlie planting of mulhotiy trees 
and the leai mg of silk-irorms is of gion ing economical impoitnncc. 

rcuciis.~Cr.TTisYi: (j.w), with about 2000 iubabitants, is the 
capital of the countrj-. Podgoiitra (about 0000 or 7000 in 1870, 
since reduced to 4000) is the principal trading town ; it lies at the 

rn/lf/ri f-l friCf /nir ifa rtnrt^rt ) 


loot of the mountatiiH (as its name mpoits), at the junction of tho 
Knibnit/a uith the Moratclia, and in Tuikisli bands uas one of tlio 
stiongest of their foitiessos tonaids IdoiUoiwmo. Dulcigno (seo 
yol. vii. ]n 520) 1ms 3000 inliabitants (bcfoio tlio transfer 5000 to 
/OOO). Kiksitcli, a fortified place on a slight cmiucnco in the 
midst of a idain, ia about the same sice. Autivari (sec vol. ii. p. 
138), so called fiom its position opposite Bari in Italy, snffcicd 
greatly in the uar 1879-80, and lost half of its 5000 inhabitants. 
Danilovgiad, wjtli 2000, lies on tho north sido of tho Beta valley ; 
iu the vicinity is Oiialiika, the prince’s palace with its imilbeiiy 
nmserics, and the monasteries of Xbdiobanik (bin lit by tho Tmks in 
1877, biitsiiicc lebnilt), while Tclieliya, Moiatcha (the most ancient 
in the principality), and Ostiog (visited annually by about 10,000 
pilgrims) arc not far off. S]mzh (Sponge), a little lower on the 
•same side of tho stieara, is a fortified Post uith about 1000 inhabit- 
ants, Nycgiish or Nycgosli (1200), nuout tlnoo bouis disbint fiom 
Cettinye on the load to Cattaio, is tho native seat of the tcigning 
family, which originally came tliithei fiom NycgushiiiHcrrcgovina. 
Zh.ihiiak (1200) uas once tho “capital," and has hccii a foitificd 
post since tho time of the VenoUan iiowcr. Ryeka (1600), on tho 
liver of that name, is next to Podgoi it/a in commoicial impeitanco ; 
tho prince has two residences in tho town. Graliovo (2000) is < 
f.imous foi tho gicat battles of 18.51 and 1S7C. 

yiontonogro is an ahsoluto lieieditaiy inonaichy, vested accoid- 
ing to the principle of primogoiiiluic in tho family of Petiovitch 
ifyogusli. Tho prince bears the title “Piiiioo of Montcnegio and 
tho Berda (mountains) ” — Montoucgio here meaning tho old Moli- 
lencgrin nahias (piovincos) of Katunska, Tzrmit/a, Ryotolika, and 


1 See Bogisifi in I>as Ausland, 1374. 


Y of eight membcr.s appointed by the nrinco” Junti 

c.ises IS icndcied in piimitivc ^ ordinary 

up by Peter I. (170^) and by S.rnROO “ 
3 hook is national custom, A^'ic.at couit comistinrr 'r 

3 Ofjnillct, «„d Jv, 

as for boys, d ho female Moiitencgiin Institute (fomuled and sun- 

poited by tho cmpiess of Russia) attiacts pupils fiom beyond tlm 
fin n ■; r the printing-presses o/ Cettinye amfRyeka 

' 1183 n!u/‘l 103“? languages u ere issued hotu eon 

I ,V„ “ tho ]>ationago especially of Ivan Bcir and 

Ocoigc (ly.) Cinoycvitch, “uaynodes oi the Zeta," but this pro- 
mise of iitoraiy pioductiveness was' soon cut off by wais uith tlie 
Hu'Am iR?n Nyogna> (1813-1851), wlio vas called to 
. 1 • as pcjJmps tho greatest of all Servian 

\ioota,—\na Oorsli 7^iycnae, or ‘‘Mountain Wmath,” giving dramatic 
o.vprcssion to the very soul_ of tho Scibinn people, ’’ 'Though tho 
1 or? ro * ,1 * “’tahhshed m 1834 was destroyed in the uai of 
l8a2-o3, another was bddii obtained, and under Prince Nicliolas 
liimself a poet, his memory has proved a potent stimulus to 
lutcllccttml culture. The first Moutonegriu newspaper, Cmonarac, 
now Olas Cnioyona, began to appeal in 1870; the inst book-shop 
was opened in 1870.= ‘ 

Tho Montenegrins, however, have liad nioio to do with the 
sword than with tho pen. “ Every man, diesscd in tho pioturosnne 
eostvimc of his tribe, cairics his pistol and yataghan in liis girdle." 
Aominally tho ago of miJitaiy service is betwcon si.vtoon and 
sixty«fivc, but when wai breciks out schoolboy and superannuated 
vctci an ai 0 equally eager for the fiay. When Prince Nicholas tried 
to pievcnt an old man of eighty fiom joining his foicos, tho insulted 
waiuor drew his pistol and shot himself. War with tho Tmks, 
mdeed, is tho csscnco of ilontcncgiin history. On the death of the 
Servian Icing Stephen Duslian, Prince Balslia beoamo iiidepeudcnt 
lord of the province of tho geta ; and when tho Servian power 
was shatteiod by the Talks in tho battle of Kossovo (1389) his 
territoiy formed the asylum of all those who detcrminDd to make 
another stand for ftecdom. In 1485 Ivan Crnoyovitch, finding 
Ahahliak imtonaWo, fi.xcd his “capital ’’ at Cettinye. In I51G his 
son George, who had .succeeded him, left his country to its fate ; 
but tlio people cliosc tlicir bishop as tlicir clncf. I'rijice-bishops 
or rl.adykas, elected by tho people, continued to lead them with 
success against the common foe of Christendom till 1697, svhen 
tlio authority was handed over to Petiovitch Nyegush, with tho 
light of appointing his successors, subject to national approval. 

At length. 111 1851, Danilo, nephew and nominee of tho previous 
rJadyka Peter 11., prevailed on tho "sknptchina ’’ to docl-iro Dion- 
tciiegro a secular state with the heicditary govcniment of a prince. 
His nephew Nicholas succeeded to tho thiono in 1860, and at the 
close of the war 1876-78 MontoncOTO was declared a sovereign 


Denton’s Montenegro (Loud., 1877). 


i twiCTino/topw f>) tc a* w. uiyrian j^iiers ; ». iv. 

GIftUbtoiio in Iho Nxnttccnih Ceniitn/, {. ; rrccinan, in Macrmllan's Mag , 187C ; 
Scln\ar7, Jifonfencf/ro (1882). 8co also tJ*e lubliograuhlcs In hull, de la Sac dc 
6Voor, (I'ans, 18<35) tunl ValcutincIIi, Bib. della Dalmazia (Agrani, ISMi). 

(II. A. W.) 

MONTEREY, a city of the United States, the capital 
of California up to 1847, is situated on Monterey Bay, 
125 miles south from San Francisco by the southern 
division of the Southern Pacific Railroad. Originally 
founded in 1770 as a mission station and presidio (garrison) 
byjunipero Sorra, it is still in the main a Spanish-looking 
tovvn, with Spanish talked in its streets and painted on its 
signboards. At the meeting of the first constitutional 
convention of California Monterey was a port of entry 
with a flourishing trade and a promising future ; hut it 
soon suffered from tho rivalry of San Francisco, and it is 


= Cf. Pypiu aud Spasoiiteb, /fist, of Slav. Ziteratures, vol. i. 



MONTESQUIEU 


travelling in Enropo, IMontcsquIou not only satirized nn- 
meroifnlly the social, political, ecclcsinslical, and literary 
follies of his day in Franco, hut, indulged in a great deal of 
the free writing (so free ns very nearly to deserve the term 
licentious) which was characteristic of the tale-tellers of the 
lime. 13ut what scandalized grave and jircciso readers 
naturally attracted the majority, and the Lettres Pmanrs 
were very popular, passing, it is said, through four editions 
within t,ho year, besides ])irnoies. Then the vogue suddenly 
ceased, or at_ least editions censed for nearly nine years to 
appear. It is said that a formal ministerial lU'ohibition 
was t.he cause of this, and it is not improbable ; for, though 
the regent and Eubois must have enjoyed the book 
thoroughly, they were both shrewd enough to perceive that 
underneath its playful exterior there lay a spirit of very 
inconvenient criticism of abuses in church and state. The 
fact is that, the Lff/res Povanc-f i.s the first book of what is 
called the riiilosopho movement. The criticism is scarcely 
yet nggres.sivo, much less destructive, and in Jlontcscpiicu's 
hands it Jiever became so ; but what it might become in 
the hands of others was obvious enough. It is this pre- 
cursorship in his own special lino which in all probability 
made A'oltairo .so jealous of Jfontosquieu, as well as the 
advantage which a wealthy and well-born noble of high 
oliicial position had over himself. It is amusing to find 
Voltaire describing the Zeflrcs as a “fruinpery book,’' a 
book which anybody might have written easily.” It is 
not corfain that, in its peculiar mixture of light badinage 
with not merely serious purpose but gentlcmanliko modei'a- 
tiou, Voltaire could have written it himself, and it is 
certain that no one else at that time could. The reputa- 
tion acquired by this book brought ^fontesquicu much into 
the literary society of the capital, and ho composed for, or at 
any rate contributed to, one of the coteries of the day the 
clever but rather rhetorical Dlatnpnc df Si/f/n cl d'Emralc, 
in which the dictator gives an apology for his conduct. For 
-Mademoiselle do Clermont, a lady of royal blood, a great 
beauty and a favourite queen of society, he wrote the 
curious prose poem of the Temple de Guide, This is half 
a narrative, half an allegory, in the scmi-cla.ssicul or mtlicr 
pseudo-classical taste of tho time, decidedly frivolous and 
dubiously moral, but of no small elegance in its peculiar 
style. A later d\ .<prit of tho same kind, which is almost 
but not quite certainly JlGUtcsquicu's, is tho Voi/atje d 
Paphos, in which hi.s warmest admirers have found little to 
praise. In 172.1 jfontesquieu was elected a member of tho 
Academy, but an almost obsolete rule requiring residence in 
Paris Avas appealed to, and tho election was annulled. It is 
•doubtful Avhethcr a hankering after Parisian society, or an 
ambition to belong to the Academy, or a desire to devote 
himself to literary pursuits of greater importance, or simple 
weariness oT not wholl_y congenial work determined him to 
give up his llordeaux otlico ; it is certain that ho continued 
to hold it but a short time after this. It is tolerably clear 
that ho had already begun his great work, and tho chai-acter 
of some p,apcra which, about this time, ho read at tho Xlor- 
.leanx Academy is graver and less purely curious than his 
•earlier contributions. In 1726 he sold tho life tenure of his 
ollice, reserving tho reversion for his son, and went to live 
in tho capital, returning, however, tor half of each year to 
ba Prtdc. 'rhero was now no further formal obstacle to ins 
reception in tho Academio Fran^aisc, but a new one arose. 
Ill-wishers had brought the Lettres Persanes specially under 
tho minister Floury’s attention, and Fleury, a precisian in 
nianj'' ways, was shocked by them. There aio \nvious 
accounts of tho way in which the ditlicnlty was got over, 
but all seem to agree that ^^ontesquicu mailo conccs-sions 
which were morc'eft'ectual than dignified. He was elected 
and received in .Tanuary 172S. Almost immediately after- 
wards ho started on a tour through Europe to oii.scrvc 


men. 


things. 


/ 8.3 

-o f ''if TO^istitutions. Ho travelled through 
Austiia to Hungary, but was unable to visit Turkov as he 

Chcsteriiekl. Ihoy sojourned together at Venice for some 
time, and a curious story is told of tho way in which either 
n picco of mischief on Chesterfield’s part, or Montesquieu’s 
own iien-ousncss and somewhat inordinato belief in his own 
inqiortancc, inado tho latter sacrilico his Venetian notes. 
At Vonioo, and clsoivlicro in Italy, ho remainod nearly a 
.year, and thou journeyed by way of Piedmont and tho 
Phiuo to England. Hero ho stayed for some eighteen 
months, and acquired an admiration for English char.actcr 
and polity which never afterwards dcserred him. He 
returned, not to Paris, but to La 111 - 660 , and to outwanl 
aiipearanco might have seemed to bo settling down as a 
squire. Ho altered his park in tho English fashion, made 
sedulous inquiries into his own genealogy, arranged an 
entail, a.sscrted, though not harshly, his .seignorial right.s, 
kept poachers in awe, and so forth. Nor did ho neglect 
his fortune, but, on tho contrary, improved his estates in 
everj' way, though ho met with much oppo'.ition, partly 
from tho disliko of his tenants to new-fangled way.s, and 
partly from tho iiwano economic regulations of the time, 
which actually prohibited tho planting of fresh \incyards. 

Although, however, Jfontesquieu was enough of a r/ rand 
sciffiieur to bo laughed at, and enough of a careful steward 
of his goods to bo reviled for avarice, by those of his con- 
temporaries who did not like him, those matters by no 
moans cugrosseil or even chiefly occupied his thonght.s. 
In his great study at La Bv6do(a hall rather than a study, 
some 60 feet long by •lO wide) ho was con.^tantly dic- 
tating, making abstracts, roNising essays, and in other 
ways prciiaring his great book. Like some other men of 
lottci-s, though perhaps no other has had tho e.\-]>cricncc in 
quite tho same degree, ho found himself a little hampered 
by his earlier work. Ho may have thought it wiso to 
soften tho transition from tho Lettres J'lrsams to the 
Esprit des Lois, by interposing a publication graver than 
tho former and less elaborate than tho latter. Ho had 
always, ns indeed was tho case with most Frenchmen of his 
century, been interested in ancient Pome and her history ; 
and ho had composed not a few minor tractates on tho 
•subject, of which many titles and somo cvaniplos remain, 
besides tho already-mentioned dialogue, on .Sylln. All thc-so 
now took form in tho Considerations sur tes Causes de la 
Grandeur et la Eeeadence des Eomains, which appeared in 
If.tf at Amsterdam, without tho author's name. This, 
however, was perfectly well known ; indeed, .Montesquieu 
formally ju-esented a copy to tho French .'Veademy.^ i\ nony- 
mity of title-pages was a fashion of tho day vhieh meant 
nothing. Tho iiook was not extraordinarily [mpular in 
Franco" at tho lime. ’I'ho author'.s raputation a« a jester 
stuck to him, and the -salons afi'ccted to con.siilcr the Lettres 
Persanes and tho now book re.spcctivcly n.s tho “grandeur' 
and tho “dccadonco do M. do jronte.s-qnieu ; ” but more 
serious readers at once jicrocivcd its e.vlraordinari nierif, 
and it was eagerly read abroad. A copy of it cxi'-ts or 
cxi.sted which had'thc singular fortune to bo annotated by 
i'Vcderick tho Great, and to benhsfracted from the Pot-dam 
library by Naiioleon. It is .said, moreover, by competent 
nulhorities to have been tho most cnduringly ]>opnlar and 
tho most widely read of all its author’.s works in Ids ovii 
country, and it has certainly been tho mo.Nt frequently and 
carefully edited. Its merits are indeed undeniable. .Merely 
scholastic, criticism may of course object to it, ns to every 
othcr book of tho time, tho absenco of the exactness of 



its views. It is (putting Possuet and Vico aside) almost 
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travelling in Enropo, IMontcsquIou not only sntiri:^c(l nn- 
mcroifnlly tlio social, political, ecclesiastical, and literary 
follies of his day in Franco, hut indulged in a great deal of 
the free writing (so free ns very nearly to doservo tlio term 
licentious) which was characteristic of the tale-tellers of the 
lime. But what scandalized grave and precise readers 
naturally attracted the majority, and the Ldtm Pmapirs 
wero^ very poindar, passing, it is said, through four editions 
within the year, besides i)irncies. Then the vogue suddenly 
ceased, or at_ least editions ceased for nearly nine years to 
appear’. It is said that a formal ministorial prohibition 
was the cause of this, and it is not improbable ; for, though 
the regent and Dubois must Jiavo enjoyed the book 
thoroughly, they were both shrewd enough to jrorocir'o that 
underneath its playful exterior there Inj' a spirit of verj’’ 
inconveniont criticism of abuses in church and state. Tlio 
fact is that the Li’ffi'es is the first book of wliat is 

called the Bhilosopho movement. The criticism is scarcely 
yet aggressive, much less destructive, and in idontcsquicu's 
liands it never became so ; but what it might become in 
the liands of others was obvious enough. It is this pre- 
•cursorship in liis own special lino which in all probability 
made A’^oltairo .so jealous of Jfontosquieu, as well as the 
advantage which a wealthy and well-born noble of high 
ollicinl position had over himself. It is amusing to find 
Voltaire describing the Zettixs as a “trumpery book,’' a 
“ book which anybody might have written easily.” It is 
not certain that, in its peculiar mixture of light badinage 
with not merely serious purpose but gentlemanlike modera- 
tion, Voltaire could have written it himself, and it is 
certain that no one else at that time could. The roputa- 
tion acquired by this book brought Jfontcsquiou much into 
the literary society of the capital, and ho composed for, or at 
any rate contributed to, one of the coteries of the day the 
clever but rather rhetorical Dinlorjuo de Si/dit cl d'Emrak^ 
in which the dictator gives an apology for his conduct. For 
Madcmoisollo do Clermont, a lady of royal blood, a great 
beauty and a favourite queen of societj’-, he wrote tlio 
curious prose poem of the Temple dc Guide. This is half 
a narrative, half an allegor}-, in the scrai-cla.ssieal or rather 
pseudo-classical taste of the time, dccidedlj’ frivolous and | 
dubiously moral, but of no small elegance in its peculiar 
.style. A later ,/cw d\ .<pn( of the same kind, which is almost 
but not quite certainly JlGUtcsquieu's, is the Voi/aije d 
Paphos, in which hi.s warmest admirers have found little to 
praise. In 1721) jfontesquieu was elected a member of the 
Academy, but an almost obsolete rule requiring residence in 
Paris was appealed to, and the election was annulled. It is 
•doubtful Avhethcr a hankering after Parisian society, or an 
ambition to belong to the Academy, or a desire to devote 
himself to literary pursuits of greater importance, or simj)Io 
weariness oT not wholly congenial work determined him to 
give up his Bordeaux olllco •, it is certain that ho continued 
to hold it but a short time after this. It is tolerably clear 
that ho had already begun his great work, and the character 
of some papers which, about this time, ho read at the Bor- 
.leaux Academy is graver and less purely curious than his 
•earlier eontribu'tionX In 1726 he sold the life tenure of his 
office, reserving the rovor.sion for his son, and went to live 
in the capital, returning, however, for half of each year to 
Ba Brtdc. 'rhero was now no further formal obstacle to Jus 
reception in the Academic Fran?aisc, but a new one arose. 
Ill-wishers had brought the Lett res Persanes specially under 
the mitiis'ter Floury’s attention, and Fleury, a precisian in 
‘shocked by them. There are various 
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accounts of the way in which the difficulty was got over, 
but all seem to acree that Montesquieu made conecs-sions 
which were morc'eftectual than dignified. Ho was elected 
and received in .Tanuary 172S. Almost immediately after- 
wards ho started on a tour through Europe to ob.^erve 


A, ) • . institutions. Ho travelled throm-h 

Anstiia to nungm-y-, but was unable to visit Turkov as he 

Chest eriield. Ihoy sojourned together at Venice for some 
tunc, and a curious story is told of the way in which either 
a piece of mischief on Chesterfield’s part, or Iilonte.squieu’s 
own nervousness and soinewhat inordinate belief in his own 
importance, mndo the latter sacrifice his Venetian notes. 
At Venice, and olsowlicro in Italy, ho remainod nearly a 
year, and then journeyed by way of Piedmont and the 
Hlmio to England. Hero ho stayed for some eighteen 
months, and acquired an admiration for English char.aetcr 
and polity which never afterwards dc.serred him. He 
returned, not to Paris, but to La Brf'do, and to outward 
appearanco might have seemed to bo settling down as a 
squire, l ie altered his park in the English fashion, made 
sedulous inquiries into his own genealogy, arranged an 
entail, asserted, though not harshly, liis .seignorial rigiits, 
kept poachers in awe, and so forth. Nor did ho neglect 
his fortune, but, on the contrary, improved his estates in 
every way, though ho met with much opposition, partly 
from the dislike of his tenants to new-fangled way.s, and 
partly from the in«ane economic regulatioiis of the time, 
wjiicli acfually jirohibited the planting of fresh rineyard.s. 

Although, however, Jfontesquieu was enough of a r/ rand 
seipiicitr to bo laughed at, and enough of a careful steward 
of his goods to bo reviled for avarice, by those of his con- 
temporaries who did not like him, the.so matters by no 
means ougro.s.scd or even chiefly occupied his thought.s. 
In his great study at La Bri!do(a Imll rather than a study, 
some 60 feet long by 40 wide) ho was eon.vfantly dic- 
tating, making abstracts, re\ising essays, and in other 
ways preparing his great book. Like some other men of 
letters, though perhaps no other has had the experience in 
quite the same degree, ho found himself a little hampered 
by Ill's oarlicr work. Ho may have thought it wise to 
soften the fran.sition from the Lettres P<r.<aiiis to the 
Esprit des Lois, by interposing a publication graver than 
the former and less elaborate than the latter. Ho lind 
alwaj’S, os indeed was the case with most Frenchmen of his 
century, been interested in ancient Borne and her history ; 
and ho had composed not a few minor tractates on the 
.subject, of which many titles and some examples remain, 
besides the. alreadj’-mentioned dialogue, on Sylla. All thc-so 
now took form in the Considerations sur les Causes de la 
Grandeur ct la Ei'cadence des Eoinains, which appeared in 
Il.t-t at Amsterdam, without the author's name. This, 
however, was perfectly well known; indeed, Montesquieu 
formally presented a copy to the French .'icademy.^ i\ nonj'- 
mity of title-pages was a fashion of the day nhich meant 
nothing. The book was not extraordinarily |)OpnIar in 
Franco" at the time. The author'.s raputation a« a jester 
stuck to him, and the salons affected to con.si<lcr the Lettres 
Persanes and the new book re.spcctivcly n.s’ the “grandeur'’ 
and the “decadence do M. do jrontc.squicu ; ” but more 
serious readers at once perceived it.s extraordinary nicrif, 
and it xvas eagerly read abroad. sV copy of it exists or 
existed which had'thc singular fortune to bo annotated by 
Frederick the Great, and to bcabsfracted from the Potsdam 
library by Naiioleon. It is .raid, moreover, by competent 
authorities to have been the mo.st enduringly j'opnlar ami 
the most widely read of all it.s author’.s -vvork.s in his ovii 
country, and it has certainly been the mo.Nt frequently and 
carefully edited. Its mcrit.s are indeed undeniable. .Merely 
scholastic criticism may of cour.so object to it, ns to every 
othcr book of the tinm, the absence of the exactness of 
modern critical inquiry into tho facts of hi.story ; but this 
is onlv a new example of a frequent iV/ao/’atm rleoehi 
Tho virtue of jrontcsipiicu’s book is not in its facts but in 
its views. It is (putting Bossuet and Vico aside) almost 
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nelle, lie does not seem to have preserved in old a"c the 
])assion for society which had marked liis youth. A ratlier 
dubious description, published long after his death, repre- 
sents him as “ wandering in his M'oods from morn to ni^ht 
■\Mtli a "wliite cotton nightcap on his head, and a vine ])rop 
on his shoulder.” This, in the florid language of its time 
(the Ilepublicaii jieiiod), is probably onlj' an imaginative 
expression of his known inteiest in managing his estate. 
But he certainly spent much of his later years in the 
coiintiy, though lie sometimes visited Paris, and on one 
visit had the opportunity, which he is likely to have en- 
joyed, of procuring the release of his admirer La Beaumelle 
from an imprisonment which La Beaumelle had suflered 
at the instance of Voltaire. He is said also to have been 
instrumental in obtaining a pension for Piron. Indeed, 
indigent or unlucky men of letters found in liim a constant 
protector, and that not merely at the royal e.xpense. Nor did 
he by any means neglect literary composition. The curious 
little romance of Arsacc ct Ismunie, a short and unfinished 
treatise on Taste, many of his published Pensecs, and much 
unpublished matter date from the period subsequent to 
the Psprit des Lois. He did not, however, live many years 
after the appearance of his great work. At the end of 
1754 he visited Paris, with the intention of getting rid of 
the lease of his house there and finalty retiring to La 
Brlide. He was shortly after taken ill with an attack of 
fever, which seems to have affected the lungs, and in less 
than a fortnight he died, on 10th February 1755, aged 
sixty-six. He was buried in the church of Saint Sulpice 
witli little pomp, and the Eevolution obliterated all trace 
of his remains. 

Thy litemiy and nliilosoidiical nioiits of Jloutcsmuen and his 
position, actual and histoiical, in the litoiatuio of Fiance and of 
Emope, form a subject of lathoi unusual inteiest in its kind. At 
the beginning of this century the vicomto do bonald classed him 
with Kacine and Bossuot, as the object of a “loligious veneration" 
among Fionchmcn. But Bonald v.as not quite a suitable spokes- 
man lor Fiance, and it may be doubted whether the author of the 
Esprit dcs Lois has ever really occupied any such position in his 
own countiy. Foi a gonciatioii after his death he remained indeed 
tlie idol and the gicat authority of the modoiato lofoiming pajty 
in Fiance, and at such times as that paity lecoveicd jiower dming 
the lovolutionary jioiiod hlontesquieu iccovcied vogue uith it. 
But the tendency of tlie centuiy and a quarter which have passed 
since liis death lias been to i educe the numbois and position of 
tin's party over moio and nioic, and Montesquieu is not often quot- 
abie, or quoted, eitlier by Kepublieans, Bonapai tists, or Legitimists, 
at the piosoiit day. Again, Ins seiions u oiks contain citation of oi 
allusion to a vast niimboi of facts, and the c.xact (let it be hoiied 
that posteiity uill not call it the pettifogging) ciiticism of onr 
time challenges the accumc}^ of those facts. Although lio was 
really the founder, oi at least one of the founders, of the sciences of 
coinpaiative politics and of the philosophy of histoij', his descend- 
ants and followeis iit these sciences think they have outgrown 
liim. In Fiance his populaiity has always hcon dubious and con- 
tested. It is a singulat thing that, until within the hast decade, 
thoio has been no pi opoily edited edition of his woiks, .and nothing 
even appioacliing a complete biography of liim, the jil.aee of the 
Latter being occupied by the meagio and ihotoiical Blogcs oi ttio 
last centuiy. Ho is, his chief admiieis asseit, hnullyic.ad at all 
in Fi.aiice to-day, and a toleiahlo Limiliaiitj- with modem Fiench 
litor.atuio eiialdes its possessor to corioborato this by fiist-liaml 
knowledge, to the effoetthat no wiitcr of equal eminence is so little 
quoted. Tlic admiioi-s just nioiitioiied attenqit to e\iilain the hot 
by confessing tli.at Sloutosquiou, groat as he is, is not altogcthei 
gieat according to French piinciples. It is not onl}’ that he is an 
Aiwlo-mani.ac, but tliat ho is lathcr English than Ficiich in stylo 
and" thought. His woik, at least the &prit, is lacking in the pro- 
poitiou and the almost ostciiLatious luciditj' of aiiangemeiit winch i 
a Ficnchmnn dom.ands. His sonteucos are often enigmatical, and i 
F-i^crestivc rather than clear. Ho is almost oiiHivly dispassionate in 
poTidcs, but bo lacks the uuswcrviiig deductive consistency winch 
i'leiiclinicn love in that science. Ills vit, it is said, is <]uaint and 
a little inovineial, his stylo irregular and in no definite 

Some of tbeso things may be allowed to c.Mst .pul to_ bo defects 
in :Montesquicu, but they arc balanceil by merits which remler 
them .almost iusignificaiit. Of the miiioi w orks, which aic on the 
whole lather unw orthy of their author, nothing need be ssid here 
In the few Lensecs, and iu detached thoughts of the same kuid 
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the tolerably numerous letters which have reached 

put Montesquieu as a pcsL, or mavim a^ritcr 1^1’'' 

loncanhl and Jouhei t, Pascal and A'auvenarguos. It is ou his tliiT' 
puncipal woiks th.at his fame docs .and must rest E.ich one of 

Its kind. It is doubtful whethoi the 
Zclbos Pctsancs yield .at tlisir best either in w it or lu gi\ lu elv 
pictuios of the time to the best of Voltaire’s simil.ai woik, tlioimh 
they aio moie uncpi.al. Tlioio is, moicover, the gieat ailfereiua 
between Moiitosquicu and Voltaho that the foimw is a lational 
reiormcp and not a nioio pcrsijlcur or frondcur, to whom fault- 
hndmg is inoi e convenient lor showing oil his w it than acquiescence 
Of coiiise this last dcsciiption does not fully 01 alwaas describe 
A oltaiie, hut it often does. It is seldom 01 noici applu.ablo to 
Montesquieu. Only one of A'olt.aiio’s own iliaiges against the 
book and its authoi must bo fully allowed. Ho i» said to lia\c 
lephed to a fiiend who uigcd him to gi\c up his habit of siuciiiu' 
at Jlontcsqmeu, “il cst coup.ablo do leso-poesie," and this is ti.io" 
iV^ot only aie ilontcsquicu’s lem.aiks 011 pootiy (he himself occasion- 
ally wioteyciscs, and a 01 y bad ones) cbihlish, but he is ncvci happy 
in pinely Htoi.aiy nppiociatioii. The CoiisidLintions aie iiotowoithy, 
not only foi the complete change of stj le {which fiom the light and 
mocking tone of the Ldlics becomes giavc, weighty, and sustained, 
with abundance of priking c\])icssion), but foi the luofundity and 
oiimiiality of the views, and tor the completeness with whicii the 
autlioi c.auies out his plan. These woiJs — except, pciluaps, the last 
clause— apply w ith inci easing foi ce to the Esjml dcs Loi s The hook 
has boon accused of dosultoiiness, hut this aiisos, iu pait at hast, 
fioin a mis.pipiehension of the .authoi’s design. At the same time, 
it is inqiossiblo to s.ay that the cquii oral meaning of the u oid “ Law ,” 
which has misled so many reasonois, has not sometimes misled 
Montesquieu himself. For the most pait, however, ho keeps the 
piomiso of his suh-tit’o (given above) witli fidelitj-, and ap]mes it 
with exhaustive caie. It is only in the last few books, whicli have 
been said to bo a kind of appendix, that sometliing of iiieleiancy 
suggests itself. The leal imjioitanco of the Efpvil dcs Lot% how- 
ever, is not that of a foimal tioatiso on law, or oven on ))ohty. It is 
thatofanasscmhl.agoofthcinostfei tile, original, andinspiritingviows 
on legal and political subjects, ]iut iu language of singular suggos- 
tivoncss and vigour, illustiated by examples whicli aio always apt 
and luminous, )ieimcatod by the spnit of tomporafo and tolciant do- 
siio for human impiovcmcnt and ba]ipincss, and almost unique iu 
its cntiic ficcdom at once fiom doctrinairi.anism, fiom lisioiniy 
enthusiasm, from egotism, and fiom an undue spirit of system. 
As for the style, no one who docs not nust.iko the dclinition of that 
imich used and much misused woul t.in deny it to Jlontcsqniuu. 
Ho h.ns ill the Eprit little oin.amont, but his composition is wholly 
admiinblo. Eveiy now and then fliuio me leminiscencrs, ]>orIniis a 

'cUrcsJ'cr- 


littlc mole close tban is nccessaiy, of the huliiinge of tbe Lctlrcs 
sancs, but these aic i.iie, and the nuthoi's wit is for the most used 
only to lighten liis pages. Yct.anothei groat jieculiarity of this book, 
ns well as of tbe Considimlions, bas to be noticed. The genius of tbe 
author foi goncialiration is so gieat, his instinct in political science 
so sine, that oven the falsity of his pieiiiises ficmiently fails to 
viti.ato ills conclusions. Ho lias known wioiig, hqt he has thought 
light. 

Tlic sole edition of JIniitosqiiieii winch ncwl Iw mentioned here Is tint of 
Kdimard Imhontme (T \ols . r.iris, ibTti ISTO), the sole h oKrapIn tint of I»tin 
Vimifraris, second edition. ISTO) from the htterthcfictsof tlienhoie imtice 
me priiiCiinll) driiui. Ulio hibllOt^nighy of lUoiitMijineii'u jnihlished worl.'. 
n not of any si>eci.il interest, hut in respect of niicnrofa he occiiines a singiil ir 
iwsition. Hici-e is hiiowii to exist at I-a lirnto a great iinss of .MFh ii •ilernls 
tor the Espnt des Lois, additioinl Irlircs /Vroiiin, essajs and fnginenls of 
all hinds, diaries, letters, notebooks, and so fortii. Vie jireseiit l.qs^e^50rs, 
Iiowcicr, who represent Moiilesqiiicii, though not in the direct iinle line, base 
iiithorto refused pemiisslon to exaiiiiiic tlicsc to ail cditnis and critic", thoiigli 
tlic inililication of .some of ilicm Ims Ih'cu \agucly i>roinist«I. At present tocr 
mo chiefly known lij a ivaper coiitnbiited ne.irq half a century ago to (he 

Tmnsnctioiisoftlie Acadimyof.Agen(lSa4) , .fJ- n.x ) 

HONTEVERDE, CbAunio (1.56S-IG43), the inventor 
of the “free style” of musical coiniiosition, was born atCre- 
niona in 1568; he was engaged at an early age as violist 
to the duko of iMantiin, and studied composition with .^omc 
success under Ingegneii, the duke’.s “maestro di cajiclla,” 
though without tlmrouglily mastering the difliculties of 
musical science. His knowledge of counterpoint was limited, 
and his ear imperfect, hut he was a bold experimenter, and 
his undisguised emiiiricism led to diseoi'cries wliicli exercised 
a lastinglnflucnce upon the progioss of art. lie was the 

firstcomposerwho ventured to u-ounprepared dissonances,^ — 

einplojnng them first in his madrigals, the beauty of which 
they utterly destroyed, but afterwards introducing them 
into music of another kind with .such excellent eflect that 
their value was universally recognized, and all oppo-Uion 
to their u.se cflectuallv silenced. In 1C03 he succeeded 
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nelle, lie does not seem to have preserved in old a"c the 
])assion for society -which had marked Ids youth. A ratlier 
dubious description, published long after his death, repre- 
sents him as “ wandering in his M'oods from morn to ni"ht 
with a white cotton nightcap on his head, and a vine prop 
on his shoulder.” This, in the florid language of its time 
(tlie !Repiiblican peiiod), is probably onlj’’ an imaginative 
^pression of his known inteiest in managing his estate. 
But he certainly spent much of his later years in the 
countiy, though he sometimes visited Paris, and on one 
visit had the opportunity, which he is likely to have en- 
joyed, of procuring the release of his admirer La Beaumelle 
from an imprisonment -ivliich La Beaumelle had suflered 
at the instance of Voltaire. He is said also to have been 
instrumental in obtaining a pension for Piron. Indeed, 
indigent or unlucky men of letters found in Idin a constant 
protector, and that not merely at the royal expense. Nor did 
he by any means neglect literary composition. The curious 
little romance of Arsacc ct Ismmie, a .short and unfinished 
treatise on Taste, many of his published Pensees, and much 
unpublished matter date from the period subsequent to 
the Psprit des Lois. He did not, however, live many years 
after the appearance of his great work. At the end of 
1754 he visited Paris, witli the intention of getting rid of 
the lease of his house there and finalty retiring to La 
Brlide. He was shortly after taken ill with an attack of 
fever, which seems to have affected the lungs, and in less 
than a fortnight he died, on 10th February 1755, aged 
sixty-six. He was buried in the church of Saint Sulpice 
with little pomp, and the Eevolution obliterated all trace 
of liis remains. 

Thy liteiaiy and nlvilosoidiical moiits of Jloutcsqnica and his 
position, actual and nistoiioal, in the litoiatuio of Fiance and of 
Emope, form a subject of lathoi unusual intoiest in its kind. At 
the beginning of this century the vicomte do boiiald classed him 
with Kacine and Bossuot, as the object of a “loligious veneration" 
among Fionchmcn. But Bonalduasnot quite a suitable spokes- 
man ior Fiance, and it may be doubted whether the author of the 
Jiyo'il dcs Lois has over really occupied any such position in his 
own countiy. Foi a gonoiation after ids death ho remained indeed 
the idol and the gioat authority of the modoiate lofoiming party 
in Fiance, and at such times as that paity lecovoicd iiower dining 
the 1 evolutionary poiiod Jlontesquiou iccovcied vogue uitli it. 
But the tendency of the contuiy and a quarter which have passed 
since liis death has been to i educe the numbois and position of 
this party ever nioio and moie, and Montesquieu is not often quot- 
able, or quoted, either by Kepublieans, Bonapai tists, or Legitimists, 

.at the piesent day. Ag.iin, his seiiousuoiks contain citation of oi 
allusion to a vast numboi of facts, and the c.xact (let it be hoqied 
that imsteiity uill not call it the pettifogging) ciiticism of our 
time challenges the accumc}^ of those facts. Although ho was 
really the founder, oi at least one of the founders, of the sciences of 
compaiative politics and of the philosophy of histoiy, his descend- 
ants and followeis in these sciences think they have outgrown 
him. In Fiance his populaiity has always been dubious and con- 
tested. It is a singulai thing that, until within the last dec.ado, 
thoio has been no pi opoilj' edited edition of his woiks, and nothing 
even appioaching a complete biography of him, the jilace of the 
Latter being occupied by the meagio and ihotoiical Lioffcs of the 
last centuiy. Ho is, his chief admiieis asseit, hnidlyie.ad at all 
in Fi.ance to-day, and a toleiablo familial itj- with modem Fiench 
litoratuio enables its possessor to corioborato this by fnst-liand 
knowledge, to the effect that no wiitcr of equal eminence js so little 
quoted. Tiic admiieis just niontioiiod attenqit to exiilain the foot 
by confessing that Montesquieu, groat as he is, is not altogcthei 
great ■according to French principles. It is not onl}* tli.at he is an 
Aiwlo-nianiac, but that ho is lather English than Fiench in stylo 
ainf thought. His work, at least the Lyirit, is lacking in the pro- 
poitioii and the almost ostentatious lucidity of aiiangement which 
a Ficnchiiian doinands. His sentences are often enigmatical, and 
F-werestive rather than clear. Ho is almost eiiHivly dispassionate in 
poTuics, hut ho lacks the unswerving deduetiye consistency which 
i'lciichnicn love in that science. His wit, it is s.aid, is quaint and 
a little piovineial, his stylo irregular and in no definite genre. 

Some of these things may bo allowed to c.Mst .and to bo defects 
ill Montesquieu, but they arc halaiiceil by merits wliirli lender 
them .almost insignificant. Of the minoi works, which aie on the 
whole lather unworthy of their author, nothing need be said bore 
In the few Lcnsccs, and in detached thoughts of the same kimi 


785 

scattered about the tolerably numerous letters which have reichcl 
us, tlieie IS much acuteness and point, as aho in some'of tlw h ! 
sentences of the Considdrations and of the rmriY Rn? L L 
put Mentesnnieu as o pcnsle, or mavhn. i?rter ksWrLriWh o' 
fonc.ajihl and Jonhei t, Pascal and A'auvenarguos. It is on his tin oe 
puncipal woiks that ins fame docs and must rest Each one of 
these IS a mastei piece in its kind. It is doubtful whethci the 
Lctlrcs Persancs ywhl .at tiicir best cither in wit or in gii iiw hiolv 
inctmos of tl.o time to the best of Toltairc’s simila. woik tl oug h 
they aie mo.c unequal. Tlieio is, nioicover, the gieat diireremc 
botwoeii jrontosquicu and Voltauo that the foimtr is a latioml 
reformer, and not a nicio pcrsijlcur or frondcur, to whom fault- 
hndmgis inoio convenient for showing off his wit than acquiescence 
Of comse this last dcsciiptioii does not fully oi alwais describe 
loltaHO, but it often does. It is seldom oi iioici appluablo to 
Montesquieu. Only one of Yoltaiic's own tlmiges against the 
book and its authoi must bo fully allowed. Ho is said to ha\c 
lephcd to a fiiend who iiigcd him to giic up his habit of smciing 
at Montesquieu, “il cst coiqublo do lese-poesie," and this is ti.io 
Hot only aie Montesquieu’s lemaiks on pootiy (he himself oicasioii- 
allywiqtevcises, and 1 oiy bad ones) cbihlish, blithe is novel happy 
inpuielylitoiaiyappieciatioii. The C'oii.sidt/niioiw aie iiotowoithy, 
not only foi the complete change of stj lo {which fioin tho light and 
mocking tone of the Ldlics becomes giavc, weighty, and sustained, 
with abundance of striking c\])icssion), but foi tho piofiinditv and 
oiimiiality of the views, and ior tlio completeness with wbicii the 
authoi cauies out bis plan, 'riicso w olds— except, peihaps, tliolast 
clause— apply w itb inci easing foi ce to the Esjmt dcs Loi s The book 
has been accused of dosiiltoiiness, but this arises, iu init at hast, 
fiqin a misappiehensioii of the .aiitlioi’s design. At the same time, 
it is impossible to say that the cqiiii ocal meaning of the wokI “ law,” 
which has misled so many reasoiiois, has not sometimes misled 
Montesquieu himself. For tho most pait, however, ho keeps the 
pioiniso of his siib-tit’o (given above) with fnlelitj-, and ap]mes it 
with cxhaiistivo caie. It is only in tlio last few books, wliicli have 
been said to be a kind of appendix, that soiiietliing of iuelciaiicy 
suggests itself, 'file leal imjioi tanco of tho Ayirit dcs Loi^, liow- 
ever, is not that of a foinial tieatiso on law, or oven on polity. It is 
thatof anassciiihlagoof the most fui tilo, original, nmlinspiritiiigviows 
on legal and political subjects, ]iut in language of singular suggos- 
tivoiicss and vigour, illiistiated by examples which aio always apt 
and luiiiinoiis, )ieiiiicatod by tho spiiit of tciiipoiato and tolciaiit do- 
siio for hiiiiian impiovcmcnt and lia)ipiiicss, and almost imiqiio iu 
its entile ficedoiii at once fiom doctrinairiaiiism, fioni lisioiiaiy 
enthusiasm, from egotism, niul fiom an iiiuliio spiiit of system. 
As for the style, no one who does not mistake tho doCnitioii of that 
much used and much misused word can deny it to Montesquieu. 
Ho has in the Esprit little oinamont, but his composition is wholly 
ndiniiablc. Every now and then tlieio aio icminisccnces, ]>orIiai)s a 
little moio close than is nccessaiy, of tho badinage of the Lctlrcs Per- 
satics, but these aic i.aic, and the nutlioi's wit is for the most used 
only to lighten bis pages. Yctaiiotliei groat peculiarity of this book, 
as well as of the Considdmlions, has to be noticed. Tho genius of the 
aiitlior foi goiicialiration is so great, his instinct in political science 
so sine, that oven tho falsity of his pieiiiises ficmiently fails to 
viti.ato liis conclusions. Ho lias known wrong, hqt he has thought 
1 ight. 

'nic sole edition of Jloiitosqiiieii wliicli need Iw mentioned here Is tint of 
Kdimnrd Lalionlnce (7 cols , Karis, ibTti 1S70), tlic sole li osaapln tint of I»tiis 
Vian (Pans, second edition, ISTO) Prom tlie httertliefictsof tlienlioie notice 
aie principall} drum, 'titc Inid/no'mpliy of Monti njiiieii's jmldjsJied worI.s 
Is not of nil}’ special interest, lint in respect of eiicciloln lie occupies a singnl ir 
iK,sitioii. Hiei-e IS known to exist at I-a lirislo a great mass of .MSS ii aternls 
tor tlie Esimt dcs Lois, additional lctlrcs /Vrmiin, essajs and fraginenls of 
all Kinds, diaries, letters, notebooks, and so forth. Tlie iireseiit possessors, 
liowcicr, who represent Jloiilesqiiicii, though not in the direct male line, liasc 
liitlierto refused peniiisslon to exaiiiiiie these to all editois and entics, thoiigli 
the publication of some of tlieni lias Ih'cii a.agiiely proinistd. At present tliey 
aio chiefly known lij a ivaper coiifnbiited ne.ailj half a century ago to the 

Transactions of the Academy of Agen (ISai) , /l*- o.x 1 

jrONTEVERDE, Ckaumo (156S-IG43), the inventor 
of the “free style” of musical coiniioaition, was born atCre- 
inona in 1568; he was engaged at an early age as violist 
to the diiko of iHantiin, and studied composition with .^omc 
success under Ingcgneii, the duke’.s “maestro di caiiclla,” 
though without tlmroughly mastering the difficulties of 
musical science. His knowledge of counterpoint was limited, 
and his ear imperfect, hut he v as a hold experimenter, mid 
liis undi.wgui'sed emjiiricism led to discoveries wliicli e.xerciscd 
a lasting'influciice upon the progicss of art. He was the 

firstcomposerwhoventured to usounprcparcddi'-sonanccs,— 

einploj-ing them first in his madrigals, the beauty of which 
they utterly destroyed, hut afterwards introducing them 
into music of another kind with .such e.x'cellent effect that 
their value was uiuvcrsally recognized, and all opposition 
to their u.se cflectually silenced. In 1C03 he succeeded 
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. . , ^ indi'poiulcnt i'mita; 

twenty yeai-s later, after much disastrous ooiifusiou and conflict, the 
city hccaiuo the vceo^nirod capital of tho uowly-formcd republic 
of miula Oriental. Its population, which had hocii about UG,000 
.at the opening of the century, wa.s reduced to 9000 by 1S29 ; and 
It Iiad hardly ivcovered it.s ground in this rc.spcct (31,189) avlieii, 
111 18 13, Itosas, dictator of lliieiios Ayre.s, wishing to compel aiiiiox.a- 
iioii to Buenos Ayres, commenced the siege which was irremilavlv 
maiiit.aiiied tilt 18.92, and left tho city .and tho couiitiy exlmnstcil 
and .almost ruined. By 1800, however, the ]iopulatioii had in- 
creased to49,f>l8_; and though tho Bmriliaiia blockaded tho port 
ill 180 t-a and reinstated ex-prcsideiit Flores the prosperity of tho 
idaco w.as but little inipiired. During the raraguayan war, avhich 
hasted till 1801, Montevideo grew rapidly rich, attracting n largo 
•share of the trade diverted from Biioiios Ayres. Iinmigraiits 
flocked from all quarters, and cxcc'-sivo iiivestmcnts were made in 
all kinds of real proiierty. The valuation of the city and suburbs, 
which w.a.s It, 190, 000 dollars in 1800, reached' tho sum of 
71,000,000 dollars in 1872. Beckles.s speculation, polific.al dis- 
sension, .and the fmaneial misiifan.agenienl of tho Ooveriiment have 
told heavily ; the value of house jiiaqicrtv lias greatly diniinislicd, 
and comnieix’ial aotivit v has hecii grievously ixstrictcd. Since 1881, 
however, Montevadeo has heen i-apidly ixcovcring, and its natural 
advantages arc so great that, with hotter political circnnist.aiiccs, 
a fiitnro of yet higher prosperity ni.ay tie antieiiiatcd. 

Notices Ilf .Slontcviilco will Pe fomiil in ItdiiclII, J'niiYi.i in IhiUrta ,tc., 1S.'I ; 
H.aillli'M, l.'mrii, (hr /.'ircr JVnfr, ^’c., tS.M, nnd his sniililonicutat voliune, ISOS ; 
•Mnlinin, KittuKwk e/ (hr i.'iivr I'inlr Jlrpuhiirr, 187-1 ; and Oaijcnpn, Noniii 
.If’crini, 18SI. ilrc also llrifpi.anlrllo, Jk’.lf virniilr iMC Jmrrlm mrrhl. e 
'prelnln. ill .Ifoiilcriifoi vfll' linnumj;, ()oiio.n, 1870 ; 7'hr i.VjniWic 0 / [7rii;nmi;, 
18'a ; the reivirts of the imnilclivil jmitn, and Vailhant'a .st.atistic.al piihllc.atifms. 

MONTICZU.MA. Sec Coiitks and Jhixico. 

MONTFAUCOX, Bi-.itN.w.n nr, (IGri.u-lT-ll), critic and 
. 80110101 ', ivn.s born of a noble and ancient family at llio 
clialcau of .Sotilagc (now Soulatgd, in the department of 
Aube, France), oil 1 .Glli .Taiuiary IC'i.u. Though dc.stinod for 
the army, be jia-ssod iiio.st of bis time in the library of the 
ra.stio of Foqnetailladc (tlio ii.siial rc.sidenco of lii.s family), 
devouring book-slnditrereiit languagc.s and on almost every 
variety of subject, bis studios being directed by a Ic.arncd 
friend of his fatlicr. I’avillou, bi.sboj) of Alctli. In 1G72 
ho entered the army, and in the two following years served 
as a volunteer in (ilcrninny under Turomic, But ill-hcnllh 
and the death of his jiareiits brought him back to his 
studious life, and in IGT-a bo ciitored the cloister of the 
Congregation of St ^laiir, at La Ihiiiradc, Toulouse, taking 
tho VOW.S there on l.Gth Jfay 1G7G. Ajiart from his vast 
literary labour.s, the rciiiaitider of his life iircseiits little to 
record. ITo lived .successively at various abbeys — at 
Soresc, where lie siiecially studied Greek and exaiiiincd 
the' numerous SfSS. of the convent librarj-, at La Grasse, 
and at Borde.auxj and in 1GS7 lie was roiiiovcd to Saint 
Gcriiiain dcs rr6s. From 1G9S to 1701 ho lived in Italy, 
chiefly in Borne. Eetiirning to Saint Gcniiain, ho was 
made a member of the Acnddmic dcs Inscriptions et Belles- 
Lettres ill 1710. He died on 21st Dccoiiiber 1741. 

Ills fimt jnihlic.ition, in which ho w.as assisted by Tiophi and 
Ponget, was 1 lie tirst volume of a never completed scries of provionsly 
uiipiiblisliod Avalecla Ornru (IGSS). In 1090 ajipcavcd bis defence 
■of tlic literally bistoiic.al cliavactcr of tlio book of Jiiditli. A/hanasii 
ojicm omnia, still tlio best edition of tliat fatlier, was is.snc_d lyitli 
a biogi'apby and critical notes in 1098. Tho ilmt-fruits ofliis visit 
to Il.aly were seen in his eopions Diarium IlnUcitm, shv, mmwmen- 
iornm vrlm-nm, hihliol/ia-ariim, mns.vonim, <Cv., natitix sivffulairs 
in Hincrario Jiaiico colh-ctx (1702). Tho J\ihrogra 2 )hia ffrarca, 
sire do orta rt jtrogirssn lilcrarnm Gncearnm. A de cai-iis omnium 
sn'cidorum soriptionh Qi'n'em gcaenta.'' (liOS) is a st.aiidard work, 
which has not yet been sujici'sedod ; in it.s own fiold it is ns original 
as tlio J)d U diplomatica of Mnbilloii. In 171.3 Montfaueon edited 
Jlcxaploriim Orinenis qum miiKi'snnl (2 vols. fob), only V^* 
snpei-seded bv tlio work of Field ; and between 1718 and li3S ho 
comiilotcd hm edition otJoannts Cliriimtomi opera omnia {13 vols. 
fob), whichishardlvan improvement upon that of It. bavilte. iiis 
VAntiqnite npIiquA' li reprismtic cn Jiffittrs {10 \ols. M., 1(19) 
would of it.seir Snilioo to e.stablish a reputation for eolo^sal dilp 
.'eiico It was coiitiinied by liim in Im d/iui umam de la Jfanarc/, te 
%ancoi.<ie (9 vols. fob, 1729-17881. A complete list of his htorary 
lahonrs iiieliidiiig his iiiiiiioroiis coiitrihntioiis to the JUmotresoi 


Eaut, or Lr.rcr.s'rr.ii (c. L'^OO- 
12Gn), n grc.at political leader, and sometimes even re- 
ferred to as the “founder of tlio English House of Com- 
mons, born m France about tho beginning of tho ],3th 
century, was tlio fourth and youngest son of Simon IV. 
do .fliontfort and of Alice do Moiilmorciicy. Of his early 
life and edneafiou nothing is known, tho first dcfinitelv 
recorded fact about liim being lliat in April 1230 ho was 
in England and lind attached himself to tho servico of 
Henry III., who granted him a temporary pension of 400 
marks, with a promise of tho earldom which his father had 
hold.i In tho following j'car ho did liomago for tho 
honour of Leicester, and in 1232 tho king confirmed to 
him all the land with appurtonauccs whicli had belonged 
to (ho lato carl in England. But, though thus formally 
admitted to tho ranks of the English baronage, he did not 
for several years succeed in making wa,y against (he .stron" 
dislike in wliich “aliens” were now held, and until 123G 
most of his timo was spent, in considerablo poverty, 
abroad. In (bat year, however, ho attended tho king’s 
marringo to Eleanor of Provenco ns lord high steward, 
and thenceforward began to take part in the businc.ss of 
tho royal council. Ilandsomo, talented, and brave, ho 
gained the love of Eleanor, widow of the carl of Pembroke, 
and .sister of tlio king, to whom bo was jirivntcly married 
at IVesIminster on 7th January 1238, Henry himself 
giving away tho liridc. IVhcn the fact became known, 
the indignation of tho baronage and of tho people had 
almost broken out in open rebellion, and, after Simon bad 
with diflicnlty averted this by propitiating Ills brother- 
in-law, Bichard, carl of Cornwall, ho found it necessary to 
go to Borne to meet the objeetions which tho church had 
raised on tho ground of an alleged previous vow made by 
Eleanor. Ilavijig snccceded in obtaining (by bribery, it 
would scorn) tho papal sanction to his marriage, ho re- 
turned to England in October, and early next year, still 
in tho enjoyment of tho royal favour, ho had tho earldom 
of Leicester formally coiiforred njion liim in prcscnco of 
tho assembled barons. In June (1239) he assi.stcd as god- 
father and high steward at the bapti.sm of Prince Edward ; 
but the mncliiimtions of Ids enemies wore soon afterwards 
successful in bringing about a cliaiigo in tho fickle humour 
of Henry, and when Simon enmo back to Wc.stndiistor in 
August "to attend (he churching of the queen tho king 
mot him with tlio information that ho was an c.xcoiiununi- 
cated jicrson, and ordered him to leave tho church.- Along 
Avith Ids wife ho forthwith Avoiit into voluntary exile in 
France; but in April 1240 ho returned to England, and 
was received by tho king on a footing of at Ica.st outward 
friendship. Of Ids private and public life during tlie 

> Sinioii IV. do Moiitfovt, tlio ivell-kiiowii AUiigoiiM'aii onisndor, in 
right of his iiiothor, Aiiiicia do Beiiiimoiif.sislov mid co-hoire.ss of h'ohort 
Filr.-lVniclI, o.ml of hoicc.stor, siicoeoded to that carldoiil in 120-1, mid 
ill 1207 was coiifinncd in tho iiigh sto\v,ard-diip of Kiiglaiid, hoivditmy 
in connexion with tho titlo. Soon aftonv-irds lio w.as dcpiivod of his 
KiigUsli possessions iindov some jiroto.vt, tho real reason doiihtlcss 
being his position a.s captain-general of tho French forces ag-iiiist thy 
Albigenses (1208). IIo ivccived them again towards tlie end of .Tolm‘,s 
rcigiq thoir custody, however, being committed to his riepboir, the cm! 
of Chester. Tlio long hostility botwcon England and Franco during 
tho early vcai-s of Henry HI. made it practically impossihlo for the 
nlion De Moiitforts to maintain any hold upon thoir Engli.sh c.arldom 
on tho death of Simon iV. in 1218; in 12.31, after tho peace, the 
oldest sou Amaiiry (now const.'ihlc of Franco) renoimccd .all cl.siin to 
it, thus leaving tho field clear to his lu'.xt -surviving hrolhcr Sinioii, _ 
s Tlicre is no evidence tliat Simon actii.ally h-ad l>een cxcomnuiiu- 
cated, hut it .seems clear that certain p,ayment.s ho h.ad agiood to make 
to tlio Koman curia hail not been pimctn.ally .attended to, and that 
some minovaiico h.ad been in this way caused to tho king. Hie charge 
of iimnoKi'l ndations witli Eleanor w.as probably only .a coineinently 
coatso wftv of restating tlio ceelc-siaslical oflenco for uliicli Po Monl- 
fort already purcliused absolution. 



yo.it-s passed before tlie seftlemcnf- \rns ilceinred a tiort- but bv 

dollars, and Oxiiortiiig to tbo value of .1,150,523. 
in 13_0S the governor of .lloutevulco wis tbo first to revolt n-ainst 
the t'pauish nutborities, mul to establish .an indepeudeut fuiita- 
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twenty ye.ai-s later, after much dis.astrous eonfustou and conflict, tiio 
city becanio the rceogniml capit.al of tho ncwly-formcd republic 
ol muda Oriental. Its populaiiou, which had been about 30,000 
.at the opening of tho century, wa.a reduced to 9000 by 1S29 ; and 
It Iiad hardly ivcovered if.s ground in this rc.spcet (31,189) when, 
in 18 13, llos.as, dictator of lluciios Ayres, wishing to eoiupol amicx.a- 
lioii to Buenos Ayres, commenced the siege which was irref'ularlv 
maiiit.ainod tili_ 1852, and left tho city and tho country exlfanstcd 
and almost ruined. liy 1800, however, the jinpulatiou hrul iu« 
creased to 49,518; ami though the Bi-nriliaiia hloekaded tho port 
in 18(!l-3 and reinstated cx-prcsideiit Flores tho prosperity of tho 
iilaeo w.as hut little impiired. During tho raragiiayaii war, which 
l.a-sted till 1801, Montevideo grew rapidly rich, attracting a largo 
•share of the trade diverted from Biio'uos Ayres. Iiiimigrauts 
flocked from all quarters, and exee..sivo investments were made in 
all kinds of real proiierty. The valuation of the city and snhnrhs, 
which w.a.s 14,150,000 dollars in 1800, reached' tho sum of 
74,000,000 dollars in 1872. Reckless speculation, politic.al dis- 
-sension, .and tlie fmaiieial misni'iiiiageiiiciil of tho Oovoriiment have 
told heavily ; tho value of house ]>ro)>erlv has greatlj’ diminished, 
and commcix’ial activity has heen grievously i-cstrictcd. Since ISSl, 
however, Mouteaadeo lias been mindly iveovering, and its natural 
advantages arc .so great that, with hotter jiolitical eirenmstaneos, 
,a fntnro of yet higher prosperity ni.ay he anticipated. 

N’otiecs of .Monteviileo will Pe fniinit In ifnn-lll, 7'niiv7j in HnUrin Ac., IS.'I ; 
ILaiKli'Iil, r.mzil, thr lUnr I'lntr, fee., lS.’il, nnil his siipptcmcnl.al volume, ISOS ; 
.MiilIi.iII, llniiiltwk (i/ the l.'iivr I'lalf 1S7^ ; ninl Gallcnpn, South 

.li'VrinT, ISSt. 8ec also Primi.anlnllo, I)ftlf ricfjiitf ilrlV Amrrion Virritt, t 
^lyctnln, ill .tfonlirMfco ttfll' L'ninuni,', (lenaa, ISTO; 7'he liVpiiWie of l/nifmn.v, 
issa ; the rcivnts of Itie immleiivil jmitn, nml Vnitl.anI'.s sl.atislic.al pnlillc.atinns. 

]\IONTICZU.^tA. See CoiiTKS nnd Mv-xioo. 
MONTl-’AUCOX, BitUN.Mtn nr. (10.55-1 7-1 1), critic nncl 
.seliolnr, tvn.s born of n noble nncl ancient family at tho 
cliatcau of .Sottingc (now Soulatge, in tiio department of 
Aiibc, France), on 1 3th .Tanttary 1055. Though dc.stinod for 
the army, ho ].a,ssed nio.st of his time in the library of (he 
c'a.stlo of Iloqnctailladc (tho n.snal rc.sidenco of iii.s family), 
devouring hook.sinditrerwd langungc.s and on almost every | 
variety of .subject, his studios heiug directed by a learned 
friend of his father. Favillou, bishop of Alcth. In 1G72 
ho entered tho army, and in the two following years served 
as a volunteer in (Icrninny under Tnrcnnc. But ill-health 
and the death of his ]inrcnts brought him hack to his 
studious life, and in 1G75 ho entorod tho cloister of the 
Congregation of St IManr, at La llanrado, Toulouse, taking 
the vows there on l.ltli Jfay 1070. Apart from Ids vast 
literary labours, the remninder of Ids life presents little to 
record, lie lived .successively at various ahhej’s — at 
iSorcitc, wl.crc ho si.ccially studied Greek and examined 
flic' numerous SrS8. of the convent library, at La Grasse, 
and at Bordeaux j and in 1G87 Itc was removed to Saint 
Germain dcs rr6s. From 1G9S to 1701 ho lived in Italy, 
ehicfly in Borne. Beturidng to Saint Germain, ho was 
made a mcnd.er of the Academic dcs Inscriptions et Bollos- 
Lotfres in 1710. He died on 21st December 1741. 

ITis fimt jmltlication, in wliich ho w.as assistoil by liOpin and 
Ponget, was 1 be first volume of a never conqilctod seric.s of previously 
unp.iblisboil Analecta Ornra (ICSS). In 1090 njipcaved bis ilcfeueo 
■of the literally bistorieal cbaracicv of the book of Jmlitb. Alhatiasii 
ojicm amnia, still tbo best edition of tliat father, was issued whb 
a biogmpby and critical notes in 1098. Tho timt-fruits of bis visit 
to Il.aly were scon in bis copious Diarium Ilalicitm, sivc. monnmen- 
torum i'cto-nm, hililialliceai'iim, mii.t.voriim, <Cv., nali/ix singularcs 
in ilincrario Jialico colicctn'. (1702). The Ailirograjthia Grara, 
sire dc. ortii et jtrogirssn tilerarnm Gncearam. et dc rariis omnium 
sn'eittorum seriptionis Qra'en', generitius (li0$) is a st.andard work, 
wbicb lias not yet been snpci'seded ; in its own field it is ns original 
as tbo Dd re diptomatica of Mnbilloii. In 1713 jroutfivneoii edited 


In 1713 Jlcutfivneou ec 

Jlexaptoru III Oi'iacnis qiur siipci'Siint (2 vols. fob), only 
snpei-seded bv tiio work of Field ; and between 1718 and DoS he 
eomiilotcd bm edition afJoannis Cliriisosiomi opera omnia {IS vo s. 
fob), wbicliisbardlvau improvement upon that of 11. baville. Jiis 
VAntiqniti e.rptiquie el repriseiitic cn Jigures {10 
would of it.seir Sullieo to establish a reputation for eolowal dily 
<'enco It was contimied by him in Ics Mii umeim de ta Jfaiiare/i le 
Ifraneoise (5 vols. fob, 1729-17381. A complete list of Ins literary 
Inhonrs including his iinmorons coiitrihntions to the .IAhioiiw of 


Eaiit, op Lr.rcr.STP.li (c. 1200- 
1-G;.), a grc.Tt political leader, and sometimes even re- 
ferred to as the “founder of the English House of Com- 
mons, horn in France about the beginning of the L3tli 
century, avn.s the fourth and youngest son of Simon IV. 
do illontfort and of Alice do Montmorency. Of his early 
life and education nothing is known, tho first definitely 
recorded fact about him being that in April 1230 ho was 
in England and lind attached himself to tho service of 
Henry HI., who granted him a temporary pension of 400 
marks, with a promise of tho earldom which his father had 
hcld.i In tho following j'car ho did liomago for tho 
honour of Leicester, and in 1232 tho king confirmed to 
him all tho land with appurtonaucc.s which had belonged 
to tho Into carl in England. But, though thus formally 
admitted to tho ranks of tho English baronage, he did not 
for sovernl years succeed in making wa,y against flic .stroii" 
di.sliko in which “aliens” were now held, and until 123G 
most of his time was spout, in considerable poverty, 
abroad. Ii\ that year, however, he attended tho king’s 
marriage to Eleanor of Provence ns lord high steward, 
and thenceforward began to take part in the biisinc.ss of 
tho royal council. Handsome, talented, and brave, ho 
gained the love of Eleanor, widow of the carl of Pembroke, 
and sister of the king, to whom lio was jirivatcly married 
at Westminster on 7th January 1238, Henry himself 
giving away tho bride. 'When tho fact became known, 
the indignation of tho baronage and of tho people had 
almost broken out in open rebellion, and, after Simon bad 
with diflicnlty averted this by propitiating his brother- 
in-law, llichard, carl of Cornwall, ho found it necessary to 
go to Rome to meet tho objections which tho church had 
raised on the ground of an alleged previous vow made by 
Eleanor, Having sncccedod in obtaining (by briboiy. it 
would seem) tho papal sanction to Ids marriage, ho re- 
turned to England in October, and early next year, still 
in tho enjoyment of tho royal favour, ho had tho earldom 
of Leicester formallj- conferred upon him in prcscnco of 
tho assembled barons. In June (1239) he assi.sfcd as god- 
father and high steward at tho baptism of Prince Edward ; 
but the mncliinations of his enemies were soon afterwards 
successful in bringing about a clmngo in tbo fickle Inunour 
of Henry, and when Simon came back to Wc.stminster in 
August to attend tho churching of tho queen the king 
met him with tho information that ho was an c.xcommuni- 
cated person, and ordered him to leave the cliurcli.- Along 
with his wife ho forthwith wont into voluntary exile in 
France; but in April 1240 ho returned to England, and 
was received by tho king on a footing of at least outward 
friendship. Of his private and public life during the 


» Simon IV. (to Montfovt, tlio woll-kiiown Albigoii'-iaii onisinlor, in 
right of his niotlmr, Ainicia do Beiminont, sister mid co-lioiressof h'oliort 
Fitr.'rornclI, o.arl of I,cicc.s(er, sncccedod to that earldom in 1204, .mid 
in 1207 M-ns confirmed in tlic Iiigh stoivardsliip of Kngland, hcivditary 
in connexion wifli tho title. Soon aftoriiMrds lie iras dcpiived of his 
I'higfish possessions nndor some jirete.vt, tho real reason doutitlcss 
being his position as captain-general of the French forces .against tlm 
Albigonses (1208). lie received them again toivards tlie end of .John’s 
reigiq their custody, hoivever, being committed to his nephoiv, tho call 
of Cliesicr. Tiio long hostility hotneon England and France during 
the early vcai-s of Henry HI. made it practically impossihlo for the 
alien Do Montforts to miiintain any hold upon tlioir English earldom 
on (ho death of Simon iV. in 1218; in 1231, after tlie peace, the 
eldest son Amaury (now constable of France) ronoimced all claim to 
it, thus leaving the field clear to his next .surviving brother Simon, _ 

^ There is no evidence that Simon actnally had l>een cxconiniiini- 
cated, hut it .seems clear that certain payments ho had agieed to make 
to the Roman curia Imd not been pimclimlly attended to, and that 
sonic annovanco had been in this way caused to tho king, rtie charge 
of immoni'l relations with Eleanor was probably only .a coireemently 
co.arso way of restating tho ceele.siastical oflVnce for which Do Mont- 
fort had already purchased ahsohition. 
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rmarkablo of ■wliicli is Corndon Hill, rising to a heiglit of 
1(00 feet. In soino places the sedimentary rocks have 
been i)enetrated by trap mingled with shale or scliist. 
jVlong the lines of dislocation there are frequent deposits 
of metallic lodc^!, carried there by the heated water rising 
fiom below. The lead mines of Montgomeryshire are of con- 
sidemblo im])oitancc, and at j)resent the metal is wiought 
at seven difi'erent places. In 1881 the amount of lead oio 
obtained in the various mines was 3432 tons, yielding 2C93 
tons of lead and 2.j,432 oz. of silver, the total value being 
.£3G,4£lo. Theic were also obtained 1114 tons of zinc 
ore, yielding GIO tons of zinc, of a total value of ^3231 

AijncuUuic. — Ihc cliinato is niikl anil genial, and the soil in the 
valleys romaikahly fertile, cspLciallj’ along the hanks of tlio Severn. 
A considerable portion on the boulcis of Merioneth is, liouevei, 
oeeupied chiefly hy heath and moss. The numher of holdings has 
been rather deei casing of late yeare, the dcciease being chiefly ni 
tiiosc below fiO acres iii evtent, which in ISSO (the latest yeai 
regarding wliich theie is infonnation) mimbeicd 3572, wliilc tlieie 
weie 1650 between 00 and 300 aeies, and -15 above 300 acies, of 
which 2 were above 1000. Accoiding to the agricultuial letntns of 
18S2, the total aica ofarable land was 256,081 acies, or neaily one- 
half of the whole. Of this 53,538 weie under com ciops, 163, 111 
wore permanent^ pastnio, 23,882 rotation grasses, and only 11,107 
green ciops ; 157 neies woic under oichaiils, 2 nndei inaiket gardens, 
37 nnder nursery grounds, and 22,711 underwoods. Of tlic com 
crops, wheat ocenpied 18,605 aeics, and oats 23,937 acies. Cattle, 
which aie chiefly llcrcfouls and cioss-brecds, though thcie aic sonic 
Oevons and a tew of the old Jtontgoiuciyshiio bleed, numbeicd 
62,033 in 1882, of which 21,912 were cows and hcifeis in milk oi in 
c.alf. Horses in 1882 numbeicd 13,985, of which 7060 weic used 
solely for agricultural purposes. The county was long famou 
its hardy bleed of .small horses called mciUiis, which me still t 
met with. Jraiiy good hunters and cait-hoises aio now bicd. The 
number of sheep in 1882 was 305, Otl. On some of the heath lands 
in the centre and west of the county a diminutive bleed of sheep 
■c.alled chnii is pastured, but those kept in the better cultivated 
regions aio piiiicipally .Sliropsliiio Dow ns. According to the latest 
return, the land was divided among 3241 iiropiietois, possessing 
387,342 acre^, with a gloss annual leiital of £378,512. Of these, 
1311, or 40 per cent., i»ossossed less tliaii one acie, 32 possessed 
between 1000 and 2000 iieics, and 25 between 2000 and 5000 ; tlic 
following possessed upwards of 5000ocics, vi/. — Kill I’owis, 33,545 ; 
Sir IV. AV. AVynn, 32,963 ; Loid Siidelcy, 17,158 ; J. K.aylor, 9275 ; 
.and marquis of Londoiidoiiy, 7 100. 

Manujaclurcs. — In .all tlio towns the maiiufaouue of woollen 
clotli, csiiecially AVclsb H.miiel, is cairicd on, and altliongh the 
industry was l.a’toly oil tlie decline it is now leviving. 

Adtniniitralion and Population. — Jrontgomciyshiio compiiscs 
nine hundicds, and tlio municipal boioiiglis of Llanidloes (3421) ami 
AS''oIsliiiool (7107). Llanfyllin, Llanidloes, Slacliyiilleth, Jloiit- 
gomeiy, Newtown, and AVclslipool fomi the Montgomciy distiict of 
horouglis, with a total population in 1881 of 19,92.5, and ictiiin one 
iiieiiibet to pailiameiit. One member is also lotumed foi tliecoiinty. 
Montgomer3’sliiio is paitl)- in the dioceses of Bangor, Ileiefoid, and 
St Asapb, and contains sivty-oiglit civil parisbes, towaisbips, or 
places, as well as puts of otbei paiisbes in adioiiiing counties. Fiom 
6.5,700 ill 1831 the poimlalion bad incicascd in 1851 to 67,33.5, and 
in 1871 to 67,623, but in 1881 it bad diminislicd to 6.5,718, of wliom 
33,004 woio males and 32,714 females. 

lliAory. — At tlic time of the Homan invasion, Jloiitgomeiy was 
possessed bj’ a tiibo of the Cj'imi tailed Oidovices. Tiaccs of 
sevcual of the old Biitisli camps still icmain, the piiiicipai being 
those .at Dolaiddvii, on Bioidden Hill, and at C.acieiiiion. Thcic.aio 
also a laigo number of c.ainis and baiiows. The couiitj' was ti.a- 
vorsed by the gieit Homan load, the Via Pevaua, which w. as joined 
liy a number of otlieis ; but the icm.aiiis of Hom.an camps oi stations 
are nriimpoit.ant. After being vacated by the Homans, little is 
known of the histoiy of Montgomciy, until AValcs was subdivided 
into tbico distiicts at the deatli of Rbodii tlio Gieat. Jfontgonicij’ 
was then included nnder Powys, and founod the cliicf jioitioii of 
Powys Gwenwyiiwyn, sometimes called Upiicr Powj's. Powys pr 
Powis Castle, the seat of tlio lulois of Uppoi Powys, was founded ni 
1108. Baldwyn, fiom wliicli tlio county takes its Welsh name, v\as 
lieutenant of the maiclics ; and, for the pm pose of bolding the dis- 
trict in check, a castle was built about the end of tlio lltli cciHiii}’’, 
whicli, after being captuied by the natii'os, was letakeii by Roger 
do Aloiitgomci 3'. He gave his name to the castle, and to the sur- 
lomiding distiict of niioiont Powys, wliich was made a county by 
Henry VIII. in 1533. 

Montcomv.uy, the count}' town, is situated on the decli- 
vity of a well-wooded hill near the eastern bank of the 
Severn, 21 J miles sontli by west of Shrewsbury, and 187^ 
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by rail north-west by north of London. It is a clean and 
ncll-built tovvn, but somewhat scattered and irregular. 
Iho principal buildings are the paiisli church of Saint 
Aicliolas (an old cruciform structure) and tlio town-liall. 
ilie borough has returned members to parliament since 
the time of Henry VIII., but by the Eefonn Act of 1832 it 
wa.s constituted one of the Montgomery district of horoimhs 
which together icturii one member. The population of 
the borough (area, 3323 acres) was 1194 in 1881. 

Thcie aio only a few cuimbling lomains of the old foitrcss of 
Montgomciy, onginally founded m the time of William the Coii- 
qucioi to ovoiawe the Welsh, and hold by Rogci do Montgomoiv, 
liom whom the town takes its name. The castle was gioatU 
eiiJaiged in the time of Henry III., ^\heu it was the scene of fic- 
miciit contests between tliat monaicli and LIc\\elyn the Gioat. In 
the 14th ccntniy it was held by tlie Moi timers, fiom w hom it iiassed 
to the house of Yoik. By the crown it was gi.anfed in the 15tU 
century to the Hei belts oi Clioibiii}', but dining tlio Civil AVar it 
was snirondercd b}’ Loid Heibeit of tlieibmy to tlio Pnilianiontaiy 
foiccs, by whom it was dism.aiitlod. 

MONTGOMERY, a district in the Jiciitenant-govoinor- 
.ship of tlio Punjab, lying betw'een 29° 58' and 31° 33' N. 
lat., and between 72° 29' and 74° 10' E. long., is bounded 
on the N.E. by Lahore, on the S.E. by the river Sutlej, 
on the S.AA’’. b}’ Jlulti'in, and on the N.AA’’. by Jhang. The 
area is 557 3 square miles. Montgomery district, formerly 
known as Giigaira, occupies a wide extent of the B/iri 
Do.-tb, or wedge of land between the Sutlej and the Edvi, 
besides stiotcliing across the latter river into the adjoining 
Rcchna Dodb. In the former tract a fringe of cultivated 
lowland skirts the bank of either river, but the whole 
interior upland consists of a desert plateau partially over- 
grown witli brushwood and coarse grass, and in places with 
impenetrable jungle. On the farther side of the Edvi, 
again, tlio country at once assumes the same desert aspect. 

The census of 1868 rotiuned tlio ])opn]ntion nt 059,437 (males 
200,016, fom.alos 159,421), viz., Himliis, 69,805; Moliammedaiis, 
277,291 ; Siklis, 12,286 ; and “otbeis,” 55. The J.’its, or pastoial 
tiibc, foim the most distinctive class in the distiict. They bear 
the name of “ Gicat Eib i,” in conti.idistinotioii to the pmoly ngii- 
ciiltmal classes, who aio contemptnonsly styled “Little lipvi.” 
They possess a iino physique, with handsome fcatmes, claim a 
R.ijpiit ancesti}’, and despise all wlio handle the idoiigli. In 
former days the}’’ c.voicised pmctical soveioigiity ovci the agiicul- 
tiuni tubes. Old}' two towns in the distiict contain over 5000 
inhabitants, \iz., P.ik Pattaii (6086) and Kamalia (5695). Tlio 
town of Alontgomoi)', the hcadquaitcis station, li.ad a population of 
only 2416 in 1808. 

Out of a tot.il assessed .aiea of 3,.509,74G acies, only 538,240 am 
ictnincd as nndci cultnntion. In 1872-73 the labl (oi spiing 
b.aivest) acicngc was as follows: — wheat (the cliicf ciop), 162,989 
acies; b.iilo}', 30,134 ; giam, 21,416; imist.aid, 2077 ; and tobacco, 
1303neics. In tliesanie3’ear the 77!nn/(or autumn haivest) acieago 
was: — joiir, 20,509 acres ; lice, 18,727 ; cotton, 16,910; id, 12,457 ; 
langm, 9493 ; and siigai-cane, 498 acies. Iiiig.ation is piactised 
fiom livcis, canals, and wells ; the total aiea iing.ited by public 
woiks is 66,495 acies, and by piivate woiks, 158,709. 'The deseit 
uplands iifloidaftei the i.aiiis a scanty pastuiage for the scatteied 
lieids of the Great R.n i .hits, and yield an impmo caibonate of soda 
{sajjl) fiom the alkaline plants w ith w hicli they nboiind. The coin- 
iiicicial staples include w heat, liec, giam, millets, cotton, wool, p/ii, 
liidos, timlsnjji. Lnigomiinbeis oi cnnicls aio hied for evpoitation. 
Tlie iinpoits coni}:! iso sugar, salt, oil, English piece goods, metals, 
indigo, .and fiuits. 'The maiiiifactmcs consist of comitiy cloth, 



deiivcd fiom the land-tax. Education in 1871-72 was atlorded hy 
59 aided and unaided schools, with a (ot.al of 1417 jiiipils. Tho 
avciago annual lainfnll for tho seven 3'ears ending 1872-73 was 9'6 
inches. , 

Fiom time immenioiial tho Rcchna Doab has foimed the liomo 
of .a wild laco of pastoral J.ats, who liave constantl}’ ni.aiiitaiiicd a 
stiiidy iudcpondence against the siiccossivo luleis of northern India. 
The historians of Alcx.andei’s invasion mention a tribe called Ibo 
C.atliic.aiis, who jirobably liild tlioii capital at Saiignla in the Jliaiig 
district, and the Jl.alli with tlioii nictiopolis at Miilt.ui,_ as in 
possession of this pait of the connti}'. The sites of Kot Kanialia 
and Hawappa in Montgomery contain laigo mounds of antique 
bricks and oilier nuns, while many other remains of ancient cities 
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rcmarkablo of -wliicli is Corndon Hill, rising to a height of 
1700 feet. In some places the scdiinentarj' rocks have 
been j)enetrated by trap mingled with shale or scliist. 
jVlong the lines of dislocation there are frequent deposits 
of metallic lodc^;, carried there by the heated water rising 
fiom below. The lead mines of Montgomeiyshirc are of con- 
sidemblo imiioitance, and at j)resent the metal is wrought 
at seven difi'erent places. In 1881 the amount of lead oio 
obtained in the various mines was 3432 tons, yielding 2C93 
tons of lead and 2.j,432 oz. of silver, the total value being 
.£3G,4£lo. Thcic were also obtained 1114 tons of zinc 
ore, yielding GIO tons of zinc, of a total value of £3231 

AijncuUuic. — The climate is mikl and genial, and the soil in the 
valley.s romaikahly fertile, csptcially along the h.inks of tho Sevcin 
A considenddc portion on the houlcis of Merioneth is, hovxcvci 
occupied chiefly by heath and moss. The number of holdings has 
been rather deci casing of late years, tho dccieaso being chiclly m 
tiiosc below fiO acres in evtcut, vvliicli in ISSO (the latest yeni 
regarding wliich tlicic is infonnation) nnmhoicd 3572, wliilo thcic 
wcie 10.50 hotween 50 and 300 neies, and 45 above 300 acics, of 
nhich 2 ncre above 1000. Accoiding to tlie agricnltnial ictuins of 
18S2, the totnl aica ofarablo land nas 250,081 acies, or ncailyone- 
lialf of the nhole. Of this 53,538 neio under com ci ops, 103, til 
wore permancnt_ pastnio, 23,882 rotation grasses, and only 11,107 
green Cl ops ; i57 neics ncic under oichnids, 2nndci inaiket gardens, 
37 niider nursery grounds, and 22,711 under noods. Of the coin 
crops, nheat occupied 18,005 aeics, and oate 23,937 acics. Cattle, 
v\hich aic chiclly llcrcfoids and cioss-brocds, though thcio aic some 
pevons_ and a tew of the old Montgomciyshito bleed, nnmbcicd 
02,033 in 1882, of which 21,912 were cows and heifeis in milk oi in 
calf. Horses in 1882 numbeicd 13,985, ofv\hioh 7000 weic used 
solely for agricnltural purposes. Tlio county was long famous for 
its hardy bleed of .small horses called mciUiis, which aio still to be 
Jiict with. Jfnny good hunters and eait-lioisos aio now biod. Tho 
number of sheep in 1882 was 305,041. On some of tho heath lands 
in the centre and west of tho county a diminutive bleed of sheep 
■c.alled clitnt is pastured, hut tiioso'kcpt in tlio better cultivated 
regions nio pi inci pally Sliropshito Dow iis. According to tho latest 
ret in n, tlie land was divided among 3241 propiiotois, possessing 
387,342 ncre^, with a gloss nnnnal leiital of £378,512. Of these, 
1314, or 40 per cent, i>ossessed less tlian one acic, 32 possessed 
between 1000 and 2000 aeics, and 25 between 2000 and 5000 ; the 
following possessed upwards of SOOOncics, vi/. — Eiil Tow is, 33,546 ; 
Sir IV. AV. AVynn, 82,903 ; Loid Sndeloy, 17,158 ; J. b'aylor, 9275 ; 
and marquis of Loiuloiidoiiy, 7 100. 

Manujaclurcs. — In all the towns the manufaouuo of woollen 
olotli, csjiecially AVclsh fl.innel, is cairicd on, and nltbougli tho 
industry was l.atoly on tlio decline it is now leviving. 

Admuwtralion ’and Pojnilation, — Jrontgomciyshiio compiiscs 
nine hnndicds, and tlio municipal boiouglis of Llanidloes (3421) and 
ASVIsliiiool (7107). Llanfyllin, Llanidloes, Sracliynlloth, Mont- 
gomeiy, Newtown, and AVclsIipool foim the Jloiitgomoiy distiict of 
boroughs, with a total population in 1881 of 19,925, and ictmn one 
iiiembei to pailiament. One mcinlierisalsoictnmod foi tiio county. 
Montgomer 3 'shiio is paitb' in the dioceses of Bangor, Ilciefoid, and 
St Asapli, and contains si\tv-oight civil parishes, townships, or 



33,004 woio males and 32,714 females. 

lliAory . — At the time of tho Konian invasion, Jlontgomeiy was 
possessed by a tiibo of the Cj'imi called Oulovicos. Traces of 
several of the old Biitish camps still lemaiii, tlio piincipsl being 
those at Dolaiddvn, on Bioiddon Hill, and at Cacieinion. Thcicato 
also a laigo number of cairns and baiiows. Tho count}' was tra- 
versed by tlio gieit Roman load, tho Via Pcvaiia, which w. as joined 
by a number of otheis ; but tho loiiiaiiis of Eom.an c.amiis oi stations 
aro nnimpoitant. After being vac.atcd by the Romans, little is 
known of the histoiy of Montgomeiy, until AValcs was subdivided 
into tliico distiicts at tlio de.ath of Rliodii tlio Gieat. Jlontgomeiy 
was tben included under Powys, and founed tho chief jioition of 
Powys Gwenwynwyn, sometimes called Upiicv Powys. Powys pr 
Powis Castle, tho seat of tho lulois of Uppoi Powys, was founded in 
1108. Baldwyn, fiom whicli tho county takes its Welsh name, was 
lieutenant of tho matches ; and, for tlio pm pose of holding tho dis- 
trict in check, a castle was built about tbo end of tho 11th cciitniy, 
which, after being captuied by the natives, was letakeii by Roger 
do Jlontgoniciy. He gavo liis name to the castle, and to tlic sur* 
lomuliti" dibtiiot of niioioiit Powys, which was made a county by 
Henry VIII. in 1533. 

Montcomi’.uy, the county town, is situated on the decli- 
vity of a well-wooded hill near the eastern bank of the 
Severn, 21 J miles south by west of Shrewsbury, and 187| 
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by rail north-west by north of London. It is a clean and 
ncll-built tovvn, but somewhat scattered and irregular, 
llio principal buildings are the paiisli church of Saint 
Aicliolas (an old cruciform structure) and tlie town-liall. 
ihe borough has returned members to parliament since 
the time of Henry VIII., but by the Eefonn Act of 1832 it 
wa.s constituted one of the Montgomery district of horoimhs 
winch together ictiirii one member. The population of 
the borough (area, 3323 acres) was 1194 in 1881. 

Thcio aio only a few cuimbling lomains of tho old foitrcss of 
Jlontgomeiy, onginally founded in tho time of William the Coii- 
qiteioi to overawe tho Welsh, and hold by Rogci do Montgomoiv 
liom whom the town takes its name. The castle was gi oath 
eiilaigeu in tho time of Henry III., ^\heu it was the scene of fic- 
miciit contests hotween tliat moriaicli and LIc\\elyn the Gioat. In 
the 14th ceiitniy it was lield by tlie JIoi timers, fiom w hom it passed 
to the house of Yoik. By tho crown it was gianfed in tho 15tU 
century to tlic Hei belts ol Clioibiii}', but dming tlio Civil AVar it 
was snirondercd by Loid lleibeit of tlieibmy to tlio Pnilianiontaiy 
foiccs, by wliom it was dismantled. 

MONTGOMERY, a district in tlio Jicutenant-govoinor- 
.ship of tlio Punjab, lying between 29° 58' and 31° 33' N. 
lat., and between 72° 29' and 74° 10' E. long., is bounded 
on the N.E. by Lahore, on the S.E. by tho river Sutlej, 
on the S.AAh by Alulti'in, and on the N.AA’’. by Jhang. The 
area is 557 3 square miles. Alontgomery district, formerly 
known as Gugaira, occupies a wide extent of the B/iri 
DoAb, or wedge of land between tho Sutlej and the Edvi, 
besides sti etching across tho latter river into the adjoining 
Rcchna Doi'ib. In the former tract a fringe of cultivated 
lowland skirts the bank of either river, but the whole 
interior upland consists of a desert plateau partially over- 
grown with brushwood and coarse grass, and in places with 
impenetrable jungle. On the farther side of the Edvi, 
again, the country at once assumes the same desert aspect. 

The census of 1808 rotnuied tlio ])opn]ntion at 069,437 (males 
200,010, fomalos 159,421), viz., Himliis, 09,805; Jlchainmedaiis, 
277,291 ; Siklis, 12,280 ; and “otheis,” 65, The J.’vts, or pastoral 
tiibc, foim the most distinctive class in tho distiiet. They hear 
the nnmo of “ Gicat Ei'n i,” in contiadistinotion to tho pmoly ngii- 
cnltnial classes, wlio aic contemptuously styled “Little Rpvi.” 
They possess a lino physique, with handsome featnies, claim a 
Rajput aiioestiy, and despise all who liaiidlo tho plough. _ In 
former days they c.'ccicisod piactical sovcioignty ovei tho agiicul- 
tmal tubes. Only two towns in tho disfiict contain over 5000 
inhabitants, liz., Pak Pattan (6080) and Kamaha (5695). TIio 
town of Jloiitgomciy, tho Jicadqnaitcis station, had a population of 
only 2410 in 1808. 

Out of a tot.il assessed aiea of 3, .509,710 acios, only 538,240 am 
ictuiiicd ns niuloi cnltnntion. In 1872-73 tho labl (oi spiing 
li.aivcst) acicngc was as follows: — wheat (tho chief ciop), 102,989 
ncics; bailey, 30,134; gram, 21,416; mustaul, 2077 ; and tobacco, 
1303 aeics. In tlie same year tlic77!nn/(or antniiin haivest) ncieago 
was:— jodr, 20,509 acres ; lice, 18,727 ; cotton, 16,910; td, 12,457 ; 
langm, 9493 ; and sngai-cane, 498 acies. Inig.ation is practised 
fiom livcis, canals, and wells ; tbo totnl niea iiiigated by public 
woiks is 00,495 acies, and by piivate woiks, 158,709. 'i'iio deseit 
uplands afloidaftei tlio rains a scanty pasturage for tho scatteied 
heids of tho Great Rdi i Jdts, and yield an itiipme caibonate of soda 
(sajjl) fiom tlio alkaline plants w ith w liicli tiiey aboniid. Tlic com- 
mcieial staples include n lieat, liec, gram, millets, cotton, wool, p/ii, 
liides, tmdsajji. Laigo nnmbeis oi camels me bicd for evpoitation. 
Tlieimpoits coni}:! iso sugar, salt, oil, English piece goods, metals, 
indigo, and finits. 'Pile nianufactmcs consist of countiy cloth, 
-oaiso stiipcd silk, and lacqncicd wood-woik._ The Lahoie and 
ilultan railway intersects the distiiet, which is also ti.avcised in 
vciy diiection by good nmnotallcd higliways. The rcveimo of tiio 
..istiict in 1871-72 amounted to £47,954, of which £42,355 was 
deiivcd fiom tho land-tax. Education in 1871-72 was allorded by 
69 aided and miauled schools, with a total of 1417j)npils. Tho 
average nniiual rainfall for tho seven ye,ars ending 1872-73 was 9'0 
inches. , 

Fiom time immenioiial tho Rcchna Doab lias foinied tbo liomo 
of a wild lace of pastoral Jats, who have constantly maintained a 
stnidy independence against the snccossivo luleis of northern India. 
Tlie historians of Alcxandei’s invasion mention a tribe called the 
Catliicans, who probably had tlioii capital at Saiignla in the Jliaiig 
district, and tho JIalli with thoii mctiopolis at Midt.ui,_ as in 
possession of this pait of the conntiy. The sites of Kot Ramaha 
and llawappa in Montgomery contain laigo mounds of antique 
bricks and other inins, while many other remains of ancient cities 
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■ tlie province of Cordova, 32 miles to llio soiitli of tlie city 
of Cordova, on the Malaga railway, is 'strikingly situated on 
two hills which command a beautiful and extensive prospect 
of the surrounding country. The n7anufactm-es (princi- 
pally weaving) are unimportant, and the trade of the place 
is chiefly in agricultural produce. The oil of the surround- 
ijig district is abundant and good ; and it is the peculiar 
flavour of the pale dry light wine of Montilla that gives 
its nauie to the sherry known as Amontillado. The popu- 
lation in 1878 was 13,207. Montilla was the birth 2 )lace 
of “The Great Captain,” and still shows the ruins of the 
castle of his father, Don Pedro Fernandez de Cordova. 

MONTLUC, Bl.vtsk j>e Lasseran-MassekcOme, Seig- 
NEUii EE (f. 1503-1577), marshal of France, was bom 
about 1503, at the family seat near Condom in the 
modern department of Gers. Ho was the eldest son, and 
his family was a good one, but it was large and i)oor, and, 
like most gentlemen of Gascony, lie had to trust for endow- 
ment to his sword. Ho served first as a ])rivate archer and 
mau-at-arms in Italy, with Ba 3 ’ard for his captain, fought 
all through the wars of Francis I., and was kniglited on 
the field of Cerisoles (1538). Having ai)pnrently cnjoj’ed 
no jiatronage, he was bj' this time a man of middle age. 
Thenceforward, however, his merits were recognized by his 
ai)pointment to various imijortant i)osts. His chief feat was 
the famous dofcuce of Siena (1555), Avhich ho has told so 
adminably. 'When the religious wars broke out in Fmnce, 
Moutluc, a staunch roj’alist, held Guienno for the king, 
and exercised severe but impartial justice on Catholics and 
Protestants alike. He would have nothing to do with the 
Massacre of St Bartholomew. Henry III., however, made 
him marshal of France, an honour which lie had earned bj’ 
•nearly half a ceiituiy of service and by numerous Avounds. 
He died at Estillac near Agen in 1577. Montluc’s eminence 
above other soldiers of fortune in his day is duo to his 
■Commeniaircs (Bordeaux, 1592), in whiclPho described his 
fifty years of service. Tliis book, the “soldier’s Bible” (or 
“breviary,” according to others), as Henry II'’. called it, is 
one of the most admirable of the many admirable books of 
memoirs jiroduced by the unlearned gentry of France at that 
time. It is said to have been dictated, which may possibly 
account in some degree for the singular vivacity and 
lucturesqueness of the style. Hardly an.y author excels 
Moutluc in the clearness Avith Avhich ho brings military 
operations before the reader. As Avith most of his con- 
temporaries, his Avork is didactic in iJurpose, and he often 
2)auses to draAv morals for the benefit of young commandei-s, 
but never tediously. The eloquence displayed in some of 
the sjieeches is remarkable. These Gonmattaires am to be 
found convcnientlj' in the collection of Jlichaud and 
Poujoulat, but the standard edition is that of the Soclvtv 
de Vllistoirc dc France, edited by M. do Bublc (5 vols. 
1865-72). 

MOHTLU 9 OH, the industrial capital of the centre of 
France, sometimes called the French IManchestcr, is the 
head of an arrondissement, and the largest toAvn (26,079 
inhabitants in 1881) of the department of Allicr. The 
-upper toAvn consists of steep, narrOAV, Avinding streets, and 
2 irescrA’es seA'oral buildings of the 15th and 16th centuries 2 
the loAvcr toAvii, traversed by the river Cher (there converted 
into a canal communicating Avith that along the Loire), is 
the scat of the manufacturing industries, Avhich embrace 
glass, steel, and iron AA’orks, lime-kilns, saAV-niills, and a 
AA’Ool-s 2 )inuing factory. The Commentiy coal-mines arc 
only a few miles distant. There is raihvaj' connexion A\ith 
Jloulins (50 miles to tlie cast-Jiorth-cast), Bourges, Limoges, 
and Clermont-Ferrand, and a now line is about to be ojiened 
to Toxu's via Chateauroux. Of the churchea, Hotre D^w*^ 
is of the 15th centiuT, St Pierre partly of the 12th, and St 
Paul modern. The tOAvn-hall, with a library, occupies the 
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site of an old Ursuline convent, and two other convents now 
serve as college and hospital. 



by Louis II., duko of Itourboii, was taken byTleiirv lY. duiin.^ 'tii','. 
icligimis wars ; at tn'oseut it is occuitied as a baviacks. ° 
MONTMOllENCY, the name of one of the olde.st and 
most distinguished families in France, is derived from 
jMontmorcncy, noAV in the dciiartraont of Seine-et-Oise, in 
the immediate neighbourhood of Enghicn and St De’ni.-, 
and about 9 miles to the north-north-Avest of Paris. The 
familj', since its first aiqiearance in history in the 2 »erson of 
Bouchard or Burcuard I.,sire dc Montmorency in the 10th 
ccutuiy, has furnished six constables and twelve mar.sha!.-. 
of France, several admirals and cardinals, numerous grand 
officers of the croAvn and grand masters of various knightly 
orders, and Avas declared by Henry Dk to be, after that of 
the Bourbons, the first house in Europe. IMattiiieu I., sire 
de Mputmorency, received in 1138 theimst of constable, and 
died in 1 1 60. His first Avife Avas Aline, the natural daughter 
of Homy I. .of England; his second, Adelaide or Alice of 
Savoy, Avidow of Louis YI. and mother of Louis I'll. 
According to Duchesne, he shared the regency of France 
Avith Sugcr, during the absence of the latter king on the 
second crusade. JIaitiiieu II. had an iiiqiortant share 
in the victory of Bouvines (12M), and was made grand 
constable in 1218. During the reign of LouL YIll. 
(1223-1226) ho distinguished himself chiefly in the south 
of France (Hioi't, Bochellc, Bordeamv). On the ncce.ssion 
of Louis IX. ho Avas one of the chief siqqiorts of the queen 
regent Blanche of Castile, and Avas succcs.sful in reilucing 
all the A-assals to obedience. Ho died in 1 230. His .A-omiger 
son, Guy, in right of his mother, became head of the house of 
Montmoroncy-Laval. Anxe de Montmorency (Lf 93-1 567), 
so named, it is said, after his godmother Anne of Brittany. 
Avas the firat to attain the ducal title. He Avas born at 
Cliantilly in LI 93, and Avas brought uj) Avith the dauidiin, 
afterwards Francis L, Avhom lie followed into Italy in 1515, 
distinguishing himself especially at Marignano. In 1516 
he became governor of Novara ; in 1520 he avos 2 're.sont at 
the Field of Cloth of Gold, and afterwards had charge of 
imim'tant negotiations in England. Succes.sful in the 
defence of M6ziercs (1521), and as commander of the Swiss 
troops in the Italian campaign of the same year, he Ava.-- 
made marshal of France in 1522, accompanied Francis into 
Italy' in 1524, and Avas taken 2 >risoner at Pavia in 1525. 
Released soon afterAvards, ho Avas one of the negotiatoivs of 
the treaty’ of Madrid, and in 1530 rcconducted the king’.- 
sons into France. On the rcncAval of the Avar by Charle- 
Y.’s invasion of Franco in 1536, Montmorency com jiclled 
the enqjcror to raise the siege of Manseillcs ; he afterward- 
accompanied the king of France into Picardy, and on the 
termination of the Netherlands canqxaign marched to the 
relief of Turin. In 1538, on the ratification of the ten 
years’ truce, he aa-rs rcAvanlcd AA-ith the ofiice of con.stable. 
but in 1511 he fell into dkgrace, and did not return tA> 
2 niblic life until the accession of Henry II. in 1517. In 
1548 ho re 2 >resscd the insurrections in the sonth-AAUst. 
2 )articularly at Bordeaux, Avith great severity, and iii 1510- 
1550 conducted the Avar in the Boulonnais, negotiating tin- 
treaty for the surrender of Boulogne on 24th March l.-raO. 
In 1551 his barony AA-as erected into a duchy. Soon aftcr- 
AA-ards his armies found enqiloyment in the north-c.A>t in 
connexion Avith the seizure of Metz, Toul, and I erdun I y 
the French king. His atfenqit to relicA-e St Quentin issm d 
in his defeat and ca 2 AtiA‘ity (lOth August l.)57), and he di-i 
not regain his liberty until the 2 icace of Catcau-Cambnl-si' 
in 1559. Supplanted in the intcrAal by the Gui.-es, he av.i^ 
treated AA-ith coldne.ss by the new king. Francis II.. and 
compelled to give up his mastcrshii) of the royal hous-.-- 
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■ the province of Cordova, 32 miles to llio soutli of tlie 6ity 
of Cordova, on the Malaga railway, is 'strikingly situated on 
two liills wliich coiuniand a beautiful and extensive prospect 
of the surrounding country. The n7anufactiu-es (princi- 
pally weaving) are unimportant, and the trade of the place 
is chiefly in agricultural produce. The oil of the surround- 
ijig district is abundant and good ; and it is the peculiar 
flavour of the pale dry light wine of Montilla that gives 
its nanie to the sherry known as Amontillado. The popu- 
lation in 1878 was 13,207. Montilla was the birthplace 
of “The Great Captain,” and still shows the ruins of the 
castle of his father, Don Pedro Fernandez de Cordova. 

MONTLUC, Bl.vtsk de Las3erae--Masseec6me, Seig- 
NEUii DE (f. 1503-1577), marshal of France, was born 
about 1503, at the family seat near Condom in the 
modern department of Gers. He was the eldest son, and 
his family was a good one, but it was large and ])oor, and, 
like most gentlemen of Gasconj', ho had to trust for endow- 
ment to his sword. Ho served first as a ])rivate archer and 
mau-at-arms in Italy, with Bayard for his captain, fought 
all through the wars of Francis L, and was kniglited on 
the field of Cerisoles (1538). Having ai)pnrently enjoyed 
no patronage, he was by this time a man of middle age. 
Thenceforward, however, his merits were recognized by his 
appointment to various important posts. His chief feat was 
the famous defence of Siena (1555), Avhich ho has told so 
admirably. 'When the religious wars broke out in Fmneo, 
Montluc, a statinch royalist, held Guienno for the king, 
and exercised severe but impartial justice on Catholics and 
Protestants alike. He would have nothing to do with the 
Massacre of St Bartholomew. Henry III., however, made 
him marshal of Fiance, an honour which lie had earned by 
•nearly half a century of service and by numerous wounds. 
He died at Estillac near Agen in 1577. Montluc’s eminence 
above other soldiers of fortune in his day is duo to his 
.Comjiiaifahvs (Bordeaux, 1592), in whiclPhc described his 
fifty years of service. Tliis book, the “soldier’s Bible” (or 
“breviary,” according to others), as Henry II’’. called it, is 
one of the most admirable of the many admirable books of 
memoirs jiroduced by the unlearned gentry of France at that 
time. It is said to have been dictated, which may possibly 
account in some degree for the singular vivacity and 
picturesqueiiess of the style. Hardly any author excels 
Montluc in the clearness with which ho brings military 
operations before the reader. As with most of his con- 
temporaries, his work is didactic in purpose, and he often 
2 )auses to draw morals for the benefit of young commandei-s, 
but never tediously. The eloquence displayed in some of 
the sjieeches is remarkable. These Coiitmoiidires aro to be 
found conveniently in the collection of Michaud and 
Poujoulat, but the standard edition is that of the Soclvtv 
de Vllistoirc do France, edited by M. do Bublc (5 vols. 
1865-72). 

MOHTLTJ^OH, the industrial capital of the centre of 
Franco, sometimes called the French IManchestcr, is the 
head of an arrondissement, and the largest town (20,079 
inhabitants in 1881) of the department of Allier. The 
-upper town consists of steep, narrow, winding streets, and 
^weserves several buildings of the 15th and IGth centuries^ 
the lower town, traversed by the river Cher (there converted 
into a canal communicating with that along the Loire), is 
the scat of the manufacturing industries, which embrace 
glass, steel, and iron works, lime-kilns, saw-mills, and a 
wool-s 2 )inning factory. The Commentiy coal-mines arc 
only a few miles distant. There is railway connexion uith 
Jloulins (50 miles to the cast-Jiorth-cast), Bonrges, Limoges, | 
and Clermont-Ferrand, and a new line is about to be ojicned ; 
to Tours via Chateauroux. Of the churches. Xotre j 

is of the 15th century, St Pierre partly of the I2tli, and St j 
Paul modern. The town-hall, with a library, occupies the I 
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site of an old Ursulinc convent, and two other convents now 
serve as college and hospital. 

Montbifon which existed as early as the lOth coutm v, was taken 
by tlie English in IL 1 and by Philippe Auguste in list ; the Eindish 

by Louis II., duke of llourbon, was taken by Henrv IV. duriu.- tin- 
leligious wars ; at present it is occupied as a barracks ° 

MOHTMOllENCY, the name of one of the oldo.st and 
most distinguished families in France, is derived from 
hlontmorcncy, now in the dciiartraont of Soine-et-Oise, in 
the immediate neighbourhood of Enghicn and St Denis, 
and about 9 miles to the north-north-west of Paris. The 
family, since its first aiiiiearanco in history in the iiersoii of 
Bouchard or Burcuaud I.,sire do Montmorency in the 10th 
century, has furnished six constables and twelve maiMial,-. 
of France, several admirals and cardinals, numerous grand 
officers of the crown and grand masters of various knightly- 
orders, and was declared by Henry Dk to be, after that of 
the Bourbons, the first house in liuropo. If.vrniiEU I., sire 
de Montmorency, received in 1138 the])ost of constable, and 
died in 1 1 60. His first wife was Aline, the natural daughter 
of Henry I. .of England; his second, Adelaide or Alice of 
Savoy', widow of Louis YI. and mother of Louis "I'll. 
According to Duchesne, he shared the regency of France 
with Sugcr, during the absence of the latter king on the 
second crusade. Maitiiieu II. had an important share 
in the victory of Bouvines (12M), and was made grand 
constable in 1218. During the reign of Louts YIII. 
(1223-1226) ho distinguished himself chiefly in the south 
of France (Hiort, Bochellc, Bordeaux). On the ncce.s.sion 
of Louis IX. ho was one of the chief supj)orts of the queen 
regent Blanche of Castile, and was succcs.sful in reilucing 
all the vassals to obedience. Ho died in 1 230. His younger 
son, Guy, in right of his mother, became head of the house of 
Montmorency’-Laval. Anne do Montmorency (M93-I567), 
so named, it is said, after his godmother Anne of Brittany. 
Avas the fii-st to attain the ducal title. Ho was born at 
Clmntilly in 1-193, and was brought up with the dauphin, 
afterwards Franeis L, whom lie followed info Italy in 1515, 
distinguishing himself especially at Marignano. In 1516 
he became governor of Novara ; in 1520 he was iire.sont at 
the Field of Cloth of Gold, and afterwards had charge nf 
imijortant negotiations in England. Successful in the 
defence of M6ziercs (1521), and as commander of the Swiss 
troops in the Italian campaign of the same year, he was 
made marshal of France in 1522, accompanied Francis intc 
Italy' in 1524, and was taken i)risoner at Pavia in 1525. 
Released soon afterwards, he ivas one of the negotiator.-i of 
the treaty of Madrid, and in 1530 rcconducfed the king’.- 
sons into France. On the renewal of the war by Chark- 
Y.’s invasion of Franco in 1536, Montmorency compelled 
the emperor to raise the siege of J[ar.-;eillcs ; he afterward^ 
accompanied the king of France into Picardy, and on the 
termination of the Netherlands campaign marched to the 
relief of Turin. In 1538, on the ratification of the ten 
years’ truce, he was rewarded Avith the ofiice of con.stable. 
but in 1541 he fell info dhgmce, and did not return to 
public life until the accession of Henry II. in 1517. In 
1548 he rei>resscd the insurrections in the sonth-Avest. 
jiarticularly at Bordeaux, Avith great severity, and iii 1510- 
1550 conducted the Avar in the Boulonnais, negotiating tin- 
treaty for the surrender of Boulogne on 24th 3Inrch 1550. 
In 1551 his barony Avas erected into a duchy. Soon aftcr- 
AA-ai-ds his armies found employment in the north-c.a>t in 
connexion Avith the seizure of Iilctz, Toul, and A erdun I y 
(he FrenrJi king. His attempt to reliei-e St (Juentin issm d 
in his defeat and cajitivity (10th August 1557), and he di-l 
not regain his liberty until the peace of Catcau-Cambnl-si-- 
in 1559. Supplanted in the intcrAul by the Gui.ys, he av.i^ 
treated Avith coldne.ss by the new king. Francis II.. and 
compelled to give up his mastership of the royal hoi;.-^-.- 
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thus of the blood-roj^al of France on both sides, and an 
heiress to immense property, she appeared to be very early 
destined to a splendid marriage. It was perhaps the greatest 
misfortune of lier life that “ Mademoiselle ” (as her courtesy 
title went) was encouraged or thought herself encouraged 
to look for\yard to the throne of France as the result of a 
marriage wdtb Louis XIV., who was, however, eleven years 
her junior. Ill-luck, or her own wilfulness, frustrated 
numerous plans for marrying her to various persons of more 
or ]e.ss e.xalted station, including Charles II. of England, 
then Prince of Wales. She was just of age when the Fronde 
broke out, and, attributing as she did her disappointments 
to hlazarin, she .sympathized with it not a little. It was 
not, however, till the new or second Fronde that she dis- 
jilaycd in a very curious fashion a temper and courage as 
masculine and adventurous as those of her father Gaston 
had always been effeminate and timid. She not only took 
nominal command of one of the armies on the princes’ 
side, but she literally and in her own person took Orleans 
by escalade, crossing the river, breaking a gate, and mount- 
ing the walls with the applause of the populace of the city, 
but in face of the refusal of the authorities to admit her. 
Xo good result, however, came to her party from this 
extraordinary act, and she had to retreat to Paris, where 
she practically commanded the Ba.stille and the adjoining 
part of the walls. On the 2d of July (1652) the battle 
■of the Faubourg Saint Antoine, between the Frondcurs 
under Cond6 and the royal troops under Turenne, took 
place, and the fonner, being beaten, found themselves in 
an awkward situation, between their conquerors and the 
walls of a city, which, though not exactly hostile to them, 
■was not nominally on their side, and had closed its gates 
against them, hladcmoiselle saved them by giving orders 
not merely for the gates under her control to bo opened 
but for the cannon of the Bastille to fire on the royalists, 
which was done. Her own residence (and indeed her pro- 
perty) was the Luxembourg, and hero she found herself 
during the riots which followed the battle ; but in the 
heat of the cmcvle she installed herself in the hotel de 
ville, and ])layed the part of mediatrix between the opposed 
parties. Her political importance lasted exactly six months, 
and did her little good, for it created a lifelong prejudice 
against her in the mind of her cousin, Louis XIV., who 
never forgave opposition to his sovereign power. Nor 
had she any siqjport to look for from her pusillanimous 
father, who hastened to make terms for himself, — a matter 
the less difficidt that his known faithlessness had pre- 
vented the chiefs of the Fronde from engaging him at 
all deeply in their schemes. Mademoiselle, on the other 
hand, was for some years in disgi’ace, and resided on her 
estates. It was not till 1657 that she reai) 2 )carcd at 
court, but, though projects for marrying her were once 
more sot on foot, she was now past her first youth. Her 
incurable self-will, moreover, still stood in her way, and 
suitor after suitor was rejected for reasons good or bad. 
She was nearly forty, and had already corresponded 
seriously with hfadamo do, hfotteville on the j)rojcct of 
establi.shing a ladies’ society “ sans mariage et sans amour,” 
when a young Gascon gentleman named Puyguilhem, 
afterwards celebrated as hi. do Lauzun, attracted her atten- 
tion. It was some years before the affair came to a crisis, 
but at last, in 1670, hfademoiselle solemnly demanded the 
king’s permis.sion to marry Lauzun. Madame de b6vignc s 
letter on this occasion is one of the most famous of her 
collection. Louis, who liked Lauzun, and who had been 
■educated by hlazarin in the idea that hrademoisello ouglit 
not to be allowed to carry her vast estates and royal blood 
to any one who was himself of the blood-royal, or even to 
.any foreign prince, gave his consent, but it was not imme- 
diately acted on. The pride of the other members of the 
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royal family, and the spite of the king’s brother. Monsieur 
uho had, after the death of Henrietta of England mad’ 
offers to his cousin, prevailed with Louis to rcsci’nd his 
permission. Not long afterwards Lauzun, for another 
cause, was imprisoned in Pignerol, and it was years before 
Mademoiselle was able to buy his release from the king b- 
settling no small portion of her estates on Louis’s bastards 
The elderly lovers (for in 1681, when Lauzun was released 
he was nearly fifty, and hlademoiselle was fifty-four) were 
then secretly married, if indeed they had not gone through 
the ceremony ten years prcviouslj'. But Lauzun, a coarse 
and_ brutal adventurer, tyrannized over his wife, and her 
spirit, which was yet unbroken, at length got the better of her 
passion. It is said that on one occasion he addressed her 
thus, “ Louise d’Orldans, tirc-moi mes bottes,” and that she 
at once and finally separated from him. She lived, how- 
ever, for some years after he had achieved his last adven- 
ture (that of assisting the family of James II. to escape 
from England, and atteiniiting to defend their cause in 
Ireland), gave herself to religious duties, and finished her 
Memoires, which extend to irithin seven years of her death 
(9tli Ajiril 1693), and which she had begun when she was 
in disgrace thirty years earlier. These Memoires (Amster- 
dam, 1729) are of very considerable merit and interest, 
though, or perhaps because, they arc extremely egotistical 
and often extremely desultory. Mademoiselle writes with- 
out art, but with the hereditary ability of her family, and 
the strongly personal view which she takes of public events 
is rather an advantage than a disadvantage. They arc to 
be found in the great collection of iMiohaud and Poiijoulat, 
and have been frequently edited apart, (o. sa.) 

MONTREAL, the largest city in the Dominion of 
Canada, its chief seat of commerce and principal port (,f 
entry, is situated on an island of about .30 miles in lengt.’i 
and 7 in breadth, at the confluence of the rivers Ottawa 
and St Lawrence, 45° 32' N. lat. and 73° 32' IV. long. 
It stands at the head of ocean navigation, 160 miles above 
Quebec, and nearly 1000 miles (986) from the Atlantic 
Ocean, and lies at the foot of the great chain of river, 
lake, and canal navigation which extends westward through 
the gi-eat lakes. Montreal is built upon a series of terrace.^, 
the former levels of the river or of a more ancient sea. 
Behind those rises Mount Royal, a mass of traii-rock thrown 
up through the surrounding limestone strata to a height of 
700 feet above the level of the river. _ From this rock the 
city derives its name, though its original founder, Paul dc 
Chomedey, sire de Maisonneiive, in 1642, gave it the name 
of Ville-JIaric, when it was dedicated with religious enthu- 
siasm, not as a centre of commerci.al enterprise, but as the 
scat of a mission which aimed specially at the conversion of 
the native Indians. The modern city of ^lontreal occuiues 
an area of about eight square miles, --its principal strect-s 
running parallel with the river. On the north side of the 
Mountain the Trenton limestone approaches the surface, 
and is there quarried for building ]mrposcs. Of tins grey 
limestone most of the public edifices and many of the better 
class of private dwellings arc built. But both brick ami 
wood are largely used for workshops and private hoti.ce.s < t 
a humbler class. The western slope of tlm fountain 
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occupied by the Cote dcs Nciges (Roman Catholic) 
tcry. and the Mount Royal (Protestant) cemetery. The 
upper portion of the Mountain, embracing an area o L-O 
acL. is now laid out as a public park, with fine dn . 
sl.ad;i by well-grown trees From its 
and the wide cximnse of the valley of the St 
the vicw,s on all .sides are of great variety and • 

A well-cultivated and wooded coiinto-, 

hand bciiv* bounded on tho b\ the laKC.-i c * 
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thus of the blood-royal of France on both sides, and an 
heiress to immense property, she appeared to be very early 
destined to a splendid marriage. It was perhaps the greatest 
misfortune of lier life that “ Mademoiselle ” (as her courtesy 
title went) was encouraged or thought herself encouraged 
to look for\yard to the throne of France as the result of a 
marriage %vitli Louis XIV., who was, however, eleven years 
her junior. Ill-luck, or her own wilfulness, frustrated 
numerous plans for marrying her to various persons of more 
or less "e.valted station, including Charles II. of England 
then Prince of Wales. She was just of age when the Fronde 
broke out, and, attributing as she did her disappointments 
to lilazarin, she .sympathized with it not a little. It was 
not, however, till the new or second Fronde that she dis- 
jilaycd in a very curious fashion a temper and courage as 
masculine and adventurous as those of her father Gaston 
had always been effeminate and timid. She not only took 
nominal command of one of the armies on the princes’ 
side, but she literally and in her own person took Orleans 
by escalade, crossing the river, breaking a gate, and mount- 
ing the walls with the applause of the populace of the city, 
but in face of the refusal of the authorities to admit her. 
Xo good result, however, came to her party from this 
extraordinary act, and she had to retreat to Paris, where 
she practically commanded the Ba.stille and the adjoining 
part of the walls. On the 2d of July (1652) the battle 
■of the Faubourg Saint Antoine, between the Frondeurs 
under Cond6 and the royal troops under Turenne, took 
place, and the fonner, being beaten, found themselves in 
an awkward situation, between their conquerors and the 
walls of a city, which, though not exactly hostile to them, 
was not nominally on tlicir side, and liad closed its gates 
against them. Mademoiselle saved them by giving orders 
not merely for the gates under her control to bo opened 
but for the cannon of the Bastille to fire on the royalists, 
which was done. Her own residence (and indeed her pro- 
perty) was the Luxembourg, and here she found herself 
during the riots which followed the battle ; but in the 
heat of the cviei/ie she installed herself in the h&tel do 
ville, and ])layed the part of mediatrix between the opposed 
parties. Her political importance lasted exactly six months, 
and did her little good, for it created a lifelong prejudice 
against her in the mind of her cousin, Louis XIV., who 
never forgave opposition to his sovereign power. ^ Nor 
had she any srqrport to look for from her pu.sillanimous 
■father, ■who hastened to make terms for himself, — a matter 
the less difficult that his known faithlessness had pre- 
vented the chiefs of the Fronde from engaging him at 
all deeply in their schemes. Mademoiselle, on the other 
hand, was for some years in disgrace, and resided on her 
estates. It •vvas not till 1657 that she reajrpcarcd at 
court, but, though projects for marrying her "^vero once 
more set on foot, she was now past her first youth. Her 
incurable self-will, moreover, still stood in her way, and 
suitor after suitor "was rejected for reasons good or bad. 
She was nearly forty, and had already corresponded 
serioirsly ■with Madame de, Motteville on the jwoject of 
establi.shing a ladies’ society “ sans mariago et sans amour,” 
when a young Gascon gentleman named Puyguilhem, 
afterwards celebrated as hi. de Lauzun, attracted her atten- 
tion. It "was some years before the affair came to a crisis, 
but at last, in 1670, Jfademoiselle solemnly demanded the 
king’s permission to marry Lauzun. Madame de bbvigne s 
letter on this occasion is one of the most famous of her 
■collection. Louis, ■who liked Lauzun, and ■^vho had been 
■educated by hlazarin in the idea that hfademoisello ought 
not to be allowed to carry her vast estates and royal blood 
to any one ■who 'was liimsclf of the blood-royal, or even to 
.any foreign prince, gave his consent, but it was not imme- 
diately acted on. The pride of the other members of the 
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royal family, and the spite of the king’s brother. Monsieur 
u-ho had, after the death of Henrietta of England made 
offers to his cousin, prevailed with Louis to rescind his 
permission. Not long afterwards Lauzun, for another 
cause, was imprisoned in Pignerol, and it was years before 
Mademoiselle was able to buy his release from the king b- 
settling no small portion of her estates on Louis’s bastards 
The elderly lovers (for in 1681, when Lauzun was released 
he was nearly fifty, and hlademoiselle was fifty-four) were 
then secretly married, if indeed they had not gone through 
the ceremony ten years prcviousl 3 ^ But Lauzun, a coarse 
and_ brutal adventurer, tyrannized over his wife, and her 
spirit, which was yet unbroken, at length got the better of her 
passion. It is said that on one occasion he addressed her 
thus, “ Louise d’Orldans, tire-moi mes bottes,” and that she 
at once and finally separated from him. She lived, how- 
ever, for some years after he had achieved his last adven- 
ture (that of assisting the family of James If. to e.scapo 
from England, and attempting to defend their cause in 
Ireland), gave herself to religious duties, and finished her 
Memoires, which extend to udthin seven years of her death 
(9th April 1693), and which she had begun when she was 
in disgrace thirty years earlier. These Memmres (Amster- 
dam, 1729) are of very considerable merit and interest, 
though, or perhaps because, they arc extremely egotistical 
and often extremely desultory, hlademoisclle writes with- 
out art, but with the hereditary ability of her family, and 
the strongly personal view which she takes of public events 
is rather an advantage than a disadvantage. They are to 
be found in the great collection of jMichaud and Poujoulat, 
and have been frequently edited apart. (o. sa.) 

MONTREAL, the largest city in the Dominion of 
Canada, its chief seat of commerce and principal j)ort c-f 
entry, is situated on an island of about 30 miles in lenglli 
and 7 in breadth, at the confluence of the rivers Oftaw.i 
and St Lawrence, 45° 32' N. lat. and 73° 32' W. long. 
It stands at the head of ocean navigation, 160 miles above 
Quebec, and nearly 1000 miles (986) from the Atlantic 
Ocean, and lies at the foot of the great chain of river, 
lake, and canal navigation which extends westward through 
the gi-eat lakes. Jlontreal is built upon a series of terrace.*!, 
the former levels of the river or of a more ancient sea. 
Behind those rises Mount Royal, a mass of trainrock thrown 
up through the surrounding limestone strata to a height of 
700 feet above the level of the river. From this rock the 
city derives its name, though its original founder, Paul do 
Chomedey, sire de Maisonneuve, in 1642, gave it the name 
of Ville-JIaric, when it was dedicated with religious enthu- 
siasm, not as a centre of commercial enterprise, hut as the 
seat of a mission which aimed specially at the conversion of 
the native Indians. The modern city of yiontrcal occujucs 
an area of about eight square miles,— its principal streets 
running parallel with the river. On the north side of the 
Jfountain the Trenton limestone approaches the surface, 
and is there quarried for building jmrposcs. Of this grey 
limestone most of the public edifices and many of the better 
class of private dwellings arc built. But both brick am 
wood are largely used for workshops and private hoii.'-es < 
a humbler class. The western slope of tlm Mountain is 
occupied by the Cote dcs Nciges (Roman Catholic) ceme- 
tery, and the Mount Royal (Protestant) cemetery. The 
uiipcr portion of the ^fountain, embracing an area o L-O 
alL, is now laid out as a public park, with fine ffi-ivc. 
shaded by well-grown trees. Iroin its commamhnt ■ , 

and the A«dc expanse of the valley of the St 
the views on all sides .are of great variety and bcm.ty 
A well-cultivated and wooded country-, ” 

Ottawa and the St Lawrence, stretches f 

hand, being bounded on the we-st by the lakc.T o • - > • 

InS the Lvo Mountains, and on the^distimt horizon I;. 
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awl ulthnatcl;v- became oire of the leading merchants in Jilontrcal. 
At his death in 1S13 he left his proiiorty for the founding of a col- 
lege. The most i-cccut and liberal addition to it is the Peter Kcd- 
path Jiluscum, valued at upwanls of 8100,000, the gift of a -wcaUhv 
citizen. The uuivcrbifi- embraces the faculties of arts, law, anil 
medicine, and has also a depavtineut of practical science. ’ Tlio 
college buildings stand in a pleasant park fronting on Sherbrooke 
Street, at the base of the Jfountain. Tlicological colleges in con- 
nection with the Church of England, the Presbyterian, Methodist, 
and Coiwrcgational Churches, occupy building.s "in the vicinity, and 
their students attend the classes at M'Gill College for secular instruc- 
tion. The Seminary of St Snlpioe is a theological training school 
for priests, where the larger portion of the Koinan Catholic clergy 
of the province of Quebec have received their training, and als^'a 
college where a largo number of the French Canadian youth obtain 
their education. This seminary is hold in high esteem" and attracts 
many Koman Catholic students from the United States. Lav.al 
University, which has its chief scat at Quebec, has also a brancli 
at JIoutre,al, with a largo stall' of professors, chietly in theology, 
law, and medicine. The M'Gill and the Jacques Cartier Normal 
Schools for training teachers for the Protestant and Koman Catholic 
public .schools arc conducted under the Protestant and Koman 
C-atholic bo.ards of public instruction; and model schools attaclicd 
to .atJoJvl the ivqiiisiU' jmctic.il training for trschurs. Tho 
prinei))al public monuments arc the column erected in honour of 
Lord Nelson, and a bronze statue of Queen Victoria, by the late 
JIarshall Vood,' which occupies a good site in Victoria Square. 

Tho commerce of Montreal is well rejircsonted by the arehitee- 
tural fcharacter of it,s bankiim establishments and many of the large 
mcreautilo houses. It is also tho scat of a large manufacturing 
industiy. Put tho most .substantial evidence of its imiiorlance as 
a commercial centre is its harbour. Tho solidly-built basins, 
wharves, quays, and canal locks extend for upwards of a mile and 
a half along tho river-side. In 18-19, at a period of depression, tho 
total value of the import.s and c.\'i)orts amounted to £il,013,47S 
sterling. In 1SS2 they had risen to £15,G33,C57 sterling. The 
business of tho port at the satne date is thus expressed in Canadian 
currency:— total valuoof o.vport.s.820, 831, 312,ofimportsS-19, 749, 401; 
customs duties collected estimated at $8,100,300. Tho number of 
sea-going vessol.s in port was 048, of which fully one-half were ocean 
steamere, in addition to which the inland vessels arriving at tho 
port numbered 0543. The estimated value of real estate in Montreal 
IS $05,978,930. The iiopulation in 1851 numbered 57,715 ; in 1881 
it had increased to 140,747, of whom 78,084 were of French and 
28,995 of Irish origin, and of the whole number, 103,579 were Roman 
Catholic. 

Tho city returns three members to the Caii.adian IIoiisc of 
Commons, and tho same number to tho provincial legislature of 
Quebec. 

IVhcu the first French cxploroi-s landed on the island of Montreal 
under the leadership of Jacques Cartier in 1535, a large Indian 
pali.sadcd tomi existed a little to tho west of Mount Royal, and not 
far from the present English cathedral. To this fortified town the 
Indians gave the name of Hochelnga, and Jacques Cartier describes 
it as surrounded by fields of grain and other evidences of a settled 
native population. The name is now ajiplicd to the c.astcru suburb 
of tho modern city. Si.xty years later, when Samuel de Champlain 
made his way up tho St LauTeneo, Jind climbed to the summit of 
ilount Royal, the populous native town had disappeared, and only 
two Indians were found from rvhom some obscure hints were derived 
of war between rival tribes, followed by the destruction of the town 
and tho extermination or Right of its former occupants. The enmity 
thus established between tho IVyaiidotts or lluroii-s of Canada and 
the Iroquois settled in the valley of tho Hudson and south of Lake 
Ontario was perpetuated throughout the whole period of Ircnch 
occupation. Champlain took tho side of the II mops, avhilo the 
Iroquois allied themselves with the Dutch and English settlers on 
tho Hudson. Thus tho early history of Jlont re.al is largely occupied 
avith incidents of Indian warfare. In 1G05 tho inarquisdo 'Iracy 
arrived from France, bringing with him a regiment of French 
soldiers, with whoso aid tho Indian assailants were driven oil, and 
forts erected and garrisoned to repel their iiicui.sions ; thus pro- 
tected, !Monti'enl beeamo the centre of the fur trade with^thc west, 
and cntei-ed on its history as a commercial city. In 1/22 it was 
fortified with a bastioned wall and ilitch, under tho directions of 
De Lery ; and tho citadel was erected on a height iww bud out as 
D.alhousie Square. Tho talcing of Quebec by tho English under 
General Wolfe in 1759 was followed ere long by tho surrender ol 
Moutre.al. Since that date it has rapidly doYoloped as au impor- 
tant ccnti'c of commercial and manufacturing enterprise. . (D. \\ .) 

MONTE OSE, a royal and iiarliamentary borough and 
seaport of Eorfarshire, Scotland, is situated on the German 
Ocean at the mouth of the South Esk, on a branch of the 
Caledonian Eailway, 30 miles east-north-east ’ of Dundee, 
and 38 south-south-u’est of Aberdeen. Its harbour basin, 


formed by the estuary of the South Esk, has an area of 
about 4 square miles, and is dry at ebb-tide, but at hi'di 
water there is a depth of about 18 feet at the bar. The 
lengtli of the quays and docks is about IJ. miles. The 
South Esk is crossed by a suspension brid'gc erected in 
1829 at a cost of ^£20,000, and havi 


_ - - — iiii.’ing a length from the 

jioints of suspension of 422 feet (with its approaches 800 
feet). On the links to the east of the town is one of the 


luu jiiiKs Lu lue cast oi me town is one of the 
finest golfing greens in Scotland. In the High Street, 
which is of considerable width, and contains several very 
lofty houses, there are monuments to Sir Eobert Peel and to 
Joseph Hume, formerly member for the Montrose boroughs. 
Tho in-incipal buildings are the jiarish church — one of the 
largest churches in Scotland — the town-house, the infirmary, 
and the academy. There is a public library with 19,000 
volumes, and a mechanics’ library with 7000 volumes. 
Besides the staple industry of flax-spinning, there arc 
manufactures of linen, sail-cloth, sheetings, starch, and 
soaj). Iron-founding, tanning, and browing are also cai-riod 
on. The export trade is chiefly in manufactured goods, 
agricultural produce, and fish; the princij)al imports are 
timber and coal. In 1881 the number of ships that 
entered coastwise was 373 of 48,828 tons, the number that 
cleared 250 of 21,877 tons; tlie number engaged in the 
foreign and colonial trade in the same year was — entered 
108 of 34,868 tons, cleared 42 of 10,359 tons. Montrose 
is also one of the principal fishing-stations in Scotland, tho 
number of registered boats in 1881 being 342 of 4168 
tons, giving constant emplojmient to 697 persons, and occa- 
sional employment to 300. Montrose joins with Arbroath, 
Brechin, Forfar, and Inverbervie in returning one member 
to imrliamcnt. Tho po])ulation of tho royal burgh in 1871 
was 15,720, and 16,280 in 1881 ; the population of tho 
j)arlinmontary burgh in tho same years was 14,452 and 
14,975. 

Montrose received a charter from David I. in the 12th century, 
and was made a royal burgh by D.ivid II. in 1352. 'Die town was 
destroved bv fire in 1244. It was frcm tho port of Montrose that 
Sir James Douglas in 1330 embarked for tho Holy Laiul with tho 
heart of Bruce, and that Princo James Stuart, “tho Old Pretender, 
set sail in 171G for Franco, after tho failure of his cause m Scotland. 
Tho town is tho birthplace of Andrew Melville, of the great marquis 
of Montrose, and of Joseph Iliniic. 

MONTEOSE, Jamus Geaham, Maequjs ok (1612- 
1650) born in 1612, became the fifth carl of ^lontrose by 
his father’s death in 1626. He was educated at St Andrews ; . 
and in 1629, at tho early age of seventeen, he married 
Magdalene Carnegie, daughter of the carl of Southesk^ In 
1636, on his way liomc from a prolonged visit to the Lonti- 
nent, he sought an introduction to Charles I. but, as it is said, 
was frustrated in his liope of obtaining the kmg s favour bj 
an intrimie of tho marquis of Hamilton. Not long afte 
the outbreak of tho Scottish troubles m 163( lie joined 
he party of resistance, and was for some time its_ mast 
nei-etic champion. He had nothing puritaniral in hi^ 
nature, but lie shared in the ill feeling aroused^ m ti c 
c: nifjsi, iiobilitv by the political authority gnen bj 
Charles to tho bishojis, and in the general j"dignatm^ 
the kim-’s ill-judged scheme of imposing upon Scotland a 
itur“y which had been drawn up at the instigafioii of the 
Emdtsh court, and which liad been corrected m Engdan 1 
by that Archbishop Laud who now became known in ScM- 
kind under tho nickname of “the pope of 

-ovenanters. The pai t a s nt 
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awl ulthnatclj- became oire of the leading merchants in Jlontrcal. 
At his death in 1S13 he left his proiiorty for the founding of a col- 
lege. The most i-cccnt and liberal addition to it is the Peter Jted- 
path Jiluscum, valued at upwanls of 8100,000, the gift of a ivcalthy 
eitizcii. The university embraces the faculties of arts, law, and 
medicine, and has also a department of practical seicnec. Tlio 
college buildings stand in a pleasant park fronting on Sherbrooke 
Street, at the base of the Jfountain. Tlieological colleges in con- 
nection with the Church of England, the Presbyterian, Methodist, 
and Coimrcgational Churches, occupy building.s "in the vicinity, and 
their students attend the classes at M'Gill College for secular instruc- 
tion. The Seminary of St Sulpioe is a theological training school 
for priests, where the larger portion of the Roman Catholic clergy 
of tlic province of Quebec have received their training, and also a 
college where a largo number of the French Canadian youth obtain 
their education. Tliis seminary is hold in high esteem,' and attracts 
many Roman Catholic students from the United States. Lav.al 
University, which has its chief scat at Quebec, has also a branch 
at !Moutre,al, with a large stall' of jtrofessors, chiefly in theology, 
law, and medicine. The M'Gill and the Jacques Cartier Normal 
Schools for training teachers for the Protestant and Roman Catholic 
public .schools are conducted under tlio Protestant and Roman 
Catholic bo.ards of public instruction; and model schools attaclicd 
to them alibi'd the requisite jiractical training for teachers. The 
princi])al imblic monuments are the column erected in honour of 
Lord Nelson, and a bronze statue of Queen A'icloria, by the late 
JIarshall AVood,' which occupies a good site in Victoria Square. 

The commerce of Alontreal is well rejircsonted by the arehitee- 
tural character of it,s banking establishments and many of the large 
mcreantilo houses. It is also the scat of a large manufacturing 
industiT. Rut the most .substantial evidence of its importance as 
a commercial centre is its harbour. The solidly-built basins, 
wharves, quays, and canal locks extend for upwards of a mile and 
a half along the livcr-.side. In 18-19, at a period of depression, the 
total value of the import.s and c.vports amounted to £2,013,478 
sterling. In ISS'2 they had risen to £15,G33,C57 sterling. The 
business of the port at the same date is thus expressed in Can.adian 
currency: — total valuoof o.vport.s.82G, 834, 312,ofimportsS49, 749, 401; 
customs duties collected estimated at $8,100,300. The number of 
sea-going vcssol.s in port was 048, of which fully one-half were ocean 
steamers, in addition to which the inland vessels arriving at the 
port numbered 0543. The estimated value of real estate in jlontreal 
IS $05,978,930. The i) 0 ])ulation in 1851 numbered 57,715 ; in 1881 
it had increased to 140,747, of whom 78,084 were of French and 
28,995 of Irish origin, and of the whole nuiuber, 103,579 were Roman 
Catholic. 

The city returns three members to the Canadian House of 
Commons, and tlio same number to the provincial legislature of 
Quebec. 

AVlien the first French cxplorora landed on the island of Slontreal 
under the leadership of J.-icques Cartier in 1535, a large Indian 
palisaded tomi existed a little to the west of Mount Royal, and not 
far from the present English cathedral. To this fortified town the 
Indians gave the name of Hochelnga, and Jacques Cartier describes 
it as surrounded by fields of grain and other evidences of a settled 
native population. The name is now ajiplicd to the c.aslcru suburb 
of the modern city. Si.xty years later, when Samuel de Champlain 
made his way up the St LawTence, tuid climbed to tlic summit of 
Alount Royal, the populous native town had disappeared, and onlv 
two Indians were found from ivhoni some obscure hin ts were derived 
of war between rival tribes, followed by the destruction of the town 
and the extermination or llight of its former occupants. The enmity 
thus established between the AVyaiidotts or lluroii-s of Canada and 
the Iroquois settled in the valley of the Hudson and south of Lake 
Ontario was perpetuated throughout the whole period of I'rcnch 
occupation. Champlain took the side of the Ilurons, avhilo the 
Iroquois allied themselves with the Dutch and English settlers on 
the Hudson. Thus the early history of Jlont re.al is largely occupied 
with incidents of Indian warfare. In 1005 the marquis do 1 racy 
arrived from France, bringing with him a regiment of I’l'cnch 
soldiers, with whoso aid the Indian assailants were driven oil, and 
forts erected and garrisoned to repel their iiicui.sions ; thus pro- 
tected, Alontreal became the centre of the fur trade with^thc west, 
and entered on its historv as a commercial city. In li 22 it was 
fortified with a bastioned wall and ilitch, under the directions ol 
De Lory ; and the citadel was erected on a height iww laid out as 
D.alhousie Square. The talcing of Quebec by the English under 
General Wolfe in 1759 was followed ere long by the surrender ol 
Montreal. Since that date it has rajiidly derelojied as an impor- 
tant ccnti'c of commercial and manufacturing enterprise. . (U. .) 

MONTROSE, a royal and iiarliamentary borough and 
seaport of Eorfarsliire, Scotland, is situated on the German 
Ocean at tlie inoiitli of the Soutli Esk, on a branch of the 
Caledonian Railway, 30 miles east-north-east ' of Dundee, 
and 38 south-south-i\-est of Aberdeen. Its harbour basin, 


formed by the estuary of the South Esk, has an area of 
about i square miles, and is dry at ebb-tide, but at lii-d, 
water there is a depth of about 18 feet at the bar. The 
length of the quays and docks is about U miles. The 
South Esk is crossed by a suspension bridge erected in 
1829 at a cost of ^20,000, and having a length from the 
])oints of suspension of 422 feet (with its approaches 800 
feet). On the links to the east of the town is one of the 
finest golfing greens in Scotland. In the High Street, 
Avhich is of considerable width, and contains several very 
lofty houses, there are monuments to Sir Robert Peel and tl> 
Joscpli Hume, formerly member for the Montrose boroughs. 
The principal buildings are the jiarish church— one of the 
largest churches in Scotland — the town-house, the infirmary, 
and the academy. There is a public library with 19,000 
volumes, and a mechanics’ library ivith 7000 volumes. 
Resides the staple industry of flax-spinning, there arc 
manufactures of linen, sail-cloth, sheetings, starch, and 
soai). Iron-founding, tanning, and browing are also carried 
on. The export trade is chiefly in manufactured goods, 
agricultural produce, and fish; the princiiial imports are 
timber and coal. In 1881 the number of ships that 
entered coastwise was 373 of 48,828 tons, the number that 
cleared 250 of 21,877 tons; the number engaged in the 
foreign and colonial trade in the same year was — entered 
108 of 34,868 tons, cleared 42 of 10,359 tons. Montrose 
is also one of the principal fishing-stations in Scotland, the 
number of registered boats in 1881 being 342 of 4168 
tons, giving constant emplojnnent to 697 persons, and occa- 
sional erajdoyment to 300. Slontrose joins ivith Arbroath, 
Brechin, Forfar, and Inverbervie in returning one member 
to parliament. The poimlation of the royal burgh in 1871 
was 15,720, and 16,280 in 1881; the population of the 
jiarliamcntary burgh in the same years was 14,452 and 
14,975. 

Jloiitrosc received a charter from David I. in the 12th ceiiturj , 
and was made a royal burgh h}' D.ivid II. in 1352. Iho town vas 
destroyed hv fire in 1244. It was frem the port of Montrose that 
Sir Ja'ines Douglas in 1330 embarked for the Holy Lamt with the 
hcartofRruce, and that Frinco Janies Stuart, “the Old Pretender, 
set sail in 1710 for France, after the failure of his cause in Scotland. 
The town is the birthplace of Andrew Melville, of the great marquis 
of Montrose, and of Joseph Hniiie. 

MONTROSE, Jami;s Geaii.vm, Mauqujs of (1612- 
1650) born in 1612, became the fifth carl of Alontrose by 
his father’s death in 1626. He was educated at St Andrews ; . 
and in 1629, at the early age of seventeen, he married 
Jlagdalenc Carnegie, daughter of the Jj' 

1636, on his way liome from a prolonged visit to the Conti 
nent, he sought an introduction to CJinrJes I. bub as it is said, 
was frustrated inhisliope of obtaining the ® ^ 

r intrim.e of the marquis of Hamilton. Not long after 
the outbreak of tho Scottish troubles in 103( lie loincc 
the party of resistance, and was for some time i s_ mos 
cnerwetie^hampion. He had nothing puritamral m 1 m 
nature but iJ shared in the ill feeling aroused^ m tic 
Qf-nifiMi nobility by the political authority^ gnen bj 
Charles to tho bishops, and in the general indignation at 
tiic kim-’s ill-judged scheme of imposing npon " 

liturw°vhicli had been drawn up at the “'f ^ J 

KXS-ion ot . -i»»i - ! 'bys,. 

Covenanted. Tli ]■ o -(vhich arose 
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of n mass of granite alxmt 3000 foot in comi>ass and 165 
feet in hoiglvt, vises at a distance of nearly a mile from 
the shore in the bay of St Jfichel, near the' month of the 
Conesnon, at the vertex of the angle formed by the coasts 
of Brittany and Normandy. The quicksands 'by yhich it 
is surrounded, and which stretch far to seaward, are ox- 
l<oscd at low u-ater, and highly dangerous to those who 
venture on them without a guide. " llecontly eftbrts at 
reclamation have been made, and amongst other works a 
tuusoway ha.s been constructed connecting ]\[ont St ifichel 
with the ncm-est i)oint of the mainland (near iloidiw) : 
an unfortunate consequence of these operations lias been 
that some jiortions of the ramj^arts of the island have been 
saiq)ed by the altered tidal currents. The fortress-abbey, 
to which the iy>ck owes its fame, stands upon the more 
prei'ipitous side towards the north and west ; the slojnng 
portion towards the cast and south is occupied by dwelling 
houses. The strong machicolated and turreted wall 
which the whole is surrounded is {uerced oidy by a single 
gateway. The northward Avail of the abbey (La !^^erA■ei^c), 
dating from the 13th century, is of remarkable boldness ; 
it is 246 feet in length and lOS feet in height, is sup- 
ported by tAventy buttresses, and is jiierced by a variety of 
openings. The single street of the island, leading from 
the one gateway up to the doTijon of the fortre.ss, is lined 
with houses, most of tiAom used as lodging-houses by 
visitors and pilgrims; it contains an old parish church, 
and the house of Du Guesclin is also pointed out. The 
abbey consists principally of tAA'o parallel buildings of 
three stories each, that on the c,ast containing ho.spitinm, 
refectory, and dormitory, and that on the Avest the collar, 
knights' hall, aiul cloister. The knights’ hall is a sAq>erb 
piece of Gothic architecture, UAcasuring S5 feet by 56, 
Avith three voavs of richly-ornamented jAillai-s. The cloister 
is one of the imrest andunost graceful Avoi-ks of the loth 
century (122S). The church has a number of imperfect 
turrets, and is surmounted by a square toAver of the 17th 
century, AA-ith a statue of St Jfichael, AA-hioh AA-as croAAUied 
in 1S77. The naA-e, AA-hieh dates from the 11th century, is 
Norman; but the choir, Avhich collapsed in 1421, has been 
rebuilt in the tlamboyant style. BeiAcath is a fine crypt. 

Jloiit St Michel aatas a racted place even in the time of the Druids. 
It boc.iine a seat of Christian AA'orship in the Sth century. aaIicia a 
monastery Ava.s founded upon it (Avith t!ie lisual miraculous accom- 
paniment?) by St Anbcrt, bishop of Avranchos. It soon became 
a favourite resort of pilgrims, not only from all jvarts of Fhauco, but 
also from Groat llrirain and Ireland, and even from Italy. It aaais 
plnmlered by the Normans; but Iloilo, on his com-ersion, ruade 
restitution, ' At the time of the Compiest it supplied M’illhun of 
Normandy Avith sis shiiAS, and reoeiveit a considerable share ot the 
English spoils. About this time the monks I'egan to giA'C thciiA- 
selves to learning and to collect a lai'ge library, ami iir the 12th 
century the estalilishmont reached its 'liighest prospeiity. It was 
bnriAt by the troops of Philip Avigustus. avIaca atterAAnnls fnrnisned 
large .suhis for its rostoratioiA (La SlcrA-cille). StLoAiis (LoiaIs Ia.) 
lAAade a pilgriuAage to MoutSt Michel, ami AAaAsafti'VAAAArvlsA'ery hbi^ral 
to it, DuritAg the hmulred ycaA?' AA'ar it otVoiVAl a memorable yosAst- 
ance to the English ; and here, on Isr August Louts Al. 
instituted the oftier of St Jlichel. and held a bvilUaAAt chapter. _ A 
simliar celchratiotA aa'ais held I'a- Francis I, During the I'chgions 



placed by iiAoiAks of the CongregatioAA of St MaAU' : after the EoavaIu- 
(ioii the abbcA’ aaaas useil as a prison for politic-il oflemhuy. It 
now an historical mominAcnt: it contains aiA orphaAAngc, and is umtci'- 
going rojiairs. 

:M0NTSETIEAT, one of the Leeward Islands iu the 
West Indies, situated 16" 45’ N. lat. and 62 7 B. Imig-, 
is 12 miles long and S broad in its A\-idcst part, and has an 
area of 32 square miles. The Ainoven and rugged surface 
suggc.sts possibly A'olcauic origin. Its general ajApearance 
is very jiieturesque, tbo most interesting natviral fcatxire 
being tbe Soutl'riei-e, The island aauas discOA'cred by 
Columbus iu 1463, and received its name either because 
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of its broken appcainnco or after tbe mountain iu Ppain 

d capitulated to the Froucli in 
Ir b-, but was agiAiu restored in 1784. It is now a pre- 
sulency under the general governraeiAt at Antigun, and has 
a legislative cpniicil, composed of officials and'eroAvn nomi- 
nees. The climate is the most hcalthv in the "West Indies 
The population (10,087) consists pr'iucipallv of no-Aroc's' 
AA-ith several hundred Avhites. The rovoimo'and expendi- 
ture aA-crage £5600 iicr amumi. Sugar exports range from 
1200 to oecasioimlly 2000 tons. An important indnstrv 
is the cultiA-ntion of limes and the manufacture of juice. 
About 700 iniiichcons of iuav lime juice, 300 hogslic.nds of 
concentrated juice, and an iiicreasiiig quantity of fresh green 
limes are e.xported annually. For" the throe years ending 
1880 the average value of imports Avas £26,360, of e.xports 
.£32,663. The principal toAvii is PlymtAUth, lying miilway 
along tile south-Avest coast. 

JIONTSEIaIaAT. Thirty miles to the north-Avest of 
B.areelona in Spain there rises a very remarkable iiioniitaiii 
of grey conglomerate, 24 miles in ciiyiimferencc, and at im 
loftiest point (San Geronimo) a little more than 4000 feet 
iu height. Fi-om the conqiamtive loAviiess of the surround- 
ing district, and from its cxtraordinai-y configuration, it is 
a conspicuous object for many miles aTOiiud. The mountain 
consists of jagged pinnacles and spires rising abriqttly from 
the base of the mass, A\-hieh is cIoa-oii Avith many clefts, and 
abouiuls Avith steeji precipices. It is the -!/<)«,« Smvti/if of 
the Bomnns, the J/wrie ^emnh of tlie Si'aniards. and is 
thus named either in allusion to its jagged appearance, like 
the teeth of a saxA-, or because the eastern face is split, as 
if saxA-n, — XA-hich occurred, sjxy the Spanish legends, at the 
time of the crucitixioii, aaIiou the racks wore rent. The 
arms of the monastery represent a mountain Avith a saAV 
resting upon it and penetrating sonic distance into its mns.s. 
Its phiimcles and pyramids and sliarj) angular ma.cses 
rascmhle a mountain of hard crystalline volcanic tuft' Avhieh 
ocem-s between Akurcyri and'KahnanstungtA in Iceland. 
The eft'ect of Montserrat may be realized faintly if we place 
oAirsolvesiipcm the roof of Milan cathedral, and imagine the 
foivst of spires magnified a thousandfold. Tlie central 
spire Avill represent San Geraninio. The result of this varied 
contour in the case of ^loutserrat is to make it one of the 
most picturesque places in Eiirape. Baths xAiml along the 
faces of the precipices, ascending to bare grey suimuit.t 
descending to shelterad valleys filled xvitli evergreens and 
IhAwera. The Pvronees are seen in one direction, the sea m 
another, while the Llobregat winds at the foot of the 
mountain through the village of Monistrol. .Afauresa and 
other villages arc seen scattered over the plain ; and hilL 
covered AviTh a AA-ariu red soil nlteniato AA-ifh rieli vallcA^. 
Street saa-s of MontsernAt, — "After imieh c.xponenee of 
mountain's, if strikes me more each time that I see it as 

amoim the x'eiw noblest of rack^, 

Tim monasterx-, a givat pile of buildings, stands upon a 
narrow lAlatfonn on the edge of a x-ast chasm lu tlic e.Astcrn 
face of the momitaiii. It owes its existence to aij imagi 



to Montserrat and hidden — - , 

l.LhoiA of Vicli. AA-as attracted to the cave by .-AAcet somuis 
-All I 'Ainelb ami there found the image, xvliich he determined 

rsltr -At Au ». 
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of n mass of granite alxmt 3000 foot in comi>ass and 165 
feet in lioiglvt, vises at a distance of nearly a mile from 
the shore in the bay of St Jlichel, near the' month of the 
Conesnon, at the vertex; of the angle formed by the coasts 
of Brittany and Normandy. The quicksands 'by rvhich it 
is surrounded, and which stretch far to seaward, are ox- 
l>oscd at low u-ater. and highly dangerous to those who 
venture on them without a guide. " llecontly efforts at 
reclamation have been made, and amongst other works a 
tuusoway ha.s been constructed connecting :Mont St Jfichel 
with the ncm-est i)oint of the mainland (near iloidrev) 
an unfortunate consequence of these operations lias been 
that some jiortions of the ranq^arts of the island have been 
sapped by the altered tidal currents. The fortress-abbey, 
to which the rock owes its fame, stands upon the more 
prci'ipitous side towards the north and west : the slojnng 
portion towards the cast and south is occupied by dwelling- 
houses. The strong machicolated and turreted wall by 
which the whole is surrounded is pierced oidy by a single 
gateway. The northward Avail of the abbey (La ^ierA-eillc), 
dating from the 13th century, is of remarkable boldness ; 
it is 246 feet in length and lOS feet in height, is sup- 
ported by tAventy buttresses, and is pierced by a variety of 
openings. The single street of the island, leading from 
the one gateway up to the doTijon of the fortre.ss, is lined 
with houses, most of them used as lodging-houses by 
visitors and pilgrims; it contains an old parish church, 
and the house of Du Guesclin is also pointed out. The 
abbey consists principally of two parallel buildings of 
three stories each, that on the c,ast containing ho.spitinm, 
refectory, and dormitory, and that on the Avest the cellar, 
knights' hall, ami cloister. The knights’ hall is a sAq>erb 
piece of Gothic architecture, UAcasuring S5 feet by 56, 
Avith three roAvs of richly-ornamented jAillai-s. The chAister 
is one of the purest ambmost graceful Avoi-ks of the loth 
century (1226). The church has a muuber of imperfect 
turrets, and is surmounted by a square tower of the 17th 
century. AA-ith a statue of St ^fichaol. AA-hich aa-us croAAUied 
in 1877. The naA-o, AA-hich dates from the 11th century, is 
Norman; but the choir, Avhich collapsed in 1421, has been 
rebuilt in the tlamboyant style. Beneath is a fine crypt. 

Jlont St Michel AA-n^ a racred place even in tlio tiiiAc of the Druids. 
It hocaine .a sc-at of Christian AA-oiship in the Sth century. aaIicu a 
monastery Ava.s founded upon it (AA-ith the usual mir.iculous accom- 
paniments) by St Aubert, bishop of Avranches, It soon became 
a favourite resort of pilgrims, not only from all parts of Foaucc, but 
also from Croat llrirain and Ireland, and ca-cu from Italy, It AA-as 
plundered by the Ivorniaiis ; but Iloilo, on his conversion, ruade 
restitution, ' At the time of the Comuu'st it supplied AVillisuu of 
Normandy Avith six shijAS, and receiveil a considenAtile shai-o ol the 
English siioils. About this time the monks K'g.iu tci give them- 
selves to learning and to collect a lai-ge library, atAil iia the 12th 
century the establishment reached its 'liighcst pi-osper-ity. It was 
buriAt by the troops of Philip Augustus. Avho attcrAAAiials furnished 
large suins for its ivstoratioiA (La SrcrA-cillc). St Louis (Louis IX,) 
made a pilgrimage to Mont St Michel, ami AAVAsaftcrAA-jArvlsA-ery ubi)ral 
to it, Dnriug the Inmdred years' AA-ar it otVoivd a nAciuoiaAble resist- 
ance to the English ; and heie, on Isr August 1169, Loins Al. 
insHtntod the ouier of St Jlichel. and hold a biilUant chapter. _ A 
similar celebration AA-as held I'a- Francis I, During the i-eUgions 



placed by monks of the Congregation of St Maru- : after the IacataIu- 
tion the abbeA’ aa-.is useii as a prison for political ollendiuy. It is 
noAv an historical momiment: it contains an orphanagi'. ami is under- 
going rojAairs. 

INIONTSETIBAT, one of the Leeward Islands iu the 
4Ve.st Indies, situated 1 6" 45' N. hit. and 62 7 B. long., 
is 12 miles long und 8 broad in its widest part, and has an 
arcva ol o2 square miles. The uneven and rngged surface 
snggc.sts possibly volcanic origin. Its general a]Apearance 
is very jiietui-osquo, tlio most interesting uatviral featxire 
being the SoAitl'riere, Tlio island a\-ias discOA'cred by 
Columbus in 1463, and rcceiveAl its name either because 
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of its broken appoainncG or after the mountain in Ppain 

m 163 and was taken by the Fronch in 1G64. rvestored 

^ cq’itulated to the French in 

h bl, but was again restored in 1784. It is now a pre- 
suieiAcy Ainder the general government at Antigun, and has 
a legislatiA e council, composed of officials and croAvn nonii- 
iiees. The climate is the most healthv in the "West Indies 
The population (10,087) consists pr'incipallv of no>-roc7 
Avifh seveiAAl hundred Avhites. Tlio rovenne'and expendi- 
tm-e aA-crage £5600 per annum. Sugar exports range from 
1200 to occasionally 2000 tons. An important iiidnstrv 
is the cultivation of limes and the manufacture of juice. 
About 700 lAunchcons of rarv lime juice. 300 liogshc.nds of 
concenti-ated juice, and an increasing quantity of fresh green 
limes are e.xported annually. For" the throe years ending 
1880 the average value of imports Avas £26,360, of e.xports 
£32,663. The pi-ineiiia! toAvn is Plymouth, lying niiibvay 
along the south-Avest coast. 

JIGNTSERRAT. Thirty miles to the north-Ave-'-t of 
Barcelona in Spain there rises a very romarkahle mountain 
of grey conglomerate, 24 miles in ciromnferonec, and at ins 
loftiest point (S,au Gorouimo) a little more than 4000 feet 
in height. Fi'om the conqAarative Ioavucss of the surround- 
ing district, and from its cxtraordinni-y configuration, it is 
a conspiciAous object for many miles around. The mountain 
consists of jagged pinnacles and spires rising ahruiitly from 
the base of the mass, A\-hich is cIoa-cii Avith many clefts, and 
abounds Avith steeji precipices. It is the Sm-a/uf of 
the Romans, the J/ontc XVrnnfo of the Sj'aniards. and is 
thus named either in allusion to its jagged nppeariAnce, like 
the teeth of a sau-, or because the eastern face is split, as 
if sa\A-n, — AA-hieli occurred. s,ay the Spanish legends, at the 
time of the crucitixion, Avhon the racks Avera rent. The 
arms of the monastery represent n mountain Avith a suav 
rosting upon it and penotriAting some distance into its nins.s. 
Its phmiAcles and pyramids and sharp angular ma.cses 
rascmblc a mountain of hard crystalline volcanic tntV Avhieh 
ocem-s betAveen Akureyri and'KalmanstimgiA in Iceland. 
The effect of Montserrat may be realized faintlv if avo place 
OAu-sel\-es upon the roof of Milan cathcdiAAl, and imagine the 
foivst of spires magnified a thousandfold. The central 
spire Avill represent Sail Geranimo. The result of this varied 
contour iu the case of Jfontsorr.At is to make it one of the 
most picturesque places in Eurajte. Bath.s Aiiml along the 
faces of the preciiiices, ascending to bare grey summit.^ 



another, aiaiuu i..v j---- - — _ , 

mountain through the village of Jfomstral. .Afauresa and 
other villages arc seen scattered over the plain ; and hilL 
covered wiTh a AA-ariu red soil nlternato Ai-ifh noli aiaIIca^ 
sLrct siAA-s of Montserrat, -"After much c.xpenence of 
mountains, it strikes me more each time that I roe U a. 

uiionc the A'en' nohlcst of racks. 

Tlic monasten-, a grcat pile of Imildings, stands upon a 
marrow lAhAtforni on the edge of a rast chasm in tlic c.Astcni 

face of the mountain. It oavos its f 

of the Yir<-in. said to have boon carved In St Lnkt. ami 
bramdit to'Rrcelona by St Fetor in 30 .1.0. Blnm the 
iuSided the province in 717, tlie 
fo Montserrat and hidden in a c.A\e. In ' A 

lii'hoiA of "STcli AA-as attracted to the cave by sAveot smim ^ 
^ i n, cm ami there found the image, which he determined 
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This state of things arises from tlic inherent difiicultics 
and complexities of the subject, and from the fact that no 
one motliod or system has yet been discovered by wliich 
all the difficulties can bo surmounted and all the com- 
plexities disentangled. Hence each investigatoi-, when ho 
has desired to make any substantial advance bo 3 mnd liis 
predecessors, has been obliged to take up the subject from 
a now point of view, and to devise such method as might 
seem to him most suitable to the special object in hand. 
The _ historical treatment is therefore that best adapted 
to give a clear idea of the results of these investigations. 
The ancient and modern histories of the subject are quite 
distinct, the modern epoch commencing with Newton. The 
great epoch made by Copernicus did not extend to the case 
of the moon at all, because in every investigation of the 
mooh's motion, modern as well as ancient, the motion is 
referred to the earth as a centre. Hence the heliocentric 
•system introduced no new conception of this motion, except 
that of taking place round a moving earth instead of round 
a fi.xcd one. This change did not affect the consideration 
of the relative motion of the earth and moon, with which 
alone the lunar theory is concerned. The two stages of 
the lunar theory arc therefore — (1) that in which the treat- 
ment was purely empirical, (2) that in which it was founded 
rationally on the law of gravitation. 

It is in the investigation of the moon’s motion that the 
merits of ancient astronomy are scon to the best advan- 
tage. In the hands of Hipparchus (see AsTiiONosry, vol. 
ii. p. 719) the tlicor}' was brought to a degree of precision 
which is reallj' marvellous when we compare it, cither 
Avith other brauches of physical science in that age, or 
with the remarks and speculations of contemporary non- 
soicntific UTiters. "Whether this was wholly the work of 
Hip2)archus, or whether ho simplj' perfected a system 
affeadj' devised bj' his 2 )rcdecessors, it is now impossible to 
say j but, so far as certain knowledge extends, the works of 
his predecessors did not embrace more than the deter- 
mination of the moan motion of the moon and its nodes. 
iUtliough the general fact of a varying motion may haA’c 
been ascertained, the circumstances of the A’ariation had 
probably never been thorough!}' investigated. The dis- 
coveries of Hiiiparchus were : — 

1. The Ecccntridti/ of the ifoon's Orbit . — He found that 
the moon moved most rapidly near a certain 2 )oiut of its 
orbit, and most sloAvly near the opjrosito point. The laAv 
of this motion Avas such that the phenomena could bo rc- 
])rescnted by siqiposing the motion to bo actually circular 
and uniform, the ajAparent A’ariations being explained by tlio 
hy^Aothesis tliat the earth Avas not sitimted in the centre of 
the orbit, but Avas disiAlaced by an amount about equal to one- 
.tAvontieth of the radius of the orbit. Then, by a Avell-knoAvn 
laAv of kinematics, the angular motion round the earth Avould 
bo most rapid at the jAoint nearest the earth — that is, at 
■periffee — and sloAvest at the lAoint most distant from the 
eart'h~that is, at apoffce. Thus the apogee and perigee 
became tA\'o definite points of the orbit, indicated by the 
A’ariations in the angular Auotion of the moon. ^ 

2. The Motion of the Perigee and Apogee.— As already 
defined, the perigee and aiAogco are at the ends of_ that 
diameter of the orbit Avhich jAasses through the eccentrically 
situated earth, or, in other Avords, they are on that line 
Avhich passes tliroimh the centre of the earth and the centre 
of the orbit. This^line was called thoyinc of apsides. On 
comiAaring observations made at diflerent tunes, i uas 
found that the lino of apsides Avas not fixed, but made n 
complete revolution in the heavens, in tlio order o 
signs of the zodiac, in about nine years, 
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tlie 


3. The 'Numerical Determination of the Elements oj the 
Moon's 2rotion.-in order that tlm two f ^coA^ries 
just mentioned should have the highest scientific a nine it 


_ essential that the numerical values of the elements 
involved in these complicated motions should bo fixed with 
precision. This Hipparchus Avas enabled to do by lunar 
eclipses. Each eclipse gave a moment at Avhich the lonci- 
tudo of tho moon Avas 180° different from that of the siin 
and tho latter admitted of ready calculation. Assumim^ 
the mean motion of the moon to be knoAvn and tho perigee 
to bo fixed, three eclijises observed in diflerent pomi° ol 
the orbit Avould give as many true longitudes of tho 
moon, AA'hich longitudes could bo employed to determine 
three unknoAvn quantities — tho mean longitude at a given 
epoch, the eccentricity, and tho position of the perigee. 
By taking three eclipses separated at short intervals, both 
the mean motion and tho motion of the perigee Avoiikl bo 
knoAvn beforehand, from other data, Avith sufficient accuracy 
to reduce all tho obscrA-ations to tho same epoch, and thus 
to leave only tho three elements already mentioned iiii- 
knoAvn. In tho hands of a modern calculator tho jAroblcm 
AA'ould be a very simple one, requiring little more than the 
solution of a system of three equations Avith as many un- 
knoAvn quantities. But Avithout algebra the solution Avns 
long and troublesome, and not entirely satisfactor}'. Still, 
it AA'as lAi'obably correct AA’ithin the neccs.sary limits of tho 
errors of the obsorA'ations. Tho same three elements being 
again determined from a second triplet of eclipses at ns 
remote an epoch ns jAossiblc, the difference in the longitude 
of tho perigee at the tAvo epochs gave the annual motion 
of that element, and the difference of mean longitudes gave 
the mean motion. Such Avas the method of detennining 
the elements of tho moon’s motion doAvn to the time of 
Copernicus. 

Tho dotcrmiimtion of tlio eccentricity from eclip«c‘!, as atiovo 
described, leads to an important enor in the resulting value of tljo 
ceceiitricity, owing to the oflect of the neglected evection. We 
knoAV fioin our inodorn theory that tho two principal ineijualitics 
in the moon’s true longitude are— 

(Eipiation of centic) 

(Evection), 

= mean angular distance of the 
moon from tho sun. Now- during a lunar ecn])so wc always have 
i) = 180° A'ory nearly, and ID = 860°. Hence tlic evection is then 
- 1°-27 sin ff, and so has tho same argument, {/, as tho eipiation of 
centre, and so is confounded Avith it. 'I'lio value of tho criuatiou 
of centre derived fiom eclipses is thus (G°-29 - 1°-27=:5' 0-2) sin ;i. 
Thcrofoio tho eccentricity found hy Hippaichns and I’tolomy A\ns 
only 6°, and Avas moio than a dcgico less than its true value. 

Tho next important step in advance Avas the discovery 
of tho "evection,” Avhich is described by Ptolemy (.'co 
iVsTKONOMY, vol. ii. p. 750) as if made by himself. In 
A-ioAV of the bad habit AA-hich Ptolemy had of making his 
OAvn observations verify results previously arrived at, Avhich 
AA'cro sometimes in error, avo must vicAV sitch^ a discovery 
by him ns quite exceptional, and ns best c.xj)laiimblc by the 
lar-'o mngnittido of tho outstanding error. Although, as 
just shoAvn, tho erroneous eccentricity found by Iliiiimrchus 
Avould alAA-ays rojAresent ccliiises, so that the error could 
never bo detected by eclipses, the case Avas entirely ditferent 
AA’hen tho moon Avas in quadratures. Comparing tho in- 
equalities already AAxitten Avith that found by Hijiparchus 
AA'o see that tho latter required the correction — 
l°-27 {sinp + sin (22) -.y)} = 
l°-27 {(1 - cos 2D) sin g + sin 2D cos y] . 

At quadratures Avo have 2) =±90°, 22) = 180°, and hence 
cos 22)= -1 and .sin 22) = 0. Tho omitted inequalities 
at the-so points of the orbit have _ therefore the value 
2°’54 sin g, a quantity so largo that it could not fail to be 
detected by careful obserA-ntions Avith the a.strolnbc. Such 
an inequality as this, superposed upon tho eccentric motion 
of the moon, Avns verA' troublc.somc to astronomers avIio had 
no AA’ay of rcjircsonting the celestial motions cxccjit by 
geometrical construction. The construction proiAO-'cd by 
Ptolemy Avas so different from those enijiloyed for the 


G°-29 sin g 
+ l°-27sin (2D-g) 

Avhero g — mean anomaly, and 2? = mean align 
° • - . . . 
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This stfito of tilings arises from the inherent difliciilties 
and complexities of the subject, and from the fact that no 
one method or sj^stcni has yet been discovered by ivliich 
-all the difficulties can bo surmounted and all the com- 
plexities disentangled. Hence each investigntoi-, when ho 
has desired to make any substantial advance bo 3 'ond his 
predecessors, has been obliged to take up the subject from 
a new point of view, and to devise such method ns might 
seem to him most suitable to the special object in hand. 
The _ historical treatment is therefore that best adapted 
to give a clear idea of the results of these investigations. 
The ancient and modern histories of the subject are quite 
distinct, the modern epoch commencing with Newton. The 
great epoch made by Copernicus did not extend to the case 
of the moon at all, because in every investigation of the 
mooii's motion, modern as well as ancient, the motion is 
referred to the earth as a centre. Hence the heliocentric 
•system introduced no new conception of this motion, except 
that of taking place round a moving earth instead of round 
a fixed one. This change did not allect the consideration 
of the relative motion of the earth and moon, with which 
alone the lunar theory is concerned. The two stages of 
the lunar theory are therefore — (1) that in which the treat- 
ment Avas purely empirical, (2) that in which it was founded 
rationally on the Iuav of gravitation. 

It is in the investigation of the moon’s motion that the 
merits of ancient astronomy are seen to the best advan- 
tage. In the hands of Hipparchus (see AsTiiONOMV, a'oI. 
ii. p. 7‘i9) the theoiy Avas brought to a degree of precision 
which is really marvellous Avhen Ave compare it, either 
Avith other biatiches of physical science in that age, or 
Avith the remarks and speculations of contemporary non- 
soicntific AATiters. IVlietlier this Avas Avholly the AA’ork of 
Hipparchus, or Avhothor ho simplj' perfected a system 
aheady devised bj' his predecessors, it is noAV impossible to 
say ; but, so far as certain knoAvledge extends, the AA’orks of 
his predecessors did not embrace more than the deter- 
mination of the mean motion of the moon and its nodes. 
-'Uthougli the general fact of a A’urying motion may haA'c 
been ascertained, the circumstances of the A’ariation had 
probably never been thoroughlj' investigated. The dis- 
coveries of Hipparchus Avero : — 

1. The Ecccntridti/ of the iI/bo?i’s Orbit. — He found that 
the moon moved most rapidly near a certain point of its 
orbit, and most sIoavIj-- near the opposite point. The laAv 
of this motion aa’hs such that the jjhonomcna could bo rc- 
])rescnted by supposing the motion to bo actually circidar 
and uniform, the apparent A’ariations being explained by tlio 
hypothesis tliat the earth Avas not situated in the centre of 
the orbit, but AA’as displaced ly an amount about equal to one- 
.tAvontieth of the radius of the orbit. Then, by a Avell-knoAvn 
laAv of kinematics, the angular motion round the earth Avould 
bo most rapid at the point nearest the earth — that is, at 
pcriV/cc — and sloAvost at the point most distant from the 
earth — that is, at upoytv. Thus the apogee and perigee 
became tAvo definite points of the orbit, indicated by the 
A’ariations in the angular motion of the moon. ^ 

2. The Motion of the PerUjec and Apogee.— As already 

defined, the perigee and apogee are at the ends of_ that 
diameter of the orbit Avhich passes through (he eccentrical y 
situated earth, or, in other AA-ords, they are on that line 
AAdiich passes through the centre of the earth and the centre 
of the orbit. This''lino Avas called tho hnc of apsides. Un 
comparing observations made at diflerent ^ 

found that tho line of apsides Avas not fixed, but made a 
complete revolution in tho heavens, in tho oic ci o 
signs of tho zodiac, in about nine years. 

3 I'he Vnmcrieal Ecterminatton oj the Elements oj tie 

ordc, tl,.t 

just mentioned should have the Inghcst scientific a nine it 
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was cssenlinl that tho numerical values of the elements 
involved in these complicated motions should bo fixed with 
precision. Tins Hipparchus Avas enabled to do by lunar 
eclipses. Each eclipse gave a moment at Avhich tho lonci- 
tudo of the moon aa^s 180“ different from that of tho siin 
and tjio latter admitted of ready calculation. Assumin'^ 
the mean motion of the moon to bo knoAvn and the perigee 
to be fixed, three eclipses observed in diflerent point s° of 
the orbit AA'ould give as many true longitudes of tho 
moon, Avhich longitudes could bo employed to determine 
three unknoAim quantities — the mean longitude at a given 
epoch, the eccentricity, and tho position of the perigee. 
By taking three eclipses separated at short intervals, both 
the mean motion and tho motion of tho perigee Avoiikl bo 
knoAvn beforehand, from other data, Avith sufficient accuracy 
to reduce all the obscrA-ations to the same epoch, and thus 
to leave only the three elements already mentioned un- 
knoAvn. In tho hands of a modern calculator tho jAroblcm 
AA'ould be a very simple one, requiring little more tlian the 
solution of a sj'stem of three equations Avith as many un- 
knoAvn quantities. But Avithout algebra tho solution Avas 
long and troublesome, and not entirely satisfactory'. Still, 
it AA'as probably correct AA'ithin the neccs.sary limits of tlio 
errors of the observations. The same three elements being 
again determined from a second triplet of eclipses at ns 
remote an epoch ns possible, the difference in the longitude 
of tho perigee at tho tAvo epochs gave tho annual motion 
of that element, and the diflercncc of mean longitudes gave 
the mean motion. Such Avas the method of determining 
the elements of tho moon’s motion doAvn to tho time of 
Copernicus. 

Tho dotcrmiimtioii of tho eccentricity from cclip«c‘!, as above 
(Icscribcd, leads to an important ciior in the resulting value of tljo 
eccentricity, owing to tho ofl'ect of tho neglected ovection. tVe 
knoAV fiom our inodorn theory that tho two imncijia! inequalities 
in the moon’s true longitude arc— 


C°'29 bin g 
+ l°-27 sill {2D-g) 


(Equation of centie) 
(Evection), 


AA-hcro g - mean anomaly, and D = mean angular distance of tho 
moon from the sun. Noav dining a lunar ecli 


I) = 180° A'ory nearly, and 2J) = 860' 


i])so A\c always have 
Hence the evection is then 


-l°-27 sin g, and so has tho same argument, g, as tho e(iuntion of 
centre, and so is confounded with it. Tho value of tho criuatiou 
of centre doiivcd fiom eclipses is thus (G°'29~l°-27 = 5'02) bin g. 
Thcrofoio tho eccentricity found by Hippaichns and Ptolemy A\ns 
only 6°, and Avas moio than a dcgico less than its true value. 

Tho next important step in advance Avas the discovery 
of tho "evection," Avhich is described by rtolemy (see 
Astkonomy, vol. ii. p. 750) as if made by himself. In 
A'ioAV of the bad habit Avhich Ptolemy had of making his 
OAvn observations verify results previously arrived at, Avliicli 
AA'cro sometimes in error, avo must vioAV such a discovery 
In' him ns quite exceptional, and as best c.xjilaiiinblc by tho 
lar-m magnitude of tho outstaiidiiig error. Although, as 
just shoAvn, tho erroneous eccentricity found bj' Ilipjiarchns 
Avould ahvays rojmesent cclijises, so that the error could 
never bo detected by eclipses, tho case Avas entirely ditferent 
AA’licn tfio moon Avas in quadratures. Conii»ariiig the in- 
equalities already Aixitten Ai'ith that found by Hijiparchus 
AA-o see that tho latter required the correction— 

1°'27 {sin ^ + sin (2X1 -.i/)} = 

r'27 {(1 - cos 2D) sin g + sin 2D cos g] . 

At quadratures AVO have i)=±90“, 2.0 = 180°, and hence 
cos 2Z>= -1 and .sin 2Z> = 0. Tho omitted inequalities 
at thc,so points of the orbit have therefore the value 
2°'54 sin g, a quantity so largo that it could not fail to be 
detected by' careful obseiwations Avith the astrolabe. Such 
an inequality as this, superposed upon tho eccentric motion 
of the moon, Avas vciy troublesome to astronomers aa-Iio had 
no AA-ay of rcjircsonting the celestial motions cxccjit by 
geometrical construction. The construction projio^ed by 
Ptolemy Avas so different from those employed for the 



(t(i cos A sm A', But \vc Imvo cos A sin sin (A'+A) 

+ i sni (A - A). Henco tho proiiuct A’ J" will bo of tlio form ' 
) + 4 sin (^f' - i nl' sin (yH- i?' + ),&c., 

which IS another series of tho same general form, liloreovur, if 
no suppose the angles .^f, JJ, fee., to iucroaso uniformh- with tho 
tiiuc tunt IS, to admit ol expression in the form 
A = a + 7ii/, A'-a'+m'l, kc— 
wo shall have, hj- integrating, 

•ijxrcU^ -^^^,cos{A' + A)~:;^^ cos (A'-A), kc., 


which, again, is a trigoiiomotrio scries of tho same general form, 
which adniits of being manipulated at pleasure in tho saiiio w.av 
as tho original e.vprcssions A' and I’l This property docs not 
belong to tho elliptic functions, and in consequence, notwith- 
standing tho great length of tho trigonometric series, no attcmiit 
to supersede them has been successful. 

llio cfl'orts to express tlie moon’s motion by integrating 
tlio^ difterenlial equations of tho dynamical theory may bo 
divided into tliroe classes. (1) Laplace and his immediate 
successors found the problem so complex that they sought 
to simplify it by reversing its form ; instead of trying from 
tho beginning to express the moon’s coordinates in terms of 
tho time, they efl'ccted tho integration by ox 2 H'ossing tho 
timo in tonus of tho moon’s true longitude. Then, by a 
reversal of tho serios, tho longitude was expressed in terms 
of tho timo. Although it would bo hazardous to say that 
this method is unworthy of further consideration, wo must 
admit that its essential inelegance is such ns to repel rather 
than attract studj^, and that it holds out no promise of 
further dovolojimont. (2) By tho second general method 
tho moon’s coordinates aro obtained in terms of tho time 
by tho direct integration of the difl’erontinl equations of 
motion, retaining tho algcbzaic sjunbols which oxiiress the 
values of tho variofis elemeuts. Slost of tho elements aro 
small numerical fractions : e, tho eccentricity of the moon’s 
orbit, about O'OSh ; c', tho eccentricity of tho earth’s orbit, 
about 0'017; y, tho sine of half tho inclination of the moon’s 
orbit, about 0'0-lG j m, tho ratio of tho mean motions of 
tho moon and earth, about 0'075 ; and tho expressions for 
tho longitude, latitude, and parallax apiicar as an infinito 
trigonometric series, in which tho cocflicients of tho sines 
and cosines arij themselves infinito series proceeding accord- 
ing to tho powers of tho above small numbers. This 
method was applied with sziccoss by Pontdcoulant and 
Sir John W. Lubbock, and afterwards by Delaunay. It 
should bo remarked that tho solution by tho first method 
aiipears in tho same form as by this ono after tho true 
longitude is expressed in terms of tho mean longitude. 
(3) By tho method just mentioned the scries converge so 
slow'ly, and tho final expressions for tho moon’s longitude 
aro so long and complicated, that the series has never been 
carried far onongh to insure tho accuracy of all the terms. 
This is especially tho case with tho development in powers 
of 7 «, tho convergcuco of Avhich has often been questioned. 
Hence, when numerical precision alone is aimed at, it has 
boon found best to avoid this difliculty by using tho 
numerical values of tho elements instead of their algebraic 
symbols. This method has tho advantage of loading to 
tho more rapid and certain determination of tho numerical 
values of tho several coeflicients of sines and cosines. It 
has tho disadvantage of giving tho solution of the jiroblcin 
only for a jjarticnlar case, and of being inapjilicablo in 
researches in which the general equations of dynamics liave | 
to bo ajiplied. It has been em 2 >loycd by Damoiscau, Hansen, 
and Airy. 

Tho methods of tho second general class are those most 
worthy of study. And among those we must assign tho 
first rank to tho method of Delaunay, dovelo})cd in his 
Thcoric thi Moxivcmcnt de la Lane, because it^ contains a 
germ which may yet doveloi) into the great desideratum of 
a general method in celestial mechanics, lo e.xiilain it, 
wo must call to mind tho general method of “ variation of 


olomcnt.s,” duo to Lagrange. This method is applicable to 
cases 111 which a problem of dynamics can be completelv 
solved when any small forces which come into play are 
loft out, but which does not admit of direct solution when 
these forces are included. Omitting the small forces 
conimonly called “ disturbing forces,” let us sujijioso tho 
liroblem of tho motion of a body under tho influence of tho 
“principal forces” conqiletoly .solved. This will me.an 
that wo have found algebraic oxiire-ssions for tho coordi- 
nates which determine tho jiosition of tho body in terms 
of tho timo, and^ (in tho case of a material point) of six 
constant quantities, to which wo may assign values at 
pleasure. 'Ihon Lagrange .showed how, by siqqiosing 
these oonstant quantities to become variable, tho .same 
expressions could bo used for the case in which tho cfTect 
of tho disturbing forces was included. In other words, tho 
efl'cet of tho disturbing forces could bo determined by 
assuming tliein to change tho constants of the first aiqiroxi- 
mato solution into very slowly varying elements. 

In the researches on tho lunar theory before Dolaunav 
tho principal force was taken to bo tho attraction of tho eartli 
upon tho moon, and tho disturbing force was that duo to 
tho sun’s attraction. When tho action of tho earth alone 
was included tho moon would move in an ellipse, in accord- 
ance with Kcjiler’s laws. The cllcct of tho sun’s action 
could bo allowed for by sujiposing this clliiiso to bo mov- 
able and variable. But when it was required to cxjire.ss 
this variation tho problem bccamo excessively complicated, 
owing to tho great number of terms required to exjiress 
tho sun’s disturbing force. Now, instead of jiassing from 
tho elliptic to tho disturbed motion by ono single dillicult 
step, Delaunay cfl'cctod tho jiassago by a great number of 
easy stops. Out of several hundred iieriodic terms, tho 
sum of which expressed tho disturbing force of tho sun, 
Jio first took ono only, and determined tJio variations of 
tho Keiilcrian ollqiso on the suiiposition that this term 
was tho only ono. In tho solution tho variable elements 
of tho olliiiso would bo o.xprc.s,scd in terms of six now con- 
stants. Ho then .showed how these new constants could 
bo taken ns variables instead of tho elements of the original 
ellipse. 'laking a second term of tho disturbing force, he 
expressed tho now constants in terms of a third set of con- 
stants, and so repeated tho jiroccss until all the terms of 
tho disturbing force were disposed of. 

Among ajiplications of the third or numerical method, 
tho most successful yet conqileted is that of Hansen. 
His first work niipearcd in 1838, under the title Fitnda- 
inmta nova inveMigatiouis orUhv, vey.r, qmtm hma perhaivat, 
and contained an cxjiosition of his ingenious and jicculiar 
methods of cominitation. During the twenty ycar.s follow- 
ing ho devoted a large jiart of his energies to the numerical 
computation of tho lunar inequalities, the ro-determinafion 
of tho elements of motion, and tho prciiaration of new 
tables for computing tho moon’s position. In tho latter 
branch of tho work, ho received material aid from the 
British Government which published his tables on their 
comiiletion in ISoT. Tho comimtations of Hansen were 
judilishcd some seven years later by the Saxon Boyal 
Society of Sciences. 

It is found on comiiaring the re.sults of Hansen and 
Delaunay that there are some outstanding discrciiancics, 
which, though too smalt to be of great jiractical importance, 
aro of sufiiciont magnitude to demand the attention of 
those interested in the mathematical theory of the subject. 
It is therefore desirable that the numerical inequalities 
should be again determined by an entirely differcnl method. 
This is the object of Sir G. B. Airy’s A innerind Lxmar 
Theorg, which is not yet coniiilcfcly published, but is 
suftici'ently far advanced to give hojics of an early comple- 
tion The essence of Sir George’s method consists lu 
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'VC have cos A sin A'=}^ sin (A'+A) 
+ i sni (A - A). Hence the proiiuct A’ J' will bo of the form ’ 

^ ' +_^) + 4 ««'sin {A' -A) + lah' sin (yf + jS' + ),&c., 

■wliieli IS another scries of the same general form. ^loreovor, if 
wo suppose the angles^/, Ji, fee., to increase nniformiy Avith the 
tiiue that IS, to admit ol expression in the form 
A = a + ml, A' -a' + m'l, !cc~ 
wo shall have, bj- integrating, 
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which, again, is a trigonoinotrio series of the same general form, 
which admits of being manipulated at pleasure in the same wav 
as the original expressions A' and V. This property does not 
belong to the elliptic functions, and in consequence, notwith- 
standing the great length of the trigonometric series, no attcmiit 
to supersede them has been successful. 

llio cfl'orts to express tlie moon’s motion by integrating 
tlio^ difterentinl equations of the dynamical theory may bo 
divided into tliroe classes. (1) Laplace and his immediate 
successors found the problem so complex that the}'’ sought 
to simplify it by reversing its form j instead of trying from 
the beginning to express the moon’s coordinates in terms of 
the time, they effected the integration by ox 2 irossing the 
time in terms of the moon’s true longitude. Then, by a 
reversal of the series, the longitude Avas expressed in terms 
of the time. Although it AA’ould bo hazardous to say that 
this method is uinvortliy of further consideration, avo must 
admit that its essential inelegance is such ns to repel rather 
than attract studj^, and that it holds out no promise of 
further dovolojimont. (2) By the second general method 
the moon’s coordinates are obtained in terms of the time 
by the direct integration of the differential equations of 
motion, retaining the algebraic symbols Avhich express the 
values of the various clemeuts. Slost of the elements are 
small numerical fractions : c, the eccentricity of the moon’s 
orbit, about O'CSS ; c', the eccentricity of the earth’s orbit, 
about O'Ol 7 ; y, the sine of half the inclination of the moon’s 
orbit, about 0'0-lG j m, the ratio of the mean motions of 
the moon and earth, about 0'075 ; and the expressions for 
the longitude, latitude, and parallax apiicar as an infinite 
trigonometric series, in AA’hich the coefficients of the sines 
and cosines arb themselves infinite series proceeding accord- 
ing to the poAvers of the above small numbers. This 
method was applied Avith success by Poutdcoulaut and 
Sir John W. Lubbock, and aftenvards by Delaunay. It 
should bo remarked that the solution by the first method 
aiipears in the same form as by this one after the true 
longitude is expressed in terms of the mean longitude. 
(3) By the method just mentioned the scries converge so 
sloAA'ly, and the final expressions for the moon’s longitude 
are so long and complicated, that the series has never been 
carried far enough to insure the accuracy of all the terms. 
This is especially the case Avith the development in poAvers 
of m, the convergence of AA’hich has often been questioned. 
Hence, Avhen numerical precision alone is aimed at, it lias 
been found best to avoid this difficulty by using the 
numerical values of the elements instead of their algebraic 
symbols. This method has the advantage of leading to 
the more rapid and certain determination of the numerical 
A’alues of the several coeflicients of sines and cosines. It 
has the disadvantage of giA’ing the solution of the jiroblcin 
only for a jjarticular case, and of being inapjilicablo in 
researches in AA’hich the general equations of dynamics have 
to bo ajiplicd. It has been em 2 >loycd by Dauioiscau, Hansen, 
and Airy. 

The methods of the second general class are those most 
Avorthy of study. And among those avc must assign the 
first rank to the method of Delaunay, dcvelojicd in Ins 
Thcoric thi Monvcmcnt de la Lane, because it^ contains a 
germ AA’hich may yet doveloi) into the great desideratum of 
a general method in celestial mechanics, lo e.A:i)lnin it, 
AVO must call to mind the general method of “ variation of 


elements,” duo to Lagrange. This method is applicable to 
cases in Aihich a iiroblem of dynamics can be comiiletelv 
solved Avhen any small forces Avhich come into play are 
loft out, but W’iucli does not admit of direct solution when 
these forces are included. Omitting the small force.s 
commonly called “disturbing forces," let us .siijipo.so the 
problem of the motion of a body under the influence of the 
“principal forces” conqiletoly .solved. This will nie.an 
that AA’o have found algebraic cxi)re.ssions for the coordi- 
nates AA'hich determine the jiosition of the body in terms 
of the time, and^ (in the case of a material point) of six 
constant quantities, to AA’hich avo may assign values at 
pleasure. Then Lagrange .shoAved Iioaa’, by sujqiosing 
these constant quantities to become A’ariablc, the .same 
expressions could bo used for the case in Avhich the effect 
of the disturbing forces Avas included. In other Avoids, the 
efl'cct of the disturbing forces could bo determined by 
assuming tliein to change the constants of the first aiqiroxi- 
mato solution into very sloAvly varying elements. 

In the researches on the lunar theory before DolaunaA’ 
the principal force Avas taken to bo the attraction of the eartli 
upon the moon, and the disturbing force u’ns that duo to 
the sun’s attraction. When the action of the earth alone 
Avas included the moon Avould move in an ellipse, in accord- 
ance Avith Kciiler’s laAvs. The effect of the sun’s action 
could bo alloAved for by suiqiosing this clliiiso to bo mov- 
able and variable. But Avhen it Avas required to oxjire.ss 
this variation the problem became excessively complicated, 
OAving to the great number of terms required to exjiress 
the sun’s disturbing force. Noaa’, instead of passing from 
the clliiAtic to the disturbed motion by one single difficult 
stcji, Delaunay effected the jiassago by a great number of 
easy stops. Out of several hundred jicriodic terms, the 
sum of AA’hich expressed the disturbing force of the sun, 
ho fii’st took one only, and determined the variations of 
the Kcifierian ellqiso on the sujiposition that this term 
AA’as the only one. In the solution the variable elements 
of tho ellipse AA’ould bo o.xprc.s.scd in terms of six ncAv con- 
stants. Ho then .shoAved hoAV these ncAV constants could 
bo taken ns A’ariables instead of the elements of the original 
ellipse. 'Taking a second term of the disturbing force, ho 
ox2ircsscd tho iioav constants in terms of a third set of con- 
stants, and so repeated tho iiroccss until all the terms of 
tho disturbing force Avero disposed of. 

Among applications of the third or numerical method, 
tho most successful yet comiileted is that of Hansen. 
His first AA’ork apjicarcd in 1838, under the title Fitnda- 
MCiita nova inveMiffationis orbllo: vcr.r, ipiam hina perhatrnt, 
and contained an exposition of his ingenious and peculiar 
methods of cominitation. During the tAventy years follmv- 
ing he devoted a large jiart of his energies to the immeneal 
computation of tho lunar inequalities, the re-determination 
of tho elements of motion, and the preparation of new 
tables for computing tho moon’s position. In the latter 
branch of tho AA’ork, ho received material aid from the 
British GoA’crnmcnt Avhich published his tables on their 
completion in ISoT. Tho comimtations of Hansen were 
jmblishcd some seven years later by the Saxon Boyal 
Society of Sciences. 

It is found on comiiaring the re.sults of Han.scn and 
Delaunay that there are some outstanding discrciiancies, 
AA’hich, though too small to be of great iiractical importance, 
aro of sufiiciont magnitude to demand the attention of 
those interested in the mathematical theory of the subject. 
It is therefore desirable that the minierical incqualitio.s 
should bo again determined by an entirely different method. 
This is tho object of Sir G. B. Airy’s J innerind Lxmar 
Theort/, AA’hich is not yet comiilctcly published, but is 
suflici'cntly far advanced to give hojics of an early comple- 
tion The essence of Sir George’s method consist.s lu 
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is rtio most difficult and intricate of celestial mechanics, and no 
satisfactory general method of attacking it has yet been found. 
Phe source of difiiculty are two in number. First, the disturbing 
action of the planets is modified by that of the sun in such a way 
that the otdinary cnuatioiis of disturbed elliptic motion are no 
longer ngorous, and lionco new and more complicated ones must 
bo constructed. And, secondly, the combination of the four bodies 
—moon, c.arth, sun, and planet — leads to terms so numcious and 
nitricato that it has hardly been found possible to isolate them. 
Pile (question has, indeed, been raised whether the rotation of the 
earth on ihs axis, and hence the unit of time, niay not be subject to 
alow and incgular changes of a nature to produce apparent corre- 
.sponding changes in the motion of the moon. But it has recently 
byen found, from a discussion of the observed transits of JVIercury 
since 1G77, that, although such inequalities may exist, they cannot 
have the magnitude necessary to account for the obscrvcd'changcs 
of long period in the moon’s motion. 

The following is a summary of the pre.sciit state of the various 
branches of the lunar theory. (1) The numerical solution of the 
problem of the sun’s action on the moon may bo regarded as quite 
.satisfactorj', at least when Jlansen’s results shall have been verified 
by an imlopcndcnt method. (2) The analytic theory needs to be 
perfected by finding sonic remedy for the slow convergence of the 
series by which it is e.vpressed, but its general form may bo regarded 
.as (juito satisfactory. (3) Exeejit in one or two special cases, the 
action of the jdancts on the moon, ivhen treated with the necessary 
rigour, is so intricate that no approach to a satisfactory solution 
has yet been attained. 'When this desideratum is reached, the 
mathematical theory will bo comjilete. (t) Tlic general discussion 
of ancient and modern observations with a view to finding what 
real or apparent iiieijualities of long period in the mean motion m.ay 
exist is still to be finished. With it the .astronomical theor}’ will he 
complete. ' (S. N.) 

MOORCROFT, Wir.Li.ur (c. 1770-1825), traveller in 
Asia, tvas born in Lancashire, about 1770. Ho avas edu- 
cated as a surgeon in Liverpool, but on completing bis 
course he resolved to devote himself to veterinary surgerj^, 
and, after studying the subject in France, began its practice 
in London. In 1795 ho published a pamphlet of directions 
for the medical treatment of liorscs, witli special reference 
to India, and in 1800 a Cnrsory Account of the 2reihods of 
Shoehtff Horses. Having been oflcrcd by the East India 
Comjiany the inspectorship of their Bengal stud, Moorcroft 
left England for India in 1808. Under his care the stud 
rapidly imjiroved ; in order to perfect the breed, he resolved 
to undertake a journdy into Ccntnil Asia to obtain a stock 
of Turcoman horses. In company with C.aptain "William 
Hearsay, and encumbered with a stock of merchaudiso for 
the purpose of establishing trade relations betAveen India 
and Central Asia, Jloorcroft left Josimatli, AA'ell within the 
mountains, on 2Gth Jlay 1812. Proceeding along the valley 
of the Dauli, they reached the summit of the frontier pass 
of Niti on 1st July. Descending by the toAvns of Daba 
and GhortojAC, Moorcroft struck the main upper branch of 
the Indus near its source, and on 5th August arrived at 
the sacred lake of Jfanasarowara. Returning by Bhut<^n, 
he was detained' some time by the Gurkhas, and reached 
Calcutta in November. This journey only served to whet 
Moorcroft’s appetite for more extensive travel, for w'iiich 
he prepared the Avay by sending out a young Hindustam, 
Avho succeeded in m.aking very extensive explorations. In 
company with this young man and George Trebeck, M^r- 
croft set out on bis second journey in October 1819. His 
enterprise aa'os looked upon rather coldly by the directors, 
Avho merely alloived him his jiay for a time, all the expenses 
being borne by Moorcroft himself. By way of Almor.^ and 
Srinagar, Lahore xvas reached on 6th May 1820. On 14tli 
August the source of tlie Biyali (Hj’phasis) was discovered, 
and subsequently that of tlic Chen.4b. Leli, the capital o 
LadAk, was reached on 24th September, and here several 
months were spent in exploring the surroundmg country. 
A commercial treaty was concluded with the Government 
of Laddk, by which the whole of Central Asia was 
virtually opened to British trade. Kashmir was reached 
on 3d kvember 1822, and by the Plr Panj.Al mountains 
JaMlAbAd on 4th June 1824, Cabul on 20tli June, and by 
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n!! Balkh Mocrcroft.arrived at Bokhara 

on ^5th February 1825. Everywhere he bought horses 
tor the company, and endeavoured to establish trade 
relations. At Andkho in Cabul Moorcroft was seized 
with fever, of ivhich he died on 27th August 1825, Trebeck 
striving him only a few^ days. It ivas not till several years 
afterwards that his papers w'ere obtained by the Asiatic 
Society, and published under the editorship of Horace 
Hayman Wilson in 1841 under the title of Travels in i. 
Himalayan Provinces of Hindustan and the Punjdb, ti 
Ladakh and Kashmir, in Peshaitmr, Kabul, Kundiiz, ana 
Sokhara, from 1819 to 1825. Though published so long 
after _the_ traveller’s death, the narrative was a valuable 
contribution to a knowledge of Central Asia, and still 
remains a classic. In vol. xii. of Asiatic Researches will 
be found an account by Moorcroft of his first journey, and 
in the Transactions of the Royal Asiatic Society, vol. i., a 
paper on the Purik sheep. 

MOORE, Edw’^aed (1712-1757), minor poet, dramatist, 
and miscellaneous writer, W'as the son of a dissenting minis- 
ter of Abingdon, Avhere he Avas born in 1712. He w'as the 
author of the thrilling domestic tragedy of The Gamester, 
originally produced in 1753 Avith Garrick in the leading- 
character, and still in the repertorj' of acting plays. It is 
perhaps the strongest lesson against gambbng ever preached 
from stage or pulpit. The literary merit of the play is not 
great, but it is poAverfully constructed and full of impressive 
incident, and the career of Beverley the gambler (a character- 
modelled on Fielding’s Captain Booth) affords great scope 
for the actor. Moore also Avrote tw'o comedies. As a poet 
he produced clever imitations of Gay and Gray, and 
with the assistance of Lyttelton, Chesterfield, and Horace 
Walpole conducted The World (1753-57) during the great 
decade of the revival of periodical essay-Avriting. The World 
followed Johnson’s Rambler, and Avas folloAA’-ed by ITVie/cffer; 
it had as riA'als The A dveniurer and The Connoisseur. Moore 
died at London in 1757. 

MOORE, Dr John (1730-1802), born at Stirling in 1730, 
Avas one of the most prominent AA'riters of travels and novels 
in the latter part of the 18th century. His novel Zeluco 
(published in 1789) produced a poAverful impression at the 
time, and indirectly, through the poetry of Byron, has left 
an abiding mark on literature. The novel AA'ould in these 
days be called a psychological novel ; it is a close analysis of 
the motives of a headstrong, passionate, thoroughly selfish 
and unprincipled profligate. It is full of incident, and the 
analysis is never jwolonged into tedious reflexions, nor 
suffered to intercept the progress of the story, while the 
main plot is diversified AAuth many interesting episodes. 
The character took a great hold of Byron’s imagination, 
and probably influenced bis life in some of its many moods, 
as Avell as his poetry. It is not too much to say that the 
common opinion that Byron intended Childe Harold as a 
reflexion of himself cannot be cleared of its large mixture 
of falsehood Avithout a study of Moore’s Zeluco. Byron 
said that he intended the Childe to be “a poetical Zeluco,” 
and the most striking features of the portrait were un- 
doubtedly taken from that character. At the same time 
it is obArious to everybody acquainted Avith Moore’s novel 
and Byron’s life that the moody and impressionable poet 
often adopted the character of Zeluco, fancied himself and 
felt himself to he a Zeluco, although he was at heart a 
very different man. Moore’s other works have a less 
marked individuality, but his sketches of society and man- 
ners in France, Germany, Switzerland,^ Italy, and England 
furnish valuable materials for the social historian. Like 
his countrymen Burnett and Boswell, he Avas a ‘ sagacious, 
penetrating, and in the main unprejudiced observer, AAuth 
something of a natural historian’s interest in the human 
species ; and he had exceptional opportunities of observation. 
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is pio most difficult and intricate of celestial mechanics, and no 
satisfactory general method of attacking it has yet heen found, 
llic sources of difiiculty arc two in number. First, the disturbing 
action of the planets is modified by that of the sun in such a way 
tlint tlio oi'dinury criuatioiis of disturbed elliptic motion arc no 
longer rigorous, and lionco new and more complicated ones must 
bo comstnictcd. And, secondly, the combination of the four bodies 
^inoon, earth, sun, and nlaiiet — leads to terms so numcious and 
intricate that it has hardly been found possible to isolate them. 
The question has, indeed, been raised whether the rotation of the 
earth on its axis, and lienee the unit of time, may not be subject to 
slow and irregular changes of n nature to produce apparent corre- 
sponding changes in the motion of the moon. But it has recently 
been found, from a discussion of the observed transits of Mercury 
since 1077, that, although such inequalities may exist, they cannot 
have the magnitude necessary to account for the observed' changes 
of long period in tlio moon’s motion. 

The following is a summary of the pre.sciit state of the various 
branches of the lunar theory. (1) The iiuiiierical solution of the 
problem of the sun’s action on the moon may ho regarded as quite 
•satisfactorj', at least when Jlansen’s results shall have been verified 
by an indepeiidciit method. (2) The analytic theory needs to he 
perfected by finding some remedy for tho slow convergence of the 
series by wTiich it is c.xprcssed, but its general form may ho regarded 
.as quite satisfactory. (3) Exeejit in one or two special cases, the 
action of the planets on tho moon, ivhen treated with the necessary 
rigour, is so intricate that no approach to a satisfactory solution 
has yet been attained. IVlien this desideratum is reached, the 
mathematical theory will ho complete. (1) The general discussion 
of ancient and modern ohscrvationa with a view to finding what 
real or apparent inequalities of long period in tho nic.an motion may 
exist is still to he finished. "With it the astronomical theory will he 
complete. ' (S. N.) 

MOORCROFT, Wirxu.tr (c. 1770-1825), traveller in 
Asia, tvas born in Lancashire, about 1770. Ho was edu- 
cated ns a surgeon in Liverpool, but on completing bis 
course he resolved to devote himself to veterinary surgerjq 
and, after studj’ing tlio .subject in France, began its practice 
in London. In 1795 be published a pamphlet of directions 
for the medical treatment of liorscs, witli special reference 
to India, and in 1800 a Cursor;/ Account of the ireihods of 
S/wehiff Jlorscs. Having been offered by tho East India 
Comjiany the inspectorship of their Bengal stud, Moorcroft 
left England for India in 1808. Under his care tho stud 
rapidly imj)roved ; in order to perfect the breed, ho resolved 
to undertake a journey into Central Asia to obtain a stock 
of Turcoman horses. In company with Captain William 
Hearsay, and encumbered with a stock of merchaudiso for 
the purpose of establishing trade relations between India 
and Central Asia, Jloorcroft left Josimatli, well within the 
mountains, on 2Gth Jlay 1812. Proceeding along the valley 
of the Dauli, they reached the summit of tho frontier pass 
of Niti on 1st July. Descending by the towns of Daba 
and Ghortope, Moorcroft struck the main upper branch of 
the Indus near its source, and on 5th August arrived at 
the sacred lake of Jfanasarowara. Returning by Bhutan, 
he was detained’ some time by the Gurkhas, and reached 
Calcutta in November. This journey only served to "w. ^ 
Moorcroft^s appetite for more extensive travel, for wnicn 
he prepared the way by sending out a young Hindustam, 
who succeeded in making very extensive explorations in 
company with this young man and George Trebeck, Mwr- 
croft set out on bis second journey in October Ibid, ilis 
enterprise ivas looked ujion rather coldly by the direc ors, 
who merely allowed him his pay for a time, all the expenses 
being borne by Moorcroft bimself. By way of AlmorA and 
Srinagar, Lahore was reached on 6th May 1820. On 14th 
Augult the source of tlie Biyali (Hj-pliasis) was discovered 
and subsequently that of tlic Cliendb. Leli, e capi o 
LadAk, was reached on 24th September, and here several 
months were spent in exploring the surroimding country 
A commercial treaty was concluded wutli the Government 
of Laddk, by which the whole of Central Asia was 
virtually opened to British trade. Kashmir was reached 
on 3d Llember 1822, 

JaMMbAd on 4th June 1824, Cabul on 20tli June, and by 
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Kjinduz, and Balkh Moorcroft. arrived at Bokhara 
on 25th February 1825. Everywhere he bought horses 
lor the company, and endeavoured to establish trade 
relations. At Andkho in Cabul Moorcroft was seized 
with fever, of which he died on 27th August 1825, Trebeck 
surviving him only a few days. It was not till several years 
afterwards that his papers were obtained by the Asiatic 
Society, and published under the editorship of Horace 
Hayman Wilson in 1841 under the title of Travels in i. 
Himalayan Provinces of Hindustan and the Punjdb, 
Ladakh and Kashmir, in Peshamir, Kabul, Kundiiz, ana 
Bokhara, from 1S19 to 1825. Though published so long 
after the traveller’s death, the narrative was a valuable 
contribution to a knowledge of Central Asia, and still 
remains a classic. In vol. xii. of Asiatic Researches will 
be found an account by Moorcroft of his first journey, and 
in the Transactions of the Royal Asiatic Society, vol. i., a 
paper on the Purik sheep. 

MOORE, Edwaed (1712-1757), minor poet, dramatist, 
and miscellaneous writer, was the son of a dissenting minis- 
ter of Abingdon, ivhere he was born in 1712. He was the 
author of the thrilling domestic tragedy of The Gamester, 
originally produced in 1753 -with Garrick in the leading- 
character, and still in thie repertory of acting plays. It is 
perhaps the strongest lesson against gambbng ever preached 
from stage or pulpit. The literary merit of the play is not 
great, but it is powerfully constructed and full of impressive 
incident, and the career of Beverley the gambler (a character- 
modelled on Fielding’s Captain Booth) affords great scope 
for the actor. Moore also wrote two comedies. As a poet 
he produced clever imitations of Gay and Gray, and 
-with the assistance of Lyttelton, Chesterfield, and Horace 
Walpole conducted The World (1753-57) during the great 
decade of the revival of periodical essay-ivriting. The World 
followed Johnson’s AamWer, and was foWowedhy The Idler ; 
it had as rivals The A dventurer and The Connoisseur. Moore 
died at London in 1757. 

MOORE, Dr John (1730-1802), born at Stirling in 1730, 
was one of the most prominent writers of travels and novels 
in the latter part of the 18th century. His novel Zeluco 
(published in 1789) produced a powerful impression at the 
time, and indirectly, through the poetry of Byron, has left 
an abiding mark on literature. The novel would in these 
days be called a psychological novel ; it is a close analysis of 
the motives of a headstrong, passionate, thoroughly selfish 
and unprincipled profligate. It is full of incident, and tho 
analysis is never prolonged into tedious reflexions, nor 
suffered to intercept the progress of the story, while the 
Tnnln plot is diversified with many interesting episodes. 
The character took a great hold of Byron’s imagination, 
and probably influenced bis life in some of its many moods, 
as well as his poetry. It is not too much to say that the 
common opinion that Byron intended Ghilde Hat old as a 
reflexion of himself cannot be cleared of its large mixture 
of falsehood without a study of Moore’s Zeluco. Byron 
said that he intended the Ghilde to be “a poetical Zeluco, 
and the most striking features of the portrait were un- 
doubtedly taken from that character. At the same time 
it is obvious to everybody acquainted with Moore’s novel 
and Byron’s life that the moody and impressionable poet 
often adopted the character of Zeluco, fancied himself and 
felt himself to be a Zeluco, although he was at heart a 
very different man. Moore’s other works have a less 
marked individuaUty, but his sketches of society and man- 
ners in France, Germany, S-nltzerland, Italy, and England 
furnish valuable materials for the social histonan. Bike 
his countrymen Burnett and Boswell, he was a . sagacious, 
penetrating, and in the main unprejudiced observer, mti; 
something of a natural historian’s interest m the human 
species; and he had exceptional opportunities of observation. 
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mnncft, wliere he waited to see what would happen. Ho 
heard that a subsidiary force under Sir David Baird 
Jiad arrived at Corunna, and ordered it up to join liim. 
At Saianiauca lie rcninincd a whole month watching the 
triumphant successes of Napoleon and his lieutenants, and 
learning how little Spanish reports or Spanish valour were 
to be relied on. Though irritated by the menaces and 
nbiisc of Frere, the English minister to the junta, lie 
waited till the 13th December, licaring daily of Spanish 
defeats, and then he deteriiiiiicd to draw off upon his own 
small force the weight of Napoleon’s iiower, and thus give 
Andaliicia the winter in which to organize an army and 
prejiare for another Baylen. With this intention ho 
advanced through Toro and Mayorga, where Baird joined 
him, to Sahagiin. He judged rightly that Napoleon 'would 
never advance into Andaliicia and leave the English beliiiid 
him, but that lie would turn all liis power against them. 
Having once drami Napoleon’s attention to himself, he 
began Jiis famous retreat and fell back qiiiddy, fighting 
every day and invariably with success. Ho now could 
test the niilitar}’ spirit he had taught at Shorncliftc, for 
the reserve under Sir Edivard Faget consisted entirely of 
his own light regiments. To detaif each stop of the retreat 
and every skirmish would be but to rewrite Napier ; siitlico 
it to say that, with great loss of life and material, ifoorc 
reached Coruiina on 12th January 1S09. But the fleet to 
take the army homo was not there ; and the English would 
have to fight Soult, whose army was even more weakened 
and dcnioralized than iloore’s, before they could embark. 
It was oil IGtli January that ^fooro fought his last battle ; 
he fell early in the day, and know at once that his wound 
Avas mortal. His last hours were cheered with the know- 
ledge of victory, but were spent in rccoiiiniendiiig his old 
friends, such as Urahain and Colbornc, to the notice of the 
Government. Sir II. Ilardingc’s description of these hours 
is in its wa)* inimitable, and in it must bo studied how 
a modern Bayard should die in battle, every thought being 
for othens, none for himself. 

It may bo jiossiblo in the face of bis boroic death to exaggerate 
Jloorc’s actual military sorvieo.s, but bis inlluence on the liritisb 
army cannot be overrated, Tbo true military spirit of discipline 
and of valour, both in odicera and men, bad become nearly extinct 
during the American war. Abcrcromby, ivbo looked back to the 
traditions of Nimlen, wa.s the first to aftcnijit to revive it, and his 
work was carried on by Jloorc. The formation of tbo light regi- 
mente at Sbornclifle was tbo answer to tbo now Trenob taetics, and 
it was left to Wellington to .show tbo success of tbo experinieut. 
Jtoore’.s powers ns a statesman are shown in bis despatches written 
at Salamanca, and bo bad tbo truest gift of a great man, that of 
judging men. It may bo noticed that, wliilo AVclhngton perpotually 
grumbled at tbo bad (jualitics of bis olliccre and formed no school, 
Mooro’s name is associated with tbo career of all who made their 
mark. Among generals, Hope, Giubani, Sir K. I’aget, Hill, and 
Craufurd, all felt and submitted to bis ascendency, and of younger 
ollieers it was ever tbo proud boast of tbo Napiers, Colbornc, tbo 
Beckwiths, and Barnard that they were the 2uij)ils of Jloore, not of 
Wellington. Nay more, bo insjiired an historian. Tbo description 
of Jlooro’s retreat in Napier is perhaps the lincst piece of tnilitary 
liistory in tbo English language, not only beeauso tiio author was 
jirescnt, but because bis heart was with tbo leader of Hint retreat ; 
and, if Nnjitcr felt towards Wellington ns the sobliere of tbo tenth 
legion felt towards Ca'sar, bo felt towards Jlooro tbo personal love 
and devotion of a c.avalicr towards Jfontrosc. 

The cre.at autlioritv for Alooro's life is tlic Lift' of Sio John iifeorr, "bj liis 
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JIOORE, Thomas (1779-1852), born at Dubliu on 2Sth 
May 1779, fairly shares with Lord Byron_ tho honour of 
being tho most popular poet of his generation. B hatet er 
may bo thought now of tho intrinsic qualities of his terse, 
this much cannot bo denied. The most trustAAorthj of all 
measures of popularity is the price put upon a avriter s uork 


in tho publishing market, and when Moore’s friend Perry 
m negotiating tho sale of tho unwritten Lalla. SooM 
claimed for the poet tho liighost price that had up to that 
tune been paid for a poem the publisher at once assented. 
iMooro Avas then in the heyday of his reputation, but twenty 
3'cars later publishers Avero still Avilling to risk their thou- 
sands on his promise to produce. Much of Moore’s success 
Avas duo to his poVsonal charm. This at least gave him 
the stai t on his road to popularity. There is not a more 
extraordinary incident in the history of our literature than 
tho instantaneousness Avith which tho son of a humble 
Dublin grocer just out of his teens, on his first visit to 
London, _cai>tivated the fashionable ivorld and 'established 
himself in tho course of a foiv months ns one of its prime 
favourites. The youth crossed St George’s Channel in 1 799 
to keep terms at tho Middle Temple, canying Avith him a 
translation of tho Gdrs o/ Anacreon, ivliich ho AAushed to 
publish by subscription. In a very short time he had 
enrolled half the fashionable Avorld among his subscribers, 
and had obtained tho porniission of tho prince of IVnles 
to dedicate the work to him. Tho mere power of Ai’riting 
graceful and fluent amatory verses Avould not alone have 
enabled the poet to Avork this miracle. Moore’s social gifts 
Avcrc of tho most engaging kind. Ho charmed all Avhom ho 
met, and charmed them, though ho Avas not a trained 
musician, Avith nothing more than Avitli his singing of his 
OAvn songs. The piano, and not the harp, Avas his instru- 
ment, but ho came nearer than anj’bodj'' else in modern 
times to Bishop Percy’s romantic conception of tho minstrel. 
To find a parallel to him avc must go back to tho palmy days 
of Provencal song, to such troubadours and jonr/kurs as 
Arnaud Daniel and Perdigon, Avhoso varied poAvers of 
entertainment made them Avclcomo guests Avherever they 
Avent. It Avas not merely tho fashionable Avorld that the 
young adventurer captivated ; the landlady of his lodgings 
in London, a countiywoman of his own, offered to place at 
his disposal all the money of Avhich she had the command. 

The fragment of autobiography in Avhicli Moore druAvs 
a softly-coloured picture of his early life in Dublin lets us 
into the secret of the seeming miracle of his social con- 
quest. Externals apart, the spirit of his social surround- 
ings in Little Aungier Street had much in common Avith 
tho society to Avhicli he Avas introduced in London. He 
AA-as born in the proscribed sect of Catholics, Avhoso exclu- 
sion from tho societj’’ of the Castle produced a closer union 
among their various ranks, and thus, from tho first, !Moorc 
AA-as no stranger to tho more refined gaieties of social inter- 
course. It Avas, upon tho AA'hole, a gay life in Catholic society, 
though tho conspirac}' of tho United Irishmen Avas being 
quietly formed beneath the surface. Amatemr theatricals 
AA-as one of their favourite diversions, and gifts of reciting 
and singing Avero not likely to die for Avant of applause. 
Moore’s schoolmaster AA-as a leader in these entertainments, 
a Avritcr of jirologues and epilogues and incidental song.s; 
and at a very early age Slastof Thomas Moore Avas one of his 
shoAA--bo3-s, ardently encouraged in all his exercises by a very 
affectionato mother at home. Before ho loft school he 
had acquired fame in his oaa-u circle as a song-Avriter, and 
lind published, in tho Anthologia Jlibernica, verses “to 
Zolia on her charging tho author Avith Avriting too miich 
on love.” This Avas in 1793. In that year tho jirohibition 
against Catholics entering Trinity College Avas removed, 
and next year hlooro took advantage of tho noAv freedom. 
As one of tho first Catholic entrants, he had an excejitional 
stimulus to AA-ork, and there industriously acquired that 
classical scholarship AA'ith Avliich he aa-oii tho he.arts of such 
learned "Whigs ns LansdoAvno and Holland, Avhile he 
charmed fashionable ladies Avitli the grace of his songs. 
Young Moore’s social atmosphere Avas, of course, strongly 
charged AA-ith patriotism and hatred of tho excesses of 
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mnncft, wliere he waited to see what would happen. He 
heard that a subsidiary force under Sir David Baird 
Jiad arrived at Corunna, and ordered it up to join lain. 
At Sfilaniauca lio rcniaincd a 'wliolo inontli ^Yatclling the 
triumphant successes of Napoleon and his lieutenants, and 
learning how little Spanish reports or Spanish valour were 
to be relied on. Though irritated by the incuaccs and 
abiisc of Frere, the English minister to the junta, lie 
waited till the 13th December, licaring daily of Spaiiish 
defeats, and then he determined to draw off upon las own 
small force the weight of Napoleon’s jtower, and thus give 
Andalucia the winter in which to organize an army and 
prejiare for another Baylen. With this intention ho 
advanced through Toro and Mayorga, where Baird joined 
him, to Sahagun. He judged rightly that Napoleon would 
never advance into Andalucia and leave the English beliind 
him, but that lie would turn all la's power against them. 
Having once drnmi Napoleon’s attention to himself, he 
began Ids famous retreat a7ul fell back quickly, fighting 
every day and invariably rvith success. Ho now could 
test the military spirit he had taught at Shorncliflc, for 
the reserve under Sir Edivard I’nget consisted entirely of 
his own light regiments. To detaif each step of the retreat 
and every skirmish would be but to rewrite Napier ; suffice 
it to saj- that, with great loss of life and material, ifoorc 
reached Corunna on 12th January 1S09. But the fleet to 
take the army homo was not there ; and the English would 
have to fight Soult, whoso army was even more weakened 
and demoralized than iloore’s, before they could embark. 
It was ou IGth January that ^foorc fought his last battle ; 
he fell early in the day, and knew at once that his wound 
was mortal. His last hours were cheered with the know- 
ledge of vietory, but were spent in recommending his old 
friends, such as Uraham and Colbornc, to the notice of the 
Government. Sir II. Ilardingc’s description of these hours 
is in its wa)* inimitable, and in it must bo studied how 
a modern Bayard should die in battle, every thought being 
for othens, none for himself. 

It may bo jiossiblo in the face of bis boroic death to exaggerate 
Jloorc’s actual military scrviee.s, but bis inllueuce on the iJritisb 
army cannot bo overrated, Tlio true military siiirit of discipline 
and of valour, both in oflicers and men, bad become nearly extinct 
during the Amerie.an war. Abcrcromby, who looked back to the 
traditions of Jlimlen, wa.s the first to aftcnijit to revive it, and his 
work was carried on by Jloorc. The formation of the light regi- 
ments at Sbornclifl'e was the answer to the now rreneb tactics, and 
it was left to Wellington to .show the success of the experiment. 
Moore’s powers ns a statesman are sliown in bis despatches written 
at Salamanca, and bo bad tho truest gift of a great imn, that of 
judging men. It may bo noticed that, while Wellington perpetually 
grumbled at the bad (lualitics of bis ollicere and formed no school, 
Moore’s name is associated with the career of all who made their 
mark. Among generals, Hope, Giubam, Sir E. I’nget, Hill, and 
Craufurd, all felt and submitted to bis ascendency, and of younger 
ollieers it was ever the proud boast of the Napiers, Colbornc, the 
Beckwiths, and Barnard that they were the 2uii)ils of Jloore, not of 
Wellington, Nay more, bo insjured an historian, Tho description 
of Jlooro’s retreat in Napier is jicrbaps the lincst piece of military 
liistory in the English language, not only because the author avas 
jircscnt, but because his heart was with the leader of Hint retreat ; 
and, if Najiicr felt towards Wellington ns the .soldicre of tho tenth 
legion felt towards Ca'sar, ho felt towards Jlooro tho personal love 
and devotion of a c.avalicr towards Jfontrosc. 

Tho cre.at authoritv for Jlooro's life is tho Lift' 0 / Sir Johii Jfoorr,_ l>y his 
hrotlior, J. C. Moora‘(t833) ; SCO also .Vcirrnfiiv n/ 
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JIOORE, Thomas (1779-1852), born at Dublin on 2Sth 
May 1779, fairly shares with Lord Byron_ tho honour of 
being tho most popular poet of his generation, 11 hatea er 
may bo thought uorv of tho intrinsic qualities of his %crse, 
this much cannot bo denied, Tho most trustworthy of all 
measures of popularity is tho price put upon a writer s work 


in tho publishing market, and when Moore’s friend Perry 
in negotiating tho sale of tho unwritten Lalla JiooM 
claimed for tho poet tho highest price that had up to that 
time been paid for a poem the publisher at once assented. 
Alooro avas then in the heyday of his reputation, but twenty 
3 'cars later publisliers 'wero still ’willing to risk their thou- 
sands on his promise to produce. Much of Moore’s success 
avas duo to his peVsonal charm. This at least gave him 
the start on his road to popularity. There is not a more 
extraordinary incident in tho history of our literature than 
tho instantaneousness avitli which tho son of a humble 
Dublin grocer just out of his teens, on his first visit to 
London, captivated the fashionable avorld and 'established 
himself in tho course of a foav months ns one of its prime 
favourites. The youth crossed St George’s Channel in 1 799 
to keep terms at tho Middle Temple, carrydng with him a 
translation of tho Odes o/ Anacvcoti, which Jio in’shcd to 
publish by subscription. In a very short time he had 
enrolled half the fashionable world among his subscribers, 
and had obtained the permission of tho prince of Wales 
to dedicate the work to him. Tho mere power of writing 
graceful and fluent amatory verses would not alone have 
enabled the poet to work this miracle. Moore’s social gifts 
were of tho most engaging kind. Ho charmed all whom ho 
met, and charmed them, though ho was not a trained 
musician, with nothing more than with his singing of his 
own songs. The piano, and not the harp, was his instru- 
ment, but ho came nearer than anybody else in modern 
times to Bishop Percy’s romantic conception of tho minstrel. 
To find a parallel to him wo must go back to tho palmy days 
of Provongal song, to such troubadours and jongleurs as 
Arnaud Daniel and Perdigon, whoso varied powers of 
entertainment made them welcome guests wherever they 
Avent. It was not merely tho fashionable Avorld that the 
young adventurer captiA'ated ; tho landlady of his lodgings 
in London, a countiyAvoman of his own, offered to place at 
his disposal all the money of Avhich she had the command. 

The fragment of autobiography in Avhich Moore draAvs 
a softly-coloured picture of his early life in Dublin lets us 
into the secret of the seeming miracle of his social con- 
quest. Externals apart, the spirit of his social surround- 
ings in Little Aungicr Street had much in common Avith 
tho society to A\-hicli he Avas introduced in London. He 
AA’as born in the proscribed sect of Catholics, aa’Iioso exclu- 
sion from tho society of tho Castle produced a closer union 
among their various ranks, and thus, from tho first, !Moorc 
AA-as no stranger to tho more refined gaieties of social inter- 
course. It Avas, upon tho Avhole, a gay life in Catholic society, 
though tho conspiracy of tho United Irishmen Avas being 
quietly formed beneath the surface. Amatem theatricals 
AA’as one of their favourite diversions, and gifts of reciting 
and singing Avero not likely to dio for Avant of apjilause. 
Moore’s schoolmaster Avas a leader in these entertainments, 
a Avritcr of iirologucs and epilogues and incidental song.s; 
and at a very early age blaster 'Ihomas Moore Avas one of his 
shoAA--boys, ardently encouraged in all his exercises by a very 
affectionate mother at home. Before ho left school he 
had acquired fame in his oaa-u circle as a song-Avriter, and 
liad published, in the Anthologia Ilibcrnica, verses “to 
Zolia on her charging tho author Avith Avriting too imich 
on love.” This Avas in 1793. In that year tho jirohibition 
against Catholics entering Trinity College was removed, 
and Jiext year Jilooro took advantage of tho ncAV freedom. 
As one of tho first Catholic entrants, he had an excejitional 
stimulus to Avork, and there industriously acquired that 
classical scholarship AA'itli Avliich he AA'on tho he.arts of such 
learned Whigs ns LansdoAvne and Holland, Avhile he 
charmed fashionable ladies Avitli the grace of his songs. 
Young Moore’s social atmosphere Avns, of course, strongly 
charged Avith patriotism and hatred of tho excesses of 



epiirious Aiincrcontic sentiment, nnmby-pamby wl»cn not 
prurient; l>c wrote with full inspiration, unreserved sin- 
cerity, nnd thorouglily roused faculty. Divorced from the 
music, ninny of them are insipid onongli, but they Avero 
never inc.nnt to bo divorced from the music; the music 
A\fts meant, ns Coleridge felt when he iicnrd them sung by 
the iioet himself, to twine round tliem and overtop them 
like the honcj’suekle. jMooro accomplished this Avith 
exquisite art. llis most conspicuous failures may be 
tmecd to his habit of taking ns his starting-point not an 
cinotionnl incident but some unmanageable intellectual con- 
ceit. lienee arose intellectual discords, incongruous and 
imperfectly hnrnioiiized fancies, Avhich CA'cn the music can 
liardly gloss over. 

The regent’s desertion of the 'Whiga in 1812 cut them 
off from nil ho]io of oHico for ninny years to come, and 
-Moore from his last liopo of a snug sinecure, when Lord 
3Ioira also Avns practicnllj' “ obliA'ious ” of him. There Avas 
at once n marked increase in his literary fertility, and ho 
broke grouiul in a iioav field, Avhich ho cultiA'nted Avith 
pre-eminent .success — jioliticnl squib-Avriting. Moore Avns 
incapable of anything like rancour, but ho felt the dis- 
appointment of llis hopes enough to quicken his fancj'und 
.sharpen the edge of his Avit. The juince regent, his old 
friend and jiatron, Avho Avns said to have begged all Lord 
Moir.a’s nppointnient.s for pcr-sonnl favoiiritc.s, Avas bis first 
butt. Tlio priiice’.s defects and foibles, his fatness, his 
huge Avhiskor.s, his love for cutlets ojuI curn^oa, for aged 
inislre.sses ami practical jokes, Avcrc ridiculed Avith the 
lightc.st of clever hnnd.s. Moore opened live in the Morninr/ 
C/mnicIe, and croAA'iicd liis .succc.ss next year (1813) AA-itli 
n tliiii A'olumcof “ Intercciited Lottci’s,” The Twopeintt/ Tosl 
IStt'j. A very little knoAvledgo of the gossip of the time 
enables us to under.stand the delight Avith Avhich Moore’s 
.•iallic.s Averc received iu the year Avhich Avituc.sscd the 
iinprisoiimcnt of Leigh Hunt for more out.spokcn attacks 
on tho regent. Moore received every ciicourngcmciit to 
Avork tho noAv vein. He Avns nt one time in receipt of 
a regular salary from tho 'Times', and his little volumes 
of squibs jniblishcd at intcrA'nl.s, — 2’hc Fmh/c Famih; 
in Paris, 1818; 'The Journal of a }Femhcr of the Pococurante 
Focieti/, 1820; Fahlcs for (he Jfolp Alliance, 1823; Odes 
on Cash, Corn, Cathnlies, and other Matters, 1828 ; I'hc 
Fud'jcs in Eii'jland, ISSn — went through many editions. 
Tho pro.so Memoirs of Captain Jtoele (182-1) may bo added 
to the li.st. Moorc’.s only failure Aiaes Tom Cribh's Memorial 
to Congress (1819), for aa'IucIi he had made an clnboruto 
.studj’ of thieves’ slang. It Avas of course on tho sido of 
tho lYliigs that Jlooro enqiloyed his pen, and his favourite 
topics Avero tho .system of rcprc.ssion in Ireland and the 
disabilities of tho Catholics. He made rather too serious 
a claim for his pasquinades AA'hen ho spoke of " laying tho 
Insh on tho back of tho bigot and tho opja’cssor.” It Avas 
not exactly n Insh or a scourge that ho Aviolded. It A\-ns 
in hn;)!)}’, airily malicious ridicule of ]icrsonnl foibles that 
his strength lay ; ho pricked and tensed his A’ictims Avith 
sharp and tinj* arroAvs. But, light ns his hand Avns, ho aaus 
fairly entitled to tho enthusiastic gmtitudo of his country- 
men for his share in ctlccting Catholic emancipation. 

Tho diaa])j)ointment of 1812, AA’hich started Mooro on 
llis career ns n squib-Avriter, nerved him also to a more 
.sustained cflbrt in serious A’erso than ho had boforo at- 
tempted. Lalla Poohh Avould never have been AA-ritton 
if the author’s necessities had not comiielled him to AA'ork. 
To keep him.self at tho oar, ho contracted with tho Long- 
mans to sujiply a metrical romance on nn Lnstorn subject, 
which should contain nt least ns many lines ns Scott s 
JMehp, and for which tho publishers bound t.homsolves to 
liny three thousand guineas on delivery. Tho pocin was 
not published till May 1817. jMooro, ns aaus his habit. 


mndo most laborious preparation, reading himself sloAvly 
into familiarity Avith Eastern scenery and manners Ho 
retired to a cottage in Derbyshire, near Lord Moira’s library 
at Domngton Park, that ho might AA’ork unintorruptcdly 
safe from tho distractions of Loudon society ; and there' 
“ nmid^ tho snoAvs of a Derbyshire Avintor " as ho put it' 
ho 2>ationtly elaborated his voluptuous pictures of iloAvor- 
scented A-alloys, gorgeous gardens, tents, and palaces, 
and houris of ravishing beauty. Tho confidouoo of tho 
jmblishors aaus fully justified. Moore’s contomjjornries 
Avoro dazzled and enchanted Avith Lalla FooM. It avos 
indeed n Avonderful tour deforce. There Avas not a single 
imago or allusion in it that nn ordinary Englishman could 
undorstandAvithoutafoot-noto. High tostimoniesAVoro borne 
to tho correctness of tho local colouring, and tho usual stories 
AA’ero circulated of Oriental iiatiA'os aaIio aa'ouM not bolievo 
that Mooro had never travelled in tho East. Jfooro Avns 
loss successful in realizing Oriental character than ho Avas 
in details of dress mid vegetation. His firo-Avorshiiiper 
is nn Irish patriot betrayed by an informer, his Zoliea a 
}>iously nurtured Catholic maiden brooding over unpardoned 
sin, his Jtokanna a melodramatic stage monster, — though 
they aro so thickly covered Avith Oriental trniipings that 
their identity is considerably disguised. Of tho four talcs 
)mt into tho mouth of Fernmorz, tho “ Veiled Projihot ” atos 
tho lea.st suited to itlooro’s Turkoj'-cnrpet treatment. IVo 
can understand tho enthusiasm Avith AA'hich Slooro’s Orien- 
talism ATOS received ns “ tho best that avo have had yet,” 
and AA’o can honour tho honest labour Avith Avhicli he 
achieved this success ; but such artificial finery, ns tho poet 
himself had tho sense to suspect, could liavo onlya temporary 
rciiutation. Ho deliberately sacrificed tlio liigher qualities 
of poetry for accuracy of costume and soft molody of 
rhymo and rhythm, and ho had liis iward. His next 
Orientalism, tho Loves of the Anpeh, published in 1822, 
was Imrdly less popular than Lalla Foolii. 'Iho artificiality 
of tho manufacture nns shon-n by tho case Avith Aidiich, 
after a foAV editions, ho changed his angels from Jows into 
Turks, to evade a charge of impiety AA’hicli atos siqiposed 
to impede tho sale of tho Avork. Immediately after tho 
comidction of Lalla Pookh Mooro changed his residence 
to Sloiiorton Cottage in IViltshiro, to bo near Lord 
LansdoAvno and tho library at Boivood, his next literary 
project being a life of Sheridan. His plans AVoro inter- 
rupted by tho consequences of tho rascality of his deputy 
nt Bermuda, Avhich has been already mentioned. To 
nA’oid arrest for tho sum embezzled, jfooro retired to tho 
Continent, and fixed his residonco nt Paris. Ho could not 
return till Hovoinbor 1822, when tho affair nns com- 
jiromiscd. His friends lamented that tho attractions of 
j’nris occiqiicd so much of his time, but, though his diary 
contains almost daily records of visits to ojioras, fCtcs, 
and fashionablo entertninmonts, it sIioaa's also that ho 
Avns busier than ho soomed. Ho AiTOto a goodly number 
of squibs during his exile, besides composing tho Loves of 
the Anejels and accumulating materials for his prose tnlo 
of iho Fpicurean~a fair amount of productioii consider- 
ing his sloAV and painstaking habits of conqiosition. His 
alertness of mind, self-possession, and steadiness of purjAoso 
enabled him to Avork as foAV men could in tho midst of diver- 
sions mid distractions ; and, although ho himself took a 


brilliant part in conversation, avo can see, from a compari- 
son of llis diary with his published AATitings,_that ho kept 


I diary 
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llis ears open for facts and witticisms Avliich ho aftonvarcls 
made his oaa'ii. Tho darling of tho draAving-rooin Avas as 
much boo as butterfly. On his return to England lie 


rcsumed AVork steadily at his memoirs of Sheridan, writing 
Captain Pock as a. Jen eTcsprit hy tho Avny._^ 


triumiihantly despatched in the mituinn of lb2o, Mooro s 
next important AVork atos tho Life of Ppi-on. Iho iimt 
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epiirious Aiincrcontic sentiment, nnmby-pamby wiicn not 
prurient; l>c wrote with full inspiration, niiroscrvcd sin- 
cerity, nml thorouglily roused faculty. Divorced from the 
music, ninny of them are insipid onongli, but they wore 
never inc.nnt to bo divorced from the music; the music 
was meant, ns Coleridge felt when he iicnrd them sung by 
the jioet liimself, to twine round tliom and overtop them 
liKO the honcj’suekle. jMooro nccomplialicd this with 
exquisite art. liis most conspicuous failures may bo 
tmeed to his habit of taking ns his starting-point not an 
cinotionnl incident but some unmanageable intellectual con- 
ceit. lienee arose intellectual discords, incongruous and 
imperfectly linrinonized fancies, which even the music can 
Imrdly gloss over. 

The regent’s desertion of the lYhiga in 1812 cut them 
off from nil ho]io of oHico for ninny years to come, and 
-Moore from his last hope of a .snug sinecure, when Lord 
-Moira also was practically “ oblivious ” of him. There was 
at once a marked increase in his literary fertility, and ho 
broke groniul in a now field, which he cultivated with 
pre-eminent .success — jiolitical squib-writing. Moore was 
incapable of niiythiiig like rancour, but ho felt the dis- 
appointment of Ids hopes enough to quicken his fancy and 
.sharpen the edge of his wit. The jnince regent, hi.s old 
friend and jiati-on, who was said to have begged all Lord 
Moira’.s nppoiiitnients for pcr.sonnl favonritc.s, was bis first 
butt. Tlio prince’s defects and foibles, his fatness, his 
huge wliiskor.s, his love for cutlets and curn^on, for aged 
mislrc.s.ses ami jimctical jokes, were ridiculed with the 
lightc-st of clever hands. Moore opened five in the d/or«rm; 
C/imiicle, and crowned Ids .succc.ss next year (1813) with 
n tldn volume of “ Intercciited Lottem,” 77ic Twopenny Post 
Pay. A very little knowledge of the gossip of the time 
enables us to understand the delight with which Jlooro’s 
.sallies were received in the year which witnc.ssed the 
iinprisonment of Leigh Hunt for more outspoken attacks 
on the regent. IMooro received every ciicouragcmcnt to 
work the new vein. He was nt one time in receipt of 
a regular salary from the 'fimes', and his little volumes 
of squibs jmblishcd at intervals, — The Fiulyc Family 
i n Paris, 1818; 'The Journal of a ^ft■mher of the Pococurante 
Fociety, 1820; Fables for (he Jloly Alliance, 1823; Odes 
on Cash, Corn, Cathnlies, and other Matters, 1828 ; The 
Fndyes in Fnyland, ISSn — wont through many editions. 
The pro.so Memoirs of Captain Jloch (182-1) may bo added 
to the list. Moore’s only failure was Tom Cribh's Memorial 
(0 Conyress (1819), for which he lind made an claboruto 
.study of thieves’ slang. It was of course on the side of 
the lYldgs that ^looro cm])loycd his jien, and his favourite 
topics were the .system of rcprc.ssion in Ireland and the 
disabilities of the Catholics. He made rather too serious 
a claim for his pasquinades when ho spoke of “ laying the 
Insh on the back of the bigot and the opja’cssor.” It was 
not exactly n ln.sh or a scourge that he wielded. It was 
in lin;)!)}’, airily malicious ridicule of personal foibles that 
his strength lay ; ho pricked and tensed his victims with 
sharp and tinj* arrows. But, light ns his hand was, ho was 
fairly entitled to the enthusiastic gmtitudo of his country- 
men for his share in ctlccting Catholic emancipation. 

Tho di.saiqiointment of 1812, which started hlooro on 
his career ns a squib-writer, nerved him also to a more 
.sustained cflbrt in serious verso than ho had boforo at- 
tempted. Jjalla Poohh would never have been written 
if the aufiwr’s necessities had Jiot compelled him to work. 
To keep himself at tho oar, ho contracted with tho Long- 
mans to sujiply a metrical romnneo on an Lastoru subject, 
which sliould contain nt least ns many lines ns Scott’s 
JMcby, and for which tho publishers bound t.homsolves to 
liny threo thousand guineas on delivery. Tho pooiu was 
not published till May 1817. IMooro, ns was Ins habit. 
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mndo most laborious preparation, reading himself slowly 
into familiarity with Eastern scenery and manners Ho 
retired to a cottago in Derbyshire, near Lord Moira’s library 
Bark, that ho might work unintorruptcdly 
safo frojn tlio distractions of London society ; and there* 
“amid tho snows of a Dorbyshiro winter" as ho put it’ 
ho patiently elaborated Ins voluptuous pictures of ilower- 
scented valleys, gorgeous gardens, touts, and palaces, 
and houris of ravishing beauty. Tho confidonoo of tho 
publishers was fully justified. Moore’s contemporaries 
wore dazzled and enchanted with Lalla Poolch. It was 
indeed n wonderful tour deforce. There was not a singlo 
imago or allusion in it that an ordinary Englishman could 
nndorstand without n foot-note. High tostimoniesworo homo 
to tho correctness of tho local colouring, and tho usual stories 
were circulated of Oriental natives who would not bolievo 
that Jfooro liad never travelled in tho East. Mooro was 
loss successful in realizing Oriental character than ho was 
in details of dress and vegetation. His firo-worsliippor 
is an Irish patriot betrayed by an informer, his Zoliea a 
pious!}’ nurtured Catholic maiden brooding over unpardoned 
sin, his Jtokanna a melodramatic stage monster, — though 
they aro so thickly covered with Oriental trappings that 
their identity is considerably disguised. Of tho four talcs 
)mt into tho mouth of Feramorz, tho “ Veiled Prophet ’’ was 
tho least suited to hlooro’s Turkey-carpet treatment. lYo 
can understand tho enthusiasm with which Mooro’s Orien- 
talism was received ns “ tho best that wo have had yet-,’’ 
and wo can honour tho honest labour with which ho 
achieved this success ; but such artificial finery, ns tho poet 
himself had tho so7iso to suspect, could have onlya temporary 
reputation. Ho deliberately sacrificed tho liigher qualities 
of poetry for accuracy of costume and soft melody of 
rhymo and rhythm, and ho had liis reward. His next 
Orientalism, tho Loves of the Anyeh, published in 1822, 
Avas hardly less popular than Lalla PooM. Tho artificiality 
of tho manufacturo rvas shown by tlio enso rvith rvhich, 
after a few editions, ho changed his nngols from Jews into 
Turks, to evado a charge of impiety which was supposed 
to impede tho sale of tho work. Immediately after tho 
com])lction of Lalla Pookh Mooro changed his rosidonco 
to Sloporton Cottago in Wiltshire, to bo Jienr Lord 
Lansdowno and tho library at Bowood, his next literary 
project being a life of Sheridan. His plans were inter- 
rupted by tho consequences of tho rascality of his deputy 
nt Bermuda, which has been already mentioned. 'lo 
avoid arrest for tho sum embezzled, hlooro retired to tho 
Continent, and fixed his residonco nt Paris. Ho could not 
roturn till Hovombor 1822, when tho affair was com- 
ju'omised. His friends lamented that tho attractions of 
Paris occiqiicd so much of his time, but, though his diary 
contains almost daily records of visits to o])oras, fCtcs, 
and fashionablo entertninmonts, it shoAVs also that ho 
Avns busier than ho seemed. Ho Avroto a goodly number 
of squibs during his exile, besides composing tho Loves of 
the Anaels and accumulating materials for his proso tnlo 
of i\\o Ppicurean~a fair amount of productioii consider- 
ing' his sloAV and painstaking habits of composition. His 
alm-tnoss of mind, self-possession, and steadiness of purpose 
enabled him to Avork as few men could in tho midst of diver- 
sions and distractions ; and, although ho himself took a 
brilliant part in conversation, avo can see, fi-om a compari- 
son of his diary with his published Awitings, that ho kept 
his ears ojJoii for facts and Avitticisms Avhich ho afterwards 
mado his oivn. Tho darling of tho draAving-rooin was as 
much boo as butterfly. On his return to England lio 
resumed work steadily at his mcinoirs of Sheridan, writing 
Captain Pock as a Jen (Tesprit by tho way. 
triumi>hantly despatched in the autinnn of Iblo, Mooro s 
uo.xt important AVork Avas tho Ltje oj Byron. Iho fimt 
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o (he group; and their beauty is enhanced by their scarlet 
nil and legs. Two, aKeni of the lithiopian Ilegion and 
tlio feouth-Amcncan J\ 2 Hirra, nre of small size. Of the 
larger speciw, J\ ca'nihus is the “ Porphyrio ” of tho an- 
cients, and inhabits certain localities on both sides of the 
Mediterranean, while the rest are widely dispersed within 
the tropics, and even beyond them, ns in Australia and 
Is ew Zealand. But^this last country has produced a more 
exaggerated form, which has an interesting and 

perhnjis unique history. Pirst described from a fossil skull 
by Prof. Owcn.i and then thought to bo extinct, an example 
was soon after taken alive, = tho skin of which (with that 
of another procured like the first by Mr Walter Mnntell) 
maj be seen in tha British ^fusouin. Other fo.ssil remains 
were from time to time noted by Prof. Owen •'>; but it began 
to bo feared that tho bird had ceased to c-xist,-* until a third 
example was taken about tho year 1879, tho skin and most 
of the bones of which, after undergoing examination in 
New Zealand by Dr Bullcr and Prof. T. J. Parker, f' found 
their way to the museum of Dresden, whore Dr A. B. ilcj'cr 
discovered tho recent remains to bo specifically distinct 
from tho fossil, and while keeping for tho latter the name 
W. viantcUi gives the former that" of jP. hochstetteri. What 
seems to have been a third species of Kotorms formerlj’ 
inhabited Lord Howe’s Island, but is now extinct (see 
Biuns, vol. iii. p. 7112, note). Whether tho genus Aptornis, 
of which Prof. Owen has described the remains from New 
Zealand, was most nearly allied to carats and Porplnjrio 
cannot hero be decided. Prof. T. J. Parker {loc. at.) con- 
siders it a '‘dovclo]>ment by degeneration of an ocydrominc 
tyjic” (.sec OcYDno.wi:). (a. n.) 

hlOOSE. See Dkku, vol. vii. ji. 21. 

MOBADAB.VD. Sec MuiiAUAHAn. 

MOBAL PHILOSOPHY. See E-nrics, vol. viii. p. fil-I 

MOBATIN, LtiAxrmo Pkiixanduz dj: (17G0-1828), 
Spanish dramatist and poet, was the son of N. F. Moratin 
mentioned below, and was born at Madrid on 10th March 
17C0. His poetical and artistic tastes were early deve- 
loped, but his father, keenly alive to the difliculties of tho 
literary calling, cau.scd him to be apprenticed to a jeweller. 
At the age of eighteen ^loratin snrpri.scd his friends bj' 
winning the second jirizc of the Academy for a heroic jiocm 
on the conejuest of Granada, and two years afterwards ho 
attracted still more general attention by a similar success 
of his Lcccion Poctica, n satire upon tho popular poets of 
tho day. Through Jovellanos he was now appointed secre- 
tary to Cabarnis on his sjjccial mission to Franco in 1787, 
and during his stay there lie diligently improved his oppor- 
tunities of becoming acquainted with tho contemjiorary 
French drama, and of cultivating the acquaintance of men 
of letters. Of the literary friendships ho then formed tho 
most important was that with Goldoni ; indeed, Moratin 
is much more correctly styled “ the Spanish Goldoni ” than 
“tho Spanish iMolitjre.” On his return to Spain Florida 
Blanca jiresented him to a sinecure benefice in tho diocese 
of Burgos; and in 1790 his first play, El Viejo y la 
Kina (Tho Old Husband and tho Young Wife), a highly 
finished but somewhat dreary verso comedy in three acts, 
ivritton in 1 780, but delayed by objections of tho actors, 
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' Proc. y.ool. Sociclif, IS-IS, !>. 7; 7'mis., iii. ]). 336, 2)1. Ivt 
= Pn>c., 1850, })}). 209-2M, 1)1. xxi. ; Trans., iv. pj). 69-/-1, i)l. 
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^ Thus tho Icg-hories and u’}iat appeared to bo tlm sternnm were 
described and tigured by liim iv. pp. 

and the pelvis and another femur (vii. pp. 300, 3^3, pis. xin. 
but tlie Bupposeil stcrmim subsequently proved not to bo tlmt of 
Xofontisy a?id Professor Ou’on’s attention being c.allcd to tho fact ho 
reclined tlio error {Proc., 1882, p. 0S9) wliicli lie had i)reviously 
been 'Mnclined to believe’' (T/rifis.j viii. p. 320) ho had made. 

’* N’otwithstandiiig tho evidence, ^vhich it must bo allowed pro- 
Ecnled Romo incongruities, ofiered by Mr ^Mackay {IhiSj 1807, p. 14*1). 
^ Trans. /^caL xiv, pp. 23S-25S. 


was at length produced nt tho Teatro del Princino Its 
success was only moderate. El Coja or La Comcdhi K 
op tho otlicr hand, given at the same theatre two years 
altcrirarcls, at once became deservedly popular, and had 
considerable influence in modifying the public taste. It 
IS a short jiroso comedy in two acts, avowedly intended 
to c.xposo the follies and absurdities of tho contemporary 
dramatists the school of Lope de Vega run to seed — ^ivho 
commanded tho support of the masses ; and it is still read 
lyitli pleasure for the simple ingenuity of its plot, tho live- 
liness of its dialogue, and the easy grace of its style, while 
to the .student of literatiii'e it throws much useful light on 
tho contemporary state of the Sjiaiiish drama, and on tho 
reforming aims of tho author and his party. In the same 
year (1792) Florida Blanca was disgraced, hut liloratiii 
at onco found another patron in Godoy, who provided him 
with a pension and tho means for foreign travel ; lio accord- 
bigly passed through France into England, where ho began 
tho freo and. somewhat incorrect translation of Ilamlct 
which was jinnted in 1798, but which has never been per- 
formed. From England ho passed to tho Low Countries, 
Geniianj’-, Switzerland, and Italy, and on his return to tho 
Peninsula in 179G ho received a lucrative post at the Foreign 
Oflicc. His next a])])cnrance in the drama did not take place 
until 1803, when El Baron was first publicly exhibited in 
its present form. It successfully weathered a determined 
attempt to damn it, and still keeps tho stage. It was 
followed in 1804 by La ALogiyaia (Tho Female Hjqio- 
crite), of which imperfect nmmiscript copies liad begun 
to civcnlato as early as 1791. It was favourably received, 
as on tlio whole it deserved to bo, by a public which was 
now at one with tho author as to tho canons of his art, and 
an attempt to suppress it by means of tho Inquisition on 
alleged religious grounds (Zn Jfogigata being an imitation, 
a somewhat feeble one, of Moli6ro’s I'artnffe) was success- 
fully frustrated. Moratiii’s last and crowning triumph in 
the department of original comedy was acliiovcd in ISOG, 
when El Si de las Kiiias (A Girl’s Yes) was jierformed 
night after night to crowded houses, ran through several 
Spanish editions in a year, and was soon translated into 
soveral foreign languages. In 1808, on tho fall of tho 
Princo of tho Peace, ^loratin found it necessary to leavo 
Spain, but shortly afterwards ho returned and consented 
to accept the oflico of royal librarian under Joseph Bona- 
parte — a false step, which, as tho event proved, permanently 
nlieiiated from him tho sympathies of his country, and 
compelled him to spend almost all tho rest of his life in 
exile. In 1812 his Escnela de los Alaridos, a translation 
and adaptation to tho more dignified and stately Spanish 
standard of hlolitro’s Ecole des Afaris, was produced at 
Jladrid, and in 1814 El Afedteo a J^alos (from Le Alalccm 
ALalgri Ltd) at Barcelona. Froin 1814 to 1828 jMoratin 
lived in France, iirinciiially at Paris, and devoted himself 
to tho preparation of a learned work on the histoiy of tho 
Spanish drama (Origenes del Teatro Espanol), which unfor- 
tunately stops short of tho period of Lope do Vega. He. 
died at Paris on 2Ist Juno 1828. 

An edition of his Obras Pramaticas g Ltrlcas in tlivco vols. was 
nublishcd at Paris in 1825. Tho lyrical works, consisting of odes, 
sonnets, and bJdlads, arc of coinparativcly little mteie.st ; tlicy 
rcfloct the innueiico of his father and of tbo Italian Conti. I ho 
best edition of tbo Ohra.s is tlmt j)nblislicd by tbo Spanish Acadciny 
of History in four vols. nt Jfadud in 1830-1831 ; see also I'ol. ii. 
oTJiibliotcca dc Autorcs Espailoles (1840). 

hlORATlil, Nicolas Feknandez de (1737-1780), 
Spanish poet, was descended from an old Biscayan family, 
and was born at Madrid in 1737. He was educated at 
tho Jesuit college in Calatayud, and afterwards studied 
law at the university of Valladolid. Ho then received an 
appointment in tho service of Queen Elizabeth, tho widow 
of Pliili]) V., which enabled .him to seo much of tbo society 
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of the group; luul their beauty is euhauced by their scarlet 
nil ami legs. Two, P. aUaii of the lithiopiau Ilegion and 
tlio bouth-American P. parva, arc of small size. Of the 
larger speciw, P. ca-rulms is the “Porphyrio” of the an- 
cients, and inhabits certain localities on both sides of the 
^lediteirancan, while the rest are widely disjiersed within 
the tropics, and even beyond them, as in Australia and 
Is ess Zealand. But this last country has produced a more 
exaggerated form, ss'hich has an interesting and 

perhaps unique history. First described from a fossil skull 
by 1 rof. Oss'cn,^ and then thought to bo extinct, an cxnm])lo 
ssas soon after taken alis’c," the .skin of ss’hich (ss’ith that 
of another procured like the first by Hr Walter Jfantell) 
may bo seen in the British Ifuscum. Other fossil remains 
ss-erc from time to time noted by Prof. Osven but it began 
to bo feared that the bird had ceased to c-xist,-* until a third 
example svas taken about the year 1879, the skin and most 
of the bones of ssduch, after undergoing examination in 
Ness’ Zealand by Dr Bullcr and Prof. T. J. Parker, found 
their svay to the museum of Drc.sden, svhoro Dr A. B. iloj-or 
discos’ered the recent remains to bo specifically distinct 
from the fossil, and svhilo keeping for the latter the name 
Ah mantclU gives the former that of Ah hochstciteri. What 
seems to have been a third species of Koiornis formerlj' 
inhabited Lord Hosve’s Island, but is nosv extinct (see 
Biups, vol. iii. p. 7112, note). Whether the genus Aptornxs, 
of ss’hich Prof. Osven has described the remains from Nesv 
Zealand, ss’a.s most nearlj' allied to AWornis and Porphi/rio 
cannot hero be decided. Prof. T. .T. Parker {foe. cit.) con- 
siders it a '‘dovcloiuncnt by degeneration of an ocydrominc 
typo” (see OcvDno.sn’.). (a. n.) 

HOOSE. See Dkku, vol. vii. ji. 21. 

HOBADABAD. Sec HunAiiAiiAi). 

HOBAL PHILOSOPHY. See E-nrics, vol. viii. p. r)7’l. 

HOBATIN, Lkandijo Fi;it.v.i.Nr)i;;t d;; (17G0-1S2S), 
Spanish dramatist and jiact, ss’as the son of N, F. Jforatin 
mentioned beloss’, and svas born at Ifadrid on 10th Hnrch 
17C0. His poetical and artistic tastes ss’cro early dos’c- 
loped, but his father, keenly alive to the difliculties of the 
literary calling, c.au.scd him to be apprenticed to a jcss’cllcr. 
At the age of eighteen Horatin snrpri.scd his friends bj’ 
ss’inning the second jirizc of the Academy for a heroic poem 
on the conquest of Granada, and tsvo years aftersvards ho 
attracted still more general attention by a similar success 
of his Lcccion Poctica, a satire upon the popular poets of 
the day. Through Jovellnnos he was now appointed secre- 
tary to Cabarnis on ins special mission to Franco in 1787, 
and during his stay there ho diligently improved his oppor- 
tunities of becoming acquainted with the contemjiorary 
French drama, and of cultivating the acquaintance of men 
of letters. Of the literary friendships ho then formed the 
most important was that with Goldoni ; indeed, Horatin 
is much more correctly styled “ the Spanish Goldoni ” than 
“ the Spani.sh !Molii;re.” On his return to Spain Florida 
Blanca jiresented him to a sinecure benefice in the diocese 
of Burgos; and in 1790 his first play, PI Viiifo y la 
Kifia (The Old Husband and the Young Wife), a highly 
finished but somewhat dreary verso comedy in three acts, 
rvritten in 17SG, but delayed by objections of the actors, 
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‘ Proc. /Cool. Soclchf, IStS, j'. 7 ; Tra/is., iii. J). 33B, Jil. ^'’i^ 

= Ptve., 1S.B0, })]). 209-2M, 1)1. xxi. ; Tvam., iv. pp. 69-/4, pi. 
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5 Thus the lcg-T)orie*i and u’}iat appeared lo bo tlio sternum were 
described and tigured by liim {Trans,^ iv. pjL 
and the pelvis and another femur (vii. pp. 300, 3^3, pis. xlu. xiiii.;, 
but tlie Bupposed sfcnmin siibseqiioiitly proved not to bo tlmt ol 
Koturnis, and Professor Owen’s nttcution being called to tlio fact bo 
rectified tlio error {Proc., 1882, p. 089) wliicli bo bad previously 
been "inclined to believe” {Trans., viii. p. 120) lio bad made. 

Notw’itbstandiiig the evidence, wbicb it must bo allowed pro- 
eenled some incongruitie.s, onered by Mr MacUay {Pus, 186/, p. H-t). 

= Trans. X. iCcal. Inst., .xiv. pp. 238-258. 


was at length produced at the Teatro del Princino Its 
success was only moderate. El Cafe or La Comedia Fmva, 
op tho other hand, given at the same theatre two years 
afterwards, at once became deservedly popular, and had 
considerable influence in modifying the public taste. It 
IS a short jiroso comedy in two acts, avowedly intended 
to expose the follies and absurdities of tho contomjiorary 
drnmatists the school of Lopo do Vega, i*iui to seed — ^^vho 
commanded the support of the masses ; and it is still read 
with pleasure for the simple ingenuity of its plot, tho live- 
liness of its dialogue, and tho easy grace of its style, while 
to the student of literature it throws much useful light on 
tho contemporary state of tho Spanish drama, and on the 
reforming aims of tho author and his party. In tho same 
year (1792) Florida Blanca was disgraced, but jMoratin 
at once found another patron in Godoy, who provided him 
with a pension and tho means for foreign travel ; ho accord- 
ingly jiassed through France into England, where ho began 
tho^ free and somewhat incorrect translation of Hamlet 
which was jirinted in 1798, but which has never been per- 
formed. From England ho passed to tho Low Countries, 
Germanj’, Switzerland, and Italy, and on his return to the 
Peninsula in 179G lie received a lucrative post at the Foreign 
Oflice. His next a])])carance in tho drama did not take place 
until 1803, when El Enron, was first publicly exhibited in 
its present form. It successfully weathered a determined 
attempt to damn it, and still keeps tho stage. It was 
followed in 1804 by La Jfoya/ata (Tho Female Hjqio- 
crite), of which imperfect manuscript copies had begun 
to circulate ns early as 1791. It was favourably received, 
as on tho whole it deserved to be, by a public which was 
now at one with tho author ns to tho canons of his art, and 
an attempt to suppress it by means of tho Inquisition on 
alleged religious grounds (Za Mogigata being an imitation, 
a soniewliat feeble one, of j\Ioli6rc’s Tnr/iijLe) was success- 
fully frustrated. Horntin’s last and crowning triumph in 
the department of original comedy was acluevcd in ISOG, 
when El Si de las Mi'ias (A Girl’s Yes) was performed 
night after night to crowded houses, ran through several 
Spanish editions in a year, and was soon translated into 
several foreign languages. In 1808, on tho fall of the 
Prince of the Peace, Moratin found it necessary to leave 
Spain, but shortly afterwards ho returned and consented 
to accept tho office of royal librarian under Joseph Bona- 
parte — a false step, which, ns tho event proved, permanently 
alienated from him tho sympathies of his country, and 
compelled him to sjiend almost all the rest of his life in 
exile. In 1812 his Esoiela de los JIaridos, a translation 
and adaptation to the more dignified mid stately Spanish 
standard of Molibro’s Ecole des Afaris, was produced at 
Jladrid, and in 1814 A/ Medico a Palos (from Le Malecin 
Malgri Lui) at Barcelona. From 1814 to 1828 ]\[oiatin 
lived in France, jn’incijially at Paris, and devoted himself 
to tho preiiarotion of a learned work on the historj’ of tho 
Spanish drama {Origoics del Teatro Espanol), which unfor- 
tunately stops short of tho period of Lope do Vega. He 
died at Paris on 21st Juno 1828. 

All edition of bis Ohras Dramatkas y Llrkas in tbvco vols. was 
publisbcd at Paris in 182.5. 'I'lio lyrical ivoife, consisting of odes, 
sonnets, and ballads, are of coiniiarativcly little mteicst; they 
reflect tho iiifluonce of liis father niul ol tlio Italian Conti. The 
best edition of the Obras is tlmt publisbcd by tlio Spanisli Acadeiny 
of History in four vols. at Jfiubid in 1830-1831 ; see also vol. ii. 
oiliihUotcca de Autorcs Psjxanolcs (1840). 

HOBATlil, Nicolas Fekkandez de (1737-1780), 
Spanish poet, was descended from an old Biscayan family, 
and was born at Madrid in 173/. He was educated at 
tho Jesuit college in Calatayud, and afterwards studied 
law at tho university of Valladolid. Ho then reccii ed an 
appointment in tho service of Queen Elizabeth, tho widow 
of Philip V., which enabled him to see much of tho society 
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Proyincinl aflairs aro managed by tlio landtag, consisting 
of the Eoinan Catholic archbishop and bishop, 30 repre- 
sentatives of the landed gentry, 37 representatives of the 
towns and chambers of commerce, and 31 representatives 
of the country districts. There aro six courts of justice 
of the first instance in Sforavin, and one of the second 
instance (at Briinn), whence ajijieal lies to the supremo 
court at Yicnna. Por military and judicial purposes 
-\foravia is united with Austrian Silesia. 

Moravia belongs to the group of old Slavonic states 
which have jn-cscrved their nationality while losing their 
political indciicndence. Uinvards of 70 per ceiit.°of the 
inhabitants aro Slavs, who are scarcely di.stinguishalilo 
from their Bohemian neighbours. The differences in 
dialect between the Iwo countries are very slight, and are 
being gradually lost in a common literary language. The 
name of Czech, however, is usuall}' reserved for the 
Bohemians, while the Slavs of Moravia and M'est Hungary 
arc called Moravians and Slovaks. The Czechs liavo lost 
.«ight of their ancient tribal names, but the Moravians are 
still divided into numerous secondary groups (Hovaks, 
Hanaks, drc.), differing slightly in costunio and dialect. 
The jicasants usually wear a national costume. In the 
south of ^foravia arc n few thousand Croats, still preserving 
their manners and language after three centuries’ separation 
from their kinsmen in Croatia ; and in tlie north-cast are 
numerous Boles. The Germans form about 2G per cent, 
of the poimlation, and aro found mostly in the towns and 
in the border districts. The Jews arc the best educated 
of the inhabitants, and in a few small towns form a full 
half of the population. Their sympathies generally lie 
with the Germans. In 1880 the population was 2,153,407, 
showing an increase of 130,133 since 1809. Moram is 
one of the most densel 3 ’-populatcd parts of Austria-Hungarj-, 
the proimrtion being 2.52 jicrsons per square mile. About 


1 2 per cent, of the births aro illegitimate. The chief tomis 
are Briinn, the c.a]ntal and industrial centre (82,000 inha- 
bitants), Olmiitz, a strong fortress defending the “ Moravian 
Gate” (20,170 inhabitants), Znaim, and Iglati. 

History. — At the Mrlic-sl jioriod of wliich we li.ivo niiy record 
Momvin \vn.s oeeiipicd by tlio IJoii, the Celtic race which 1ms jwr- 
])ctuatcd its imine in llohoinia. Afterwards it was inhabited by the 
Oermanio Qnadi, who nccoinitanied the Vandals in their westward 
JiliKOition ; and they were replaced in the Cth century by the Kugii 
and Hernli. Tiic latter tribes were succeeded about tlie year fi.'iO A.n. 
by the Lombards, and these in their tni-n were soon forced to retire 
before an overnhelining invasion of Slavs, who, on their .settlement 
there, took tlie name ol Jloravians (German, Hehronai or Miihrcn) 
from the river Morava. These new colonists became the permanent 
inimbitants of this district, and in spite of the hostility of the 
Avars on the c.ast founded the kiiigtlom of Great Jloiavia, winch 
was considerably more e.vtensivo than the jirovince now bearing 
the name. Towards the end of the Sth century they aided Charle- 
niagno in putting an end to the Avar kingilom, and were rewarded^ 
by receiving part of it, corresponding to North Hungary, as a lief 
of the German emperor, whoso supremacy they also acknowledged 
more or less for their other possessions. After tho do.ath of 
Charlemagne tho Jloravinn jirinee-s took advantage of the dissen- 
sions of ins succcssoi-s to enlarge their territories and assert their 
independence, and llastislaus (rirar 850) oven formed nn_ .alliance 
with tho Ihdgarians and the Byzantine emperor. Tho chief result 
of tho alliance with the latter wis tho conversion of tho Momvians 
to Christianity by two Gicok monks, Cyril and ^lothodins, des- 
patched from Constantinople. Kastislaus linally fell into the 
Imnds of Lonis tho German, who blinded him, and forced him 
to end his days as a monk ; but his successor, Suatopluk (oo. S90), 
was equally vigorous, and extended tho kingdom of Gre.at lllorayi.a 
to the Oder on tho west and tho Gran on the east. At this period 
there seemed a strong probability of tho junction of the north- 
western and south-eastern Slavs, and tho formation of a gre-at 
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and so boevame an integral part of tiioTorman eLphe.' 
tho close of the l_th century Jloravia was raised to tho dignity of 
a inargraviate, but with the proviso that it should bo hold Is a lief 
of tho eiouii of liohonua. It henceforth shared tho fortunes of 
this coiintp-, and was usually assigned ns an apanage to younger 
nmniboi-s of the Bohemian loyal house. In 1410 .Tolst, margrave 
of Mor.avi!i, was made emperor of Germany, but died a few months 
after hi.s election. In 1.52C, on the death of Louis II. of Ilunrrary 
i loravia came with the rest of that princo’.s posso.ssions into the 
hands of the Austrian house. During tho Thirty Yeans’ War tho 
depopulation of Moravia was so great that after tho peace of AVest- 
phaha the states-gcneral published an edict giving every man 
permission to take two wives, in order to “ropcople tho country." 

^*^'*^*' \ ears* War iVloravia \ras uniteci in oiio proviuco 
with^ the remnant of Silosi.a, but in 1S4.9 it was made a separate 
and independent crownland. Tho most notice.ablo feature of recent 
Moravian history has been the active sympathy of its inhabitants 
with tho anti-reiitonic homo-rule ngit.atioiioftho Bohemian Czechs 
(see Bohemia). 
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invadera were encouraged by tlio German moiiaiviis end aided b} 
tho dissensions and mismanagement of tho succcssora ot Suatopluk, 
.and in n short time completely subdued the eastern part of Great 
Jloravia. Tho name of Jloravia was henceforth confined fo tJw 
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_ MOllAVIAN- BRETHREN, Tiie, aro a society of Chris- 
tians whoso history can bo traced back to tho year 1457 
and their origin found among tho religious movements in 
Bohemia which followed the martj'rdom of John Huss by 
tho council of Constance. Tho beginnings of tho Bohemian 
Brethren (for that was their earlier name) are somewhat 
obscure. Tho followers of Huss broke up into two factions, 
one of which, tho Calixtincs, was willing to acknowledge 
allegiance to Romo, provided tho “ compacts ” of tho council 
ot Basel permitting the Lord’s Supper siil/ vtraque specie 
were maintained, and in tho end it became the national 
church of Bohemia ; the other, tho Taborites, refused all 
terms of reconciliation, and appealed to arms. Separate 
from both these were many pious people who wore content 
to worahip God in simple fashion, in quiet meetings for 
jiraj’cr and Scripture-reading, like tho Gottes/reunde of 
Germany, and who called themselves Brethren. Bohemian 
historians have conclusivclj' shown that tho Brethren repre- 
sent the religious kernel of tho Hussite movement, and do 
not come either from tho German AValdenscs or from tho 
Taborites. Before 1457 many of these quiet Christians 
were known ns tho Brethren of Choleic, and wore tho 
followers of Peter Chelcicky, a Bohemian, whoso religious 
inlluenco, strongly Puritan in its character, seems to have 
been inferior only to that of Huss. In that year tho Calix- 
tino leader, Eokyzana, wishing to protect them, permitted 
his noiihow Gregory to gather them together at Kunowald 
near Sonftonberg, and form them into a community. 'This 
meeting was reafly the foundation of the Brethren or Unitas 
Fratriim, and its founder Gregory announced that he and 
his companions received and taught tho rejection of oaths, 
of tho military jirofession, of all official rank, titles, and 
endowments, and of a hierarclij*. They did not jirofess 
communism, but they held that tho rich should give of 
their riclies to tho poor, and that all Christians should live 
ns nearly ns possible in tho fashion of tho ajiostolic com- 
munity at Jerusalem. At tho synod of Lhota near 
Eeichonau, in 14C7, they constituted themselves into a 
church separate from tho Calixtino or national church of 
Boliomi.a. They aiqiointod ministers of their own election 
and witli tho guidance of tho “lot,” and had an organiza- 
tion and disciiilino of their omi ; at their head -was a bishoji, 
who, it is said, received ordination from the Austrian 
lYnldonses, but ajiostolic succession among tho Brethren 
is one of the most obscure parts of their history. 

Tho constitution of tho society w.as revised at a second 
synod lield at Lhota under tho direction of Luke of Prague, 
who nwj' bo regarded ns their second founder. This re- 
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Proyincinl nflairs aro managed by tlio landtag, consistiim 
of tJio Eoman Catholic archbishop and bishop, 30 repre° 
sontativcs of the landed gentry, 37 representatives of the 
towns aiul chambers of commerce, and 31 representatives 
of the country districts. There aro six courts of justice 
of tho first instanco in Sforavin, and ono of tho second 
instance (at Briinn), whence aiipcal lies to tho supremo 
court at Vienna. Por military and judicial purposes 
-Moravm is united with Austrian Silesia. 

Moravia belongs to tlic group of old Slavonic states 
which have preserved their nationality while losing their 
political indcjtcndence. Uinvnrds of 70 i)or cent, of tho 
inhabitants aro Slavs, who aro scarcely distinguishable 
from their Bohemian neighbours. Tho differences in 
dialect between tho two countries aro very slight, and are 
being gradually lost in a common literary language. The 
name of Czech, however, is usually' reserved for tho 
Bohemian.s, while tho Slavs of ^loravia and IVest Hungaiy 
are called Moravians and Slovaks. Tho Czechs have lost 
.«ight of their ancient tribal names, but tho Moravians are 
still divided into numerous secondary groups (Ilovaks, 
Hanaks, drc.), differing slightly' in costumo and dialect. 
Tho peasants xisually' wear a national costume. In tho 
south of ^foravia are a few thousand Croats, still preserving 
their manners and language after three centuries’ separation 
from their kinsmen in Croatia ; and in the north-east aro 
numerous Polos. Tho Germans form about 2G per cent, 
of the population, and aro found mostly in tho towns and 
in the border districts. Tho Jow.s arc tho best educated 
of tho inhabitants, ntul in a few small towns form a full 
half of tho poimlation. Their sympathies generally lie 
with tho Germans. In 1880 tho population was 2,153,407, 
showing an increase of 136,133 since 1869. 5[o^a^'ia is 
one of the most densely-populated parts of Austria-Hungary, 
tho pro]>ortion being 252 jicrsons per square mile. About 
1 2 per cent, of the births are illegitimate. The chief tomis 
are Briinn, tho capital and industrial centre (82,660 inha- 
bitants), Olmiitz, a strong fortress defending tho “Moravian 
Gate” (20,176 inhabitants), Znaim, and Iglaii. 


Jlistorif . — At the c.irlio.st jn'riod of >vlucli wo liavo niiy record 
Moravia wn.s occupied by tlio Ifoii, the Celtic raco which has ]icr- 
])otuatcd its iiaine in Bohemia. Afterwards it was inhahited hy tlie 
Ciermanic Quadi, wlio nccomjtanied tlio Vandals in their westward 
mipralion ; and tliey were replaced in the Ctli century hy tiie Rngii 
and Heriili. Tlic latter trihe.s wore succeeded about tlio year !)!i0 A.n. 
hy the Loinbanb, and tlicso in tlieir turn were soon forced to retire 
before an overn helming invasion of Slavs, who, on their .sottlomont 
there, took the name of Jloravians (German, ^^chmllcn or dfu/uvii) 
from tlio river Morava. Tlicso new colonists hecanio tho ponnanciit 
inlinbitaiits of this district, and in spite of tho iiostility of the 
Avars on tlio cast founded tlio kingilom of Great Sloinvia, which 
was considcraldy more o.vtoiisivo than the province now hearing 
the name. Toward.s flic end of tho Sth century they aided Charle- 
magne ill putting an end to tlio Avar kingilom, and were rewanlcd^ 
by receiving part of it, corresponding to North Hungary, as a liot 
of tlio German emperor, wlioso supremacy they also aokiiowledgod 
more or less for their otlier pos-scssioiis. After tlio death of 
Cliarlomngne llio Jloravinn jiriiiee-s took nilvnntago of tho dissen- 
sions of Ins succcssoin to enlarge their territories and assert their 
independence, and Kastislaus (cirm 850) oven formed an_ .alliance 
with tiio Bidgarians and the Byzantine emperor. Tlio cliicf result 
of the alliance with tho latter was tho convereion of tho Moravians 
to Christianity hv two Gzeok monks, Cyril and Methodius, des- 
patched from Constantinople. Kastislaus liiinlly fell into the 
Jiands of Louis tho German, who blinded him, and forced him 
to end his days as a monk ; hut his successor, Suatopluk (trf'. 890), 
^vas equally vigorous, and extonded tho kingdom of Groat iilorayia 
to tlie Oder on tho west and the Gran on the east. At this period 
there seemed a strong probability of tho junction of the north- 
western and south-eastern Slavs, and the formation of .a great 
Slavonic power to the cast of tho German cminre. Hus piospect, 
however, was dissiiiatcd by tho invasions of tiio Magpr hoitte m 
tho lOtli contnrv, the brunt of wliich was borne by Aloinvia. Iho 
invaders wore oiiconraged hy tlio Gorman monarchs and auiecl b) 
tho dissensions and mismanagement of tlio sncccssora ot Suatoplnk, 
and in n short time completely sulidued the eastern part o' Great 
Jloravia Tho name of iloravia was henceforth conliued to tho 
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Sinn ‘nr it iioiv applies. For .about a century the posses 
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j^ouemm, Diu 111 10-9 itvas lumlly incorporated with Rohomh 

and so hoevame an integral part of tlio German emphe. TowaiAs 
tho close of the l_th century Jloravia was raised to tlio dignity of 
B/oviso that it should ho hold Is a lief 
of the eioiui of Bohemia. It henceforth shared the fortunes of 
this country, and was usually assigned ns an apanage to younger 
nmmboi's of tho Bohomian loyal house. In 1410 Jotst, iimrgravo 
of Monavia, was made oniporor of Germany, hut died a few mmiths 
after ins clcotion. In 1.52C, on the death of Louis II. of Iluiirairv 
i loiavia came witli the rest of tiiat jiriiico’s possessions into the 
hands of the Austrian house. During tlio Thirty Years’ War the 
depopulation of Moravia was so great that after tho peace of AVest- 
phaha the states-gciioral published an edict giving every man 
porimssiou to take two wives, in order to "ropcople the country." 
After the Seven Years’ AYar Moravia was imitcii in one proviiico 
with_ the remnant of Silesia, but in 1849 it was made a separate 
and indepondeut orownlund. Tlio most noticeable feature of recent 
Moravian liistory has been tlie active sympathy of its inhabitants 
with tho nnli-'Pentoiiic Jioine-i-nlo ngitaiioii o[ tho Uohcinian Czechs 
(see Boiikmia). 

AiittoH/ifj.— Dmllk, Mahrais aUijcmeitte G(sc7itc>ilr (IJriinn, ISSO-TO); Wolny, 
Ihr Marlqra.Mcift Miilimi, toiKiffmphiscti, stalisthch, iind hUtorisch nesi-Mldfrt 
- -Ill, I83fi-10); DEIvert, IScUrA'je nir Geschichtc <kr KninalaUiuii " ' 

,Un Jahrhuiukrt flSSTl: rr. ■'..mroi.u,.,;. ir--' 
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(Vieii 
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JIOEAA’^IAN BRETHREN, Tiie, aro a society of Chris- 
tians ivhoso history can bo traced back to tho year 1457 
and their origin found among the religious movements in 
Bohemia which followed the martyrdom of John Huss by 
tho council of Constance. Tho bcgimiiugs of tho Bohemian 
Brethren (for that was their earlier name) aro somewhat 
obscure. Tho followers of Huss broke up into two factions, 
ono of which, tho Calixtincs, was willing to acknowledge 
allcgianco to Rome, provided tho “ compacts ” of the council 
of Basel permitting tho Lord’s Supper sub vtraqm specie 
wore maintained, and in tho end it became tho national 
church of Bohemia ; the other, tho Taboritos, refused all 
terms of reconciliation, and appealed to arms. Separate 
from both those were many pious people who wore content 
to worahip God in simple fashion, in quiet meetings for 
jiroyer and Scripturo-rending, like tho Gottesfreunde of 
Germany, and who called themselves Brethren. Bohomian 
historians have conclusively shown that the Brethren repre- 
sent the religious kernel of tho Hussite movement, and do 
not como either from the German AA’aldonscs or from tho 
Taboritos. Before 1457 many of these quiet Christians 
were know'ii as tho Brethren of Choleic, and wore tho 
follow'crs of Peter Chelcicky, a Bohomian, whoso religious 
inllucnce, strongly Puritan in its character, seems to have 
been inferior only to that of IIuss. In that year tho (Mlix- 
tino leader, Eokyzana, wishing to protect them, permitted 
his nephew Gregory to gather them together at Kunownid 
near Sonftenberg, and form them into a community'. 'This 
meeting was renfly the foundation of tho Brethren or Unitas 
JiVairiim, and its founder Gregory announced that he and 
his companions received and taught tho rejection of oaths, 
of the military iirofession, of all official rank, titles, and 
endowments, and of a hierarchy. They did not jirofess 
communism, but they held that tho rich shoidd givo of 
their riclios to tho poor, and that all Christians should live 
ns nearly' ns possible in the fashion of tho ajiostolic com- 
munity' at Jerusalem. At the synod of Lhota near 
Reichonnn, in 1467, they constituted themselves into a 
church separate from tho Cnlixtino or national church of 
Bohomia. They njiiiointed ministers of their own election 
and with tho gnidanco of tho “lot,” and had an organiza- 
tion and discijilino of their ow'u : at their head itos a bisho]i, 
who, it is said, received ordination from the Austrian 
AA^nldeiises, but apostolic succession among tho Brethren 
is one of tho most obscure parts of tlieir history. 

Tho constitution of tho society was revised at a second 
svnod held at Lhota under tho direction of Luke of Prague, 
who may bo regarded as their second founder. This re- 
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•fi o 1 .f® '™st-south-wcst of Paris in a direct lino and 

oiU by rail. From tho Slontagnes Noires on the northern 
frontier the western jiortion of iMorbihan slojies soutliward 
towards Finistere, watered by tho Quiinpcrl6, tho Plavet 
■\\ itu its aflliiont the Scorft, and the Aiiray : tho eastern 
poition, on the other hand, dips towards the south-east in tho 
direction of the course of tho Oust and its feeders, which 
fall into tho Yilaiue. Tliough tho Jlontagncs Noires con- 
tain the highest point (9 1 5 feet) in tho department, tlio most 
striking 01 ograjihic feature of Morbiliaii is tlio drearj", tree- 
iess, stieamless tract of moorland and marsh known as the 
Landes of Lanvaux, which extends (west-north-west to cast- 
south-east) with a Midth of from 1 to 3 miles for a distance 
of 31 miles between tho valley of the Claio and that of tho 
Arz (affluents of tho Oust). A striking contrast to this 
district is aflorded by tho various inlets of tho sea, whose 
shores are clothed with vegetation of exceptional richness, 
large fig-trees, rose-laurels, and aloes groiving as if in 
Algeria. Tho coast-lino is oxcocdinglj’ irregular: tho 
mouth of tho Vilaino (tho longest river of the department), 
tho peninsula of lliiis, tho great gulf of iforbihan (Inner 
Sea), from which the department takes its name, and tho 
mouth of the Aiiray, tho long Quiboron peninsula attached 
to tho mainland b}’ tho narrow isthmus of Fort Penthitivre, 
tho deep -branching estuary of Ftol, tho mouths of tho 
Blavet and the Scorff uniting to form tho jiort of Lorient, 
and, finally, on the borders of Finistiiro tho mouth of tho 
Laita, follow each other in rapid succession. Off the coast 
lie the islnndsof Groix, Belle-isle, Houat, and Hoedik. Vessels 
drawing i3 feet can ascend tho Vilaino as far as Kedon; 
tho Blavet is canalized throughout its course through the 
department j and tho Oust, as part of tho canal from Nantes 
to Brest, forms a great waterway by Bedon, Josselin, Bohan, 
and Pouthy. Tho climate of ilorbihau is characterized 
by great moisture and mildness, duo to the influence of the 
Gulf Stream. 

Of the 2625 square niik’s fonuing the dep.-utmeut, nc.nrly one 
half is occupied by mooi's {hmics), arable soil forming little more 
than a thmi part of tho wiiolc, meadows .a toutli, ami woodlands 
a fifteenth. The horses number 36,000, homed cattle 285,000, 
sheep 92, 
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buckwheat, oats, potatoes, pease and beaus, chestnuts, beetroot, 
hemi), colza, and ll.ax are grown. A little wine also is made, but 
the usual liquor of tho district is cider {mauufactuml to the extent 
of 11 to 13 million gallons per annum). Tho sca-wiuv gitthcred 
along tlie coast helps greatly to imprevc the soil. Outside of 
Lorient there is littlo industrial activity in llorbihan, though 
canvas, leather, preserved foods, paper, and ohemical products 
derived from tlio sea are all manufactured. Salt mai'shes give 
employment to 400 hands, and yield on an average 9892 tons of 
salt; and slate, kaolin, iron-ore, and granite are also worked. The 
catching and curing of sarelines and tho breeding of oysters form 
the business of many of tho inhabitants of the coast, who also fish 
for anchovies, lobsters, Ac., for tinning. There are 154 miles of 
railway in the department, mid it was intended (1883) that the line 
from Nantes to Brest should have branehes from Auray to St Lcieue 
and to Quiberoti, and from Questombert to Ploernicl. ^lorbihaii 
is divided into four nrrondissonients, — ^I'anues, Lorient. Ploernun, 
and rontivy— 3“ cantons, and 249 communes. Tlie population iii 
1881 was 521,614. . . , - 

Few departments contain so many localities interesting for tlieir 
historical .associations. Besides tiio megalitliie moiiiinien^ ot 
C.vr.XAC (2800 inhabitants) (q.r.) and of Loemanaqiier (-0..0), 
may bo mentioned-— Sarzeaii (5720) with its castle of Siiemio, one 
of the ancient dukes of Brittany ; Josselin (2.10) with the tomb 
of Olivier do Clisson, constable of France, and of Ins second lule 
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bmlge over the Vilaine, 040 feet long and lOS feet above spring 




of tile Fre’nch eniigre.s ; lIennel>onl (60.50) 
viaduct over the Blavet, and La Roche Bernard (1230) a susl>ensioii 


MOEDAUNT, Cn.viiLKs. See Pr,TKRnoKouo.Ji Eijiuor 
MOBDVLVIAXS, more correctly Mouuv.v « Voruv-V 
are a people numbering about one million, of Finnisll 
ongm, belonging to the Ural-Altaic fntnilj-, who inhabit 
the middle Volga provinces of Bus.sia and spread in small 
detached communities to the south and east of thc.se 
Their settlement in tho basin of tho Volga i.s of higli 
antiquity. ^ (3no of tho two great branches into which 
they are divided, tho Aorses (now Erzya), is mentioned 
by Ptolemy as dwelling between tho Baltic Sea and tho 
Ural mountains, whilst tho Aorses of Asia occujiied at 
tho samo timo tho country to tho north-east of tho Casiiian 
between tho Volga and tho .Taxartes. Their king is said 
to have como with 200,000 horsemen to aid Jlithradate.s 
in his warn. Strabo mentions also tho Aorac-s n.s inhabit- 
ants of tho country between tho Don, the Caspian Sea, 
and tho Caucasus. The name of Jfordvs is mentioned 
for tho first time by .Tordanes, and they were known 
under tho samo name to tho Bussian annalist Nestor. Tho 
Bussians mado raids on tho ^lordvs in tho 12th century, 
and after tho fall of Kasaii they rapidly invaded and 
colonized their abodes. Tho Jlordvs now occiqi}' tho 
Bussian jirovinces of Simbirsk, Penza, Samara, and Nijni- 
Novgorod, ns well ns those of SaratofVnnd Tnmboir. lint 
their villages are dispersed among those of tho Btissian.s, 
and thej' constitute only 10 to 12 per cent, of the jioim- 
lation in tho four first-named iirovinccs, and from fi to 
G per cent, in the last two. They are unequally distri- 
buted over this area in ctlmograiihical islands, and con- 
stituto ns much as 23 to 44 per cent, of the population of 
several districts of tho governments of Tamboff, Simbinsk, 
Samara, and Saratotf, and only 2 or 3 jicr cent, in other 
districts of the same jnxivinccs. A small number of Mordva 
aro found also in the provinces of Ufa, Orenburg, A.strakhan, 
and even in Siberia ns far oast ns tho river Tom. They 
are divided into two groat branches, the Erzya and tho 
ilfokshn, difl’cring in their ethnological features and in their 
language. The sonthern branch, or tho Mok.shn, have a 
darker skin and darker eyes and hair than tho northern. 
A third branch, the Karatays, is duo to mixture with 
Tatars, whilst a fourth branch, mentioned by several 
authors, is, according to ifainoll', but a local name for 
pure Jlordvs. Their language is considered by M. Ahhjvi.st 
ns the third branch of the 'Western Finni.sh family, the two 
other branches being the Laponiau and the Baltic Pinnish, 
which last embodies now tho languages of the Karelian-!, 
tho Tnvnstes, the Wotes, tho Wespes, the Fsthes, and tho 
Lives. Tho Mordvs aro for tho most jiart comidetoly 
Bussifiod, — even the jMokshas who consider fhemscives as 
tho only pure iMordvs,— yet they have well inaintained 
their ethnological feature.s, and can bo easily di.stingui.-hed 
even when living comjiletely ns Biis.sians. They have 
nearly quite forgotten their own language, only a few 
women remembering it among the Mokslias ; but they 
have maintained a gooil deal of their ohl national drc-.--, 
especially the women, whoso pmfusely ombroidcaHl .skirt.s, 
original hair-dress, largo earrings which sometimes arc 
incralv hare-tails, and numerous necklaces covering all the 
chest and consisting of all jiossible onianients easily dis- 
tinguish them fremi Bussian women. They have mo-tly 
dark hair, but blue eyes, generally .small and rather narrow. 
Tho cephalic index 'of the ^lonlv.s is very near to that of 
the Finns. They are bracln’ccphaloiis. or .sul»-braeliyccpha- 
lous. and a few are mesaticej'haloiis. They are finely built, 
rather tall and strong, and broad-chested. T heir chief occu- 
pation is agriculture ; they work harder and (in the Kasin 
of tho Moksha) are more jirosperous than their Kiissian 
neighbours. Their capacities as c-irpentcrs ncra well 
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du Nord, and W. by Finist6i-e. Its cliicf town, Yannes, 
•fi o 1 'rest-south-west of Paris in a direct lino and 

oiU by rail. From tho hlontagnes Noires on the northern 
frontier the western jiortion of iMorbihan slopes southward 
towards Fnnstere, watered by tho QninipcrM, tho ]flnvet 
with its aflliiont the Scorff, and the Auray ; tho eastern 
portion, on the other hand, dips towards tho south-east in tho 
direction of the course of tho Oust and its feedei-s, which 
fall into the Yilaine. Tliough tho Jlontagncs Noires con- 
tain the highest point (975 feet) in tho department, tho most 
striking orograjihic feature of Morbihan is tho drearj-, tree- 
iess, stieamless tract of moorland and marsh known as the 
Landes of Lanvaux, which extends (west-north-west to cast- 
south-east) ith a Midth of from 1 to 3 miles for a distance 
of 31 miles between tho valley of the Claio and that of tho 
Arz (affluents of tho Oust). A striking contrast to this 
district is afforded by tho various inlets of the sea, ivliose 
shores are clothed with vegetation of c.xccptional richness, 
large fig-trees, rose-laurels, and aloes groiving as if in 
Algeria. Tho coast-lino is oxcoedinglj- irregular: tho 
mouth of tho Vilaino (tho longest river of the department), 
tho peninsula of Iluis, the great gulf of iforbihan (Inner 
Sea), from which the department takes its name, and tho 
mouth of the Auray, tho long Quiboron peninsula attached 
to tho mainland b}- tho narrow isthmus of Fort Pcnthi{!vre, 
tho deep -brandling estuary of Etol, tho mouths of tho 
Blavet and the Scorff' uniting to form tlio jiort of Lorient, 
and, finally, on the borders of Finistiiro tho mouth of tho 
Laita, follow each other in rapid succession. Off the coast 
lie the islandsof Groix,Bollo-islc, Houat, and Hoedik. Vessels 
drawing '13 feet can ascend the Vilaino as far as Ecdon; 
tho Blavet is canalized throughout its course through the 
department ; and tho Oust, as part of tho canal from Nantes 
to Brest, forms a great waterway by Bedon, Jossclin, Bohan, 
and Ponthy. The climate of ilorbilian is characterized 
by great moisture and mildness, due to the iutluenco of the 
Gulf Stream. 

Of the 2625 square iiiik’s fonuing the departiucut, ac.nrly one 
half is occupied by mooi's {Inudcs), arable soil forming little more 
than a thini part of tho wiiolc, nieadou's a toutli, ami woodlands 
a fifteentli. h'lin 
sheep 
1SS2 

and , - , , 

buckwheat, oats, potatoes, pease and beaus, chestnuts, beetroot, 
hemi), colza, and flax are gi-own. A little wine also is made, but 
the usual liquor of tho district is cider (manufactured to the extent 
of 11 to 13 million gallons per annum). The sca-wiire gathered 
along the coast helps greatly to impuivc the soil. Outside of 
Lorient there is little industrial activity in llorbilian, though 
canvas, leather, preserved foods, paper, and chemical products 
derived from tlio sea are all manufactured. Salt mai'shes give 
employment to 400 hands, and yield on an average t'SP2 tons of 
SJilt; and slate, kaolin, iron-ore, and granite are also worked. The 
catching and curing of saulines and tho breeding of oysters form 
the business of many of tho inhabitants of the coast, who also fish 
for anchovies, lobsters, Ac., for tinning. There' are l:i4 miles of 
railway in the department, and it was intended (1SS3) that the line 
from Nantes to Brest should have branches from Auray to St Lcieuc 
and to Quiberon, and from Qncstombert to Ploerinel. jilorbihan 
is divided into four arrondissoments, — auues, Lorient, Ploermel, 
and Pontivy— 3“ cantons, and 249 communes. Tlie population in 
ISSl was 521,614. . . , - 

Few departments contain so many localities interesting for their 
historical .associations. Besides the megalithie monnnieiits of 
C.VUXAC (2S00 inhabitants) (q.r.) and of Loemariaquer (20..0), 
iiiav bo mentioned — Sarzeau (6720) with its castle of Suenuo, one 
of the ancient dukes of Brittany; .Tosselin (2(10) with the tomb 
of Olivier de Cli.sson, constable of France, and of ins second wife 


The liorscs number 36,000, homed cattle 235,000, 
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bridge over the Vilaine, 646 feet long and lOS feet abeve spring 

MOEDAUNT, Cn.\iu.Ks. See Pr,TKRiiOKouo.Ji Eijiuor 

MOBDVLVIAXS. more correctly Mouuv.v « Vornt-V 
are a people numbering about ouo million, of Finnisll 
origin, belonging to tho Ural-Altoic fnniilj-, who inhabit 
the middlo Volga provinces of Bus.sia and spread in .small 
detached communities to tho south and east of tlic.se 
Their settlement in tho basin of tlio Volga is of higli 
antiquity. ^ (3no of the two great branches into which 
they nre divided, the Aorsos (now Erzya), is inontioncd 
hy Ptolemy as dwelling bctwooii tho Baltic Sea and tho 
Ural mountains, whilst tho Aorses of Asia occujiied at 
tho same time tho cotmtry to tho north-east of tho Ca.siiian 
between tlio Volga and the .Taxartes. Their king is said 
to havo como with 200,000 horsemen to aid Jilithradates 
in his wars. Strabo mentions also tho Aoi-scs ns inhabit- 
ants of tho country between the Don, the Casi>inn Sen, 
and tho Caucasus. The name of Jfordvs is mentioned 
for tho first time by .Tordnnes, and they were known 
under tho same name to the Bussian annalist Nestor. Tlio 
Biissians made raids on tho ^lordvs in tho 12th century, 
and after tho fall of Knsaii they rapidly invaded niid 
colonized their abodes. The Jlordvs now occiqij" tho 
Bussian jiroviucos of Simbirsk, Penza, Samara, and Nijni- 
Novgorod, ns well ns tliose of SaratotVnnd Tnmhoff. ilut 
their villages are dispersed among tlioso of tlio Btissinn.s, 
and they constitute only 10 to 12 per cent, of the jicjm- 
lation in tho four first-named jirovinccs, and from 5 to 
6 per cent, in tho last two. They arc unequally distri- 
buted over this area in ctlmograpliical island.s, and con- 
stitute ns much as 23 to 44 per cent, of the population of 
several districts of tlio governments of Tainboff, Simbirak, 
Samara, and Saratoff, and only 2 or 3 jicr cent, in other 
districts of the same jn-ovinccs. A small number of Mordva 
are found also in the provinces of Ufa, Orenburg, Astrakhan, 
and even in Siberia ns far cast ns tlio river Tom. They 
nre divided into two great branches, the liirzya and tho 
Moksha, differing in their etlmologicnl features and in tlieir 
language. Tlie soutlicni bmncli, or tlio ^lokslin, Imvo a 
darker skin and darker eyes and hair than tho northern. 
A third branch, tho Karatays, is duo to mixture with 
Tatars, whilst a fourth branch, mentioned by several 
authors, is, according to Mainoff, but a local name for 
pure Jlordvs. Their language is considered by M. Alihjvi.st 
ns the third branch of tho 'Western Finni.rii family, the two 
otlier branclies being the Laponinn and tlie Baltic Pinnidi, 
which last embodies now the languages of the Karelian-!, 
tlio Tnvnstes, tho Wotes, the Wespes, the Fsthes, and tho 
Lives. Tho Mordvs are for the most jiart comiiletoiy 
Bussifiod, — oven tho iMokshns wlio consider fhcmscivc.s as 
tho only jiuro IMordvs,— -yet they Imve well inaintnined 
their ethiiologieal featnre.s, and can bo easily di.stingui.-hed 
even when living conijilotely ns Biis.sian.s. They have 
nearly quite forgotten their own limgiingc. only a few 
women reiiiombering it among the Mokslias ; but they 
liavo maintained a gooii deal of their olil national dre-.--, 
especially tho women, whoso profusely ombroidcriHl .skirt.s, 
original hair-rlress, largo earrings which sometimes are 
mcrelv liare-tnils, and numerous necklaces covering all the 
chest and consisting of all jiossible oniaments easily dis- 
tinguish them fremi Bussian women. They have ine-tly 
dark hair, but blue eyes, generally small and rather narrow. 
Tho cephalic index of the .Monlv.s is very nc.ir to that of 
the Finns. TItey nre braeln’cejihaloiis. or .snl*-braehyecpha- 
lous. and a few arc mesaticej'lialoiis. Tliey are finely built, 
rather tall and strong, and broad-chested. T heir chief occu- 
iiatiou i.s ngriciilturo ; they work harder and (in the Kasin 
of tho Moksha) are more iirosporons than their Kussian 
ncishbours. Their cap.icities as c-irpentcrs ncre; well 
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interesting inanner.i His comniunings and ecstasies Lavo 
no inoroid taint ; they are the natural carriage of a strangely 
gifted spirit. “ From the hegimiiiig all things in a manner 
came flowing to him, ’ and liis mind, according to his own 
was enlightened with a sense of the noblest 
theories in the morning of his days.” In 1631 he went 
to Cambridge, and was adinitted at Christ’s College about 
the tinio Jlilton Avas leaving it. He immersed himself 
" over head and ears in the study of philosophj',” and fell 
for a time into a sort of scepticism, from which, liowevcr, 
ho was delivered by a study of the “ Platonic writers.” 
He was fascinated especially by Heo-Platonisin, and this 
fascination never left liim. The Theologia Ga'manica also 
exerted a great and permanent influciico over him. He 
entered ujion a course of spiritual self-discipline which 
made all his 25i's^’ious studios seem of comjiarativel}’’ no 
value 2 and gradually light as well as peace came to him. 
He got “into a most joyous and lucid state of mind,” 
which he described in a Greek epigram, ns he had formerly 
described his state of mental and spiritual darkness in the 
same manner. He took his bachelor’s degree in 1635, his 
master’s degree in 1639, and immediately afterwards was 
chosen fellow of his college. In this })ositiou he may bo 
said to have remained all Ids life. j\[any oflers of prefer- 
ment were made to him, but he refused them all, with one 
exception. Fifteen j-eai-s after the 11 cstoration, he accepted 
a prebend in Gloucester cathedral, but only to resign it in 
favour of his friend Dr. Edward Fowler, afterwards the 
well-knomi bishop of Gloucester. He had no ambition, 
and steadily declined all attempts to draw him towards 
public life. Ho would not oven accept the mastership of 
his college, to which, it is understood, ho would have been 
preferred in 1654, when Cudworth was appointed. He 
drew mairy young men of a refined and thoughtful turn 
of mind around him, but among all his pupils the most 
interesting uns a young lady of noble family,, a “heroine 
pupil,” as his biographer (IVard) say.s, “of an extraordinary 
nature.” This lad}’’ is supposed to liavo been a sister of 
Lord Finch, afterwards earl of Nottingham, a well-known 
statesman of the Restoration. She afterwards becaine 
Lady Conmiy, and at her country scat at Eagley in 
Warwicksliire More continued at intervals to spend “a 
considerable jjart of his time.” She and her husband both 
greatly apjDreciated him, and amidst the woods of this 
pleasant retreat he comijosed several of his books. There 
is reason to think that the spiritual entlmsiasm of Lady 
Conway was a considerable factor in some of hlore’s 
speculations, none the less that she at length passed from 
his religious jniijilage into the ranks of, the Quakers. 
Suscepytible to all the excited imp)ulses of her time, this 
lady became the friend not only of Jlore and Penn but of 
Baron van Helmont and Yalentino Greatrakes, mystical 
thaumaturgists who jjlayed a considerable jiart amid the 
teeming enthusiasms of the 1 T th century. Eagley became 
a centre not only of devotion but of wonder-working sj)irit- 
ualism." “ ilany happy days,” hlore sa 3 's, ho sj)ent in this 
“paradise,” and its fantastic mysticism had jnore allnr^ 
ments for him than he himself realized. His genius simercd 
in consequence, and the play of rationality which distin- 
cuishes his earlier is much less consjiicuous^ in his later 
works. He uns a voluminous writer both in verso and 
prose, and tlie mere list of his works would occupy more 
space than we can give to it. Many of Ins productions 
are now unreadable; but the Divine Dialogitcf, jiu^ 
in 1668, may be stUl read with pleasure. It is animated 
and sometimes even brilliant, with less prolixity and 
digression than his other productions, while it has^i^ 

' 1 “rrefatio Generalissinm ” prefixed to I''® 

= Tlie place and its religions marvels are glanced at m tie ronmnee 

of Jo?in Ingksant (cliap. xv.). 
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the advantage for modern readers that it condenses his 
general view of philosoidiy and religion. Mod of his 
ch^acteristic principles may in fact be gathered from it. 

The year in which ho composed the Divine Dinlogvcx 
may be said to mark the highest imiiit of his intellectual 
activity. His 2[anital of 2fet(ij}hysics nnA elaborate treat- 
ises on Jacob Bochmo and Spinoza were subsequent to 
this ; but the elasticity and freshness of his idiilosopliical 
genhis are less buoyant in these efforts, and the proiihetico- 
mystical elements which were a weakness in his mental 
constitution from the first grew as his years advanced. 
Ho represents more than any other member of the school 
the mystical and thcosophic side of the Cambridge move- 
ment. Its lofty rationality, the rationality of which he 
himself had spoken earlier in noble language, at length 
evaporates in him in intellectual reverie and dreams. The 
Neo-Platonic extravagances which lay hidden in the school 
from the first came in his m-itings to a head, and merged 
in pure phantasy, — a set of favourite ideas which not 
merely guided but dominated the reason. Withal Henry 
More can never be spoken of save as a spiritual genius nml 
significant figure in the history of Briti.sh idiilosojdiy, Ic.ss 
robust and manly and in some respects less learned than 
Cudworth but more interesting and fertile in thought, and 
more sweet, singular, and genial in character. From youth 
to ago he describes himself as gifted with a most liapj)}’ and 
buoyant temper. The presence of nature filled him with 
rapture; he wished he could bo alwn 5 's sub dio. “Walk- 
ing abroad after his studies his sallies towards nature 
would bo often inexpressibly ravishing, bc 3 ’on(l what he 
coidd convey to others.” His onm thoughts were to him 
a never-ending source of pleasurable excitement. His 
mind moved with groat rapidity and at a loft}* elevation, 
so that, as he sa 3 *s, ho seemed “all the while to bo in the 
air.” This m 3 *sticnl glow and elevation were the chief 
features of his mind and character, a certain transport and 
radiancy of thought which carried him beyond the common 
life without raising him to any false or artificial height, 
for his humility and charity were not less conspicuous than 
his piet}*. The last ten yeara of his life are without any 
special record, and he died on the morning of 1st September 
1687, and was buried in the chapel of the college he loved 
so well, where within less than a year his friend Cudworth 
was laid beside him. 

Before his ilrath 
Ojicra Thcologica 

Tlie chief .nithoritics - . .. . 

fatio Gencralissinm ” prefixed to his Ojxra Ohimn, loiP ; and nl-o 
a general account of tlie niamier and scope of his ivntings in n.n 
Avologit published in 3004. The collection of his y'/uhvc/h'oif 
Poems, 3047, in which he has ■‘coraiOTCil his chief sr^fulations 
and experiences,” should also he consulted. An c atorate .analy- 
sis of his life and works is given m rrineiinl Tiillochs Pohoaof 
T/icoIogif, vol. ii., 1574. I- • A 

MORE, Tno.vr.vs (1478-1530), lord cliancellor, and one 
of tho most illustrious Englishmen of his centur}*, wi\s 
born in .5tilk Street in the City of London, Tth Febnmo’ 
1478 He received tho rudiments of education at 
Anthoin-’s School in Thrcadneedlc Street, at that timo 
under Nicolas Holt held to be the irest in the cit}*. Ho 
was early placed in tho household of Cardinal -Morton, 
archbishop of Gmterbury. Admission to the cardinal s 
family was c.steemcd n high privilege, and was .sought .as 
n school of manners and a.s an introduction to the world 
by tho sons of the best families in tho kingdom, ioung 
Thomas Jfore obtained admission through the influence o 
his father. Sir Thomas then a rising barrister wd af cr- 
wirds a justice of the Court of Kings Bcncli. Tlic u tal 
prognostication of future distinction is nttnbut^l in he 
Leof More to Cardinal Morton, “who would often t, 1! 
the nobles sitting at table with him, where young Thorny 
waited on him, whosoever livcth to trie it sh.dl see Jii^ 
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interesting manner.^ His coinmunings and ecstasies have 
no morbid taint ; they are tlie natural carriage of a strangely 
gifted spiiit. “ From tlio beginning all tilings in a manner 
came flowing to liiin,” and liis mind, according to his oAvn 
saying, was enlightened with a sense of the noblest 
theories in the morning of his days.” In 1631 he ivent 
to Cambridge, and ivas adinitted at Christ’s College about 
the time Milton ivas^ leaving it. Ho iiimiersed himself 
" over head and ears in the study of philosophy,” and fell 
for a time into a sort of scepticism, from ivhich, Iioivevcr, 
ho ivas delivered by a study of the “Platonic writers.” 
He was fascinated especially by Heo-Platonism, and this 
fascination never left him. The Theologia Germamca also 
exerted a great and perninnent influciico over him. He 
entered upon a course of spiritual self-discipline which 
made all Ids previous studies seem of comparativel}'- no 
value j and gradually light as well as peace came to him. 
He got “into a most joj-ous and lucid state of mind,” 
which he described in a Greek epigram, ns he had formerly 
described his state of mental and spiritual darkness in the 
same manner. He took his bachelor’s degree in 1635, Ids 
master’s degree in 1639, and immediatel}’ afterwards was 
chosen fellow of his college. In this position he ma}' bo 
said to have remained all Ids life. !^[any ofl'ers of prefer- 
ment were made to him, but he refused them all, with one 
exception. Fifteen j-eai-s after the llcstoration, he accepted 
a prebend in Gloucester cathedral, but only to resign it in 
favour of his friend Dr. Edward Fowlei-, afterwards the 
well-knomr bishop of Gloucester. He had no ambition, 
and steadily declined all attempts to draw him towards 
public life. He would not oven accept the mastership of 
his college, to which, it is understood, ho would have been 
preferred in 1654, when Cudworth was appointed. He 
drew many young men of a refined and thoughtful turn 
of mind around him, but among all his pupils the most 
interesting was a j'oung lady of noble family,, a “ heroine 
pupil,” as his biographer (IVard) say.s, “of an extraordinary 
nature.” This lad}^ is supposed to liavo been a sister of 
Lord Finch, afterwards earl of Nottingham, a well-known 
statesman of the Restoration. She afterwards became 
Lady Conn-ay, and at her country scat at Ragley in 
Warwicksliire More continued at intervals to spend “a 
considerable part of his time.” She and her husband both 
greatly apj^reciated him, and amidst the woods of this 
pleasant retreat he composed several of his books. There 
is reason to think that the spiritual enthusiasm of Lady 
Conwaj’’ was a considerable factor in some of More’s 
speculations, none the less that she at length passed from 
his religious pupilage into the ranks of, the Quakers. 
Susceptible to all the excited impulses of her time, this 
lady became the friend not only of Jlore and Penn but of 
Baron van Helmont and Yalentino Greatrakes, mystical 
thaumaturgists who played a considerable part amid the 
teeming enthusiasms of the 1 7 th century. Ragley became 
a centre not only of devotion but of wonder-working spirit- 
ualism.- “ Jilany happy days,” Jlore sa 3 's, ho sj)cnt in this 
“paradise,” and its fantastic mj-stioisin had more alluie- 
ments for him than he liiinself realized. His genius suffered 
in consequence, and the jday of rationalit}- which distin- 
cuishes his earlier is much less conspicuous in Ins later 
works. He nas a voluminous writer both in verso and 
prose, and tlie mere list of his works woidd occupj- more 
space than we can give to it. Many of his productions 
are now unreadable; but the Divine Diahguuy pub 
in 1668, may be still read with pleasure. It is animated 
and sometimes even brilliant, with less pro ixi j an 
digression than his other productions, while i las a so 

' 1 “ Trefotio Generalissinm ” prefixed to 1’'®, romlnce 
= Tlie place and its religions marvels are glanced at in tlie rotmince 

of John Ingksaiit (chap. xv.). 
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the advantage for modern 


. - readers that it coiulcnscs his 

general view of philosophy and religion. Most of his 
ch^actenstic principles may in fact be gathered from it. 

rho year in which ho composed the Divine Dinloovcx 
may be said to mark the highest point of his intellectual 
activit}'. His 2Ianital of 2fe(nphysics and elaborate treat- 
ises on Jacob Boehino and Spinoza were subsequent to 
this ; but the elasticity and freshness of his philosophical 
geniiis are less buoyant in these efforts, and the proiihetico- 
mj-stical elements which were a weakness in his mental 
constitution from the first grew as his years advanced. 
Ho represents more than any other inciiiber of the school 
tho mystical and thcosophic side of the Cambridge move- 
ment. Its lofty rationalitj^, the rationality of which he 
himself had spoken earlier in noble language, at length 
evaporates in him in intellectual reverie and dreams. The 
Neo-Platoiiie extravagances which lay hidden in the school 
from the first came in his m-itings to a head, and merged 
in pure phantasy, — a set of favourite ideas which not 
merely guided but dominated the reason. Withal Henry 
More can never be spoken of save as a spiritual genius ami 
significant figure in tho history of Briti.sh philosophy, Ic.ss 
robust and manl}- and in some respects less learned than 
Cudworth but more interesting and fertile in thought, and 
more sweet, singular, and genial in character. From youth 
to ago ho describes himself as gifted with a most happy and 
buoyant temper. Tho presence of nature filled him with 
rapture; he wished ho could bo alwn 5 -s sub dio. “Walk- 
ing abroad after his studies his sallies towards nature 
would bo often inexpressibly ravishing, bej-ond what he 
could convey to others.” His own thoughts were to him 
a never-ending source of pleasurable excitement. His 
mind moved with groat rapidity and at a lofty elevation, 
so that, as he saj's, ho seemed “all the while to bo in tho 
air.” This mystical glow and elevation were the chief 
features of his mind and character, a certain transport and 
radiancj’' of thought which carried liim beyond the common 
life without raising him to any false or artificial height, 
for his humility and charity were not less conspicuous than 
his piety. The last ten ycara of his life are without any 
special record, and he died on the morning of 1st September 
1687, and was buried in tho chapel of the college he loved 
so well, where within less than a year his friend Cudworth 
■was laid beside him. 

Before his ilrath More issued comiiiete editions of Ids works, Ids 
Ojicra Thcologica in tcrfi, .snd his Opera Philoiophka in lO/S. 
The chief .'iiithorities for his life .ire Ward's Life, 1/10 ; the “I’rc- 
fatio Gcneralissinm ” prefixed to his Oixra Ot.inin, 167P ; and nho 
a sToncral account of the manner and scope of his writings in an 
Apology published in 1CG4. Tho collection of his Philosoihiml 
Poems, 11547, in which he has “eonip.ared his chief speculations 
and experiences,” should also ho coiisulted. An rialwrate .anaty- 
sis of his life and works is given in rmieipal TaWooh s Psk tonal 

Theology, \o\. il, tSli. , , , ,, h • 

JfORE, Tno.M.vs (1478-1530), lord cliancellor, and one 
of tho most illustrious Englishmen of his century, was 
born in .Milk Street in the City of London, 7th_Febnmry 
1478. He received tho rudiments of education at^ St 
Anthoin-’s School in Tlircadneedlo Street, at that time 
under Nicolas Holt held to be the Iicst in the city. Ho 
was early placed in tho household of Cardinal -Morton, 
archbishop of Gmterbury. Admi.'-sion to the cardinal s 
family was esteemed a high privilege, and was .sought .ns 
a school of manners and a.s an introduction to the world 
by tho sons of the best families in tho kingdom, ioung 
Thomas Jfore obtained admission through the influence of 
his father. Sir Thomas then a rising barrister ^d after- 
warrls a justice of the Court of King’s Bcncli. Tiic umuI 
prognostication of future di.stinction is nttnbntcxl in the 
ks^of More to Cardinal Morton, “who would often t, 11 
the nobles sitting at table with him, •where young Thoma- 
waited on him, whosoever livctl. to tne it sh.dl see thn 
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]\Iore’s father, whom upon some' pretext ho threw into the 
Tower, and ho only released him upon pajnnent of a fine 
of £100. Thomas More even found it advisable to with- 
draw from public life into obscurity. During tins period 
of retirement tho old dilemma recurred. One while ho 
devoted himself to tho sciences, “perfecting himself in 
music, arithmetic, geometry, and astronomy, learning tho 
, French tongue, and recreating his tired spirits on the viol,”i 
or translating epigrams from the Greek anthologj' ; another 
while resolving to take priest’s orders. 

From dreams of clerical celibacy ho was roused by 
making acquaintance with tho family of John Colt of 
New Hall, in Essex. Tho “honest and sweet conversation” 
of the daughters attracted him, and though his inclination 
led him to prefer tho second ho married tho eldest, not 
liking to put the affront upon her of passing her over in 
favour of her younger sister. Tho death of tho old king 
in 1507 restored him to tho practice of his profession, and 
to that public career for which his abilities specially fitted 
him. From this time there was scarce a cause of import- 
ance in which ho was not engaged. His professional in- 
come amounted to £-100 a year, equal to £1000 in present 
money, and, “considering tho relative })rotits of the law 
and the value of money, probably indicated as high a 
station ns £10,000 at tho present day” (Campbell). It 
was not long before he attracted the attention of tho yoiuig 
king and of IFolsey. The Latin versos which ho pre- 
sented to Homy on tho occasion of his coronation did not 
deserve particular notice amid tho crowd of congratulatory 
odes. But tho spirit with which ho pleaded before the 
Star Chamber in a case of tho Crown v. tho Pope recom- 
mended him to tho royal favour, and marked him out for 
employment, !^[oro obtained in this case judgment against 
tho crown. Henry, who was present in person at tho tidal, 
had the good sense not to resent the defeat, but took tho 
counsel to wlioso advocacy it was duo into his service. In 
1514 More was made master of tho requests, knighted, and 
sworn a member of tho privy council. Ho was repeatedly 
employed on embassies to tho Low Countries, and was for a 
long time stationed at Calais as agent in the shifty nego- 
tiations carried on by IVolsey with tho court of France. 
In 1519 he was compelled to resign his post of under- 
sheriff to the city and his private practice at tho bar. 
In 1521 ho was ap 2 >ointed treasurer of the exchequer, and 
in the parliament of 1523 ho was elected speaker. The 
choice of this officer rested nominally with tho House 
itself, but in jjractico was always dictated by the court. 
Sir Thomas More was pitched upon by tho court on this 
occasion in order that Ids iioinilarity with the Commons 
might bo enq)Io 3 'ed to carry the mone}' grant for which 
IVolsoy asked. To tho great disaiipoinlment of tho court 
hloro remained firm to the jiopular cause, and it was greatly 
owing to his influence that its demands were resisted. 
From this occurrence maj* bo dated tho jealousj' Avhicli 
tho cardinal began to exhibit towards Jforo. IVolsej' 
made an attemjJt to got him out of tho waj' bj' sending 
him as ambassador to Si)ain. More defeated tho design 
by a i^ersonal aiqjeal to tho king, alleging that tho climate 
would bo fatal to his health. Honrj-, who saw through 
tho artifice, and was already looking round for a more 
2502 )ular successor to lYolsoy, made tho gracious answer 
that ho would employ More otherwise. In 1525 IMorc 
was apiiointed chancellor of tho duclij' of Lancaster, and 
no jiains were S 2 )ared to att.ach him to the court. The 
king frequently sent for him into his closet, and discouraed 
with liim on asivonomy, geometry, and jioijits of divinity. 
This growing favour, bj’ which manj' men would ha^e 
been carried anuj", did not inqioso rqmii ^fore. Ho dis- 
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cournged the kings advances, showed reluctance to go to 
the palace, and seemed constrained when tlicre Then 
the king began to come himself to More’s house at Chelsea 
and would dine with him without jirevious notice, lloiier 
mentions one of these visits, when tho king after dinner 
walked in tho garden by tho space of an" hour, holdim' 
Jus arni round More’s neck. Boper afterwards congratin 
lated his father-in-law on tho distinguished honour which 
had been shomi him. “ I thank our Lord,” was tho reply, 
“ I find Ids grace my very good lord indeed ; and I believe 
he doth as singularly favour me ns any subject within this 
realm. Howbeit, son Boper, I may tell thee I have no 
cause to bo proud thereof, for if my head would win him 
a castle in France, it should not fail to go." As a last 
resource More tried tho expedient of silence, dissembling 
his wit and affecting to bo dull. This had the desired 
effect so far that ho was loss often sent for. But it did 
not alter the royal policy, and in 1529, when a succcsso 
had to be found for Wolse}', More was raised to tho 
chancellorship. Tho selection was justified by .^^oro’.s high 
reputation, but it was also significant of tho modification 
which tho policy of tho court was then undergoing. It 
was a concession to the risiiig jiopular party, to which it^ 
was supposed that More’s jiolitics inclined him. Tho 
public favour with which his appointment had been 
received was justified by his conduct ns judge in the 
Court of Chancery. Having heard causes in the forenoon 
between eight and eleven, after dinner he sat again tr 
recoive iietitions. The meaner tho .supidiant wa.s tin. 
more afiably ho would sjicak to him, and tho more sjtecdi’,) 
ho would despatch his case. In this respect ho formed a 
great contrast to his predecessor, whoso arrears he soon 
cleared off One morning being told by tho officer tl'C 
there was not another cause before tho court, ho ordcrer 
tho fact to be entered on record, ns it had never happemv 
before. Ho not only refused all gifts*, such ns had bee 
usual, himself, but took measures to prevent any of lii. 
connexions from interfering with tho course of justice 
One of his sons-in-law. Heron, having a suit in tho elm- 
cellor's court, and refusing to agree to any rcasonal 
accommodation, because tho judge “was the most affee 
tionato father to his children that over was in the world. 
More thereupon made a decree against him. 

Unfortunately for Sir Thomas More, a lord chancclh 
is not merely a judge, but has high political functions t- 
jierform. In raising More to that eminent jiosition, tb 
king had not merely considered his professional distinct;., 
but had counted ujion his avowed liberal and rcforniiii; 
tendencie.s. In tho Utopia, which, though written carb 
hloro had allowed to bo printed .as late ns 1510, he hu' 
.spoken against tho vices of power and declared for indil 
ferenco of religious creed with a breadth of i)hilosophic,a 
view of whicirthcrc is no other example in any Englisli 
man of that age. At the same time, ns he could not I 
suspected of n"ny sjanpathy with Lutheran or Mickliffil 
heretics, ho might fairly be regarded as qualified to lea' 
the jiarty which aimed at reform in state and churc 
within the limits of Catholic orthodox}'. But in the king’ 
mind tho public questions of reform were entirely sunk i 
tho personal one of the divorce. The divorce was a j-oin 
upon which Sir Thomas would not Held. And. as he s-v 
that the marriage with Anne Boleyn was determined U]>o. 
he petitioned the king to be allowed to re-ign the grea 
seal, allcuing failing health. "W ith much reluctance, tii 
roval permission was given and the re.signation accejite 
idth May 1532, with many gracious cxprc.s.sions of gor 
will on the part of the king. The iiroim'se held out 
future bounty was never fulfilled, and More left office, 
he had entered it, a poor man. Ilis ncce-ssilous conditm 
was so notorious that the clerg}' in convocation voted In 
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^More’s father, whom upon some' pretext ho threw into the 
Tower, and ho only released him upon pajunent of a fine 
of £100. Thomas More even found it advisable to with- 
di-aw from public life into obscurity. During this period 
of retirement tho old dilemma recurred. One while ho 
devoted himself to tho sciences, “perfecting himself in 
music, arithmetic, geometry, and astronomy, learning tho 
, French tongue, and recreating his tired spirits on the viol,” 
or translating epigrams from the Greek anthologj' ; another 
while resolving to take priest’s orders. 

I'rom dreams of clerical celibacy ho was roused by 
making acquaintance with tho family of John Colt of 
New Hall, in Essex. Tho “honest and sweet conversation” 
of the daughters attracted him, and though his inclination 
led him to prefer tho second ho married tho eldest, not 
liking to put the affront upon her of passing her over in 
favour j)f her younger sister. Tho death of tho old king 
in 1507 restored him to tho practice of his itrofession, and 
to that public career for which his abilities specially fitted 
him. From this time there was scarce a cause of import- 
ance in which ho was not engaged. His professional in- 
come amounted to £-100 a year, equal to £1000 in present 
money, and, “considering tho relative })rofits of the law 
and the value of money, probably indicated as high a 
station ns £10,000 at tho present day” (Campbell). It 
was not long before he attracted the attention of tho yoiuig 
king and of IVolsey. The Latin verses which ho pre- 
sented to Homy on tho occasion of his coronation did not 
deserve particular notice amid tho crowd of congratulatory 
odes. But tho spirit with which ho pleaded before the 
Star Chamber in a case of tho Crown v. tho Pope rccom 
mended him to tho royal favour, and marked him out for 
employment. !Moro obtained in this case judgment against 
tho crown. Henry, who was present in person at tho trial, 
had tho good sonso not to resent tho defeat, but took tho 
counsel to whoso advocacy it was duo into his service. In 
1514 More was made master of tho requests, knighted, and 
sworn a member of tho privy council. Ho was repeatedly 
employed on embassies to tho Loav Countries, and was for a 
long time stationed at Calais as agent in the shifty nego- 
tiations carried on by IVolsey with tho court of France. 
In 1519 he was compelled to resign his post of under- 
sheriff to the city and his private practice at tho bar. 
In 1521 ho was ap 2 )ointed treasurer of the exchequer, and 
in the parliament of 1523 ho was elected speaker. The 
choice of this officer rested nominally with tho House 
itself, but in practice was always dictated by tho court. 
Sir Thomas More was pitched upon by tho court on this 
occasion in order that his ])opularity with the Commons 
might bo emploj'cd to carry the money grant for which 
IVolsoy asked. To tho great disaijpoinlment of tho court 
kloro remained firm to the popular cause, and it was greatly 
owing to his influence that its demands were resisted. 
From this occurrence may bo dated tho jealousy which 
tho cardinal began to exhibit towards Jforo. IVolsey 
made an attemjJt to got him out of tho way by sending 
him as ambassador to Spain. More defeated tho design 
by a i^ersonal aj^jeal to tho king, alleging that tho climate 
would be fatal to his health. Henry, who saw through 
tho artifice, and was already looking round for a more 
popular successor to lYolsoy, made tho gracious jinswer 
that ho would employ More otherwise. In 1525 More 
was appointed chancellor of tho ducliy of Lancaster, and 
no pains were spared to atkach him to the court. Tho 
king frequently sent for liim into his closet, and disconraed 
with him on astronomy, geometry, and points of divinity. 
This growing favour, by which many men would have 
been carried away, did not imposo rqioii !^[ore. Ho dis- 
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couraged the kings advances, showed reluctance to go to 
the palace, and seemed constrained when tlicre. Then 
the king began to come himself to More’s house at Chelsea 
and would dmo with him without jirevious notice Boner 
mentions one of these visits, when tho king after dinner 
walked in tho garden by tho space of an" hour, holdim' 
his arni round More’s neck. Boper afterwards congratm 
latcd his ffitlicr-iii-Iaw on tho distinguished lionour which 
had been shomi him. “ I thank our Lord,” was tho reply, 
“ I find liis grace my very good lord indeed ; and I beliovo 
ho doth as singularly favour mo ns any subject within this 
realm. Howbeit, son Boper, I may tell thee I have no 
cause to bo proud thereof, for if my head would win him 
a castle in France, it should not fail to go." As a last 
resource More tried tho expedient of silence, dissembling 
his wit and affecting to be dull. This had the desired 
effect so far that ho was less often scut for. But it did 
not alter the royal polic}', and in 1529, when a .sncccssn 
had to be found for Wolsey, More wn.s raised to tho 
chancellorship. Tho selection was justified by Jforo’.s high 
reputation, but it was also significant of tho modification 
which tho policy of tho court was then undergoing. It 
was a concession to the rising jiopular party, to which 
was supposed that More’s jiolitics inclined him. Tho 
public favour with which his appointment had been 
received was justified by his conduct ns judge in the 
Court of Chancery. Having heard causes in the forenoon 
between eight and eleven, after dinner he sat again tr 
receive petitions. The meaner the .suppliant wn.s tin. 
more aflably ho would speak to him, and tho more s]tecdi'j 
ho would despatch his case. In this respect he formed a 
great contrast to his predecessor, whoso arrears he soon 
cleared off One morning being told by tho officer the 
there was not another cause before the court, ho ordcrcf 
tho fact to be entered on record, ns it had never hnppcnc< 
before. Ho not only refused all gifts*, such ns had bee 
usual, himself, but took measures to prevent any of hi. 
connexions from interfering with tho course of justice 
Ono of his sons-in-law. Heron, having a suit in the elm- 
ccllor's court, and refusing to agree to any rcasonnl 
accommodation, because tho judge “was the mo.st alfcc 
tionato father to his children that over was in the world. 
More thereupon made a decree against him. 

Unfortunately for Sir Thomas More, a lord chancclh 
is not merely a judge, but has high political functions t- 
perform. In raising More to that eminent jiosition, th 
king had not merely considered his professional distinct;., 
but had counted upon his avowed liberal and reforinin; 
tendencies. In tho Utopia, which, though written carb 
More had allowed to bo printed .as late as 151G, he hm 
.spoken against tho vices of power and declared for indit 
ferenco of religious creed with a breadth of philosophic^ 
view of whicirthcre is no other example in any English 
man of that age. At the same time, ns he could not I 
su.sj)Octcd of my sjnnpathy with Lutheran or Wiokliffit 
lieretics, lie might fairly be regarded as qualified to lea. 
the party which aimed at reform in state and churc^ 
within tlio limits of Catholic orthodox)'. But in tiie king’ 
mind tho public quc-stions of reform were entirely sunk i 
tho personal one of the divorce. The divorce was a j-oin 
upon which Sir Thomas would not Held. And. ns lie s-v 
that tho marriage with Anne Boloyn was determined U]>o. 
he petitioned the king to be allowed to re-ign the grer' 
seal, alleging failing health. IVith much reluctance, th 
royal perinission was given and the re.signation accejite 
idth May 1532, with many gracious cxprc.s.sions of g<.r 
will on tho part of the king. The jiromise held out 
future bounty was never fulfilled, and More left office, 
he had entered it, a poor man. Ilis ncce-ssilous conditic 
was so notorious that the clerg)’ in convocation voted h> 
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prisoner in the Tower. Ho affirmed that, having himself 
admitted in the course of this conversation i“that there 
"Were things vliich no parliament could dOj — c.f/.j no parlia- 
ment could make a law that God should not bo God," Sir 
Thomas had replied, “Ho more could the parliament make 
the king supreme head of the church.” B 3 ' this act of perjiuy 
a verdict of “guilty” was prociiredfromthojuiy. The c.\W- 
tion of the sentence followed within the week, on 7th July 
1535. The head was fixed upon London Bridge. The ven- 
geance of Homy was not satisfied by this judicial murder 
of his friend and servant ; he enforced the confiscation of 
what small property More had left, expelled Lady More 
from the house at Chelsea, and oven sot aside assignments 
which had been legally executed by More, who foresaw 
what would happen before the commission of the alleged 
treason, hlore’s property was settled on Brinecss Elizabeth, 
afterwards queen, who kept possession of it till her death. 
At Ills death Sir Thomas More was in the fifty-eighth 
3 ’ear of his ago. He was twice married, but had children 
only by his first wife. His oldest daughter Margaret, 
married to lYilliam Koper, is one of the foremost women 
in the annals of the country for her virtues, high intelli- 
gence, and various accomplishments. She road Latin and 
Greek, was a proficient in music, and in the sciences, so 
far as they were then accessible. Her devotion to her 
father is historical j she g-avo him not onty the tender 
affection of a daughter but the high-minded sympatlty of 
a soul great as his own, 

It is unfortunate for More’s reputation that he has been adopted 
as a ciiaiupion of a party and a c.anse which is arrayed in hostility 
to the liberties and constitution of his country. Apart from the 
partis.an use whicli i.s made of his name, wo must i-ank him among 
the noblest minds of England, as one who hocamo the victim of a 
tjTaiit whoso policy ho disapproved and whoso servile instruments 
ho despised.' If his languago towiiixls the tyrant is often more 
servile than became a freeman, we must remember that such was 
the court stylo of the period, and that wo must not construe liter- 
ally plimses of compliment. It is, however, impossible to deny 
that jforo’s policy in later life diil not boar out tlio more liberal 
convictions of his ’earlier j’oni-s. His views and feelings contracted 
under the combined influences of his professional practice and of 
public cmplojTiiciit. In the [/(opta, published in 1.516, ho not only 
denouncod the onlinary vices of power, but evinced an enlightenment 
of sentiiiicnt which wont far beyond the most statesmanliko ide.as 
to bo found among his contemporaries, pronouncing not merely for 
tolcr.ation but rising oven to tho philosophical conception of tlio 
indiirerence of religious creed. It was to this suporiority of view, 
.and not merely to tho s.atiro on tho administration of Henry YII., 
that we niiist 'ascribe tho popularity of tho work in the 16th ceii- 
turv. For, as a romance, tno Ulopia has little interest cither of 
incident or of character. It docs not, as has been said, anticipate 
tho ccononiic.al doctrines of Adam Smith, and luiich of it is fanciful 
without being either witty or ingenious. Mackintosh says of it : 
“It intimates a variety of doctrines, and exhibits a multiplicity 
of projects, which tho writer regards with almost every possible 
degree of approbation and shade of assent, from tho frontiers of 
serious and entire belief, through gradations of descending plaiisi- 
bility, where tho lowest arc scarcely more than exercises of ingeiiintj , 
and to which some wild p.aradoxcs are appended, either as a vehicle, 
or as an easy inc.ins, if necessary, of di.savowiug the serious inten- 
tion of tho whole of this Platonic fiction,” 

Tho Ephtola ad Eorpium at a later date exhibits More om- 
phaticallv on tho side of tho now learning. It contains a indi- 
cation of tho study of Greek, and of tho desirability of piintnm 
the text of tho Greek Testament,— views which at tlmt date reqiiirea 
an enlightened iindei-st.anding to_ ciitor into, and 
dcmnctl 
At 
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himsoff that hrinfUcted punishment for religious opinion. Erasimu 
only ventures to say in his friend’s defenco “”1 V' i* 

chancellor no man was put to death for these 
while so many suffered death 111 Franco and tho Low Gountnes. 

Tlie Life of Sir Thomas More xvns written tiy hif son-in-l.aw Roper tlw 

cnu SXj-s reign. It.wns preserrei in JIS. annag tho rety. ot rj-raMU, 
nnrt * 



the source ofall the many subsequent roien. 


Sir 

new t.tIc•^^KO,.10t2, 1720, 1S2S. This life is citci I,y tho b. “equen t 
as, an indcpemimt aiUhority. But it is almost entirely Immiwcl from UoTot 
ami Stapleton, Tlio ndilitions made have soiiietiincs the niiiicarancc ofrlictoriral 
ampUllmtions of Rouor s simple statements. At other times they are decor- 
ative miracles. Tho whole is couchwl in that strain of devotional evapjieration 
m, 1 ‘ '‘‘i® *>'0 saints are nsnally composed. Tlio author seems to 

Implj that ho had received snpem.'itural commuidcatlons from the spirit of Ids 
ancestor. Already, only eighty ye.ars ager More’s cxecntlon, hagiogratdiy had 
taken possession of tlio facts, and was tnvnsmutiiigtliem into an edifviiiRloeend. 
Civsacre More s L\/e ennnot be nllcgctl ns cviilcnco fi)r nnv liicts wbicJj arc not 
l^cn K!innrk<Hl by Hunter that *Morc’s life and worka 
- - * - - - - • • ' " interest of 
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Pole, and Tottell reprinted tho folio 57ii'ri:nViSru'oVkr" Stapleton prcmiSl 
jus 2r« in 168S, vhen the recovery of England to the see of Rome was. 

looked Ibr by the Siianisii invasion. In 1500, ^vhon there uns a i'rosi>ect of n 
disputed sncccssioiij theanonjinous Life bv B. R. nns connmsod ; and soon after 
Charles hnd nllieil inmscU witli a Catholic, tlio Lire hy Cresnero tbnn 

Bie press. Hunter might have addcsl that St.aplcton was l)cing rruirinted at 
Grate at tlio tinje when the conversion of England w as etpected tixnii James U. 
Tlie later lives of Sir Tliomas More liavo been nmiicrens, hut tlie only one wliicli 
has any critical v.altie is tliat by G. T. Riidhart TAomns .iforiis, aus licn Qiicltm 


tires of the Cliamtllms, vol. i., 1S4S-50 ; by 1). Nisiml in h’ehnissniire ft ti'/iinir ; 
by llminstark, Preibnrp, 1S7D. A biographiral study on .More's Latin joems 
is PAitoinonis by J. 11. Jlai-sden, 2d cil., Ismdon, 1S7S, 

More’s nvitings are numerous, and a comidete bibliograpliy of them would 
oeenpy several colnnins. llis llnglish U'orls irere collected and piibllsheii in 
one voi. folio hy Rastall, Isnidon, 15,'iO, and reprinted by Tottell, Ixnuion, LAST. 
His Latin IPorts wore also setvirately collecteii in one voh, Basel, l."iO;i ; Ixmvain, 
ISCid; and, most complete, hhankfort and Ix'lp.sic, ll’S!'. Tho I'lopiit 1ms h.sd 
nnmerons editions, the llret is I.einv., 1510. There are two English translations 
of the ll/opin, by R. llobynson, London, 1551, 1556, 1024. and by Gdb. Bimtet, 
loss. Tho Latin poems, I'ropymitnsmain, npi>enml in 1518, 1620, 1603. 'This 
last edition contains tlio Utopia and other prose Latin jiieces. (Jt. 1’.) 

JIOBEAU, Hi5Gi5sirrE, a minor lyric poet of disputed 
but considerable talent, was born at Paris on tho 9th .‘Vpril 
1810, and died in tho hospital of La Charitd on the 10th 
December 1838. In liis onrlj' youth liis parents, wlio tvero 
very' ill-off, migrated to Pi’ovins, where tho mother went 
into service and tho father took tho post of usher in a 
public school. Both died in tho samo refuge for tho dcsti- 
tuto which afterwards received their son. H 6 gilslppc wa.i 
fairly educated and was apprenticed to a printer, but he 
preferred the work (in Franco usually paid most miserably) 
of “maitre d’etudes ” in a school. Ho went to Paris before 
1830, and appears to have practised both Ids occupation.*! 
there, though for tho most part lio eitlier adopted by choice 
or was driven by ill-fortuno to adopt tho singular life of 
alternate hardship and cheap dissipation which is dignified 
in Fi-anco by tho namo of Bohemianism. In LIorc.an’s case 
tliero is no doubt that the hardships exceeded the dis.sipa- 
tion. Ho was habitually liouselc.'is, and is said to have 
exposed himself to tho dangers of a cholera hospital in 
the great epidemic of 1832 simply to obtain shelter and 
food. Then ho revisited Provins and pnbli.sbed a kind of 
satirical serial called Diopbne. Some years of this life 
entirely ruined liis hcaltli, and it was only just before lus 
death that he succeeded in getting liis collected poem.*! 
published, selling tho copyright for £4 sterling and eighty 
copies of the hook. It was received not unfavourably, 
hut, as has happened in other cases, the author’s death, 
which happened soon in tho circumsfaiiccs mentioned, was 
required to excito an interest which wa.s proportionately 
excessive. Moreau’s work, like th.at of many other young 
poets, has a strong note of imitation, his model being 
Mpccialiy Beranger; and his character, lioth moral ami 
literarv, is not improved hy obvious affectation in pohticaj, 
religious, and social matters. But some of his poems, such 
as La Tottizie and tho charming La Ftrmure^ have groat 
sweetness, and he had a faculty of xvriting both in pro.**o 
and poetry which seems to show that with better fortune, 
or. to speak honestly, with more inlclligeuty and more per- 
severance he might c.a.sily linvc s.avcd himself from the 
mi.serabIo destitution which iras his lot. 



M 0 R — M 0 R 


prisoner in the Tower. Ho affirmed that, having himself 
admitted in the course of this conversation .“that there 
were things which no parliamejit could do, — no parlia- 
ment could make a law that God should not bo God," Sir 
Thomas had replied, “ Ho more could the parliament make 
the king supreme head of the cliurch.” Bj' this act of perjury 
a verdict of “guilty "was prociiredfromthe jmy. The execu- 
tion of the sentence followed within the week, on 7th July 
1535. The head was fixed upon London Bridge. The ven- 
geance of Homy was not satisfied by this judicial murder 
of his friend and servant ; he enforced the confiscation of 
what small property More had left, expelled Lady hforc 
from the house at Chelsea, and oven sot aside nssigninciits 
which had been legally executed by More, who foresaw 
what would happen before the commission of the alleged 
treason, hlore’s property was settled on Princess Elizabeth, 
afterwards queen, who kept possession of it till her death. 
At Ms death Sir Thomas More was in the fifty-eighth 
year of his ago. He was twice married, but had children 
only by his first wife. His eldest daughter Margaret, 
married to lYilliam Eoper, is one of the foremost women 
in the annals of the countrj- for her virtues, high intelli- 
gence, and various accomplishments. She read Latin and 
Greek, was a proficient in music, and in the sciences, so 
far as they were then accessible. Her devotion to her 
father is historical j she gave him not only the tender 
affection of a daughter but the high-minded sympathy of 
a soul great as his own. 

It is uiifortunato for Hero’s ropiitntioii tli.it lie 1ms boon adopted 
as a chaiupion of a party .and a c.arise which is arrayed in hostility 
to tho liberties and constitution of his country. Apart from tho 
partis.an nso whicli is made of his name, wo must i-ank him among 
the noblest minds of England, as one who became the victim of o 
tjTant wlioso policy ho disapproved and whoso servile instruments 
ho despised.' If ids language towiiixls the tyrant is often moro 
servile than hecamo a freeman, wo must remomher that such_was 
tho court stylo of tho period, and that wo must not construe liter- 
ally phrases of compliment. It is, however, impossible to deny 
that kloro’s policy iii later lifo did not hoar out tho moro liberal 
convictions of his earlier ycara. His views and feelings contracted 
under tho comhinod influouccs of his professional practice and of 
puhlio cmplojTncnt. In tho Utopia, published in 1,516, ho not only 
donouncod tlio onliii.ary vices of power, hut evinced an enlightenment 
of sentiment which went far hoyond tho most statesmanlike ide.as 
to ho found among his contemi'orarics, pronouncing not merelj" for 
toleration hut rising even to tho philosophical conception of tlio 
indiirerencc of religions creed. It w.as to this superiority of view, 
.and not merely to tho s-atire on tho administration of Henry YII., 
that we must ascribo tho popularity of tho lyork in tho 16th ccii- 
turv. For, as a romance, ttio Utopia has little interest eiUicr of 
incident or of character. It docs not, as has been said, anticipate 
tho cconomic.al doctrines of Adam Smith, and much of it is faiiciuil 
without being either witty or ingenious. Jl.ackuitosli says ol it : 
“It intimates a variety of doctrines, and exhibits a miiltiplicity 
of projects, which tho writer regards with almost every possible 
degree of approbation and shade of assent, from tho frontiers of 
serious and entire belief, through grad.ations of descending plaiisi- 
biliti', where tho lowest arc scnrcclj" more than e.verciscs of ingeiinirj , 
and to which some wild p,aradoxcs are appended, either as a vehicle, 
or as an easy inc.aiis, if necessary, of di.savowiug the serious inten- 
tion of tho whole of this Platonic fiction.” 

Tiio Hpistola ad Dorpium at a later date exhibits jroro om- 



himsolf that ho inflicted punishment for religious opinion. Erasmus 
only ventures to say iiriiis friend’s defence “tlmt while ho iras 
chaiicdlov no man was put to death for these pestilent op 
while so many sulTcred death in Franco and tho Low Gountiics. 

r his son-in-lnw Roper the 






- Sir 

printcU witlimit date, 
of tills edition Is— TAe 

.4to, s. I. etn., aiidwitli 

and Stapleton, The additions mode have sonietiincs the niiiic.iranee ofrlictoriMl 
amjilillCTtions of Roper s simple statements. At other times they are do"S. 

® is. coaclasi in tlmt strain of devotional evapjn'ration 
?]' '‘‘i® t'' 0 ,samta are nsnally composed. Tlio nutlmr seems to 

Implj that ho Iiail received snpeni.atural communiKitlons from the sidrit of Ids 
ancestor. Already, only eighty years aUer More's execution, hngiogmphy had 
taken possession of tlio facts, and was tnvnsmntingfhem into an cdifvinRleeend. 
Cres-acre More s J.tfe cannot be alleped ns evidonco for anv Sicts wfiich are not 
otiicrwiso vonched. It has twen remarkerl by Hunter that ’More's life and worh-s 
bare twen all along manipulated for political pnrpose.s. and in tlic Interest of 
Uie holy sec. In Mary's reign, and in the tide of L’atlinlic rcacti.m, Uoinir and 
Ilariwllehi wrote lives of bun ; Ellis Heywood dedicatci ids II Horn to Canllnal 
role, and Tottell reprinted tins folio of bis English works. Stapleton nreivarerl 
jus 2 res Thomo- in 16SS, wlien tlie recovery of England to the see of Rome was. 
looked for by the Spanish invasion. In when tliere was a prosiH-ct of a 
disputed -succession, the anonjinons life hv B. R. was comi>nsed ; anil .soon nRer 
Cliarles had nllicl himself with a Catholic, tho Life by Cresacro -More i-ssiied tltiiii 
uie press. Ilniitcr might have i«Ulc<l that Stapleton v“as l)cing rrHirinted nt 
Grata at tlio time when tlic conversion of England was et|icct«I linm James 11. 
Tire later lives of Sir Tliomas More have been immerens, Init tlie only one which 
lias any critical value is tliat by G. T. Rudhart Thomas .tforiis, niis ifea diirlfrii 



by liuimstark, Preibnrg, ISIP. A biogm])liic.al study on .tlore's Latin jioeiii.s 
is Philmwrm by J. 11. Jlarsden, 2d cil., Ismdon, 1S7S. 

More's writings arc nnmerons, and a complete bibliography of them wouhl 
occupy several colmnns. His English Il’orils wvre collected and pnbllsheii in 
one voi. folio by Rnstall, lAndon, 15.50, and reprinted by Tottell, Ixmdon, IK7. 
His Latin IPorks wore also separately collected hr one voh, Basel, l."iO:i ; lAuvain, 
15Cn>; and, mo.st complete, Erankfort and Ixiip.sic, ICS!'. The I'topiii lias had 
luimerows editions, the tlrst is I.onv., IMC. Tlicre ate two English translatloim 
of the Ihopin, by R. Robynson, London, 1551, 1556, 1024, and by Gilb. Bimn t, 
16.SS. Tlio Latin poems, rro^inannsmntn, npi>cnrcd in 1518, 1520, 1603. This 
last edition contains the ITtopin and other prose Latin pieces. (Jt. 1’.) 

MOBEAU, HiiofisirrE, a minor lyric poet of disputed 
but considerable talent, was born at Paris on tlio 9th April 
1810, and died in tho hospital of La Charitd on the 10th 
December 1838. In Ms early youth liis parents, wlio wero 
veiy ill-off, migrated to Pi'ovins, where tho mother went 
into service and tho father took tho post of usher in a 
public school. Both died in tho same refuge for tho dosti- 
tuto which afterwards received their son. H6gilsippc wa.'> 
fairly educated and was apprenticed to a printer, but ho 
preferred the work (in Franco usually paid most miserably) 
of “maitre d’etudes ” in a school. Ho went to Paris before 
1830, and appears to have practised both Ms occupation.'! 
thoro, though for tho most part lio eitlier adopted by choice 
or Avns driven by ill-fortune to adopt tho singular life of 
alternate hardship and cheap dissipation which is dignified 
in Fmneo by tlio name of Boliomianism. In Llorcau’s case 
there is no doubt that the hardships exceeded tho dis.sipa- 
tion. Ho ivas habitually 110118010.85, and is said to have 
exposed himself to tho dangers of a cliolera hospital in 
the great epidemic of 1832 simply to obtain shelter and 
food. Then ho revisited Provins and pnbli.shed a kind of 
satirical serial called Diopbne. Some yenr-s of this life 
entirely mined Jiis health, and it was onl 3 - jii.st before Ins 
death that lie succeeded in getting his collected poem.s 
published, selling tho copyright for £4 sterling and eighty 
copies of the book. It was received not unfayourablj*, 
but, ns has happened in other cases, tlie author’s death, 
Avhich happened soon in tho circumsfaiiccs mentioned, was 
required to excito an interest wMch wa.s proportionately 
excessive. Moreau’s work, like th.at of many other young 
poets, has a strong note of imitation, Ms mode! being 
especially Beranger; and Ms character, liotli moral ami 
literary, is not improved by obvious affectation in political, 
relisious, and social matters. But some of his poems, such 
as Are Toithxe and tho charming La Fermi-rf, have groat 
sweetness, and ho had a faculty of xvriting both in pro.80 
and poetry which seems to show that with better fortune, 
or. to speak honestly, with more intelligence and more per- 
severance he niiglit c.asily Jinvo saved him.^elf from the 
mi.serablo destitution which was his lot. 
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stnto of tlio country, niul its nmiuifncturcs nro -Umitcd to 
the production, on n Pinnll scale, of cotton, AvooIIen, and silk 
goods. A certain delicate sweetmeat called quayahate is 
a regular article of commerce to Jloxico. In 1750 fhe city 
liad about 18,000 inhabitants, in 1873 the numicipalitj' 
had 36,9-iO and the city proper about 30,000, and in 
1880 the number is stated at 20, -100. 

In Ifit 1 Momlora clinso the Giiayaiignreo valley as the new site 

e Oic place received the name 
of > alladoliil. ^ Iturlnde and Morelos were hoth born within its 
precincts ; and in 1S2S the Governinent did this latter patriot the 
honour of renaming the city Morelia. In 1SG3 it w.as made the sc.at 
efan archbishop. See Ihl, Soc. deijcoyr. ilfla JiVp. dfo., Mo.v., 1S73. 

MORELLET, Axnui^, (1 727-1810), economist and miscel- 
laneous writer, was born at Lyons on the 7th of Jrarch 1727. 
He was long regarded as almost the last .survivor of tlic 
Rhilosophc school ; and in this character ho figures in many 
memoins, — for instance in Jradamo do Remusat’s. Ho was 
educated by the Jesuits iti his native town, then at a 
seminary in I’ari.s, and finally at the Sorbonne; and he 
look holy orders, but his designation of abb6 was the chief 
thing clerical about liim. Ho early joined the Philosopho 
party, and was a frequenter of most of their sulons, being 
.something of a butt (c-spccially to his felIow-abb6 and rival 
in political economy, Galiani), but having the credit of a 
ready and biting jicn. Voltaire called him “L’Abb6 
Mord-ic.s.” His work u-as chiefly occasional, and the most 
notable parts of it were a .smart pamphlet in answer to 
I’alissot’s scurrilous I'lay Lex P/iiloxnp/iex (which procured 
him a short .sojourn in the B.astiilo for an alleged libel on 
Palissot’.s ]mtronc.s,s, the in-inccsse de Robeck), and a reply 
to Galiani’s Cominnre dex Jilix (1770). Later, he made 
himself useful in quasi-diplomatic communications with 
I'lnglish statc-sinen, and was jiensioncd, being, moreover, 
elected a member of the Academy in 1785. The outbreak 
of the Revolution (soon after which he was engaged in a con- 
troversy with Clmmfort on the quc.stion of the advantages 
and deserts of the Academy) did not, ns it did with many 
of his frieiuks, drive him from the country or put his life 
in danger, but it jmt him in considerable stmits of fortune, 
lie maintained a kind of moderate liberal tone, and the 
return of something like order under the Cousuiato and 
the Emiiire raslorcd liim to jirosperity and pensions. A 
year before his dwilh, at the great age of ninety-two, on the 
"l2th of January 1819 at Paris, ho brought out a series of 
Jfi/aiif/ex, composed chielly of .selections from his former 
publications ; and after his death appcai'cd his mcmoii's, 
which are of value for the Philosopho period. Jtorcllct, 
though not a man of extraordinary ability or of specially 
amiable or estimable character, was in botli respects a fair 
sjiccimen of the man of letters of all work of the time. 
Ho was, in fact, a journalist with a special turn for econo- 
mical subjects. 

ItlORERI, Louis. See ENCVcr.or.r.m.\, vol. viii. p. 194. 

jtlORETO, Aousti.v (161S-16G9), Spanish dramatist 
and playwright, u’as born at JIadrid in IGIS. Of his 
jicrsonal and even of his literary history little is known. 
Ho studied at .Hcala between 1G34 and 1G39, and after- 
wards removed to Toledo, where ho entered the household 
of the cardinal-archbishop and took holy orders. Ulti- 
mately lie withdrew altogether from the world, and died a 
member of an ascetic religious brotherhood in 1GG9. 

Moieto in his voungcr ve.ars was a prolific writer for tlio .stage, 
and nlniost rivalled C.alderou in popularity. 1 hreo volmnes of his 
plays wore printed hetweon IC.M and IGSl, and many dnimns 
k-sidesai-o attributed in whole or in part to him. lie employed 
all the dramatic forms then in vogue. Of Ins 
viax DieJioxa, Jlermmws (The Most Fortnimto Rrothei-s) embodj - 
ino tho le-cn.l of the .seven sleepei-s, may ho niontioncd as tfio least 
honihastic’ and abstml. Others aro i:i JlMnno 
on tho persecutions connected with tho introducti n - 

into Spain, and .lAinVr a curious 

extraokinary legend of St Mary of Egypt, Ills heroic drama, i.1 
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ii Bravo .Tusticiary), a .story of tho times of 

Ptdio tho Cruel, is ono of considerable power. Ills “comeilias 
do ligurou, or character comedies," as they nro called (comtnro 
vol. vn. p. 422) inclndo El Linda Don (HirilanSm 
Don Diego) .and El Desden con el Desden (Disdain mot iWth 
Disdain), tlio latter partly borrowed from Lope do Vega’s Milaqrot 

dEltdc), hy Carlo GowafiViiicipesTO Eihsofa), and by Sohroyvogel 
{Donna Diana). Iho Comcdias Escoyidasdc Don Agustin Jforcfo 
y form tho 39th volume of tho Dibliotcca dc Aidorcs Esm~ 

itoics (-Madrid, 1850). ^ 

MORETTO, It, (“ Tho Blackamoor,” n term which has 
not been particnlarly accounted for), is tho namo currently 
bestowed upon Aless.vndro Bontuctno ( 1 4 9S-f. 1 500), a cele- 
brated painter of Broscin, Venetian school. Ho was born 
at Rovato in tho Brescian territory in 1498, and studied 
first under Eiomvanto Eorramola of Brescia, afterwards, 
still youthful, with Titian in Venice. His omi earlier 
inethod, specially distinguished by excellent portrait-paint- 
ing, was naturally modelled on that of Titian. Afterwards 
lie conceived a great enthusiasm for Raphael (tliough ho 
docs not appear to have over gone to Romo), and liis stylo 
became partially Raphaolcsquo. It was, however, novel in 
its combination of diverse elements, and highly attractive, — 
•with fine pencilling, a rich yet not lavish use of perspective 
and decorative oflccts, and an elegant opposition of light 
and shade. Tho human figure is somewhat slender in 
Bonvicino’s paintings, tho expression earnestly religious, 
tho flesh-tints varied, more so than was common in tho 
Venetian school. The backgrounds ai-e generally luminous, 
and tho draperies well modified in red and yellow tints 
with little intermixture of blue. Tho dojith of Bonvicino’s 
talent, however, was hardly in proportion to its vigour 
and vivacity ; and ho excelled more in sedate altar-pieces 
than in subjects of action, and more in oil-painting than 
in fresco, although some fine series of his frescos remain, 
especially that in tho villa Dlartinengo at Novarino, near 
Brescia. Among his celebrated works in tho city nro — in 
tho church of S. Clemente, tho Five Virgin MartjTS, and 
tho Assumption of tho Ulndonnn (this latter may count as 
his masterpiece) ; in S. Nnznro o Cclso, tho Coronation of 
tho jMndonna; in S. Dfaria dcllo Grazie, St Joseph; in S. 
Jlnria do’ Dliracoli, St Nicholas of Bari. In tho Vienna 
Gallery is a St Justina (once ascribed to Pordenone) ; in 
tho Stiidcl Institute, Frankfort, tho Jfndonna enthroned 
between Sts Anthony and Sebastian ; in the Berlin Museum, 
a colossal Adoration of the Shepherds, and a largo votive 
picture (ono of tho master’s best) of the Madonna and 
Child, with infant angels and other figm-cs above the 
clouds, and below, amid a rich landscape, two priests ; in 
tho London National Galloiy, St Bernardin and other 
saints, and two impressive portraits. II iloretto is stated 
to have been a man of childlike personal piety, preparing 
himself by prayer and fasting for any great act of sacred 
art, such ns the painting of tho Virgin-mother. His dated 
Avorks extend from 1524: to 1554, tiud he Avas tho master of 
tlio prC'Ciuinoiit portrait-painter Jloroni. His death took 
place towards 1560. „ \ 

JIORGAGNI, Giovanni B.vttista (1 682-1 m 1), the 
founder of pathological anatomy, was born 25th February 
1682 at FoiTi, an ancient and important town on tho 
/Emilian road southwards from Bologna.i His parents 
wore in comfortable circumstances, but not of tho nobility; 
it ajipears from his lettera to Laneisi that IMorgagni was 
ambitious of gaining admission into that rnnk, and it ma} 
bo inferred that ho succeeded from tho fact tJiat ho is 
described on a memorial tablet at Padua ns_ ‘ nobilis 
Forolensis.” At school ho w.as conspicuous for his talent.s, 
and ho was especially noted for his readiness m classiral 
epigram. At tho ago of sixteen ho went to Bologna to 


i A statue of the illustrious citiren was erected at Forll in 18( 5, and 
tlic town librarj- preserves fourteen MS. volumes of Ins writings. 
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stnto of tlio country, nnd its inanufnctwrcs nro 'limited to 
tlio prodnction, on a sinnll scale, of cotton, woollen, nnd silk 
goods. A certain delicate sweetmeat called (fuayahate is 
n rcgnlar article of commerce to Jloxico. In 17od ihe city 
had about 18,000 inhabitants, in 1873 the municipality 
had 36,9-iO nnd the city proper about 30,000, nnd in 
1880 the number is stated at 20,-100. 

la l.)t 1 Jlontlora chnso tlie Gaayaagnrco valley ns tlie new site 
, ^byboacan, and iu IC-iri the place received the name 
01 > ullauolul. ^ Iturbulc aiul Morolo.s ^vcro both bovu within its 
procmets ; and iu 1S2S tlio Govcruiucut did tliis latter ixatriot the 
honour of rouamiug the city Morelia. In 1SG3 it was luado tho sc.at 
ofau archbishop. See Jiol Soc. (ici/mir. ilfla JiVp. .Ito., Jfo.v., 1S73. 

MOIILLLET, Axnud (1 727-1810), economist and miscel- 
laneous writer, was born at Lyons on the 7th of Jifarch 1727. 
He was long regarded as almost tho last survivor of the 
Philosophc school ; and in this character ho figures in many 
memoins, — for instance in Jradamo do llcmusat’s. Ho was 
educated by tho_ Jesuits iti his native town, then at n 
seminary in Paris, nnd finally at tho Sorbonno ; and ho 
look holy orders, but his designation of abbii was tho chief 
thing clerical about him. Ho early joined tho Philosojdio 
party, arid was n frequenter of most of their mloiis, being 
something of a butt (especially to his fellow-abbd aud rival 
iu jiolitical economy, Galiani), but having the credit of a 
ready and biting jicn. Voltaire called him “L’Abb6 
Mord-ics.” His work avas chietly occasional, and tho most 
notable parts of it wore a .smart pamphlet in answer to 
Palissot’.s scurrilous jday Xr.i P/iilosophcs (which procured 
him a short sojourn in the Bastille for an alleged libel on 
Palissot’s ]mtronc.s.s, the princcsso do llobcck), and a reply 
to Gnliani’.s Commenr Jj'Un (1770). Later, ho made 
himself useful in quasi-diplomntic communications willi 
English statesmen, and was jiensioncd, being, moreover, 
elected a member of the Academy in 1785. The outbreak 
of the Kevolution (.soon after which he was engaged iu a con- 
troversy with Chnmfort on the quc.stion of tho advantages 
and de-serts of tho Academy) did not, ns it did with many 
of his friend.s, drive him from tho country or put his life 
in danger, but it ]mt him in considerable stmits of fortune. 
Ho maintained a kind of moderate liberal tone, and tho 
return of something like order under tho Consulate nnd 
tho Empire rastored him to pro.spcrity nnd pensions. A 
year before his daalh, at tho great ago of ninety-two, on the 
"l2th of January 1819 at Paris, ho brought out a series of 
Jfc/aiit/f.t, composed chielly of selections from his former 
publications ; aud after his death nppcai'cd his incmoii's, 
which are of value for tho Philosopho period. Jforcllct, 
though not a man of extraordinary ability or of specially 
amiable or estimable character, was in both respects a fair 
sjiccimen of tho man of letters of all work of tho time. 
Ho was, in fact, a journalist with a special turn for econo- 
mical subjects. 

I^IOKEUI, Louis. See Excvcr.or.r.m.\, vol. viii. p. 194. 

MOBETO, Aousti.v (1G1S-16G9), Spanish dramatist 
and playwright, u'as born at JIadrid in IGIS. Of his 
jicrsonal nnd even of his literary history little is known. 
Ho studied at -Hcnla between 1C34 and 1G39, aud after- 
wards removed to Toledo, where ho entered tho household 
of tho cardinal-archbishop nnd took holy orders. Ulti- 
mately he withdrew altogether from tho world, nnd died a 
member of an ascetic religious brotherhood in 1G69. 

Moreto iu Ids voungcr vears was a prolific writer for tho stage, 
aud almost rivalled C.alderou iu popularity. 1 hreo volumes of liis 
plays wore i.riuted hetweou ICM aud IGSl, aud many dmmns 
besides ai-o attributed iu whole or iu part to him. lie emploj ed 
all the dramatic forms thou iu vogue. Of Ins wbgmus plays, 
vms J)ie}<osos Jlrrmmws (Tho Most Fortuuato Brothei-s), ; 

iug tho logoml of tho .sovou slecpei-s, may bo 
bombastic and absiml. Othcis nro hi h^nno vo,arv 

oil tho persccutious couuocted with tho introduction • . 

into Spain, ami .lArnVr Aiw-cwor, a curious 
extraouiinary legend of St Mary of Egypt, Ills heroic drama, hi 
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pm*!,”**! “^‘('■'’.(Tho Bravo Justiciary), a .story of tho times of 

f I, considerable power. ^ Ilis “coinedias 


do liguroii," or “character comedies," as they are called (comparo 
vol. v«. p. 422) i El Undo Don (H,rilauSm 
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{Donna^Dinna). Tho ComedMs JSscogidafdc Don JguslInJfonll 
y tadsuju form the 39th volume of tho DibUoIccet dc AiUorcs £sm- 
tioks (Madrid, IS-IO). ^ 

hfOBETTO, In (“ Tho Blackamoor,” a term which has 
not been particnlnrly accounted for), is tho name currently 
bestowed upon Aless.vndro BoNnciNo ( 1 4 9S-c. 1 500), n cele- 
brated painter of Brescia, Venetian school. Ho was born 
at Bovnto in tho Brescinn territory in 1498, nnd studied 
first under Eiomvnnto Eorramola of Brescia, afterwards, 
still youthful, with Titian in Venice. His omi earlier 
inethod, specially distinguished by excellent portrait-paint- 
ing, was naturally modelled on that of Titian. Afterwards 
he conceived a great enthusiasm for Eaphael (tliough ho 
does not appear to have over gone to Eomo), and his stylo 
became partially Rajihaolcsquo. It was, however, novel in 
its combination of diverse elements, nnd highly attractive, — 
■with fine pencilling, a rich yet not lavish use of perspective 
aud decorative oflccts, nnd an elegant opposition of light 
and shade. Tho human figure is somewhat slender in 
Bonvicino’s paintings, tho expression earnestly religious, 
tho ilesh-tints varied, more so than was common in tho 
Venetian school. The backgrounds ai'c generally luminous, 
aud tho draiicries well modified in red nnd yellow tints 
with little intermixture of blue. Tho do])th of Bonvicino’s 
talent, however, was hardly in proportion to its vigour 
and vivacity ; aud ho excelled more in sedate altar-pieces 
than in subjects of action, nnd more in oil-painting than 
in fresco, although some fine series of his freseos remain, 
especially that in the villa DInrtinengo at Novnrino, near 
Brescia. Among his celebrated works in tho city nro — in 
tho church of S. Clemente, tho Five Virgin MartjTS, nnd 
tho Assumption of tho Ulndonna (this latter may count as 
his masterpiece) ; in S. Naznro 0 Cclso, tho Coronation of 
tho Madonna; in S. Maria dello Grazie, St Joseph; in S. 
Marin do’ Sliracoli, St Nicholas of Bari. In tho Vienna 
Gallery is a St Justina (once ascribed to Pordenono) ; in 
tho Stiidel Institute, Frankfort, tho Jfndonna enthroned 
botween Sts Anthony nnd Sebastian ; in the Berlin Museum, 
a colossal Adoration of tho Shepherds, and a largo votive 
picture (one of tho master’s best) of tho Madonna and 
Child, with infant angels nnd other figiu-cs above the 
clouds, and below, amid a rich landscape, two priests ; in 
tho London National Galloiy, St Bernardin and other 
saints, nnd two impressive portraits. II Moretto is stated 
to have been a man of childlike personal piety, preparing 
himself by prayer nnd fasting for any great act of sacred 
art, such ns tho iininting of tho Virgin-mother. His dated 
Avorks extend from 1524 to 1554, nnd ho Avas the master of 
tho pre-eminent portrait-painter Moroni. His death took 
place toAA'ards 15G0. 

JIOBGAGNI, Gioa-.-vnxi B.vttist.a (1682-1 m 1), the 
founder of pathological anatomy, was born 25th February 
1682 at FoiTi, an ancient and important toAA'ii on tho 
/Emilinn road soutlnvards from Bologiia.i His parents 
AA'oro in comfortable circumstances, but not of tho nobility; 
it ajipears from his lettei-s to Lancisi that ^Morgagni Avas 
ambitious of gaining admission into that rank, nnd it may 
bo inferred that ho succeeded from tho fact that uo 
described on a memorial tablet at Padua ns “nobilis 
Foroleusis ” At school ho Avas conspicuous for his talents, 
nnd ho Avns especially noted for his readiness in classical 
epigram. At tho ago of sixteen ho Avent to Bologna to 

1 A statiio of tho illiistrioiis cituen w.as erected at Forll in 1875, and 
the town library preserves fourteen MS. volumes of Ins writings. 
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enjoyed luueli reputo in its day; Haller speaks of it ns “an im- 
mortal work, which may in itself servo for a pathological librarv.” 
ilor^gni, m the preface to his own work, discusses the defects aiid 
merits of the SepnWirctum ; it was largely a compilation of other 
men s cases, well and ill authenticated; it was prolix, often inaccurate 
and misleading from imioraneo of the normal anatomy, and it was 

■wanting in ivliat woiud now bo called objective iinpartiatitv a 

quality which \Yas introduced as decisively into moinid anatomy 
oy Mormgni as it had hcen introduced two centuries earlier into 
normal human anatomy hy Yesaliiis. Jtorgagiii has nari-atcd the 
circumstances under which the Dc Sedibus took origin. H.aviim 
liiiished his edition of Valsalva in 1740, ho was taking a holiday in 
the country, spending much of his time in the company of a yoiiim 
friend wlio was curious in many hraiiches of kiiowlcdfus. Tlio 
conversation tiiriiod upon the iSepnfc/irr/ma of lionet, aii^ it was 
suggested to Jlorga^iii by his dilettante friend that ho should put 
on record his own observations. It was agreed that letters on the 
anatomy of diseased organs and parts should ho written for the 
perusal of this favoured youth (whoso name docs not transpii-o) ; 
and they were contiiuiod from time to time until they mmihored 
seventy. Those seventy letters constitute the Dc Sedibus ct Causis 
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hooks, treating of tho iiioruid conditions of the body a cajdte ad 
cakem. Tho live books are dedicated respectively to Trew, llrom- 
field, Soiia^ Schreibor, and Jlcokel, as representing tho several 
learned societies of whicli Morgagni was a foreign iiiomher. The 
five books^ together contain, according to an ciiiimeratioii by tlio 
present writer, tho records of some 640 dissections. Some of these 
are given at great lengtli, and with a precision of statement and ex- 
haustiveness of detail hanlly surjiasscd in tho so-called “protocols’ 
of tho German pathological institutes of tho present time ; others, 
again, are fragments brought in to elucidate some question that had 
arisen. Tho sj-niptoms during tho courao of tho malady and other 
antecedent circiiinstaiiccs are always prefixed with more or less ful- 
ness, and discussed from tho point of view of tho conditions found 
after death. Subjects in all ranks of life, iiicludiii" several carilinals, 
figure in this romarkablo gallery of tho dead. Many of tho cases 
are taken from ilorga^iii's early o.xporieiiccs at Bologna, and from 
tho records of his tcachere Atalsalva and Alhortiiii not clsewhcro 
published. Those sLx luindrod or more cases are selected and 
arranged with method and purpose, and they aro often (and some- 
what casually) made tho occasion of a long excursus on general 
pathology and therapeutics. Tlio range of Morgngni’s scholarsliip, 
as evidoiieod by his references to early and contemporary literature, 
strikes one with astonishineiit. It has been contended that ho was 
himself not free from 2 >i'olixity, the besotting sin of tho learned ; and 
certainly tho form and arrangoincnt of his treatise are such as to 
make it difficult to use in the present day, iiotwitlistaiuiing that it 
is well indexed in tho ori^imu edition, in that of Tissot (3 vols. 
4to, Yvcrduii, 1779), and iii more recent editions. It differs from 
modern treatises in so far as tho symptoms detcniiiiio the oixler and 
manner of prcsontiiig tho aiiatoiiiic.al tacts. Although Morgagni was 
the first to understand and to demonstrate tho absolute necessity of 
basing diagnosis, prognosis, and treatment on an o.xact and com 
prelieiisi VO knowledge of anatomical conditions, ho niado no attempt 
(like that of the Vienna school sixty ye.ai-s later) to exalt p.athological 
.anatomy into a scienco disconnected from clinical medicine and 
remote from 21 ractic. 1 l needs, llis orderliness of anatomical method 
(im 2 )lying his skill with tho scalpel), his precision, his exhaustive- 
ness, and llis freedom from bias aro his essentially modern or 
scientific qiialitics ; his scholai'shi 2 i and high consideration for 
classical and foreign work, his sense of practical ends (or Ids common 
sense), and tho breadth of his intellectual horizon prove him to 
have lived hoforo mcdic. 1 l science had become largelj' tcchnioal or 
mechanical. It is clear that Morgagni’s imineuso personal influence 
diiriii" his lifetime did not alone make his hook famous ; at a 
distance of two hundred years from his birth, and more than one 
hundred from his dcatli, tlio opinion is iinanimons tliat his tix'atiso 
was tho cominencoineut of tho ora of steady or cuiiuilatii o iH'ogrcss 
ill 2 'athology .and in p'ractical mcdiciiio. Sym 2 itoius Iroin that tune 
ceased to bo made H2> into more or less conventional groiqis,^ each 
of which was a disease ; on tho other hand, they began to bo yicii cd 
ns “ tlio erv of the snlVering organs,” and it now beo.inio 2 )ossiblo to 
doveloj) Svaenbam’s grand conco 2 )tioii of a natural liistorj' of disease 
ill a catholic or scientific spirit. Laoiinec s n 2 'plicatiou of the stetiio- 
scopo to detect the sounds given out in diseased states of the heart 
ami lungs, and Bright’s application of. the test-tube and re-awnts 
to reach tho structural and functional conditions ^he kidncj 
through tho state of tho iiiitio, were tho direct rc-snlts of Mor^giu s 
endeavour to lav baro tlio sc.ats and causes of disa^o by anatomy , 
and those two means of diagnosis ni-e tho daily and hourly 
of every modern practitioner. In more genial term:,, Morgagni s 
work substituted localization for gciioralizahon and precision for 

Yil^UCUCSS, ' . rr ^ 

A biography of Jtorgagai byjlosrawas published at Naples ialTCS. His 1 
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MOEGAK", Sydney Otonson, L.vdy (1777 US59) 
novelist and niiseellancous describer and critic, was one of 
tlic most vivid and liotly-discussed literary 2)evsonages of 
her generation. She was tlio daughter of an Irish actor 
but it was one of her whims to keo 2 ) tho year of her birth 
a secret j “ once ^ njion a time ” on Christmas day was her 
answer to inquiries. She began her literary career with a 
precocious volume of poems. Her second venture, St Clair 
(ISO-I), a novel of ill-judged marriage, ill-starred love, and 
impassioned natiirc-worshqi, in ivliich the influenco of 
Goethe and Eousscaii was apparent, at once attracted 
attention. Another novel. The JTonce of St Dominick 
(180G), was also 2 H'aised for its qualities of coiiious imagina- 
tion and descri 2 )tion, though the critics wore inclined to 
nibble at the writer’s grammar. But the book which 
made her ro 2 )utation and brought her naino into irarm con- 
troversy was The Wild L-isk Girl, also 2 iUblished in 1806. 
In this she a 2 )peared as the ardent champion of her native 
country, a politician rather than a novelist, extolling tho 
beauty of Irish scenery, the riclincss of the iiatucal wealth 
of Ireland, the noble traditions of its early history, and 
sketching types of the various classes with direct refer, 
enco to the inisgovernmcnt to wliich she traced their evil 
features. She followed this up with Patriotic Sketches and 
Jletrical Frac/meiits in 1807, fitting some Irish melodics with 
words (“ Kate Kearney ” among tho number) in the same 
year in which Moore began a similar task. Miss Owen- 
son’s politics and tho favour shown her by the IjTiig 
aristocracy probably prompted the savage attack made 
upon her next novel, Ida, a Woman of Athens, in tho first 
number of tho Qnaiderli/ (1809). From first to last her 
stylo was open to the reproach of being made up too much 
of quotations, and her grammar was not always correct ; 
but e.xuberant humour, keen wit, and fertility in tho inven- 
tion of striking and romantic incidents carry any unbiassed 
reader easily over all minor faults of composition. Her 
great ambition was to draw vivid 2 >ictures of the mingled 
“ mirth and misery, ferocity and fun,” of tho Irish under 
English rule, and she succeeded. Her novels sxiffor ns 
stories from this political 2nirpo30 ; she drags in too many 
character-sketches, and, though they aro always drawn 
with vivacity and sliaiq) penetration, they aro drawn with 
too much bins of romantic eutlmsiasm on the one side 
and satirical spite on the other. In 1812 she was married 
to Sir T. C. Morgan, but books still continued to flow 
from her facile 2 J' 2 u. In 1814 she 2 ’roduced lier bo.st 
novel, O'Donncl, a decided advance on jirovious work. 
She jniblishcd an elaborate study of I ranee under the 
Bourbon restoration in 1817. This was attacked with 
outrageous fury in the Quarterly, the authoress being 
accused of Jacobinism, falsehood, licentiousness, and im- 
jiicty. She took her revenge indirectly in the novel of 
Florence Jlacart/n/ (ISIS), in which a Quarterly mFiovccr, 
Con Crawley, is insulted with supremo feminine ingenuity. 
Italy, a conipaniou work to lier France, was published in 
1821 ; Lord Byron benra testimony to the justness of its 
2 iicturcs of life. The results of Italian histoiical studies 
were given in her J^ijeand Times of Salrator Fosa (Ib-i), 
Then she turned again to Irish niaiincr.s and 2 )olitics with 
a niattei'-of-fact book on Absenteeism (lb25), and a higlil} 
stirriim and romantic novel, 2'he O’Pricns and the 0 Ila- 
)icrtys (1827). The Book of the Boudoir (1829) roii-sisted 
of niiseellancous reflexions and remini.^cenccs. l/nder the 
ministry of Lord Grey Lady Morgan obtained a pension of 
.£300. During the last thirty yeara of her long life she 
broke no new ground, but to the last she was an eiitertain- 
inc vviter, and sent some sprightly verses to the Athenxiim 



M 0 R 

enjoyed luuoli repute in its day; Haller speaks of it as “'i 

inort.nl wnrk- Uo^ir r f ^ 


M OR 


823 


mortal work, which may in itself servo for a pathological library 
ilor^gni, m the preface to his own work, discusses the defects aiiu 
merits of the SqnilcJirctum ; it was largely a compilation of other 
men s cases, well and ill authenticated; it was prolix, often inaccurate 
and misleading from imioranee of the normal anatomy, and it was 
wanting iii what woiud now ho called objective impartiality, a 


o Y* iilipiiruailtY a 

quality which was inti-oducod ns decisively into moiW anatomy 
by Mormgm as it had been introduced two centuries earlier into 
normal human anatomy by Yesalius. :Morgagni has narmted the 
circumstances under which the Dc Sedibus took origin. H.aviim 
finished his edition of Valsalva in 1740, ho was taking a holiday in 
the countrj', spending much of his time in the company of a youim 
friend who was curious in many branches of knowledge The 
conversation turned upon the iSe^ndc/irr/uHi of Bonet, and it was 
suggested to Jlorga^ni by his dilettante friend that ho should put 
on record his own observations. It was .agreed that letters on the 
anatomy of diseased organs and parts should bo written for tlio 
perusal of this favoured youth (whoso name does not transpii-o) ; 
and they wore contiiuied from time to time until the}- mimbered 
seventy. Those seventy letters constitute the Be Sedibus ct Causis 
Morborum, which was given to the world as a systematic treatise 
in 2 yols. folio, Venice, 17G1, twenty years after the task of oiiis- 
tolary instruction was be^iin. The "letters are arranged in live 
books, treating of the morbid conditions of the body a ceijtiio ad 
cakem. The live books are dedicated respectively to Trew, Brom- 
field, Seiia^ Schreiber, and Jleckcl, as representing the several 
learned societies of which Morgagni was a foreign nieinber. The 
five books^ together contain, according to an enumeration by tlio 
present writer, the records of some 640 dissections. Some of ‘these 
are given at great lengtli, and with a precision of statement and ex- 
haustiveness of detail hanlly surjiassed in the so-called “protocols” 
of the German pathologic.al institutes of the present time ; others, 
again, are fragments brought in to elucidate some question that had 
arisen. The sj-niptoms during the couiso of the malady mul other 
antecedent circumstances are always prefixed with more or less ful- 
ness, .and discussed from the point of view of the conditions found 
after death. Subjects in all ranks of life, including several cardinals, 
figure in this romarkablo gallery of the dead. Many of the cases 
are taken from Jlorgaj'iii's early o.xperienccs at Bologna, and from 
the records of his tcaciiei-s A’’alsalva and Albortini not elsewhere 
published. Those sLx hundred or more cases are selected and 
arranged with method and purpose, and they aro often (and some- 
what casually) made the occa.sioii of a long excursus on general 
patholog)' and therapeutics. Tlio range of Morgagni's schokn-sliip, 
as evidonced by his references to early and contemporary literature, 
strikes one with astonishment. It has been contended that he was 
himself not free from prolixity, the besotting sin of the learned ; and 
certainly the form and arrangement of his treatise are such as to 
make it diflicult to use in the present day, notwithstanding that it 
is well inde.xod in the originiu edition, in that of Tissot (3 vols. 
4to, Yverdun, 1779), and in more recent editions. It dilfers from 
modern treatises in so far as the symptoms determine the oixler and 
manner of presenting the aiiatomic.al tacts. Although Morgagni was 
the first to understand and to demonstrate the absolute necessity of 
basing diagnosis, prognosis, and treatment on an o.xnct and com- 
prehensive knowledge of anatomical conditions, he made no attempt 
(like that of the Vienna school sixty ye.ai-s later) to exalt pathological 
.anatomy into a science disconnected from clinical mcdiciuo and 
remote from practic.al needs. His orderliness of aiiatomic.al incthod 
(implying his skill with the scalpel), his precision, his exhaustiye- 
iiess, 'and his freedom from bias are his essentially modern or 
scientific qiialitics ; his scholarahip and high considcratieii for 
classical and foreign work, his sense of practical ends (or his common 
sense), and the breadth of his intellectual horizon prove him to 
have lived before mcdic.al soienoo had become largely technical or 
mechanical. It is clear that Morgagni’s imineuso personal influence 
duriii" his lifetime did not alone make his book famous ; at a 
distance of two hundred years from his birth, and more than one 
hundred from his death, the opinion is unanimous that Ins tivatiso 
was the commencomeut of the ora of steady or cuinulatho progress 
in pathology .and in piractical mcdiciuo. Symptoins Iroiu that time 
ceased to bo made up into more or less conyentional groups,^ each 
of which was a disease ; on the other hand, they began to bo a iewed 
ns “ the cry of the sulVering organs,” and it now became possible to 
doveloj) Sydcnhain’s grand conception of a natural history of disease 
in a catho'lic or scientific spirit. Laeiineo s application of the stetlio- 
scopo to detect the sounds given out in diseased states of the heart 
ami lungs, and Bright’s application of, the test-tube and re-a^mts 
to reach the structural and functional conditions ^he kidnej 
through the state of the uritio, were the direct rc-siilts of Mor^pu s 
■ondairoiir tolir Ixiiv the scats and causes of diso.aso by anatomj , 
and those two means of diapiosis ni-c the daily 
of every modern practitioner. In more general tciin:., M gapii s 
work siibstitiited loc.alization for gcnoralizahoii and precision for 
va^ucucss, 

A biography of Jtorgagni by Mosca was published at Kaples in UCS. His 
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MfDEGAK", Sydxey Otoxson, L.vdy (1777 US59) 
novelist and miscellaneous describer and critic, was one of 
the most vivid and liotly-discussed literary personages of 
her generation. She was the daughter of an Irish actor 
but It was one of her whims to keep the year of her birth 
a secret j “ once ^ upon a time ” on Christmas day was her 
answer to inquiries. She began her literary career with a 
precocious volume of poems. Her second venture, Si Clair 
(ISO-i), a novel of ill-judged marriage, ill-starred love, and 
impassioned nature-worship, in which the influenco of 
Goethe and Housscaii was apparent, at once attracted 
attention. Another novel. The JTonce of St Bominick 
(180G), was also pmised for its qualities of copious imagina- 
tion and descrijition, though the critics were inclined to 
nibble at the writer’s grammar. But the book which 
made her reputation and brought her name into warm con- 
troversy was I’hc inid L-isk Girl, also published in 1806. 
In this she appeared as the ardent champion of her native 
country, a politician rather than a novelist, extolling the 
beauty of Irish scenery', the richness of the natural wealth 
of Ireland, the noble traditions of its early history, and 
sketching types of the various classes with direct refer, 
enco to the misgovernment to wliich she traced their evil 
features. She followed this up with Patriotic Sketches and 
Jfetrical Frapmeiits in 1807, fitting some Irish melodies with 
words (“ Kate Kearney ” among the number) in the same 
year in which Moore began a similar task. Miss Owen- 
son’s politics and the favour shown her by the MTiig 
aristocracy probably prompted the savage attack made 
upon her next novel, Ida, a iromaa of Athens, in the first 
number of the Qnai'terli/ (1809). From first to last her 
stydo was open to the reproach of being made up too much 
of quotations, and her grammar was not always correct ; 
but e.xuberant humour, keen wit, and fertility in the inven- 
tion of striking and romantic incidents carry any unbiassed 
reader easily over all minor faults of composition. Her 
great ambition was to diaiv vivid pictures of the mingled 
“ mirth and misery, ferocity and fuu,” of the Irish under 
English rule, and she succeeded. Her novels suffer ns 
stories from this political purpose ; she drags in too many 
character-sketches, and, though they are always drawn 
with vivacity and sliarj) penetration, they are drawn with 
too much bins of romantic enthusiasm on the one side 
and satirical spite on the other. In 1812 she was married 
to Sir T. C. Morgan, but books still continued to flow 
from her facile iien. In 1814 she jiroduced her best 
novel, O'Donncl, a decided advance on ])rovious work. 
She published an elaborate study of Iraiicc under the 
Bourbon restoration in 1817. This was attacked with 
outrageous fury in the Quarterly, the authoress being 
accused of Jacobinism, falsehood, licentiousness, and im- 
jiicty. She took her revenge indirectly in the novel of 
Florence Macarth/ (ISIS), in which a Oimrter/y reviewer, 
Con Crawley, is insulted with supremo feminine ingenuity. 
Itali), a conipaniou work to lier France, was published in 
182*1 ; Lord Byron bcni-s testimony to the justness of its 
jiicturcs of life. The results of Italian histoncal studies 
wei'O given in her Hjeand Tunes of Salrator Fosa (Its 
Then she turned again to Irish manners and politics with 
a mattei'-of-fact book on Absenteeism (1825), and a highly 
stirriii" and romantic novel, 2'he O’Pricns and the 0 Ila- 
)u'rtm (1827). The Book of the Boudoir (1829) ron-sisted 
of iniscellaneous reflexions and reminiscences, l/nder the 


ministry of Lord Grey Lady Morgan obtained a pension of 
.£300. During the last thirty yeara of her long life she 
broke no new ground, but to the last she w.as an entertain- 
inu YTiter, and sent some sprightly verses to the Athenxum 
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Declaration (165i), directed against faults in the adminis- 
tration of the Orator}^ and reflecting on the general (Father 
Bourgoing), was strictly suppressed. So, too, his gi-eat work 
on penance gave equal olfence to the Jesuits and to'Port- 
Bo 3 \al, and even after his death (1659) the polemical 
vehemence of his Exerdtaiiones Biblical, and the exaggera- 
tion of his assertion “apud neotericos Hmreticos verba 
Scripturaruin non esse integra, non superficiem, non folia, 
nedum sensuin, medullam et radicem rationis” long led 
Protestants to treat his valuable contributions to the history 
of the Hebrew text as a mere utterance of Popish prejudice. 

Morimis -was a voluminous ami prolix rvritcr on ecclesiastical 
antiquities. His principal works m this field arc Commcnfarius 
Mstorieus dc disciplma in administradonc sacmmcnti painitentiai 
XIII primis sccnlis in Eccl. Occid. ct h ucus<pic in Orient, ohservata 
(1651), and Comm, dc seteri^ Ecclcsicc ordinationibus secundum 
aniiqtios ct rcccntiorcs Latinos, Grxcos, Syros ct Labylonios (1655). 
The second of these works expresses those irenical views on the 
subject of ordination wliich recommended Horinus to Urban VIII. 
The literary correspondence of Morinus ajipeared in 1682 under 
the title of Antigiiitatcs Ecclcsim Oricntnlis (edited by B. Simon). 

The chief fame of Morinus, however, now rests on his Biblical 
and critical labours. By his editio prineeps of the Samaritan Penta- 
teuch and Targum, in the Paris Polyglott, he gave the first impulse 
in Europe to the study of this dialect, which he acquired witliout 
a teacher (framing a gi-amm.ar for himself) by the stud}’ of MSS. 
then newly brought to Europe. Not unnaturally he formed a very 
exaggerated view of the value of the Samaritan tradition of tho text, 
exalting it above the tradition of tho Jews {Excrcilationcs inutruni- 
que Samaritanorum Pcntatcitehum, 1631). A similar tone of ex- 
aggerated depreciation of the Hebrew text, coloured, as has been 
remarked above, by polemical bias against Protestantism, mars his 
greatest work, the posthumous Excrcilationcs bihlicx dc Hcbrxici 
Grxciquc textus sinccritatc (1660), in which, following in the foot- 
steps of Cappellus, but with incomparably greater learning, he brings 
irrefragable arguments against the then current theory of the 
absolute integrity of the PIcbrew text of the Old Testament, and 
the antiquity of tho vowel points. The second part of this work 
is still ViUued as a copious storehouse of materials for tho history 
of the Hebrew text collected by tho most self-denyiug labour — 
mcis ingratiis, as ho said himself. 

MORLAIX, the’ chief toivn of an arrondissement in the 
department of Finistfere, France, lies 350 miles west of 
Paris on the railway from Paris to Brest, and at the con- 
fluence of two small streams, 7 miles distant from the sea. 
Its port has 13 feet of water at ordinary and 23 feet at 
spring tides. The entrance of tho roadstead is defended 
by the Chateau du Taureau, which stands on a rock in the 
sea, and was built in 1542 to protect the tovm from the 
English. Morlaix still contains a considerable number of 
enriouswooden houses of the 15th, 16th, and 17th centuries; 
but the most striking piece of architecture in the town is 
the gigantic two-storied viaduct of the railway from Paris 
to Brest, 934 feet long and 207 feet above the quays. 
The old church of the Dominicans is now occupied by the 
town library. The hospital has beds for 500 patients, 
and can accommodate 300 female lunatics besides. A 
tobacco-factoiy, employing 400 men and 700 women, is 
the princqjal industrial establishment ; and there are also 
extensive paper-mills, a considerable flax-mill, canvas-fac- 
tories, foundries, and saw-mills. A considerable trade is 
carried on in grain, yarn, canvas, leather, tallow, wax, and 
horses; and a large quantity of butter, cattle, and vegetables 
is exported from Roscoff, a village in the neighbourhood, 
which is also known for its sea-bathing and its zoolo^cal 
station. The population of ilorlaix was 15,183 in IS <6. 

Judging by the numerous coins found on tlic sjxit, the site of 
Morlaix was probably occupied in the time of the Komans. The 
counts of Leon held the lordship in the 12th century, biri the 
dukes of Brittany disputed possession with them, and in 11S< Hcnry 

II. of England, guardian of Arthur of Brittanv. made himself master 

of the town after a siege of several weeks. During the \\ar of t lo 
Hundred Years Jlorlaix was again captured and recaptured the 
French and the English, and pillaged by the latter in 1 Queen 
Mary of Scotland, on her way to be married to the Dauphin m.ade 
solemn entrr into Morlaix in 15IS. And finally, the town having 
joined the League, the castle was taken by storm in the iiam 
Henry lY. in 1594. 
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MORLANp, George (1763-1804), animal and subjee 
painter, w-as born in London on the 20th of June 1763. Hi 
came of a race of artists. His father, a painter, inezzotint- 
cn^ver, and picture-dealer, gave him a careful art-training, 
and at an exceptionally early age he produced works of 
wonderful promise. At sLxteen he e.xliibitcd sketches at 
the Royal Academj', and even before tliis his productions 
found ready purchasers, and some of them had been 
engraved. But already the taste for dissipation, which 
was stronger in Morland than even his love for art, had 
begun to manifest itself, and at seventeen he escaped from 
the over-strict discipline of his father’s house, and began 
a career of reckless prodigality which has hardly a parallel 
in art-biography, gathering round him an entourage of tho 
most abandoned associates, and supporting himself by the 
sale of the pictures — rustic subjects and scenes from low 
life — ^u-hich he thrciv off with une.vamiiled rapidity. About 
1786 there appeared to be some prospect of amendment. 
He went to reside at Kensal Green, came under the influ- 
ence of better companions, and married a beautiful and 
virtuous girl, a sister of James Ward the animal-])ninfer 
and William Ward tho engraver. The subjects which 
Morland painted during this period reflect the change in 
his way of life. Tho Idle and Industrious Mechanic, 
and Letitia or Seduction, moralities in the style of 
Hogarth, were engraved and became exceedingly popular. 
But soon the force of old habit asserted itself, tho desire 
for freedom and lawlessness returned to tho artist with 
redoubled violence, and he again drifted into a career of 
riot and intemperance. Tho means of dissipation were 
not wanting ; the dealers were eager for his productions ; 
indeed, so greatly were they esteemed that skilled cojiyists 
were employed to make many transcripts from tho pictures 
on which he was at work, which were sold as originals to 
an unsuspecting public. The finest of Morland’s subjects 
date from 1790 to 1792. In 1791 was painted tho Inside 
of a Stable, now in the National Gallery, probably tho 
artist’s masterpiece. In sjiite of his popiilarity and his 
industry his aftairs became inextricably embarrassed. For 
a time he eluded the bailifls with singular dexterity, but 
in November 1799 he was arrested. Obtaining the Rules 
of the Bench, he took a house within bounds, and con- 
tinued to practise both his art and his debauchery. He 
was released under the Insolvent Act of 1802, but his 
health was ruined and he was speedily stricken with palsy. 
Partially recovering, he continued to paint, but before long 
ho was again arrested for debt, and died in a sponging- 
house in Eyre Street, Coldbath Fields, on the 29th of 
October 1804. His wife survived him only some three 
days, and they were buried in one grave. 

The most characteristic works of Morland arc those vdiich deal 
with rustic .and homelv life. They show much direct and instinct- 
ive fccliii" for nature, and admirable executive skill, hut tlip’ have 
no elcvatfon of subject, no great beauty of colour or tnith of atmo- 
snhcrc Thov sutler from the haste in which the artiri habifinlh 
workei Main- of them have been admirably mezzotinted bv .1. 
K. Smith .and his pupils, Y'illiain Ward and John \oung. l.ar- 
ticulara of Jlorland’s life will be found in tlm hiographiis b\ J. 
Hassell (1S04), G. Dawe (1807), and Blagtoii (ISOb), and in Momw 
of a Picture, bv W. Collins, 1805. .r,, - ^ r t 

MORMONS, or The Church of Jesus Christ of Lattcr- 

Dav Saints, are a religious sect founded by Josc])h Smith 
.at Manchester, New York, in 1830, and for the last thirty, 
six years settled in Salt Lake City, Territory of L tab 
United States. Smith was born 23d December le0.> at 
Sharon, IVindsor county, Vermont, from winch place ten 
vears later his p.arents, a poor, ignorant, thriftlc-^s, amt 
not too honest coujJe, removed to New ^ork, where thej 
settled on a small farm near Palmyra. Mayne conn.} 
(U,.„ Oninio). Four ycr* bt.r, in 1S05, 'K'' J"”™; 
to irnnchcster, ooine 6 milos oil; ami it i.a' at ; 

place when fifteen years old that Joseph began to ha%- 
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Dedaration (1654:), directed against faults in the adminis- 
tration of the Oratory and reflecting on the general (Father 
Bourgoing), was strictly suppressed. So, too, his gi-eat work 
on penance gave equal offence to the Jesuits and to'Port- 
B, 03 ’'al, and even after his death (1659) the polemical 
vehemence of his ExcTcitationes Eiblicx^ and the exaggera- 
tion of his assertion “apud neotericos Hmreticos verba 
Scripturaruin non esse integra, non superficiem, non folia, 
nedum sensuin, medullam et radicem rationis” long led 
Protestants to treat his valuable contributions to the history 
of the Hebrew text as a mere utterance of Popish prejudice. 

Morimis was a voluminous ami prolix writer on ecclesiastical 
antiquities. His principal works m this field arc Commcntarius 
Jitiloricm dc disciplina in administralionc sacmmcnti pmntcnli.v. 
XIII priviis scatlis in Heel. Occid. cl h uciistpic in Orient, observata 
(1651), and Comm, dc sacris Hcelcsiia ordinnlionibus secundum 
antiqtios cl rcccntiorcs Latinos, Grxcos, Syros ct Babylonios (1655). 
The second of these works expresses those irenical views on the 
subject of ordination wliich recommended Horinus to Urban VIII. 
The literary correspondence of Morinus ajipeared in 1682 under 
the title of Antiquitates Ecclcsiec Oricntalis (edited by E. Simon). 

The chief fame of Morinus, however, now rests on his Biblical 
and critical labours. By his editio princcqis of the Samaritan Penta- 
teuch and Targum, in the Paris Polyglott, he gave the first impulse 
in Europe to the study of this dialect, which he acquired witliout 
a teacher (framing a gi-amm.ar for himself) by the studj’ of MSS. 
then newly brought to Europe. Not unnaturally ho formed a very 
exaggerated view of the value of the Samaritan tradition of tho text, 
exalting it above the tradition of tho Jews {Excrcitationcs inutruni- 
que Samaritanorum Pcntatcudmm, 1631). A similar tone of ex- 
aggerated depreciation of the Hebrew text, coloured, as has been 
remarked above, by polemical bias against Protestantism, mars his 
greatest work, the posthumous Excrcitationcs biblicm dc Hcbrxici 
Grxciquc textus sinccriiatc (1660), in which, following in the foot- 
steps of Cappellus, but with incomparably greater leamiug, he brings 
irrefragable arguments against the then current theory of the 
absolute integrity of the PIcbrew text of the Old Testament, and 
the antiquity of the vowel points. The second part of this work 
is still valued as a copious storehouse of materials for tho histoiy 
of the Hebrew text collected by tho most self-denyiug labour — 
mcis ingratiis, as ho said himself. 

MORLAIX, the’ chief toavn of an arrondissement in the 
department of Finistfere, France, lies 350 miles west of 
Paris on the railway from Paris to Brest, and at the con- 
fluence of two small streams, 7 miles distant from the sea. 
Its port has 13 feet of water at ordinary and 23 feet at 
spring tides. The entrance of tho roadstead is defended 
by the Chateau du Taureau, which stands on a rock in the 
sea, and was built in 1542 to protect the toum from the 
English. Morlaix still contains a considerable number of 
enriouswooden houses of the 15th, 16th, and 17th centuries; 
but the most striking piece of architecture in the town is 
the gigantic two-storied viaduct of the railway from Paris 
to Brest, 934 feet long and 207 feet above the quays. 
The old church of the Dominicans is now occupied by the 
town library. The hospital has beds for 500 patients, 
and can accommodate 300 female lunatics besides. A 
tobacco-factoiy, employing 400 men and 700 women, is 
the princqial indnstrial establishment ; and there are also 
extensive paper-mills, a considerable flax-mill, canvas-fac- 
tories, foundries, and saw-mills. A considerable trade is 
carried on in grain, yarn, canvas, leather, tallow, wax, and 
horses; and a large quantity of butter, cattle, and vegetables 
is exported from Roscoff, a village in the neighbourhood, 
which is also known for its sea-bathing and its zoolo^cal 
station. The (population of Slorlai-x was 15,183 in 18/ 6. 

Judging by the numerous coins found on tlic spot, the site of 
Morlaix was probably occupied in the time of the Romans. 1 le 
counts of Leon held the lordship in the 12th century, bxU le 
dukes of Brittain" disputed possession with them, and in Henrj 

II. of England, guardian of Arthur of Brittanv. made himself master 
of the town after a siege of several weeks. Diinng the M arol i 
Hundred A'cars Morlaix w.as again c.aptured and recaptured ^ tnc 
French and the English, and pillaged by the latter in lo-— Q 
Mary of Scotland, on her way to be married to the Dauphin mnie 
solemn eiitrj- into Morlaix in 15IS. And finally, the 1°"“ ‘‘ ri 
joined tho Leagiie, the castle was taken by storm in the na 
'Henry lY. in T59I. 
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MORLANp, CtEorge (1763-1804), animal and subiec 
painter, was born in London on the 20th of June 1763. Hi 
came of a race of artists. His father, a painter, mezzotint- 
cn^ver, and picture-dealer, gave him a careful art-training, 
and at an exceptionally early age he produced works of 
wonderful promise. At sLxteen he e.xliibited sketches at 
the Royal Academj', and even before tliis his productions 
found ready purchasers, and some of them had been 
engraved. But already the taste for dissipation, which 
was stronger in Morland than even his love for art, had 
begun to manifest itself, and at seventeen he escaped from 
the over-strict discipline of his father’s house, and began 
a career of reckless prodigality which has hardly a jiarallel 
in art-biography, gathm-ing round him an entourage of tho 
most abandoned associates, and supporting himself by the 
sale of the pictures — rustic subjects and scenes from low 
life — ^pvhich he throw" off with une.xamjpled rapidity. About 
1786 there appeared to be some prospect of amendment. 
He went to reside at Kensal Green, came under tho influ- 
ence of better companions, and married a beautiful and 
virtuous girl, a sister of James Ward the animal-jiainfer 
and William Ward tho engraver. The subjects which 
Morland painted during this period reflect the change in 
his way of life. Tho Idle and Industrious Mechanic, 
and Letitia or Seduction, moralities in the style of 
Hogarth, were engraved and became exceedingly popular. 
But soon the force of old habit asserted itself, the desire 
for freedom and lawlessness returned to the artist with 
redoubled violence, and he again drifted into a career of 
riot and intemperance. Tho means of dissipation were 
not wanting ; the dealers were eager for his productions ; 
indeed, so greatly were they esteemed that skilled cojiyists 
were employed to make many transcripts from tho pictures 
on which he was at work, which were sold as originals to 
an unsuspecting public. The finest of Morland’s subjects 
date from 1790 to 1792. In 1791 was painted the Inside 
of a Stable, now in the National Gallery, probably the 
artist’s masterpiece. In sjiite of his popiilarity and his 
industry his aftairs became inextricably embarrassed. For 
a time he eluded the bailifls with singular dexterity, but 
in November 1799 he was arrested. Obtaining the Rules 
of the Bench, he took a house within bounds, and con- 
tinued to practise both his art and his debauchery. He 
was released under the Insolvent Act of 1802, but his 
health was ruined and he was speedily stricken with palsy. 
Partially recovering, he continued to paint, but before long 
he was again arrested for debt, and died in a sponging- 
house in Eyre Street, Coldbath Fields, on the 29th of 
October 1804. His wife survived him only some three 
days, and they were buried in one grave. 

The most characteristic works of Morland arc those which deal 
witli rustic and liomelv life. They show much direct and instinct- 
ive fceliii" for nature, and admirable executive skill, but thp’ have 
no elevatfon of subject, no great beauty of colour or truth of atino- 
siihcrc. Thev sufler from the haste m winch the nrtiri habifinlh 
worked. Ma'nv of them have been admirably mczzotintod bv .1. 
E. Smith .and ’his pupils, V'illiam Ward and John \oung. l.ar- 
ticulara of Morland’s life will be found in the hiographua In .1. 
Hassell (1S04), G. Dawe (XS07), and Blagtoii (ISOb), and in Manow 
of a Picture, bv W. Collins, 1S05. ^ r t 

JIORMONS, or The Church of Jesus Christ of Lattcr- 
Dav Saints, are a religious sect founded by Josc])h Smith 
tit Manchester, New York, in 1830, and for the last thirty- 
six years settled in Salt Lake City, Territory of L tab 
United States. Smith was born 23d December 180,. at 
Sharon, IVindsor county, Vermont, from which place ten 
vears later his parents, a poor, ignorant, thriftlc-ss, amt 
not too honest coujile, removed to New ^ork, vherc thp 
settled on a small farm near Palmyra. Mayne coun.> 

(S,™ o..,,™.), ro„r ye.™ latee, in IS09, 

to ylnnche-tter, eoine 6 miles olT; ami il aa' at ‘Iia *alt - 
place when fifteen years old that Jo^ieph began to ha%- 
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June 1572 lio returned to France, and liad betruu to outer 
upon a diplomatic career (his earliest extant"" memoire,” 
laid by Coligny before Charles IX., liad reference to the 
duty of Franco to sujijiovt the Low Countries in tlieir 
struggle for independence) when the St Bartholomew mas- 
sacre, from wliich ho escaped with difliculty, compelled 
him to take refuge across the Channel. There ho rendered 
^-nluablo services to IVilliam of Orange, and also to the 
duke of Alen^on- Anjou, n§ a scml-ofticial jiolitical agent. 
Beturning to Franco at the instance of La None towards 
the end of 1573, ho took part with various success in 
numerous military enterprises, and was made prisoner at 
Dormans in 1575 (10th October), but not having been re- 
cognized he got off for a small ransom. Shortly .afterwards 
ho married Charlotte Arbalesto at Sedan, and at her re- 
quest wrote as a bridal jiresent the J)m-o}irs de h IVc et 
</c la Jfort (157G), which has been so often reprinted and 
translated. In 1577 Henry of Navarre made him a mem- 
ber of his council and sent him on a diplomatic mission to 
England, and during this visit, which lasted more than a 
year, he found time among his other pressing occupations 
to prepare for the press his Trade dc fJ-jpUre oa Pon iraite 
dcs j)i‘i)icipales qiavtioio! (qui oat etc miles siir ec point en 
nostre icmqis (157S), whicli at once became popular. From 
July 1578 till his return to France in 1582 he was cliielly 
in the Low Countries, engaged in public business, and 
during this interval ho wrote and jniblished a considerable 
work in apologetical theology {Trade de la verdc de la 
reld/ion rJirttieniic contre. les At/iees, £/>{eurlens, Fayens, 
Juifs, etc., 1581). "With the death of the duke of Anjou 
in 1584, by which Henry of Navarro was brought uathin 
sight of the throne of France, the period of Hornay’s 
gre.atcst political activity began ; his importance in the 
Huguenot counsels was further increased in 1 588 by the 
death of the jjrinec of Condo, to who.so iniluence ho practi- 
cally succeeded. In April 1589 he uns rewarded for the 
reconciliation of the two Henries with the governorship of 
Saumur, and ho took active part in many of the military 
operations that followed the assassination of Henry III. 
in the following August. He was present at the siege of 
Dieppe, fought by the side of Henry Ilk at Ivry, and was 
one of the besiegere of Bouen in 1591-92, until sent on a 
mission to the court of Elizabeth. A crisis in his political 
career was marked by Henry's abjuration of Protest- 
antism in July 1593, which gradually led to Jfornay's 
withdrawal from the court. In this year it Avas that he 
founded the Protestant academy or university of Baumur, 
which had a distinguished history until its sujipression by 
Louis XIY.' in 1G83. In 1598 he jmblished a Avork on 
which he had long been engaged, entitled De I institution, 
vsaye, et doctrine dit saint saercinenf de rEiic/iarisfie cit 
r£fllisc aiieiciine. It ImA’ing readied his eara that Cardinal 
Du Perron had alleged that of the (thousands of) citations 
in this controA’craial Avork ho could jioint out fiA'c hundred 
that AA-ere falsified or misunderstood, ho challenged liis 
assailant to a public disciussion. This atos at last arranged 
for bv the good ofiices of the king, and took jilace at 
Fontaineblc.au on 4th ]\ray IGOO. Only nine inissages 
Avere discussed, but in eadi case the decision, one is not 
surprised in the circumstances to learn, went against the 
Pi-otestant, iMornay, from AA'hom every indication of the 
particular passages to be impugned had been peraistently 
withheld, Avas forced by supervening illness to AvitJidraAv. 
Only once agjiin did he ajqicar at court, in 1G07, Ho 
continued, hoAvever, to give his party the benefit of his ; 
counsel and active support, to the end of his Jong and busy 
life. His last Avork, entitled Jfystcre d’iniqitde, e'est it 
dire, riiistoirc. de la Fatiaiite, appeared in IGll. In 1618 
ho AA-ns cliosen a deputy to represent the French _1 rotest- 
ants at the synod of Dort. Prohibited by Louis XIIL 
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from personally attending, ho nevertheless contributed 
materially to the deliberations of that assemblv by AATitten 
commuiiirations. In 1G21 ho Avas deprived of Ins governor- 
ship; and his death took place at La Foret-sur-Sevro on 
11th November 1G23. 

Taa-o_ votumos of Memolrcs, from 1572 to 15S9, appc.Aied at La 

rOVet 111 1024. and a cnnfnnmtifAAA fAvrt _i. 4 X A 



gre.Ator mimbcr of his Avorks Avero translated into English duriiw 
his lifetime. ° 

JICBNY, Cn.VKi.Es AuotrsTr. Louis Joseph, Due nn 
(1S11-1SG5), AA’us the natural son of Hortense Be.auharnais, 
queen of Holland, and of the comte de Flahaut, a leading 
dandy of tlio period, and avus tiuis brother to Napoleon 
III. The secret of his birth (23d October 1811) avos care- 
fully kept ; ho Avas ncknoAA-ledged as son by the comte do 
^lorny for a consideration, and AA-as brought up by his 
paternal grandmother, Hadaino do Souza, a Avriter of 
society noi-els, and a ivoniau of great wit and high breeding. 
As a boy of nineteen ho aa-hs declared after the revolutio"n 
of 1830 a hero of July, andAA-as entered at the staff college. 
In 1832 ho aaus gazetted sub-lieutenant, and served in 
Algeria ns aide-de-camp to General Oudinot ; he Avas pre- 
sent at Hascara and Constantine, and avus made a chcA-alicr 
of the Legion of Honour. In 1838 ho returned to Paris, 
and began his career ns dandy and speculator. In the 
firat cnjiacity he sot the fashions both of dress and manners 
to the young men of Paris, and conceived the idea of the 
modern society journal, and in the second established a 
manufactory of beetroot sugar at Clermont-Ferrand. This 
last idea brought about his election for the department of 
the Puy-de-Domc. In the chamber ho voted consistently 
AA-ith the ministers. The republic of 1848 marked the 
crisis in liis fortunes, and by 1851 all his speculations had 
failed, and all his property aaks sold. In desperation ho 
detormined to play a jiart in politics, and atos the heart 
and soul of the coup d'etat of December 1851. Tho success 
of tho coup detat aaaas certain, OAving to tho fear of tho 
c-xtreme rejmblicans entertained by tho great majority of 
the nation, and all that aaus needed aaus a head for intrigue 
and an utter absence of scruples to shed innocent blood. 
Horny and St Arnaud fulfilled these requisites. Horny 
AA'as on tho day of the coup cTitat made minister of tho 
interior, but ho had no taste for the drudgery of adminis- 
tration, and in January 1852 found an excuse for resigning 
on tho question of tho property of tho Orleanist princes. 
Tho empire establislied, ho avos again able to begin specu- 
lating. and used both tho money of tho state and his 
iniluence Avith his brother for tho success of his schemes. 
He had been in 1852 re-elected deputy for Clermont- 
Ferrand, and Avas in 18,54 elected jiresident of tho corps 
legislatif, an otlico aa'IiIcIi ho held for tho rest of his life. 
This olKco in every aakv suited him : ho had large p.a}-, 
and resided in a magnificent official residence, Avliero ho 
produced little plays"to admiring audiences. Tho Avork 
AA'as not hanl, being chiefly to niainta'in tho GoA’ernment 
majoritA' in a good humour by sumptimus entertainments, 
and to win over tho Liberals by the same tactics. _ Ho still 
sjicculated in raihvays, pictures, mines, and even in a ncAv 
Avatering-placc, Deauville, and, being absolutely unscru- 
pulous and venal, amassed an immense fortune in spite 
of tho utmost extravagance. In 185G ho AA'as special 
ambassador at tho coronation of Czar Alexander IT., aa'Iicii 
he spent immense sums, and married a Avealtliy Bushian, 
Princess Troubetzkoy. In 18G2 ho atos created a duke, 
and in 1865. after coiitinuing to tho last his career of dissi- 
pation, died of sheer amenda from tho measures ho took 
to keep himself lit for yet further excesses. 

Of the due de Honiv little good c.aii ho raid either .as a st.Atcun.iii 
or a mail. He looked'iipoii ovcrytliing from a purely selfish i>omt 
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June lo/2 lio returned to 1' ranee, niid liad besjuu to outer 
upon a diplomatic career (his earliest extant"'* memoirc,” 
laid by Coligny before Charles IX., liad reforouco to the 
duty of Franco to sujijiovt the Low Countries in tlieir 
struggle for independence) when the St Bartholomew mas- 
sacre, from wliich ho escaped with difliculty, compelled 
him to take refuge across the Channel. There ho rendered 
raluablo services to 'William of OraTigc, and also to the 
duke of Alen^on- Anjou, a? a scml-oftieial jiolitical agent. 
Ixeturning to I ranee at the instance of La None towards 
the end of loTJ, ho took part \nth various success in 
numerous military enterprises, and was made prisoner at 
Dormans in 1575 (10th October), but not having been re- 
cognized he got off for a small ransom. Shortly afterwards 
he married Charlotte Arbalesto at Sedan, and at her re- 
quest wrote as a bridal jiresent the JhWotirs de In In- et 
<h- la Jfort (157G), which has been so often reprinted and 
translated. In 1577 Ilenry of Navarre made him a mem- 
ber of his council and sent him on a diplomatic mission to 
England, and during this visit, which lasted more than a 
year, he found time among Ids other pressing occupations 
to prepare for the press his 'J’raitc dt- Pon traite 

dcs jmm'ipalt's qm-gtiong tqui oat tie inm-g sur cc 2 '>oint t-n 
nostre icviqx^ (157S), whicli at once became popular. From 
July 1578 till his return to France in 1582 he was chiefly 
in the Low Countries, engaged in public business, and 
during this interval ho wrote and jniblished a considerable 
work in apologetical theology {TraitC- de la i-critC- do la 
reh'r/ion rJirttioanc coiiire les At/iceg, 

Juifs, (Ic., 1581). AVith the death of the duke of Anjou 
in 1584, by winch Ilenry of Navarro was brought witlnn 
sight of the throne of France, the period of Alornay’s 
greatest political activity began ; his importance in the 
Huguenot counsels was further increased in 1588 by the 
death of the jjrinco of Coude, to who.so influence ho practi- 
cally succeeded. In April 1589 ho was rewarded for the 
reconciliation of the two Henries with the governorship of 
Saumur, and ho took active part in many of the military 
operations that followed the assassination of Henry III. 
in the following August. He was present at the siege of 
Dieppe, fought by the side of Henry lAk at Ivry, and was 
one of the besiegere of llouen in 1591-92, until sent on a 
mission to the court of Elizabeth. A crisis in his political 
career was marked by Henry’s abjuration of Protest- 
antism in July 1593, which gradually led to Afornay's 
withdrawal from the court. In this year it was that he 
founded the Protestant academy or university of 8aumur, 
which had a distinguished history until its sujipression by 
Louis XIAL in 1683. In 1598 he jmblished a work on 
Avhich he had long been engaged, entitled De I'lngfitutlon, 
vsarje, et doctrine dtt saint saereinenf de I’Dur/ianstie cn 
rDylise aneienne. It having readied his cara that Cardinal 
Du Perron had alleged that of the (thousands of) citations 
in this controveraial work ho could jioint out live hundred 
that were falsified or misunderstood, ho challenged liis 
assailant to a public disciussion. This iras at last arranged 
for by the good oflices of the king, and took place at 
Fontainebleau on 4th Afay 1600. Only nine twssages 
were discussed, but in eadi case the decision, one is not 
surprised in the circumstances to learn, went against the 
Pi-otestant. Alornay, from whom every indication of tlio 
particular passages to be impugned had been peraistently 
withheld, was forced by supervening illness to witjidraw. 
Only once agjiin did he ajqicar at court, in 1607. Ho 
continued, however, to give his party the benefit of his 
counsel and active support to the end of his long and busy 
life. His last work, entitled Mystire. d'iniqm'te, e'est it 
dire, riiistoire. de la Datwnte, appeared in 1611. In 1618 
ho was cliosen a deputy to represent the French Pratest- 
ants at the synod of Dort. Prohibited by Louis XIIL 
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from personally attending, ho nevertheless contributed 
materially to the deliberations of that asscmblv by vTitten 
comniumratimis. In 1621 ho was deprived of Ids gover.ior- 
his death took place at La Foret-sur-S6vro on 
11th November 1623. 

V Mnoircs, from 1572 to 15S9, aupc.wed at La 

^ coutimiation, in two volumos, at Amsterdam 
ill lC.i2 ; a more complete edition {.Vi’moms. conrsiwmtnnces, ct ric) 
in twelve volumes, Svo, was published at r.iris in The 

.mu'iber of his works were translated into Endish diiriiw 
his lifetime. ° 

AfOIlNY, Cn.vKLES AuctrsTU Louis JosEni, Due nn 
(1811-1SC5), ^Yas tho natural son of Hortenso Beanlmrnais, 
queen of Holland, and of the comte de Flahaut, a leadimi 
dandy of tho period, and was thus brother to Napoleon 
HI. Tho secret of his birth (23d October 1811) was care- 
fully kept ; ho was acknowledged as son by tho comte do 
Aloriiy for a consideration, and avas brought up by hi.s 
paternal grandmother, Aladaino do Souza, a writer of 
society novels, and a woiiiaii of great wit and high breeding. 
As a boy of nineteen ho was declared after the revolutioii 
of 1830 a hero of July, and was entered at the stafl' college. 
In 1832 ho was gazetted sub-lieutenant, and served in 
Algeria ns aide-de-camp to General Oudinot ; he avas pre- 
sent at Afascara and Constantine, and avas made a cheralicr 
of the Legion of Honour. In 1838 ho returned to Paris, 
and began his career as dandy and speculator. In tho 
firat cnjiacity he set tho fashions both of dress and manners 
to the j'oung men of Paris, and conceived the idea of tho 
modern society journal, and in tho second established a 
manufactory of beetroot sugar at Clermont-Ferrand. This 
last idea brought about his election for the department of 
tho Puy-de-Domo. In the chamber ho voted consistently 
with tho ministers. Tho republic of 1848 marked tho 
crisis in liis fortunes, and by 1851 all his speculations had 
failed, and all his property was sold. In desperation ho 
determined to play a jiart in politics, and was the heart 
and soul of tho coup d'etat of December 1851. Tho success 
of tho coup detat was certain, owing to the fear of tho 
c-xtreme rojuiblicans entertained by tho great majority of 
tho nation, and all that was needed was a head for intrigue 
and an utter absence of scruples to shed innocent blood. 
Alorny and St Arnaud fulfilled these requisites. Alorny 
was on tho day of the coup ditat made minister of tho 
interior, but ho had no taste for the drudgery of adminis- 
tration, and in January 1852 found an excuse for resigning 
on tho question of the propertj' of tho Orlcanist princes. 
Tho empire establislied, ho was again able to begin specu- 
lating. and used both the money of tho state and his 
influence with his brother for tho success of his schemes. 
He had been in 1852 re-elected deputy for Clerniont- 
Ferrand, and was in 1854 elected ]>resident of tho corps 
legislatif, an otlico which ho held for tho rest of his life. 
This otlico in every way suited him ; ho had large p.a}', 
and resided in a magnificent official residence, where ho 
produced little plays to admiring audiences. The work 
was not lianl, being chiefly to maintain tho Government 
majority in a good humour by sumptuous entertainments, 
and to win over tho Liberals by the same tactic.s. _ Ho still 
sjieculated in railways, pictures, mines, and even in a new 
watering-place, Deauville, and, being absolutely unscru- 
pulous and venal, amassed an imiiienso fortune in spite 
of tho utmost extravagance. In 1856 ho was special 
.ambassador at tho coronation of Czar Alexander IT., when 
he spent immenso sums, and married a wealthy Bushian, 
Princess Troubetzkov. In 1862 ho was created a <lnke, 
and ill 1865. after coiitiiiuiug to the last his career of dissi- 
pation, died of sheer aineniia from tho measures ho took 
to keep himself lit for yet further excesses. 

Of the due de Sfoniy little good 0.111 be raid either .is a .st.itcmi.in 
or 3 man. lie looked'iipou everything from a imrely selfish |>oiut 
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nro fow and for the most part feebly marked. South- 
ward from Cape Spartol tho shore sinks rajudly till it is 
within a few feet of tho sea-lcrel. In the low cliff which 
It forms about miles from tho Jiglithouso there is a 
peat qupry, which from remote antiquity has yielded tho 
hand-mills used in the Taugiers district. A stretch of 
low marshy ground along tho Tnlmddart— the estuary of 
tho IWdi Kcbir(W. Muharhar) audW. nl-Kharrub— agrees 
Scylaxs Gulf of Cotes (Tissot^. Three or four miles 
faithcr south lie the ruins of tho town of Nebrosh, built by 
Moois from Andalusia j and 4 or 15 miles more bring us to 
Azil.-l or Arzilla, the ancient Colonia Julia Constantfa Zilis 
or Zelcs. Since its bombardment by tlic Austrians in 1S2D 
it has been a wretched little place, with a mixed Moorish 
and Jewish population of about 1200.1 For the next IG 
miles, between Azihi and Larasli or El-Aiiaish (y.i>.) tho 
coast has a tolerably bold background of lulls, Jobel Sarsar 
near Fez forming an important Jandmarlcfor the latter town, 
which, with its Phcenician, Roman, and mcdimval romaius, 
is historically ouo of the most interesting jilnccsin Morocco. 
A line of reddish clifts about 300 feet high runs south 
for about 10 miles from tbo IV. Aulkos, at" whoso mouth 
the town is built ; then tho coast sinks till it reaches Mithl 
Bu Sellmin, an eminence 220 feet high. Between ]i[iil;l 
Bii Sclhani (often wrongly called Old Mamura or Ifarmorc) 
and a similar height crowned by the tomb of Sidi 'Abd 
.(\llah JeliU lies tbo outlet of the Blue Lake (Marja ZarfcA), 
10 or 12 miles long. Farther south, and separated from 
the sea by an unbroken lino of rounded lulls (230-260 
feet), is the much more extensive lagoon of Ras al-Dura, 
which in the dry season becomes a scries of marshy meres, 
but in tho rainy season fills up and discharges into tho 
Sob\\. Eastward it is connected with the Jifarjat al-Gharb, 
fed by tho W. Mcda. On tho south side of tho outlet of 
tho Sebh lies Ma'nuira, probablj' founded by *Abd al- 
Mumcn, and originally named IifaUdiya, after the Almohado 
Jlahdi. Twenty miles farther is tho mouth of the Bfi 
Rakrak) with its cluster of interesting towns: Salleo (S;llJt) 
on tho north side, long famous for its piracies and still one 
of tho most fanatical places in tho empire, aiul on the south 
side New Sallee (llnb.tt) with its conspicuous tower of 
Hasan, and Shelia (Sella of Leo Africauus) with its inter- 
esting ruins. Onward for 100 miles to Point Azanumu' 
and tho mouth of tho Uinm Rabi' river a lino of lulls skirts 
the sea ; the shore is for tho most part low, and, with tho 
exception of capes at Faddla (a small village) and Ddr al- 
BaidA or Casa Blanca, it runs in a straight lino west-south- 
west. Casa Blanca, tho ancient Anfil, once a flourishing 
port, was mined by tho Portuguese (14GS) in rovengo for 
its piracies. It is now a place of 4000 inhabitarrts, and 
has a thriving c.xport tmdo in maize, beans, and wool, 
and a Eiirope.'in colony of about 100 porsozis. Azaimmu' 
(that is, in Berber, “ The Olives,” viz., of the Sheikh Btl 
Shuaib), with 1000 inhabitants dependent on the shcbbcl 
fisliories in tho river, staTids on an eminenco about li 
miles from tho sea on tho south side of tho Umm Rabi'. 
The bay of Mnzagan (Jfilzighau), a few miles to tho south, 
curves westArard with a boldness of sweo]? unnsual on this 
coast. Tho town of Mnzagan was founded by tho Portu- 
guese in 1506, and held by thorn till 1T6D.~ About S 
miles to tho south and less than a mile inland lie tho 
extonsivo ruins of Tit, a town which proved a thorn in 
the side of tho jJcoplo of Mazagan till they sallied forth 

1 T]io aUsiinl story tli.at ntoiit Pie Otli century it -vvas an Englisli 
possession ims its root in tlio visits of tlio Konnans to tins quarter. 
Tlio modern town sprang from a fortress built to protect tUo coast 

against tliem (Dozy, itrc^icrcfirs, 8d ed., ii. 264 SI?.). 

^ Tlio rortugneso settlers, wlio bad to leave it when Don Jose aeculcd 
on surrendering this last strongbold of bis country in Morocco, were after- 
wards sent to Br.ml, where tbey founded Villa Kov.a de Mai-agan. 
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and destropd it. At Cape Blanc (so called from its 
white chfls) tlio coast, which bulged out at Cape Mazagan, 
again ^ bends cast to resume much the saino general 
direction for 55 miles to Capo Cnntin. On this stretch 
the only point of interest is IValidiya, formerly Al-Ghait ; 
the excellent harbour praised by Edrisi is formed by an 
extensive lagoon, and M. Tissot thinks that by a little 
ui edging tlie i^laco Avould again bocoiuo tho safest ship- 
ping station on tho whole Morocco seaboard.^ Beyond 
Capo Cantin (300 feet high) the coast becomes bolder and 
more irregular, especially after the mouth of the Tensift is 
passed. About IS miles farther lies Saffi (Asfi), “by far 
tho most picturesque spot on tho west coast,” with the high 
walls and square towers of its Portuguese fortifications 
shown to advantage by the ruggedness of the .site. South 
of MoG.VDon(^.r.),and onwards beyond the limitsof Morocco, 
the coast, becoiuing ever more and more inaccessible and 
dangerous in winter, is emphatically known ns tho Iron 
Coast. Prom Cape Sim or Ossini (Ras Tagriwalt), 10 miles 
south of Mogador, tho direction is duo south to Capo Git 
(Igir Ufrani), tho termiuatiou of Jobel Iclaii Tanau (Rabbi 
iinrdoclicc), tho last spur of tho Atlas proper. Rounding 
this headland wc reach Agadir (Agadir ’n Igir), the Santa 
Cruz Major or Santa Cruz do Berberin of the Spaniards, 
formerly known as tho Gate of tho Soudan.-* It is a little 
toMTi with white battlements three-quarters of a mile in 
circumference, on a steep eminence GOO feet high. In 
tho loth century it was seized by the Portuguese, and 
Don ^taniiol caused it to be fortified; but in 153C it 
was captured by Muloy (ManlAi) Ahmed al-Hasaii. Its 
merchants wore removed to Mogador in 1773. At the 
mouth of tho Siis Leo places three little towms called Messa 
(ilAssa), with a mosque popularly reputed the scene of 
Jonah’s restoration to tiira firma. Tho port of this name,*’ 
regularly visited by the Genoese traders in tho IGth century, 
who exported skins, gum, wax, gold, and indigo, is no doubt 
at tho mouth of tho W. MAssa, 20 miles farther south.*'' 
Ifni, situated iji 29° 23’ 27. lat., and Sidi IVorzek, the Cape 
Non ~ of the Portuguese, are the only points calling for 
notice till the better known Cape Nun is reached, which lies 
5 or G miles north of tho W. Der'a. 'iVith tho Der'a the 
Sahara may he said to begin. 

On most maps the interior of Slorocco is represented ns 
extremely mountainous ; but, while it is traversed from east 
to west by more than one strongly-defined range, the greater 
part of tlio surface is really occupied by undulating steppe- 
like tracts diversified by low hills. Tho backbone of tho 
country is tho Great Atlas (Daran of tho Berbers).® At 
its western extremity the range averages from 4000 to 
5000 feet in height ; after a slight falling off for a few 
miles it rises till it attains an elevation of 10,000 feet ; 
beyond tho pass (about 60 miles from the sea) whicli leads 
from Morocco to TArudniit tho summits seem to bo between 
11,000 and 11,500 feet; about 40 miles farther cast there 
is a second pass at an altitude of about 7000 feet ; and 
beyond that tho main ridge continues 30 miles at a height 
of about 12,000 feet, witli a few jieaks reaching to 13,000 
or 13,500 feet. Snow lies on some of the summits as late 


» VulL lie la Soc. (le ff'offr., Piiris, lS7.''i. 

■* TWs imi.st not bo coiifoiunlea with S.vnf.v Cruz de Mar requeua, 
a post cstablislied in 1476 somewliere on this coast by Herrera, lonl 
of tUe Ctuiary Islands, and in modern times the subject of nmch gvo- 
gi-apUical cUsputation. After obtaining permission to reoecupy tlie 
site the Spanisli Government was unable to identify it. 

See Vaieutin Ferdinand, llcsdtrci'ladaj llcsl .i/ri/.-a's (Mem. ol 
the Ac-td, of Mnnieli, 3d Class, pt viii. ). . 

6 Va'knbi, Descr, al-Maghribi, p. 126; Jlisl. ilrs Scrleres, ii. -/!>. 
' Ko, Ron, Nor, Naum, Niio, .are among tho various leadings. It 
was another Capo Non to tho south of Capo Bojador which seems to 
have given rise to tlio proverb, Quern jxisar o caho de ydo mi toniara 
on 11 ( 10 , Seo i>o?. do la Soc, Gro(?r., p. 316, Madrid, ^ISSO, 
s Pliny says tlie natives called the Atlas “Dyrin.” 
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are fc\v and for tlxo most part fcie% luarkecf. Soiitli- 
ward from Capo Spartol the shore sinks rapidly till it is 
a fmv feet of the sea-level. In the Jon- cM which 
it forms about 41 miles from the lighthouse there is a 
great qnarry, which from remote antiquity has yicklecl the 
hana- mills used in the Tangicrs district. A stretch of 
low marshy ground along the Tahaddurt— the estuary of 
tho WMi Kehir{W. Iluharhar) and W, al-Kharnib— agrees 
u ith Scylax s Gulf of Cotes (Ti.ssot). Three or four miles 
fulthcr soutli lio tlic ruins o£ tliu town of \>y 

Moors from Andalusia ; and 4 or d miles more bring us to 
AtM or Arzilln, the ancient Colonia Julia Constantin Zilis 
or Zelcs. Since its bombardment by tbo Austrians in 1S29 
it has been a urctched little place, with a mixed Moorish 
and Jewish population of about 1200.1 Por the next IG 
miles, between Azihl and Larash or Et-AuAisir (y,?’.) the 
coast has a tolerably bold background of hills, Jobel Savsar 
near Fez forming an important inudumrkfor tbo latter toAvn, 
ivhich, with its Phomician, Roman, and mcdimval roniain.s, 
is historically one of the most interesting jilacesin Morocco. 
A line of reddish dills about 300 feet high runs south 
for about 10 miles from the 17. Aulkos, at whoso mouth 
tbe town is built ; then tbo coast sinks till it roaches Mifhl 
Bu Selhatn, an ciuiucucc 220 feet high. Between Mdht 
Bii Sclham (often wrongly called Old Mamura or Jtarmorc) 
and a similar height crowned by tbo tomb of Sidi 'Abd 
.fUIah Jelllf lies the outlet of the Blue Lake (Jfarja ZarkA), 
10 or 12 miles Jong. Farther south, and separated from 
the sea by an unbroken lino of rounded hills {230-260 
feet), is the much more extensive lagoon of Kas al-Dura, 
which in the dry season becomes a series of marshy meres, 
b\tt in the rainy season fills up and discharges into the 
vSobii. Eastward it is connected with the Marjat al-Gharb, 
fed b}’ the 17. Jlcda. On the south side of the outlet of 
the Sebh lies Ma'nnli-a, probably founded by 'Abd al- 
Srnmeti, and originally named Jfahdfya, after the Almohado 
Mahdi. Twenty miles farther is tlio mouth of the Bil 
Rakrak, with its cluster of interesting towns; Sallee (SAlAt) 
on the north side, long famous for its piracies and still one 
of the most fanatical places in tho empire, and on the south 
side How Sallee (Ilab.lt) with its conspicuous tower of 
Hasan, and Shelia (Sella of Leo Afriennus) ivith its inter- 
esting ruins. Onward for 100 miles to Point Azaimnur 
and tho mouth of tho Umm Rabi' river a lino of hills skirts 
the sea; the shore is for the most part low, and, with tho 
exception of capes at PaAlla (a small village) and DAr al- 
liauU or Casa Blanca, it runs in a straight lino west-south- 
west. Casa Blanca, tho ancient Anfii, once a flourishing 
port, was raiincd by tho Portuguese (1408) in rexeugo for 
its piracies. It is now a jiiaco of 4000 inhabitants, and 
has a thriving c.xport trade in maize, beans, and wool, 
and a European colouy of about 100 persons. Azauuuuv 
(that is, in Berber, “'The Olives,” vir:., of tho Sheikh Bd 
Shnaib), with 1000 inhabitants dependent on tho shebbel 
fisheries iu tho river, stands ou au cmiueuce about 1.4 
miles from tho sea on tho south side of the Umm Kabi'. 
The bay of Mazagan (hlAzighan), a few miles to the south, 
curves westward rvith a boldness of sweep unusual on this 
coast. Tho town of Mazagan rvas founded by tho Portu- 
guese in LbOG, and held b}' them till 17G9.“ About 8 
miles to tho south and less than a mile inland lie tho 
extensive riiins of Tit, a town rvliicli proved a thorn in 
the side of tbo people of ilazagau till tbey sallied forth I 

1 Tlio ntisunl .Atorj- tli.it about tlie .Otli century it ivii! an English 1 

possession Iws its root in tJio visits of the Kormans to this quarter, j 
The modern town sprang from a fortress built to protect tbo coast 
against tliem (Ilozv, JRccttcrchcs, SJ ed., ii. 26t sq.)‘ , . 1 

2 Tiio Portugneso settlers, who bad to leave it when Don Jose decided 
onanTtcudering Uvis last slrongboldof his country iuJforocco, were aftor- 
wards sent to Br.izil, wlicro they founded Villa Kova de Maiagan. 
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and destroyed it. At Cape Blanc (so called from its 
white chfts) the coast, which bulged out at Capo Mazagan, 
again bends east to resumo much tho same general 
direction for 5;> miles to Capo Cnntin. On this stretch 
the only point of interest is Walidlya, formerly Al-Glinit • 
the c-vcellent h.arbour praised by Edrisi is formed by an 
extensive lagoon, and M. Tissot thinks that by a little 
dredging the place would again become the safest ship- 
ping station on tho whole Morocco seaboard.® Beyond 
Capo Cantin (300 feet high) the coast becomes holder and 
more irregular, especially after the mouth of the Tcnsift is 
passed. About IS miles farther lies Saffi (Asfi), “by far 
tho most picturesque spot on tho west coast,” with tho high 
walls and square towers of its Portuguese fortifications 
shown to advantage by the niggedncss of the .site. South 
of MoaADOu(q.!'.),av\d onwards beyond tho limits of Morocco, 
the coast, becoming ever more and more inaccessible and 
dangerous in winter, is emphatically known as tho Iron 
Coast. From Cape Sim or Ossim (Ras Tagriwalt), 10 miles 
south of Mogador, tho direction is due south to Capo Gir 
(Igir Ufuaui), tho termination of Jobel Ida u Tanau (Rahbi 
MardocJiec), tho last spur of tho Atlas proper. Rounding 
this headland wc reach Agadir (Agadir ’n Jgir), the Sant.a 
Cvur. Major or Santa Cniz do Berberia of tho Spaniards, 
formerly known ns tho Gate of the Soudan.'* It is a little 
torni with white battlements tlireo-quarfevs of a mile in 
circuiuferciico, ou a steep cmiticuce GOO feet high. In 
tho loth century it was seized by the Portuguese, and 
Don Mamiol caused it to bo fortified; but in 153C it 
was captured by Muloy (Maul.ti) Almiod al-Hasan, Its 
merclmiits wore removed to Mogador in 1773. At tho 
mouth of tho Sds Leo places tliree little towns called Messa 
(JIAssn), with a mosque popularly reputed the scene of 
Jonah’s restoration to terra fi'rma. Tho port of this nanio,® 
regularly visited by tho Genoese traders in the 16th cent'ury, 
who exported skins, gum, wax, gold, and indigo, is no doubt 
at tho mouth of tho 17. M.Assn, 20 miles farther soiith.^' 
Ifni, situated iu 29° 23' N. lot., and Sidi I7ovzek, tho Capo 
Hon " of the Portuguese, are the only points calling for 
notice till tho hotter known Cape Nun is reached, which lies 
y or G miles north of tho 17. Der'a. 17ith tho Der'a tho 
Sahara may bo said to begin. 

On most maps the interior of Morocco is re 2 wcsentDd ns 
extremely nioiintainoiis ; but, while it is traversed from east 
to Avest by more than one strongly-defined range, tho greater 
part of tlio surface is really occupied by undulating steppo- 
Jiko tracts diversified by Ioav hills. The backbone of tho 
country is tho Great Atlas (Dnran of the Berbers).® At 
its Avestern extremity the range averages from 4000 to 
5000 feet in height ; after a slight falling off for a few 
miles it rises till it attains an elevation of 10,000 feet; 
bej-ond the pass (about 60 miles from the sea) which lends 
from Morocco to TArudnnt tho summits seem to bo between 
11,000 and 11,500 feet; about 40 miles farther cast there 
is a second pass at an altitude of about 7000 feet ; and 
beyond that tho main ridge continues 30 miles at a height 
of about 12,000 feet, Avitli a few peaks rcacliing to 13,000 
or 13,500 feet. Suow lies on some of the siinimits ns late 


^ JiuK.tlc (a Soc. de (ftogr., Paris, IST.'i. 

< 'fliis must not bo confomuled av'uIi Santa Cm Jo Mar Pcqucaa, 
a post cstablishcJ iu UTQ somewhere ou this coast by Herrera, lonl 
or tliu CiUiary Islaiuls, amt in moiieru times the sahjeet oC mueh geo- 
p-apliical tiisputatioii. After ohtaining pennission to reoccupy tho 
sUe dm Spanish Govenimont was uuahle to iJeutiCy it. _ 

® See Vnleutiii Feniinainl, Jtcsdtrdbunff ICest .l/rd.'a’e (.Mem. o! 

the Ac.a(l, of Munich, 3(1 Ci.ass, ph A'iii.). _ 

® ya'JciiW, jOescr. p. ISti; ///>/. des Snhfres, ii. -/A 

I Ho, Hou, Nor, Naum, NSo, .are among tho various icaJiugs. It 
was another Capo Non to tlio south of Capo Bojatlor which seems to 
have given rise to tho proverb, Quein pafar o eal>o dt Sro m (oninru 
ou lufo. See pot. dc tci Soc. Oeo^e,, p. 31C, Madrid, ISSO. 

® Pliuy says the natives called the Atlas “Dyrin.” 
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cast Doyoiiian rocks stretch for hundreds of miles into tlie Saliara, 
The plain around the city of Morocco has a sheet-like coveriiic of 
tufaccous crust rising over hill and valley and following all the 
undulations of the ground, the result probably of the intense heat 
of the sun rapidly drawing up water charged with soluble carbonate 
of lime from the calcareous strata, and (h-ying it layer by Javer on 

+T»n aMl*rnnn fill o *1 1 T,. _ 1. 4.I . P 1_ 1 . I « 


tlic surface till aii accumulation several feet thick has been protluccd 

(^law), TlllQ pvnaf i<j :t r 


, This crust is extensively burned for lime, and it forms a 
natural strong roof for the mafaiinorcs or underground ccllare which 
the Sloors excavate in the soft strata beneath. An enormous 
deposit of boulders occurs in the lateral valleys and along the 
escarpment of the Atlas, and the opinion that these are the’ pro- 
ducts of remote glacial action is supported by the existence of true 
moraines in the upper part of the glens. All along the ivest coast 
there arc indications of an elevation of the land in the shape of 
raised beaches, at Tangiors 40, at the south of Capo Spartol 50, at 
Mogador 00 or 70 foot high ; but a number of other facts seem to 
show that at present a process of subsidence is in progre-ss.* 

That mineral dcpo.sits of groat value exist in Morocco there is 
little doubt. At Jobol H.adid ortho Iron Mountain, the heights 
to the north of Mogador, old scorino are found. In the Beni Mnd.an 
hills near Totuan are mines, closed, it is said, by tlio sultan ‘Abd 
al-Rahman ; but whether they furnished copper or lead authorities 
differ. On the road to Konatsa, Rohlfs saw lo,ad and antimony 
worked by the Beni Sitho. Antimony especially seems to be abun- 
dant to tlio south of the Atlas ; Rohlfs found it in a very pure 
state near Tosna, and Dr Allen (wdioso account was not published 
when this article was written) informed the writer that he 8.aw 
splendid veins of it north of the Der'a. Tliat gold mines existed 
in Sus was long .suspected ; Gatcll proved it. Kock-s.ilt occurs in 
the mouiitains north of Fez, in the v.alloy of the W. Martil, and 
probably in Jebcl Zurhun. In several places, as in the route from 
SafTi to Jlorocco, are brine lakes, from which the salt is collected 
and exported as far as Central Africa. 

Tho general aspect of the lowlands of Morocco varies so much 
according to the season of the year that, while one stranger finds 
it arid and sunburnt and monotonous, another is delighted with the 
richness of its vegetation and the bright variety of its colours. 
In some of the Atlas valleys there is a wealth of timber, enormous 
conifers, 10 to 12 feet in girth of stem, oaks, i:o.,- but the greater 
part of the country has boon cleared of every vestige of woodland, 
and consoquoiitly depends for its appearance on herbage, biaish- 
wood, and the lessor fruit-ti'cos. Cultivation is confined to such 
comjiarativoly narrow limits that the natural flora has full scone 
for its development. Cowan, writing more immediately of the 
country between Morocco and Mogador, speaks of “drifts of a.s- 
phodel, white lilies, blue convolvuli, white broom flowens, thyme 
and lavender, borage, marigold, purjilo thistle.s, colossal daisies 
and poppies ; ” and Captain Trotter tells how for miles the undu- 
lating plateau of Kasr ForA'un was literally covered with wild 
flowers, whoso varied colours,, and the partiality with which each 
species confined itself to certain ground, gave to the landscape a 
brilliant and most unique appearance. Dark-blue, yellow, and red 
— iris, marigold, and poppy — occurred in patches an acre in size ; 
farther on wdiolo hills and valleys were of a delicate blue lint 
from convolvulus and borage. At times the traveller’s tent is 
jiitched on a caiqiet of mignonette, at times on a carpet of purple 
bugloss. In the country of the Benf Hasan squills are so abundant 
that the fibres of the bulbs are used instead of hair in making tent- 
cloth ; and in the north of Ksar al-Kebfr the moors arc covered for 
miles with a beautiful white heather.^ From such gorgeous com- 
binations of colour one can well imagine that the Moors drew the 
inspiration of their chromatic art ; but the season of floral splen- 
dour is brief, and under the hot African sun ovcrytliiiig soon sinks 
into the monotony of straw. 


The botany of Jlorocco has been explored by Balansa (18Gp, 
I, Rein and Fritscli (1873), Ibrahim 


Hooker, Ball, and Maw (1871), 

Ammeribt (a Berber collector, 1873-G), the Rabbi Mardoclieo Abi 
Serur (1872-3) ; and the results have been systcinatic.ally arranged 
in Cosson's Compendium Florm Atlantiae ; on Flore dcs Flats bar- 
baresques (Paris, 1881, &c.). From the presence of a large propor- 
tion of plants of cential and northern Europe (none of the northern 
plants, however, being of alpine or arctic typo) and the absence of 
southern types characteristic of the sub-tropical zone Ball concludes 
that “the mountain flora of Jlorocco is a southern extension of 
the European temperate flora, with little or no admixture of ex- 
traneous elements, but so long isolated from the neighbouring 
remons that a considerable number of now specific types li.aa'c been 
developed.” 3 Of the Individual plants none are more rcm.arkable 
than tlio 'ardr and the arffan. .The forrncr (CallUris quadrivalvis, 
Thuja arlieulata of Shaw) is a cypress-like tree that grows on the 
Atlas both in Jlorocco and Algeria. It fumi.shcs gum s.aiidarach • 


1 See Jloarlon In ItuU. lie VAcaii. Hoy. tie JJelfflme, vol. xxx., 1870 ; Coquaml, 
Hull, tie la Soo. Olol. tic France, vol. Iv. ; and c.si>cclally Jlaw s jiajier npiiciidcd 
to Ilooker and liaU's Morocco. . i . n. ti i„ 

i Rohlfa says larolics, Imt tlicro is slronK reason to dnnpt tlds- „ . 
a ComiMre Dmdo, ‘'Plorlstisclio Erforscnnng Nord-Afril.a s in Pe,erjnann i 
Mitlheilungen, 1882. 
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(mosque) was roofed, and 


Romans. The argan {A ryania 




nig only about lSO miles along tlie coast, from the river 'i'eiisi’ft 
aJino.st to the I'lvcf nTir...* on 


'Ci* SjiH, and about 30 iiiile.s in breadth ; and it 
found_ nowhere else in the world. A gnarled trunk and widc^ 
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ami horned cattle (but not by horses) for the sake of the flesll,' 
nencarp, and crushed by the natives to extract the oil from tlr 
kernel. I hough “its strong and fulsome savour ” renders it nauscou- 


X 1V~' T> y«^owiiii;r>avuiu luiiuurH It nauscoiic 

to the Kuroi)oan palate, tliia oil is largely used in the cookc 
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southern Jlorocco. I ho iirickly pear forms one of the feature- 
ol the landscape from the coast up to the slopes of the mountains 
Iho cork tree, common in the time of Addison, has lost groum 
enormously, though it probably fonns the staple of the Ma'iiiib 
forest, whiclp extends for some 20 miles between the Bit Rakr-'’ 
and the Scbii. Ihough not so widespread ns in Algeria or souh 
districts of southern Europe, the italinetto is often locally vei v 
abundant. Citrons, lemons, limes (sircet and sour), shaddocks, 
niulberrios, walnuts, and chestnuts arc common in many parts. 
Tetuan is famous for oranges, Jlcknes for quinces, Jlorocco 
pomegranates, Fez for figs, Tafilclt.and Akka for dates, Sus .. 
almonds, Dukalla for melons, 'Tagodast, Edantcnan, and Itab.at fc, 
grapes, and Tariulant for olives (Cowan). The grape is extensively 
cultivated ; the Jews manufacture crude but [lalatablc wines. 
Sugar, once grown in Siis, to supidy the demands of the whole o. 
Jlorocco, has disappeared. Both hemp and tobacco are cultivated 
under the restrictions of an imperial monopoly, — tlie fonner ( 
prime quality) being largely used as hashish, tlie latter, though 
never smoked, ns snulf. Barley is the most usual cereal j but 
excellent crops of wheat, maize, millet, rye, beans, pease, chick-peas, 
and canary seed are also obtained, I’otatocs arc coming into 
favour in certain districts. 

It is still true, ns in the time of Addison, that the Jloors “ seldom 
reap more than will' bring the year about,” and the failure of a 
singdo haiTCst causes inevitable dearth. Captain Colvile calculates 
that not more than a hundredth part of the available land is culti- 


vated at all j and the cultivated jiorlion possessed by each tribe is 
divided into three parts, one only of which is sown each year. With 


a plough of the most primitive description the Jloorish peasant 
scarcely scratches the surface of the soil ; and his harrow is a few 
branches of trees weighted with heavy stones. The corn is cut close 
to tlio car with short curved knives, and the straw left standing. 
Underground granaries or matamores {mal.mtira) are constructed, 
sometimes capable of holding 2000 quarters ; they preserve their 
contents in good condition for many years. 

Tliere is almndant space in the country for wild atiimaks, even of 
the larger kind ; but the absence of woodland keeps them in cheek. 
Besides the lion, which exists only in very limited numbers, and, 
according to local provcrb.s, with dimini.shcd courage, the stiotted 
Icojiard, tho hyteiia, jackal, lynx, fox, and wild boar are the 
most important. Tho awrlad or wild sheep is found in tho more 
inacccssiblo parts of tho Atlas. Rabbits swarm in the country to 
the north of the Bii Rakrak, and since 1870 they have crossed this, 
which used to bo their southern limit. A kind of ground-squirrel, 
tho sibsib, occurs in tho southern provinces. Jlonkcy.s of the same 
siiccics as those of Gibraltar frequent tho neighbourhood of Jcbel 
JhisA or Apes’ Hill. The list of tho ordinary wild birds includes 
blackbirds, goldfinclie.s, linnets, greenfinches, robins, w.agtail.s, 
skylarks, and crested larks, as well as turtle-doves, iiightingale.s 
and lays. Tho liousc-siiarrow is not found ; between Jlorocco and 
Jlooador its rilaco is tikeii by a beautiful bird (Lmhcrha strioliila), 
locally called labib, or “tho doctor” (Beared). The stranger is 
struck by tho immense variety and number of hawks, and still more 
by tho fmniliar terms on which they build their nests in the walls 
and rooks along with blue rock-pigeons and starlings. All through 
tho country tho red-legged partridge is tho m.am resource of the 
sportsman, though ho may also bag other vanotics of partridge, 
bustards, and ducks and other water-fowl. Along tlio coasts thea* 
is no lack of gulls, whimbrel, oyster-catchers, J:c._ h.vcry town bar 
its colony of storks. Lizards, chameleons, tortoises, and frogs sn- 
familiar objects ; it is from Jlorocco that the small tortoises h.awk-d 
about tho streets of London arc usually obtained. The profurion 
of insect-life is one of the plagues of the country in the eyes of 


the European ; and even tho Jloor, who h.as got reconciled tohui 
mosquitoes and fleas, considers tho locust one of Ins dcadli.-st 

*"Tho camel is the great beast of burden in Morocco, thoii/;h .a.‘«w 
and mules arc also cmjdoycd. The horse, never reduced to such 
base uses, is usually a sturdy little animal, but far lio.ou tbe 
ancient reputation of the Barbary steed. I.oughly hrokrn vhen 
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rocks stiotcli for hundreds of miles into tlic Sahara. 
Iho plain around the city of Morocco has a sheet-like coveriiic of 
tufaccous crust rising over hill and valley and following all the 
undulations of the ground, the result probably of the intense heat 
of the sim rapidly drawing up water charged with soluble carbonate 
of lime from the calcareous strata, and (hying it layer by layer on 
the surface till an accumulation several feet thick has been produced 
(Maw). This crust is c.vtonsivcly burned for lime, and it forms a 
natural strong roof for the inatamores or underground ccllara which 
the Moors o.xcavato in the soft strata beneath. An enormous 
deposit of boulders occurs in the lateral valleys and along the 
escarpment of the Atlas, and the opinion that these arc the pro- 
ducts of remote glacial action is supported by the existence of true 
moraines in the upper part of the glens. All along the W'est coast 
there are indications of an elevation of the land in the shape of 
raised beaches, at Tangiers 40, at the south of Capo Spartel 50, at 
Mogador 00 or 70 foot high ; but a number of other facts seem to 
show that at present a process of subsidence is in progre-ss.* 

That mineral dcpo.sits of groat value exist in Morocco there is 
little doubt. At Jobol Hadid or the Iron Mountain, the heights 
to the north of Mogador, old scoriai are found. In the Beni Madan 
hills near Totiiaii are mines, closed, it is said, by the sultan ‘Abd 
al-Rahmaii ; but whether they furnished copper or lead authorities 
differ. On the road to Kenatsa, Ilohlfs saw lead and antimony 
worked by the Beni Sithe. Antimony especially seems to be abun- 
dant to tlie south of the Atlas ; Ilohlfs found it in a very pure 
state near Tesna, and Dr Allen (whoso account was not piiblishccl 
when this article was written) informed the writer that he saw 
splendid veins of it nortli of the Der'a. That gold mines existed 
in Sus was long .suspected ; Gatcll proved it. Rock-salt occiira in 
the niouiitains north of Fei!, in the valley of the W. Martil, and 
probably in Jcbcl Znrhun. In several place.s, as in the route from 
SafTi to Jforocco, are brine lakes, from which the salt is collected 
and exported as far as Central Africa. 

The general aspect of the lowlands of Morocco varies so much 
according to the season of the year that, while one stranger finds 
it arid and sunburnt and monotonous, another is delighted with the 
richne.ss of its vegetation and the bn'glit variety of its colours. 
In some of the Atlas valleys there is a wealth of timber, enormous 
conifers, 10 to 12 feet in girth of stem, oaks, i:o.,- but the greater 
part of the country has boon cleared of every vestige of woodland, 
and consociuontly depends for its appearance on herbage, brash- 
wood, and the lessor fruit-ti'ces. Cultivation is confined to such 
comparatively narrow limits that the natural flora has full scoiio 
for its development. Cowan, writing more immediately of the 
country between hforocco and Mogador, speaks of “drifts of a.s- 
phodel, white lilies, blue convolvuli, white broom flowens, thyme 
and lavender, borage, marigold, puri)lo thistles, colossal daisies 
and poppies ; ” and C.aptain Trotter tells how for miles the umlu- 
lating plateau of lyasr FerAiln was literally covered with wild 
flowers, whoso varied colours,, and tlio partiality with which each 
species confined itself to certain groumt, gave to the landscape a 
brilliant and most uniriue appearance. Dark-blue, yellow, and red 
— iris, marigold, and poppy — occurred in patches an aero in size ; 
farther on whole hills and valleys were of a delicate blue tint 
from convolvulus and bor.age. At times the tr.avcller’s tent is 
jiitchcd on a caipet of mignonette, at times on a carpet of purple 
bugloss. In the country of the Benf Hasan scpiills are so abundant 
that the fibres of the bulbs are used instead of hair in making tent- 
cloth ; and in the north of Ksar al-Kobfr the moors arc covered for 
miles with a beautiful white heather.^ From such gorgeous com- 
binations of colour one can well imagine that the Moors drew the 
inspiration of their chromatic art ; but the season of floral splen- 
dour is brief, and under the hot African sun everything soon sinks 
into the monotony of straw. 

The botany of Jloroceo has been explored by Balansa (18Gp, 
Hooker, B.all, and Maw (1871), Rein and Fritsch (1873), Ibrahim 
Ammeribt (a Berber collector, 1873-6), the Rabbi Mardochee Abi 
Serur (1872-3) ; and the results have been systematically arranged 
in Cosson's Compendium Florm Atlanliae ; on Flore dcs htats bar- 
baresques (Paris, 1881, &c.). From the presence of a largo propor- 
tion of plants of central and northern Europe (none of the northern 
plants, however, being of alpine or arctic type) and the absence of 
southern types characteristic of the sub-tropical zone Ball concludes 
that “the mountain flora of Jlorocco is a southern e.xtcnsion of 
the European temiicrate flora, with little or no admixture of ex- 
traneous elements, but so long isolated from the neighbouring 
remons that a considerable number of now specific types have been 
developed.” 3 Of the individual plants none are more remarkable 
than the 'ar&r and the argan. .The hvmer (Callilris qiiadrimlvis. 
Thuja articulata of Shaw) is a cypress-like tree that grows on the 
Atlas both in I Morocco and Algeria. It furni.shcs gum s.andaracli ; 

I See Jlowrlon In Pull, tie VAmd. Jtoy, de JJdySqta, vol. xxx., 1S70 : Coquand, 
Hull, de la Soc. Cllol. dc prance, vol. Iv. ; and c.si>cclally Slaw s iKipcr npiiciidcid 
to Ilooker and ItaU's Morocco. , m 

t Rohlfa says larolics, Imt tlicro is slronc reason to dnnlit this. , 

a CoiniMre Dmdo, ‘'Florlstischo Erforscnnng Nord-Afriha s iaPe.ermannt 
Millheihtngen, 1882. 


with the 


with which tlie Cordo;^ 

with the citrpn-wood of the ancient Romans. Tl.e arg.” ( ramn 
Sideroxylon) i.s confinoil even in Morocco to a tract of country e.«end! 

almo.st to the river Sus, and about 30 miles in breadth : and it i* 
found nowhere else in the worhl. A gnarled trunk and widc- 


an olivc-Iooking nut, greedily eaten by camels, mules, goats, sheen 
ami horned cattle (but not by horses) for tlie sake of the fle.sl J 
pericarp, and crushed by the natives to extract the oil from tic 
kernel. I hough its strong and fulsome savour ” renders it nauscou;: 
to the European palate, this oil is largely used in the cookery ^ 
southern Morocco. The jirickly pear forms ouo of the feature- 
ol the Landscape from tlm coast up to the slopc.s of the mountains, 
llio cork tree, common in the time of Addison, has lost grouin 
enormously though it probably fonns tho staple of the Ma'mn. 
forest, avhicli^ extends for some 20 miles between the Bil Rakre' 
and the Scbii. Though not so widespread ns in Algeria or sbim 
districts of southern Europe, the palmetto is often locally ver, 
abundant. Citrons, lemons, limes (sweet and sour), shaddoeks, 
imilberrics, walnuts, and chestnuts arc common in many parts. 
Tetuan is famous for oranges), Mcknes for quinces, Morocco i.v. 
pomegranates, Fez for figs, Tafilelt.and Akka for dates, Siis .. 
almonds, Dukalla for melons, Tagodast, Edantcnnn, and ILab.at fra 
grapc.s, and Tanidant for olives (Cowan). The grape is extensively 
cultivated ; the Jews manufacture crude but jialatablo wines. 
Sugar, once grown in Siis, to siipidy the demands of tho whole o. 
Morocco, has disappeared. Both hemp and tobacco are ciiltivatcil 
under tho restrictions of an imperial monopoly. — tlio fonuer ( 
prime quality) being largely used ns liasliish, tlio latter, though 
never smoked, ns snufl’. Barley is the most usual cereal j but 
excellent crops of wheat, maize, millet, rye, beans, pease, chiek-jicas, 
and canary seed are also obtained. Potatoes are coming into 
favour in certain districts. 

It is still tnic, ns in the time of Addison, that the Moors “ seldom 
reap more than will' bring tho year about,” and tho failure of a 
single haiTCst causes inevitable dearth. C.aptain Colvilo calculates 
that not more than a hundredth part of tho av.ailablo land is culti- 
vated at all j and tho cultivated jiorlion possessed by each tribe is 
divided into three parts, one only of which is sown each year. With 
a plough of tho most primitive description tho Jloorish peasant 
sc.arcoly scratches tho surface of tho soil ; and his harrow is a few 
branches of trees weighted with heavy stones. Tho corn is cut close 
to tlio car with short curved knives, and tho straw left standing. 
Undei'ground granaries or inatamores {ma/.milra) are constructcil, 
sometimes cap.ablo of holding 2000 quarters ; they preserve their 
contents in good condition for many years. 

Tlicre is aiiundant space in tho country for wild animal.s, even of 
the larger kind ; but the absence of wooifland keeps them in cheek. 
Besides tho lion, which exists only in very limitcil numbers, and, 
according to local provcrb.s, with dimini.shcd courage, the sjiotted 
Icojiard, tho hyiena, jackal, lynx, fox, and wild boar are tho 
most important. Tlio audad or wild sheep is found in the more 
inacccssiblo parts of the Atlas. Rabbits swarm in the country to 
tho north of tho Bii Rakrak, and since 1870 they have cros.sed thin, 
wliich usc(l to bo thoir southern limit. A kind of ground-squirrel, 
tho sibsib, occurs in tho southern provinces. Jloiikcy.s of the same 
siiccics as thoso of Gibraltar frequent tho neighbourhood of Jcbel 
JliisA or Apes’ Hill. The list of tho ordinary wild birds includes 
blackbirds, goldfinches, linnets, greenfinches, robins, w.agt.ails, 
skylarks, and crested larks, as well as turtle-doves, inghtingales, 
and jayi 
Mogado 

stniclfby tho immenso variety and number of h.awks, and still moro 
by tho familiar terms on which they build their nests m the walls 
and rocks along with blue rock-pigeons and starlings. All through 
tho country tho rcd-loggcd partridge is tho main resource of the 
sportsman, though ho may also bag other vanotics of partridge, 
bustards, and ducks and other water-fowl. Along the coasts tliei-e 
is no lack of gulls, whimbrel, oyster-catchers, A:c._ Every town bar 
its colony of storks. Lizards, clianicleon.s, tortoises, and frogs sn- 
familiar objects ; it is from Morocco that the small tortoises h.awke.l 
about tho streets of London arc usually obtained. The profu.-^ion 
of insect-life is one of the pl.agucs of the country in the eyes of 
tho Euroiiean ; and even the Moor, who has got reconciled t-> fii:i 
mosquitoes and fleas, considers tho locust one of his dcadli.-^t 

The c.amel is the great Ijcast of burden in Morocco, though a.“:w 
and mules are also cmj.loycd The horse, never reduced to such 
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•nl-IIoilim \vmo nutoiioinous uiulev a nuiiibcr of indigenous or forei"n 
princes. 1 ho chief of these principalities were that of the Idn'sifcs 
.“at hczisupra, p, nSl), tlio kingdom of Tahart, and that of Nakiir. 
In the hrst ycara of the lOtli century tlie riltimito calijilis, at the 
head of the powerful llorher tribe of Kotiima, overthrew the Aglila- 
.bitc.s, thms imtlingan end for over to Arab rule in North Africa 
aind rapidly extended their empire to the Atlantic. \Vhon the Fiiti- 
mites est.ablishcd themselves in E^ypt, the Zirid dynasty reimicd as 
their va.ss.als in the west, and maintained themselves with varyiii" 
fortunes till the rise of the great empire of the Al.Molt.vviDES (o.v.f 
who yielded hi turn to the Ai.mou.\di;s (y.r.). Tlic latter djm'asty 
was cxtingnislied by the jninces of the lleni-Jlerin, wlioso chief, 
Ya'kiib b. 'Abd al-llakk, captured Jloroceo in 1269 a.d. The siib- 
seiiiient history of Jlorbeco and Fez under the Morinids and their 
.snceessoi-s presents little interest, being as full of internecine wars, 
conte.sted successions, fratricides, general bloodshed, and barbarities 
as it is empty of all indications of an advaneo in civilization. As 
regards the relations of the countiy to European nations, four periods 
maybe distinguished— (1) a jieriod lasting down to the close of the 
lltli century, when the Jloorish potentates wore still the most pro- 
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towns oil the coast of Morocco ; (3) a period in wdiich these n.ations, 
•ili.shearteiied by the disastrous defeat in the Battle of the Three 
Kings (1579), allowed the Jloors to recover much of the ground 
they had lost, and to become, by their piracies and defiance of inter- 
national law, an object if not of terror yet of a])prchenaion and 
irritation ; and (I) a iioriod in which the prestige of tliis after- 
glow of greatness has gradually died out. 

The following are the more noteworthy events in the Moorish 
annals since the beginning of the Ifith century. 

1115. Ceuta c.aptiired by the Portuguese. 1130. First expedition 
against Tangiors by Don Duarte ; capture of Don Fernando, who 
■died in exile in 1159 (it was proposed to ransom him by cession of 
Ceuta, but the iiono objected). 1-159. Capture of Alcazar Segiiir. 
1-171. Capture of Tangier.s. 1510-1510. Rise of the dynasty of the 
•Shcn'fs. 1577. Edmond Hogan .sent by Queen Elizabeth of England 
to Muley 'Abd al-Molck (sue Report in Hakluyt). 1578. Dofc.at of 


King Sebastian (soo Lcared, llsil to Court o/ ^forocco, anpendi.x) 
-- carls of IVar- 


15S.5. Founding of the Coinjiatiy of Barbary Merchants (car 
•wick, Ijcicestor, .kc.) in London; Elizabeth’s second amb.ass.ador 
Henry Roberts well received. 1010. The Moors from Simin settle 
partly at R.abat, .kc., and iirovo troublc.somo. 10-19. Jhdey Zidan 
-.sends to King Charles I. requesting him to attack Sallee by sea. 
About this time Ali Sherif of Yanbo, near Jledina, is recognized ns 
ruler of Tafilclt, and grailually of the rest of the empire except the 
■city of Jloroeco ; with him commences the dynasty of the Alides ; 
■on'his death his sons, Jlohammcd and Arshid, dispute the succcs- 
-sion. iOG'2. Tangiers (Portugue.so since 1-171) becomes an EnglWi 
possc.ssiou ns part of the dowry of Catherine of Braganza. 100-1-1672. 


Reign of Arshid, a warlike, active, and cruel prince, who was the 
Lake the title of sultan. 1072-1727. Reign of Ishmael, avho 


lirst to take 

in ability and ferocity completely outdid his brother Arahid, and 
.supported his throne by an enormous army ot slaves from the 
Sudan. 1078. Great idague ; ambassadora sent to Louis XIV. 
do ask the hand of Mademoi.sello Bloks, the king’s natural daughter. 
1082. 'riio sultan sends two lions to the king of England. 1681. 





lind boon a slave in Jforocco, left £13,000, the half ol his fortnno, 
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■supincssion of piracy. 1822-1859. Reign of Abd or Rahman ; 
I’upture with Spain on account of the decapitation of Consul Darmon 
for the wounding of a Moor. 18-1-1. Deleat of forces sent to assist 


■’Abd al-Kador in AIgior.s ; bombardment of Tangiers and Mogador 
l>y the prince do Joinvillo ; rout of the Moori.sh forces in tho^battlo 
of Isly ; .and jieaco of Tangiers. 1815. Naval demonstration at 
'Tangici-s and ratilication of treaty ; surrender to Spain of dispiitod 


'Tangici’S and ratification of treaty , . , 

territory at Ceuta. 1853. Establishnicnt of a customs lino .and 
;rc''ular military posts along the Algerian frontier. 1850. English 
■commorcial treaty bj' which no duty shall exceed 10 per cent, ol 
tlio value of the ware-s. 1859-1873. Reign of Jlolnnimicd ; Spanish 
invasion. 1800. Decisive battle between General 0 Donnell amt 
the Jloors near Totuan (March). By the treaty of letlian Morocco 
was to pay 20,000,000 piastres to Spain, to surrender territory at 
Santa Cruz do Mar requeila for a commercial cstablislimont, and to 


allow the Spanish missionaries to have a house at 1‘cz like tli.at 
wliicli they had at 'raiigiei-s. ilfoiioy not being obtainable to pay 
the indemnity, the Spaniards obtained control of the custonis for 


.a term of years. 180-1. Decree permitting Europeans to trade-in 
iipii'e. 1873. Accession of lla.san. 1880. Iwglish 


anv part of the cmpii'e. -- - 

^.-niba'.sy for improvement of commcroial relations ; conh-rence at 


Madrid to define the rights of European represeutafives in re-nr.! 
to the protoe ion allordcd by them to subjects of the sultan • lun i 
her of jirotdgis limited to three. 1SS2. Expedition to Mih.in,. 4 i 
Ilosein of High. 1883. Protest of the 


S;:v:'a\n ^^over.m,eut' .gi^n:; 


Aiw.ucs xwnuu « iAtxTiiRioH—n mnslerly criticisiu of all itnivi.ii 

geoiiniphiirnl niaterml— tlio following,' iniiy bo iiiontioHoil :-Hm Klialdua //;’ 

(tr. by iliiron (Ic Slniie); Leo Africanus .l/nV.'f Dirv) 
lorres, Orjf/CH 1 / suci\<so dv log . dc Mamifcog, A’c., 1585 ; Mafmt’ 

Vei^cr. de I Afriqur^ 1(>0, ; lavia y Sousa, Africa Portnriuesa^ Lisbon, ICSl : Addi 
i-on, Accouut of n cgUnirban/, Kin (riiikei’ftin's Coll., xv.); Clicnior, 
sur ics JlAtifw, li 8< ; Jackson, -IcooKjir of the Evip. of Morocco, 1800, and 7‘ii 

huctoo and Jlottga. IS'JUr nrimmwnia 17tis» ItV../,...,. .. i. . t .v 


• — ........ (y (ticr.vip.oj R/(»n>cco, 1800, and 7 i 

^Hcfoonitd Jlousay ISl’O; Drummond Hay, IlV^rcni llarhan,, isu ; John JW 
Tmvehin Africa, 1839 ; Do Aguirm, I rpcdicion al Id 
Jb.ib, Mrs. L. Murray, 6i.rrtrjt lears in Moroa'o, Sjxiin, ,Cc.. bs59 : Rudmrdst' 
/mr. Ill Morocco. Midtran. Drci Jnhrrn im }{ori}ur>’i n vo- **•••••»- 


&c. ; lissot, Itech. sur la gio{ir. comjxdVc de In Maurctanie Tinfjitanc, 1S77 ; Cn 
Udlanos, hist, do Marntccos, Santiago, 1878; Hooker and Ihll, Mokk. 

and (he Givat Atlas, 1878; Gatell, Viajes por MajTuccos, 1879: Pnvton Mo-^^n 
/ipi n Jlnllimj Stone, 1879; Liana y Kodrigaher, 7.7 imp, de Marrnao^, 18S0 
Matson, A rhit to ira:an. ISSO ; Trottor, to the IvnitofMiiiucco 1881 

Cowan and Johnstone, Moorish Lotus Leaves, 1S82. 


Monocco, or Makocco (MaiTiiktisli), one of tlic cjiin.--' 
capitals of tlio sultanate (Fez and Jicknes being tlio otlio. 
two), lies in a spacious plain about 15 niilc.s from tl 
nortlieni uudorfalls of the Atlas, ami 90 miles cast-.soutl; 
east of 5n(li, at a height variously estimated ns IC;)*' 
feet (Hooker nud Ball), 1-110 (Beaumicr), and l-hOC 


(Lc.ared). Banking during the early centuries of its exist 


ence as one of the greatest and most flourishing cities ot 
Islam, Morocco 1ms long been in a state of grievous decay 
and were it not for the exceptional lieauty of its situation 
the luxuriant groves nud gardens by which it is oncom 
passed and interspersed, and the magnificent outlook which 
it enjoys towards the mountains, it would bo altogulhor a 
very miserable place. The wall, 25 or 30 feet high, nun 
relieved by square towers at intervals of 3G0 feel, is si 
dilapidated that foot-imssongers, and in places oven horse 
men, can find their way in and out through the breaches. 
Open simccs of great extent arc numerous enough within 
the walls, but for the most part they are defaced by 
mounds of rubbish and imfrid refuse. With tlio cxceiition 
of the tower of the Kutubfa Mosque and n certain archway 
which was brought in jiieces from Spain, there is not, it >• 
asserted, a single stone building in the city ; and even 
bricks (though the local manufacture is of excollont quality) 
are sparingly employed. Tdbii/a, or pounded clay, is tin 
almost universal material, and the houses are consequently 
seldom raised more than two stories in height. The jialacr 
of the sultan covers an extensive area, and has its jiark. 
and gardens enclosed by walls similar to those of the city 
jiropcr, but is architecturally quite insignilicant. In tlio 
whole of Morocco the tower of the Kutubia alone is a worthy 
memorial of tho coustructivo genius of the curly Moors; both 
it nud the similar tower of Hnsnn atBahilt are after 1 lie lyjio 
of tho Giralda nt Seville, and, if tradition may bo trusted, 
all throe were designed by tho same architect Jiibir. The 
mosque to which tho tower belongs is a largo brick build- 
ing erected by ’Abd al-lMumen; the interior is adorned 
Avith marble pillars, and tho Avholo of the crypt is occnincd 
by avast cistern e.xcavatcd by Jfnnsur. Other mosques of 
some note are those of Ibu Yusuf, Al-Mansiir, and Al-Mo'izz; 
the chapel of Sidi Bel Abbas, in the extreme north of the 
city, possesses property to the value of .£'200,000, ami 
serves as a great alnisliouse aufl n.syliHD. As in most othi 


tOAvns throughout Jlorocco, there is a .special Jews’ quartm 


Availed off from tho rest. Tho general population is of a ve.y 
mixed and turbulent kind ; crimes of violence arc extreme!) 
common, and there arc countless vnrictic.s of the profes 
sioiial thief. Almost tho only manufacture extensively 
prosecuted is that of ilorocco leather, mainly red nn- 
vcllow, about 1500 men being employed ns tanners nr 
slinmiinkcrs. The city Avns founded in 1062 by I m uf b 
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•nl-IIoilim ^yovo nutoiioinouR uiulev a number of indigenous or foreimi 
princes. 1 ho chief of these principalities were that of the Idn'sifcs 
■nt hezisupra, p, nSl), tlio kingdom of Tahart, and that of Niikur. 
In the hrst ycara of tho lOtli century tlie riltimito caliidis, at the 
head of tho jiowcrful ilorlier tribe of Kotiima, ovortlirew tlio Aghla- 
.bitc.s, thms imtliugan end for over to Arab rule in Forth Africa 
aind rapidly extended their empire to tho Atlantic. 'Whon tho Fafi- 
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mites est.ablishcd themselves in E^ypt, tho Zirid dynasty roimicd iis 
their va.ss.ah in the west, and maintained thomsolvcs with varying 


fortunes till tho rise of the great cnipiro of the Ai.Mon.winES [q.v.f, 
.) Ai,mou.\di;s (y. v. ). The latter dynasty 


who yielded hi turn to tho Ai,mou.\di;s (y.r.). 

avas extinguished by the jninccs of tho lleni-jMerin, whoso‘’diTe7, 
Ya'kiib b. 'Abd al-llakk, captured Jloroceo in 12G9 a.d. The sub- 
seiiiieiit history of Jloroeco and Ecz under tho Jlorinids and their 
siiceessoi-s presents little interest, being as full of interiieeino wans, 
contc.sted successions, fratricides, general bloodshed, and barbarities 
as it is empty of all indications of an advaneo in civilization. As 
regards the relations of tho counhy to European nations, four periods 
maybe distinguished — (1) a jieriod lasting down to tho close of tho 
Iftli century, when tho Jloorish potentates were still the most jiro- 
niiiient representatives of aggressive Slohamniedaiiisni ; (2) a period 
•during which tho rortiiguoso and Sjianiards, having expelled tlicir 
iiivadera, made vigorous reprisals and obtained possession of many 
towns on tho coast of Morocco ; (3) a period in which these nations, 
•ilishearteiied by tho disastrous defeat in tho Battle of tho Three 
Kings (1579), allowed the Jloor.s to recover much of tho ground 
they had lost, and to bccoino, by their piracies and defiance of inter- 
national law, an object if not of terror yet of a])prcheusion and 
irritation ; and (-1) a jioriod in which tlio prestige of tliis after- 
glow of greatness has gradually died out. 

The following aro tho nioro noteworthy events in the Moorish 
annals since tho beginning of tho 15th century. 

1-115. Ceuta c.a])tured by tho Portuguese. 1130. Fii-st expedition 
against Taiigicr.s by Don Diiarto ; captiiro of Don Fcrnnndo, who 
■died in exile in 1159 (it was proposed to ransom him by cession of 
Ceuta, but tho iiono objected). 1-159. Capture of Alcaz.ar Segiiir. 
1-171. Capture of Tangior.s. 1510-1510. Rise of tho dynasty of tho 
■Shcn'fs. 1577. Edmond Hogan .sent by Queen Elizabeth of England 
to Muley 'Abd al-Mclek (see Report in Hakluyt). 1578. Dofc.at of 


King Sebastian (.soo'Lcaml, I'isH to Court o/ Morocco, appendi.x). 

rchants (carls of M'ar- 


358.5. FoundingofthoComiianyofBarbaryMor 
•wick, Ijoicestor, .kc.) in London; Elizabeth’s second amb.ass.ador 
Henry Roberts well received. 1010. Tho Moors from Spain settle 
partly at Rabat, !n\, and prove troublesome. 1049. Muley Zidan 

‘ i*" T ... it... 1.;... A* ..11... C*..!!., _ t... 


-.sends' to King Charles I. requesting him to attack Sallee by sea. 

li Shen'f of Yanbo, near Jledina, is recognized ns 


About this time Ali Sherif of Yanlio, near Jledina, is recognized ns 
Tulcr of 'rafilclt, and gradually of tho rest of the emjiiro except the 
■city of Morocco ; witli him commences tho dynasty of tho Alides ; 
■on'his death his sons, Jlohammcd and Arshid, dispute the succcs- 
-sion. IOG'2. Tangiers (Portugue.so since 1471) becomes an EnglWi 
ssiou ns part of the dowry of Catherine of Bniganza. 1004-1672. 


posso.ssiou ns p: 


Reign of Ariihid, a warlike, active, and cruel prince, who was the 
itlo of sult.an. 1072-1727. Reign of Ishinnel, who 


tirst to take tho title 
in ability and ferocity completely outdid his brother Arahid, and 
.snpl'orted his throne by an enormous army ot slaves from the 
Sudan. 1078. Great idaguo ; ambassadora sent to Louis XIV. 
do ask tho hand of Mademoi.sello Bloks, the king’s natural daughter. 
1082. 'riio sult.an sends two lions to tho king of England. 1084. 
.-Sir Cloude.sloy .Shovel defends British interests on tho coast ; with- 
•drnwal of tho English from Tangiers. 1087. Capture of-Larash from 
-the Spaniards. 109-1. Siege of Ceuta. 1725. Thomas Betton, who 
had been a slave in Iforocoo, left £13,000, tho half ol his fortune, 
■.for tiro ransom of Ilritish cajitivos in that country. 1727-1730. 
Disputed succession. 1757-1789. Reign of Jlohamnied. 

Locusts. 1780. Great famine; Agadir opened to tho Dutch. 1794- 
3822. Reign of Soliinan ; abolition of Christian slavery in Morocco ; 
.supiu'cssion of piracy. 1822-1859. Reign of Abd or Rahman ; 
I’upturo with Spain on account of tho decapitation of Consul Darmou 
for tho wounding of a Moor. 1844. Deleat of fm’ccs sent to assist 


■'Abd nl-Kador in Algiers ; bombardment of Tangiers and Mogador 
3>y the prince do Joinvillo ; rout of tho Jloori.sh torces in tho battle 
of Isly ; and iieaco of Tangiers. 1815. Faval demonstration at 
'Taimiei-s and ratilication of treaty ; surrender to Spam of disputed 
territory at Ceuta. 1853. Establishment of a customs lino and 


;rcgniar''niilitary posts along tho Algerian frontier. 1^856. English 
■comniorcial treaty ly which no duty shall exceed 10 per cent, ol 


tho value of the wii'O.s. 1859-1873. Reign of .Mohmnmcd ; Spanish 
invasion. 1800. Decisive battle between General 0 Donnell and 
the Jloors near Totuan (March). By the treaty of letiian Morocco 
was to pay 20,000,000 piastres to Spain, to surrender territory at 
Santa Cruz do Mar roqiiena for a commercial cstablishniont and to 
allow tho Spanish missionaries to have a house at I'cz like that 
-which they had at Tangiei-s. itfonoy not being obtainable to pay 



rt-mba'ssy for improvoincnt of connnoroial relations; ronfiaviu'c at 


Madrid to delino the rights of European represeutafives in rcni-I 


— xwiiuu » iAcxTtjiaoH—n mnsieny criticisia of all itnu-int 
Kcojinijihienl iiiiitenal— the fullowins' may be iiiontioiioil :--llm KlialiUiu III • 
lies Jterbu'cs (tr. by liaron do Slniic) ; Loo Afric.anu-!, Deseript. Africie • Pll— i, 
lorreS’ On(/ca 1 / smmo ile los Xiiri/is ... ,1c J/an-m-c-os, A-c., ir,&', MnS,,.’ 
Vescr. ile ! A/njiiir, nm, ; l-avia y Sousa, J/rica J’orliiiirrsn, Lisbon, lOSl : Ailill 
sou, Account 0/ 1! esU,„rbani, luri (Pinkerton's Coll., xv.); Cli.-nier, 
siir !cs Miiiins, hS, ; .Inckson, .li-i-oniK o/ the limp, of Morocco, ISO'.), ami Ti, 
biicloo aml lloiisn, IS'.’O; Dnnnnioml Hay, ll'csfmi llarhani. Isil ; John P.-i,’' 
" '"(.vn liar/ ay TmccU in A/rim, 1SS9 ; l)e Agnin-a, I xpaUclon nl Hi 
lb.ib, Jli-s. L. Jlnrray, loirs in Morocco, Sixiin, iCc., Ibi'.i : Hieharils,' 

/au’. t)i Monwo, lbt>0; Slaltraii, Juhrvnim Kotvurs>< n von Afrika, IJJP 
(4 Mnrokko, llroinc-n, 1808; Fntsch in “ Mittliril. 

\ Plains fUr Frdk., Ilallc*, 1878 ; Scared, Morocco and the niul r'‘” 


to the Coun of Morocco, 1871>; DoAniiui’s Marocco, Mihii. lS78-n verymnlin 
sketch, winch has been doscrvinlly tninslated into Kngli>,h, French, Oeriir 
&c. : lissot, iiVc/t. sur giotje. cohijhia'c de la Maurcfanic Tinfiitanc, 1S77 : Cii 

fidinttriQ D/ci'r Ifet iK, -lo-o. 


tellnnos, J)«cr. hist, de Marruccos, &intiapo, 1878; Hooker and IJall, .Mokk, 
ana the Girat Atlas, 1878; Gatell, Viajes ])or MaiTuccos, 1870: Pnvton Moiki 

ft'ntn n Cf/i.tii IQrtl. fir...., .. ss.... !•» ...... , ' ’ ..... 


............ ........ jnii iimiiKiiw, I'jiyuin, olV-i'H 

/jwn n hnllDuj btone, 1870; Liana y Rodrigailez, L'l im]i. de Marrnao'^, IbSO 
wat.son, riy-ittfl U'tKnn. ISSO; Trotter, Misdon to the Couft o/Marocco 1881 
Cowan and Johnstone, Moorish Lotus Leaves, 1S82. 


Morocco, or Mapocco (Marrilktisli), one of tlic cjim.-.' 
capitals of tlio sultanate (Fez and Moknes being tho otlio. 
two), lies in a sjiacious plain about 15 inilc.s from tl 
nortliern uiulorfalls of the Atlas, ami 90 miles cnst-.soutl; 
east of 5n(li, at a height variously estimated ns IC;)*' 
feet (Hooker and Ball), 1-410 (Beaumier), and 1.50C 
(Leaved). Banking during tho early centuries of its exist 
cnee as one of tlio greatest and most flourishing cities oi 
Islam, Morocco 1ms long been in a state of grievous decay 
and were it not for tho exceptional lieauty of its .situation 
the luxuriant groves and gardens by which it is cncom 
passed and interspersed, and tho magnitieeiit outlook whicl- 
it enjoys towards tho mountains, it would be altogellier c 
very miserable place. The wall, 25 or 30 feet high, nnn 
relieved by square towers at intervals ot 300 fool, is si 
dilapidated that foot-imssengers, and in places even horse 
men, can find their way in and out tlirough flio breaches. 
Open siiaccs of grea't extent arc numerous enough within 
tho walls, but for the most part they aro defaced by 
mounds of rnbbisli and inifrid refuse. AVith tlio cxce)iti()n 
of tho tower of the ICntubta Mosque and a certain archway 
which was brought in jiieces from Spain, there is not, it >• 
asserted, a single stone building in tho city ; and even 
bricks (though tho local manufacture is of excellent quality) 
are sparingly employed. Tdbii/a, or pounded clay, is tin 
almost universal material, and the houses aro consequently 
seldom raised more than two stories in height. Tho jialacr 
of tho sultan covers an extensive area, and has its jiark. 
and gardens enclosed by walls similar to those of tho city 
proper, but is architecturally quite insignilicant. In the 
whole of Morocco the tower of the Kutubia alone i.s a worthy 
memorial of tho constructive genius of the curly Moors; hotli 
it and tho similar lower of Hasan atBalrit are after the lyjio 
of tho Giralda at Seville, and, if tradition may bo trusted, 
all tliroo were designed by tho same_ architect Jabir. The 
mosque to which tho tower belongs is a largo brick build- 
ing erected by ’Abd al-AIumen; the interior is adorned 
with marble pillars, and tho wliolo of the crypt i.s occnined 
by avast cistern excavated by Afansur. Other mosqiic.s of 
some note are those of Ibu Yusuf, Al-Maiisiir, and Al-.Mo'izz; 
the chapel of Sidi Bel Abbas, in the extreme iiortli of the 
city, possesses property to the value of £200,000, ami 
serves as a great alnisliouse aiifl nsyluni. As in most othi 
towns throughout Jlorocco, there is a special Jcw.s’ quartm 
walled off from tho rest. Tho general population is of a vc.y 
mixed and turbulent kind ; crimes of violence arc extreme!) 
common, and there aro countless varictie.s of (he profe.: 
sioiial tliief. Almost tho only manufacture extensive^ 
prosecuted is that of ilorocco leather, mainly red an- 
vcllow, about 1500 men being employed ns taniior.s ar 
‘slioemnkcrs. The city was founded in lOfi’I by A m uf b 



M 0 E — M 0 R 


it raiu-isn Cannntiwlir, in tlio Cornoi-Duodo collccfion. The life of 
Amiiya has Wen written by Lnip I.o]liii, bi.sitoi) ofHellmio /l(i23). 

^ (1G‘21), and by Antonio Talazzoli (1C20). 

J lie most (listinguishccl member of the liouscof Jlorosini 
^\•il.s l''miicesco, tlie caiitain-gcnernl of the rejiublic ngninst 
tlic Turks and conqueror of the rilorea. Ho was born in 
JOlti. In ICiGG lie was in command during an nnfortuimte 
•canqiaign in Candia. In 1GS7 he conquered Patras, and 
oiiencd tlie Morea to the Venetian arms. In the follow- 
ing year he tras_olecfod doge. After liis return to Venice 
the republic sufterod severely in Candia, and though now 
.an old man Fntiice.sco took the field again in 1C93, but 
<lied the next year at Xaiiplin, seventy-six years of age. A 
more detailed account of his exploits' will bo foundin the 
article ViixicK. 

Itmbaro, nairalnjic chile piimhiUc Pairkic Venete, 
■MS., id.'is vii. co<I. dccccxxvii., iti the Mnrei.aii Librarv, Venioc ; 
C.qij>,d!ari, Ciuapi’i/.vgio Veneto, MS., cWs. vii. cod. xvii., in the 
■'.niic liliniry ; Hoinnniu, Slorin cloniineiitnta cU X'enezin ; Krcscliot, 
J.(i A’oti’W I'ciieta ; Cicopia, Iserhioiw. I’cnrxictnr. 

^ MOlIPKTH, a municiiial and iiarliamcntary borough of 
^Northumberland, England, is situated in a fine valley on 
the V ansbeek, and on the North-Eastern Pailway, SO miles 
south of Perwick and IG north of Newcastle. The Waiis- 
bock, which is crossed by a stone and two wooden bridge.s, 
winds round the town on the west, south, and cast, and 
a small rivulet, the Cottiiigbiirn, bounds it on the north 
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3Iorpeth is irregularly built, but possesses a number of 
ips. The parish church of the Pleased Virgin, a 


good shops. The parish v,. 

jilain building of the l-ltli century, is situated on Kirk Hill, 
a short distance from the town. Among the other public 
buildings arc the Edward VJ.’s grammar .school, rcojicncd 


f *^"**"S ir>0 years ; the to. 

hall, elected m 18/0 to siq/crsede a building of 1714 ’ 
\ anbrugh ; and the county-hall and former gaol in *' 
baronial stylo, built in 1814. Nothing reinaiii^ of the o 
ca.stlo except the gateway. Morpeth had at one time one 
the largest cattle-markets in England. The industries 
the town include tanning, brewing, malting, iron and bra 
founding, and the manufacture of llannols, agricultr 
implements, and bricks and tiles. The j'opulation of t 
municipal borough (231 acres) in 1871 was 4.')17, and 
1881 it was 4!i56. The jiopulation of the parliamonte 
borough (17,085 acres) in the same years was 30,239 u- 
33,459. 


Jlori.otii (Mrrjmf/t, i.c., tlio iwtii over the moor) Imd atWii; 
some size boforo the Norman Conquest, wlien it was granted 
M illiain de Jlerlny. From the De iMerInys it jiassed tlirongh *■ 
Grey.slock.s and Dacrcs to tlio Howards, carls of Carlisle. So 
after the Conqnc.st it obtained the privilege of a market, 
in 1552 arms were granted to it hy Edward VI. It is a boron 
by prescription, and was incoriioratod by Charles II. By i 
Jlunioii>al Aet of 1835 the government was ]ilaecd in a m.ayor a 
burgesses, but there is a local board of health distinct from + 
eorpomtion, having control over an area slightly larger than 
of the municipal borough. From 1553 the borongh sent t 
mcmbei-a to parliament, but since 1832 oidy one member has be 
returned, and in 18CS the area of the borongh was increased. 

MOPPHlilUS is a personification, apparently invonti 
by Ovid (Mctmn., xi. G35), of tho power that calls 
shaiies before the fancy of a dreamer. The name (f e 
iwp<l>i'i) expresses this function ; Ovid translates it aril/. 
sumIcUorepic Jipurx. MoriJieus is naturally rciircseiit- 
as tho son of Sleep (Somnus). 

MORPHIA. SecOpitJJi. 


MORPHOLOGY 


rriTIE tenn Morjdiology (//o/u/u;, form), introduced by 
I Goethe to denote the study of tho unity of type in 
organic form (for which the Linmean term MiiTAMOitriiosis 
(c/.f.) had formerly been employed), now usually covers 
the entire science of organic form, and will bo employed 
in tlii.s more conqirehcn.sivc sense in the iircscnt article. 

1. HiMoriecil Outline . — If we disregard such vague 
likene.s.scs as tho.se exju-c.^sed in the jiopular cla.ssifications 
of jilants by size into lierb.s, shrub.s, and trcc.s, or of 
terrestrial animals by habit into beasts and creeping 
things, tlio history of morjihology conmiencc.s with Aris- 
totle. Pounder of coinjiarativc anatomy and taxonomy, 
he established eight great divisions (to which are aji- 
pended certain minor groups ) — Vivifcmms Quadrupeds, 
Jlird.y Oriparous Quadrupcch and Apoda, Fishes, Ma- 
i'tkicc, Afcthtcoslraca, Fntoma, and Ostmrodmnata — dis- 
tinguishing the first four groups ns Fnaima (“with 
blood”) from tho remaining four as Aiiaima (“blood- 
less”). In these two divisions wc recognize the Ver- 
tebrata and Invertebrata of Lamarck, while the eight 
groups are identical witli the Maminnls, Birds, ]lcptilc.s. 
Pishes, the Cephalopods, Crustaceans, other Articulates, 
uiul Testaccans of recent zoology. ]''ar, too, from com- 
mitting tho mistake often attributed to him of reckoning 
Bata as Birds, or Cetaceans as Pishes, ho discerned tho 
true aflinities of both, and erected tho latter into a spe- j 
cial yevos beside tho Viviparous Quadrupeds, far more on : 
account of their absence of limbs than of their aquatic 
habit. Not only is his method inductive, and, as in ! 
modern systems, his groups natural, i.e., founded on tho 
aggregate of known characters, but he foreshadows such | 
generalizations ns those of tho correlation of organs, and 
of tho iirogrcss of development from a general to a special 
form, long afterwards established by Cuvier .and Von 
Baer respectively. In the correspondence, he suggests 


between the scales of Fishes and tho feathers of Birds, • 
in that hinted at between tho fins of Fishes and tho liin’ 
of Quadrupeds, tho idea of homology too is nascent; 
from tho comiiilation of his discijile Nicolaus of Danir... 
who regards leaves ns imperfectly-developed fruits, ho sfC' 
almost to have anticijiated tho idea of tho metamorpho^ 
of plants. In short, wo find a knowledge of struct" 
facts and a comparative freedom from the errors in- i i 
by physiological resemblance, of which his successors si 
ns Theophrastus and Pliny, generally mere classifiers 
habit, show little trace, and which tho moderns have 
slowly regninod. Little indeed can be recorded until t. 
1 3th century, when tho reappearance of Aristotle’s ui ' 
gave a new impulse to the study of organic nature. < 
tho works of this period that of Albertus Magnus is ' 
the most important ; but they are all no more than 
vivnls of Aristotle, marking tho reajipearanco of scienti , 
method and tho reawakening of interest in and sympaHi 
with nature. IMeaiiwliilo leech and apothecary, niche i 
and witch, were accumulating considerable knowledge ■ 
2 )lnnts, which, after tho invention of jirinting, been, 
collected and extended in tho descrijitivo and well-illu 
trnted folios of Gesner and his successors, Fuchs, Lc’ 
and others, as well as by tho establishment of bc‘.'- ■ 
gardens and scientific academies, while, as Sachs cxpi- 
it, “ in tho shnrjiest contrast to tho naive empiricism of 1. 
German fathers of botany came their Italian contemp ■ 
Ciosalpinus, ns tho thinker of tho vegetable world.” _ 
made systematic eflbrts, — the Germans vaguely seeking i 
natural affinities in mere similarities of habit, the Ita ■ ■ 
with no inconsiderable success striving towards an ir* 
Icctual basis of classification. l\Ionographs on groups 
plants and animals frequently appeared, those of Belon 
Birds and Rondelct on Fishes being among the earliest; ‘ 
in tho former of these (1555) wc find a comparison of 
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.traiiasn Cannntiwlir-, in tlio Cornoi-Duodo collection. The life of 
Amiiy.T hns hccn wrilfcn by Lnip I.K)llin, bi.slioi) of Hcllniio (1«23), 
■by Piccolo Cra.yso 0021), and by Antonio Tnlnzzoli (1C20). 

J he most distinguished uicmLcr of the house of Morosini 
Fi-aiice.^co, tlie c.aittain-gciiernl of the reimblic against 
tlic 1 urk.s and concjucror of the ^lorea. lie was born in 
Jblti. In IGGG lie was in command during an nnforliinate 
•camjiaign in Candia. In 1GS7 ho comjuercd Patras, and 
oiiencd tlio Morea to the Venetian arms. In the follow- 
ing year he teas elected doge. After his return to Venice 
the republic suftered severely in Candia, and though now 
■an old man Fntnce.sco took the field again in 1C93, but 
<lied the next year at Xauplia, seventy-six years of age. A 
Jimre detailed account of his exploit.s will be found in the 
article ViiKicK. 

— lliibarn, dcnralnjic chile FamhiUc Palrhie Venetc, 
M.''., cl.'is vii. co<l. dccccxxvii., in the Mnrei.aii Library, Venice; 
C.i)ij>cl!ari, CiiiujikIo'jHo J''eiieto, MS., clas. vii. cod. xvii., in tho 
■'-unc libniry ; IJoinanin, Slorin cloniineiitiitcc cli I'cnezict ; Krcscliot, 
J.ii A’c’aVtd I'eitelci ; Cicopia, Jserhio/u'. I'eiiezictiie. 

MOlIPJiTII, a munici|)al and iiarliamcntary borough of 
^Northumberland, England, is situated in a fine valley on 
tho ^\ ansbeek, and on the North-Eastern Itaihvny, f)0 miles 
south of Perwick and IG north of Newcastle. The Wans- 
bock, which is cro.'^scd by a stone and two wooden bridges, 
winds round tho town on the west, south, and cast, and 
a small rivulet, the Cottingburn, bounds it on the north 


83 


31orpeth is irregularly built, but posses.scs a number of 
IS. Thu pari.sh church of tho Plcs.scd Virgin, a 


good .shops. Thu pari.sh ................. ...j,..., .. 

jilain building of the l-lth century, is situated on Kirk Hill, 
a .short distance from tho town. Among tho other public 
buildings arc tho Edward VJ.’s grammar .school, reoiicned 


f *^"**"S ir>0 years ; tlio ton 

hall, elected m 18/0 to suiicrsede a building of 1714 ’ 
yanbrugh; and tho county-hall and former gaol in 
baronial .stylo, built in 1814. Nothing reinaiii^ of tho o 
ca.stlo except tho gateway. Morpotli had at one time one 
the largest cattle-markets in England. Tlio industries 
the town include tanning, browing, malting, iron and bra 
founding, and the manufacturo of llaniiols, agricultr 
iinploments, and bricks and tiles. The j'opulation of t 
municipal borough (231 acres) in 1871 was 4.')17, and 
1881 it was Tho jiopulation of tho parliamontc 

borough (17,085 acres) in tho same years was 30,239 u- 
33,459. 


Jlori.otii [^^orepath, i.c., tlio iwtii over tbc moor) Imd atbiii; 
some size boforo tlio Norman Conquest, wlien it was granted 
M illiam do Jlerlny. From tho Do iMerlays it jiassed tlirongb *■ 
Grey.slock.s and Dacrcs to flio Hoivards, carls of Carlisle. So 
after Ibo Conqnc.st it obtained the privilege of a market, 
in 15r,2 arms were granted to it by Edward VI. It is a boron 
by jirracription, and was incoriioratod by Ciiarlcs II. ]5y i 
Jlunioi])al Act of 1835 the govornnient was ]ilaccd in a m.ayor a 
burgesses, but tbore is a local board of health distinct from + 
corporation, having control over an area slightly larger than 
of tho municipal borough. From 1553 the borough sent t 
membera to parliament, but since 1832 only one member has bo 
returned, and in 18CS tlio area of tho borough was increased. 

MOPPHEUS is a personification, apparently invonti 
by Ovid (Mctmn., xi. G35), of tho power that calls 
shaiie.s before the fancy of a dreamer. Tho name (f 
iwp<l>i'i) expresses this function ; Ovid translates it aril/. 
sumIcUorepic Jipurx. Moi'idieus is naturally rejiroscnt; 
as tho son of Sleep (Sominis). 

MORPHIA. SecOpiu.m 


MORPHOLOGY 


a lTIE tenn Morjihology (/lo/x/u;, form), introduced by 
Goethe to denote the study of tho unity of typo in 
organic form (for which the liinniean term MitTAMOiiritosis 
(t/.c.) had formerly been employed), now usually covers 
the entire science of orgtuiic form, and will bo employed 
in thi.s more comjirehcii.sivc sense in the jire.sent article, 

1. J/ixtorhil Oiidiiic . — If we disregard such vague 
likene.s.sc.s ns those exjirc.ssed in tho jiopular cla.ssifications 
of jilant.s by size into herbs, .shrubs, and trcc.s, or of 
terrestrial nnimals by habit into benst.s and creeping 
tliiiig.s, tho history of morphology commencc.s Avith Aris- 
totle. Founder of comjiarativc anatomy and taxonomy, 
lie established eight great divisions (to which are aji- 
pended certain minor groups ) — Vivipctroiis Quadntjicdn, 
Jllrch,- Onparous Qumlrupuh and Apodu, Fishfs, Jfu- 
Jn/ctct, Afcducoflraca, Entoma, and Odrarodermata — dis- 
tingui.shing the first four groups ns Eitciima (“with 
blood”) from tho remaining four ns Aiiaima (“blood- 
less”). In these two divisions we recognize tho Ver- 
tebrata and Invertebrata of Lamarck, while tho eight 
groups are identical with tho Mnninials, Ilirds, ]lcptilc.s, 
Fi.shcs, tho Cephalopods, Crustaceans, other Articulates, 
and Testaccans of recent zoology. ]''ar,^ too, from com- 
mitting tho mistake often attributed to him of reckoning 
Eats as Birds, or Cetaceans as Fishes, ho discerned tho 
true aflinities of both, and erected tho latter into a spe- ^ 
cial yevos beside tho Viviparous Quadrupeds, far more on 
account of their absence of limbs than of their aquatic 
habit. Not only is his method inductive, and, as in | 
modern systems, his groups natural, i.c., founded on tho 
aggregate of known characters, but lie foreshadows such 
generalizations ns those of tho correlation of organs, and 
of tho iirogrcss of development from a goner.al to a special 
form, long afterwards established bj' Cuvier _and A'^on 
Baer respectively. In the corrcspondenco. lie suggests 


betAvecn the scales of Fishes and tho feathers of Birds, • 
in that hinted at between tho fins of Fishes and tho liin’ 
of Quadrupeds, tho idea of homology too is nascent; 
from t iio coiiijiiiation of his discijile Nicolaus of Dam.".., 
who regards leaves ns imperfectly-developed fruits, ho seC' 
almost to have nnticijiated tho idea of tho metamorpho'- 
of plants. In short, wo find a knowledge of struct" 
facts and a comparative freedom from the errors in- i . 
by physiological resemblance, of which his successors si 
ns Theophrastus and Pliny, generally mere classifiers 
habit, show little trace, and which tho moderns have 
slowly regained. Little indeed can be recorded until t. 
1 3th century, Avhen tho reaiipoaraiico of Aristotle’s n ui ' 
gave a new impulso to the study of organic nature. < 
tho works of this period that of Albertus Magnus is ' 
the most important ; but they are all no more than 
vivnls of Aristotle, marking tho rcajipcaranco of scienti , 
method and tho reawakening of interest in and sympaGi 
with nature. Jleanwhilo leech and apothecary, alclm i 
and Avitch, Avero accumulating considerable knoAvledgo ■ 
jilaiits, Avhich, after tho invention of jirinting, be^''- 
collected and extended in tho descriptive and Avell-illn 
trated folios of Gosner and his successors, Fuchs, Lc’ 
and others, ns Avell ns by tho establishment of bc‘." ■ 
gardens and scientific academies, Avliile, as Sachs exp. ■ 
it, “ in tho shaiqiest contrast to tho naive empiricism of 1- 
German fathers of botany came their Italian contemp ■ 
Ciesalpinus, ns tho thinker of tho vegetable Avorld.” _ Dc 
made systematic eflbrts, — tho Germans A'aguely seeking i 
natural affinities in mere similarities of habit, tho Ita -- 
Avith no inconsiderablo success striving toAvards an Ir* 
Icctual basis of classification. I\Ionographs on groups 
plants and animals frequently appeared, those of Belon 
Birds and Rondelot on Fishes being among the earliest; ‘ 
in tho former of these (1555) we find a comparison of 


founts, as ■well as of at least the liiglior animals, liavo been studied 
■^vitll inucli and cvor-increasing aecuracy of detail fSco Anv 
TOMY, Histology, Emiikyolooy.) Both vogotablo and animal 
Tissues liavo lioeu simply classified both accovding to their adult 
forms and according to tho embryonic layers from which thov 
respectively arise. Ihis scrutiny of plant and aiiimnl structuro 
•over and above the special generalizations of the botanist and the 
jioologist has nllordcd_ much result to general histology. Tlie 
imjtrovcmcnt of technical niethods has of late years largely aided 
tho progress of discovery. A return from tho study of the coll- 
.aggregate to that of the cell has commenced, and tho question of 
■eoll-stiTictiiro may bo said to bo again paramount in histolo''y. The 
process of transverse division has of late boon much elucidated 
•and, although its complex details cannot hero bo entored upon,’ 
the result has been to establish a minuto and tliorough correspond- 
•cnco in cases so ividoly dissimilar ns pollen-grains from a flowei^-bud, 
the c])idcnnis of a tadpole, or tho colls of a tumour— a result which 
•obviously ciilianccs the morphological comiiletoness of tho cell 
theory. Alinor modes of cell-multiplication also are not without 
•their morphological interest. Gemmation, familiar in tho veast 
plant, occurs in other low and simple organisms, and may prokably 
ho identified with tho formation of polar vesicles in ova as a modi- 
fication of transverse division. Schloidon had supposed all new 
■cells to originate within pre-existing colls, and this process, known 
SIS frco-CDll-formation, may rc.ally bo observed in various plant 
■and animal tissues, 'pio protoplasm groups itself round new nuclei, 
tho now colls being in fact formed mucli as Sohw.ann had in his 
turn supposed ; but these nuclei have repeatedly been shown to 
arise from segmentation of the original nucleus, and thus this pro- 
cess too seems a more modification of tho general one of transverse 
•division. Conjugation, too — that coalcsconoo of two similar cells 
which may he observed in many Algie, Pungi, and Protozoa — is to 
' lie considered ns tho umlilferentiated form of that fertilization which 
•occurs in higher animals and plants, tho two apparently similar 
masses having become respectively difibrentiated into ovum and 
spermatozoon, or into egg-cell and antherozoid. An indefinite 
number of amceboid colls sometimes flow together into a single 
mass, — a phenomenon regarded by some ns multiple-conjugation, 
•or perhaps more probably ns an almost niechnnioal coalosccuco of 
•exhausted cells, from which conjumition proper and finally fertili- 
zation may indeed have originated. Tho amceboid cells of higher 
animals similarly unite when drawn, and this formation of plas- 
Modia, as these are termed, seems to bo a deep-seated property of 
tlio animboid cell. Similarly, too, tho process of rojuveuesconco 
which occurs in many of tho lowest plants and animals, such ns 
Protococcus and Amcoba, whore the protoplasm jiasscs from a rc.st- 
■ing and encysted to a naked and mobile stage, has inauy analogues 
not only among the Protista but even in tho tissues of higher 
•animals, while tho phases which tho lowest organisms more pr less 
•exliibit — the onej’sted, tho ciliated, tho ammboid, and the piasmo- 
•dial — may bo regardecl ns tho fundamental forms of a “ lifc-cjxlc, 
fully represented inxlced only in such extremely low organisms .as 
Protomyxa and Alyxoinycotcs, yet nowhere completely suppressed. 
Tho very highest plants and animals may thus be considered as 
aggregates of more or less diflerentiated and variously arranged 
encysted, amceboid, and ciliated cells, while their doi'clopiucnt 
•and subsequent changes, their variations normal and jiatholomcal, 
in rc.ality exliibit idiases more or less distinct of tho ancestral lilc- 

Tho examination of tho precise modes of coll-division, particuiany 
in tho hands of botanists (see Biology, and summary m Sachs s 
Vorlcsungcn ilbcr Pjlanzcn Physiologic, 18S3), are also const-antly 
throwing the most interesting light upon the structure of 1“° adult 
■ organism. Thus then, in our own clay as in those of Biobpt or 
Schwann, tho labours of tho histologist, when inspired by Inghci 
aims than that of the more multiplication of descriptive detail, are 
of supremo morphological iniiiortance, and result in the dcmoiiscm- 
tion of a unity of organic structure deeper oven than any which wo 
owe to Linmeus or Cuvier, Goethe or Geoflroy. r 

§ 4. /iidi'rWim/iti/.— Probably no subject in the whole rouge oi 
biology has boon more cxtoiisivoly discussed tli.aii that of tho im u 
•of orgaliic individuality. Tho history of tho eoiitroveroj is 
interest, since besides leading up to solid results it serves, per .1 
better than any other case, to illustrate tho slow ® „ 

natuival sciences from tho influence of scholastic thought. & , ^ 

from the obvious, unity ami indivisiblenossofMau „i 

animals, and adopting some definition 

(e.vception.alh' unmotaphj'sical, however^ .p,, iii| 

• tho 


morphology 


(‘Oiiiplot dans sos parties, "distinct ct scpai'c dcs nutres \ 
iudividu,” it was attemptecl times without number to disc 

■same conception elsewliero in nature, or rother to h"P®- ,,n- pp,,* 
,.11 ..,1 1 .,,!, -. 1 .-.. 1 „iii-« The ro.sultsof dillcrcni; 


idl othei- beings, plants and animals alike, 
inquirers wore of course utterly discrepant 


It seemed easy 


natural to identify a tree or herb corresponding to 
iiuimal, yet dinioulties at once ai-ose. kany > “be 

■plants may arise from a common root, or a i ‘ np.-yps all 

-i'-'eouipo.sed into branches, twigs, slioots, buds, or e • > 


often capable of separate existence, 
able into tissues and cells, tho cells i 
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These, again, arc dieompo';- 


mto protqplasniic moTee«i;;:th;ro*S?^^^^^ 

thus passuif? onhsiflA nvrMiii/i , * 


nccessaiy, therefore, briefly to notice some of tho iirincip.ii works 
ordolr “'•'‘P conveniently bo taken in dLccnding 

practically agreed with Jlirbcl in attomptiii}; to 
.?o‘ pkiits as individuals, tho widest interpretation of 

the iiidiyulual is that of Gallesio (ISIG), who proposed to regard 

® seed, alike whether 
this del eloped into a uni-axml plant extended eontimiously like a 
llanynn, or inultiphod ase.viially by natural or artificial means like 
the Weepmg-willow or tho Canadian Pomlwced, of each of which 
on tins view, there is only a single individual in Britain, happily 
discontinuous. ^ 

At onco tho oldest and most frequently maintained view is that 
wliich regards tho bud or shoot consisting of a single axis with 
a])|>oiuia"cs as tho plant-individual, of which tho ticc rcjircsonth a 
1 ? hydroid Polyp. I'his conception, ol'ton 



amt in this yiew C. F. Wollf and Ilnmhohlt conenned, while 
Brasmus Darwin supported it by an npne.al to tlio facts of anatomy 
and dovclopmoiit. Tho most iii’fluoiitial advocate of tho bud theory 
during tho first lialf of tho present century was, however, Du Petit- 



growth. 

him tho tree is a colony oiyhyions, each being a bud with its axillant 
leaf'aml fraction of the .stem and root. Pn.S!>ing over inmicroun 
minor authors, wo eomo to the central work of Alex. Braun {18fi3), 
ill wliicli, ns Sachs lias clearly pointed out, the illegitimate coni- 
bination of Nntnrphilo.sophio with inductive morphology readies 
its extreme. Ho reviews, however, all preceding theories, ndniita 
tho dillicnlty of fixing iqion any as fiiinl, since tlie plant, physio- 
logically considered, is rothor a dividiium tlian an iiutividiium, and 
proposes as a compromiso, or indeed ns a partial cut ting of tho 
Knot, tho adoption of tho shoot ns the morphological individual, 
comparable to an .animal, especially because, unlike tlio cell, leaf, 
fee., it includes all the representative clmractcrs of the species. 
Darwin and Spencer on tho whole also accept tho bud or slioot as 
at any rate the most defmito individual. 

Tho theory of nictnmorpho.sis natnrallv led Goethe, Oken, and 
others to regard tho leaf as the individual, while .lohamics Muller, 
Stcciistrup, and others adopted the same view on various jihysio- 
lomcal grounds. Gaudiehaud elaborated a theory iiiterniediato 
betwcon this view and that of Du Petit-Thouars, accoiding lo wbic i 
the plant was built up of individuals, each con.sisting of a leaf with 
its subjacent intornodo of stem, wliieli was regarded as tlie le.abbase, 
niid this was supported by Edward Forbes and others, wliilo the 
nominally converse view — that of tlio leaf as a mere outward ex- 
pansion of the stem-segment— was proposed by Iloclistctter. 

Tliougli sundry attempts at ideiitil'ying various tKsucs, such ns 
the fibro-vnsciliiir bundles, as tlio constituent individuals may le 
passed over, those associated with tho cell thcorv are of Tij’-a 
Importance. Schwann decided in favour of tho cell mid regaph I 
the plant as a coil-community, in whieli the separate cleinent.s wi u 
like the hoes of a swann,-a view virtually ooncurre in n a 
essential respects by Sclilciden, Virchoii, and other ii . 
coll theory. ^ Yet, although tho structure and (“'’‘■*'°nsof tin ptant 
nru nifimntoly and exclutively ccllnlar, it is irnjio-s-ihle to g 
Z tact that rave in the ver/lowo-t organisms, these •'•rv -r- ; 

intcd and difl'eroiitiated into larger aggregate.s,,an( ® 



Camlollo and Schleiden, uu... ,,i}.ordiinu d 
the multi-axial plant as fonning .itvefr'iabli'h* 

categorics. Kiigch too recoginzcii «ot onb ‘'''.’f®,,,,, ,i phntl 




xvr. 


lOl) 



founts, as ■well as of at least the liiglior animals, liavo been studied 
■^vitll imicli and cvor-iucreasmg aecuracy of detail fSeo An v 
TOMY, Histology, Emiikyolooy.) Both vogetablo and animal 
-tissues liavo been simply ckssilied both aceording to tboir adult 
forms and according to tbo embryonic layers from which thov 
respectively arise, lliis scrutiny of jilant and animal stnictiira 
•over and above the special goiioralizatioiis of the botanist and the 
j:oologist lias allbrdcd niiieli result to general histology Tlio 
imjtrovcmciit of technical niothods has of late years largely aided 
the progress of discovery. A return from the study of the coll- 
4iggregate to that of the coll has conimoiiced, and tlio question of 
.coll-striictiiro may bo said to bo again paramount in histolo-'y. The 
process of transverso division has of late been much elucidated 
•and, altlioiigli its coinidox details cannot hero bo entered upon’ 
the result has been to establish a minute and tliorough correspond’ 
•cnee in cases so Avidoly dissimilar as pollon-graans from a llower-bud 
the c])idcnnis of a tadnolo, or the colls of a tumour— a result ivliicl’i 
•obviously enhances the morphological completeness of the cell 
theory. Iilinor modes of cell-multiplication also are not without 
•their morphological interest. Gemmation, familiar in the veast 
plant, occurs in other low and simple organisms, and may prokably 
ho identified with the formation ol polar vesicles in ova as a modi- 
fication of transverso division. Scliloidon had supposed all new 
■cells to originate within pre-existing colls, and this process, known 
as frco-cell-formation, may really bo observed in various plant 
■and animal tissues. The protoplasm groups itself round new nuclei, 
the now colls being in fact formed mucli as Schwann had in his 
turn supposed ; but these nuclei have repeatedly been shown to 
arise from segmentation of the original nucleus, and thus this pro- 
cess too seems a more modification of the general one of transverse 
•division. Conjugation, too— that coalescence of two similar cells 
which may be observed in inanj- Algie, Eungi, and Protozoa— is to 
' lie considered ns the umlilferentiatcd form of tliat fertilization which 
•occurs in higher animals and plants, the two apparently similar 
masses having become respectively difibrentiated into ovum and 
spermatozoon, or into egg-cell and nnthorozoid. An indefinite 
number of amceboid colls sometimes flow together into a single 
mass, — a phenomenon regarded by some ns multiple-conjugation, 
•or perliajis more probably ns an almost mechanical coalosccnco of 
•exhausted cells, from which conjugation proper and finally fertili- 
zation may indeed have originatcci. The ameuboid cells of higher 
animals similarly unite when drawn, and this formation of plas- 
Media, as these are termed, seems to bo a deep-seated property of 
the amoeboid coll. Similarly, too, the process of rojin’cnesconco 
which occurs in many of the lowest plants and animals, such ns 
I'rotococcus and Amcoba, Avhoro the protoplasm jiassos from a rc.st- 
■ing and encysted to a naked and mobile stage, has many analogues 
not only among the Protista but even in the tissues of higher 
-animals, Avhilc the phases Avhich the lowest organisms more yr less 
•e.xliibit — the encysted, the ciliated, the amniboid, and the piasmo- 
■d.ial — may bo regarded ns the fundamental forms of a “life-cycle,” 
fully represented invlced only in such extremely low organisms as 
Protomyxa and Jlyxoinycetcs, yet nowhere completely suppressed. 
The very highest plants and animals may thus be considered as 
aggregates of more or less difl'erontiated and variouslj' arranged 
encysted, amceboid, and ciliated cells, while their devclopincnt 
and subsequent changes, their variations normal and jiatholomcal, 
in rcalit}' exliibit phases more or less distinct of the ancestral hfe- 
■cycle. . ....,, 

The examination of the precise modes of cell-division, particularly 
in the liaiuls of botanists (see Biology, and summary in Sachs s 
l~orlcsangc>i fiber PjiaiKcn Physiologic, 1SS3), are also const.antly 
throwing the most interesting light upon the structure 0*1“° cdult 
■ organism. Thus then, in our own day as in those of Bichat or 
Schwann, the labours of the histologist, Avhon inspired by higher 
1111115 than that of the mere multiplication of descriptive detail, are 
of supreme morphological imiiortaiice, and result in the dcmonsti.'i- 
tion of a unity of organic structure deeper oa'cii than any which no 
owe to Linniens or Cuvier, Goethe or Geollroy. 

§ 4. Individuality.— VvohahXy no subject in the whole range oi 
biology has boon more cxtoiisii’cly discussed than that of the imtuio 
•of orgaliic individuality. The history of the eontroveray is o 
interest, since besides leading uii to solid results it servos, 1'®“'' 1 
better tlian any other case, to illustrate the slow cmorpiiw o i 
natural sciences from the influence of scholastic thought, btar „ 
from 
animals, 

(excel) 

eoinplei, nans scs parties, (iistinei. ut siig.iju . • .j 

iudividu,” it was attempted times rvitliout number to disco 
■same conception clsewliere in nature, or rather to '!'}P®'l®,.n- * 

•dl othei- beings, plants and animals alike. Pho results 
inquirers wore of course utterly discrepant 

natural to identify a tree or herb corresponding to tl ,i,-..Hiict 
animal, yet diflicnlties at once ai’oso. Many A po 

■plants may arise from a common root, or a single j • . ‘ ^ jj 
■^ioeontpo.se'd into Lrauches, twigs, shoots, buds, or e\ * » 
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r™®t'“lly,ngr®®'l'vith Jlirbcl in attempting to 

o- fd sep.aiato plants as individuals, the widest interpretation of 
the iiidmdual is that ol Gallesio (1810), who proposed to rrganl 

this dm eloped into a uni-axial plant extended eontimionsly like a 
lianyan, or multiphod ase.xnally by natural or artificial me.ans like 
the \Yceping-willow_or tbo Canadian Pondweed, of each of wliicb 
discontinuoT’ ^ individual in Britain, h.appily 

At once the oldest and most frequently maintained view is that 
^\hicii icgfiids tho bud or shoot consisting of n single nxis with 
aiipondages as tho plant-individual, of which tho fico reiiresent.-, a 
colony, like a branched hydroid Polyp. This conception, often 
attributed to Aristotle, but aiiparently without foundation, atiiicars 
distinctly in the writings of llippocratcs and Thcopbrastus,— tho 
latter saying, “Tho bud grows on the tree like a plant in the gronnd. " 
The aphorism of LinnrcuB, ‘ ‘ Gomina; totidom herbie,” is well known ; 
and in this view C. F. Wolff and Humboldt concuned, whilo 
Brasmus Darwin supported it by an appeal to tho facts of anatomy 
and development. Tho most influential advocate of tho bud theory 
during tho first half of tho itresent century was, however, Dn Petit- 
Thouars, who, although starting much ns usual ivith a “princii)Q 
unique d’existcnco,” supported his theory on cxtcn.sivc though 
largely incorrect observations on stem stnicturo and growth. For 
him tho tree is a colony olyhytons, each being a bud with its axillant 
leaf 'and fraction of the .stem and root. Pn.s.sing over mmieroiis 
minor authors, wo come to tho central work of Alex. Biann (18f>3), 
in which, ns Sachs has clearly pointed out, tho illegitimate coni- 
hinntion of Hnturphilo.sophio with inductive morphology rcaehc.s 
its oxtremo. lie reviews, however, all preceding theories, admits 
tho difficulty of fixing iqion any as final, since the plant, physio- 
logically considered, is rather a dividuum than an iiulividiium, and 
iiroposes as a compromise, or indeed ns a partial cutting of tho 
knot, tho adoption of tho shoot as tho morphological individual, 
comparable to an .animal, especially because, unliKe the cell, leaf, 
fee., it includes all tho representative characters of the species. 
Diirwin and Spencer on tho whole also aeccjit tho bud or shoot a.s 
at any rate tho most definite individual. 

Tho theory of metamorphosis naturallv led Goethe, Oken, and 
others to rogiird tho leaf ns the individual, whilo .lohannes Muller, 
Steenstrup, and others adopted the same view on various jihvsio- 
lomcal grounds. Gaudiebaud elaborated a theory iutermediato 
between this view and that of Du Petit-Thouars, accoiding io which 
the plant was built up of individuals, each consisting of a leaf nith 
its subjacent intoriiodo of stem, which was regarded ns the leahba-e, 
nml this was supported by IDdward Forbes and other'', whilo tho 
nominally converse view — that of tho leaf as a mere outward ex- 
pansion of tho stem-segment— was proposed by Ilochstctter. 

Though sundry attempts at identifying various tKsues, suctins 
the fibitvascular bundles, ns the constituent individuals may be 
passed over, those associated with tho cell thcorv are of grt.i 
iiiiportanco. Schwann decided in favour of tho cell nml repnhd 
the plant as a cell-community, in whi.'li the separafo 
like the bees of a sw.arin,-a view virtu.ally ‘ ' 
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form higher nggregates wliich ho terms Suoh zoiJes ma}- be 

irregular, radiate, or linear aggregates, of whieh the two former 
classes especially are termed dimes. The organ— Haeckel’s idorgan— 
is excluded, since tissues and organs result from division of laboiir 
in the anatomical elements of the meridcs, and so have only a 
secondary individuality, “carefully to bo distinguished from the 
individuality of those parts whose direct "rouping has formed the 
organism, and which live still, or have lived, isolated from one 
another.” Perrier further points out that undifferentiated colonics 
are sessile, as Sponges and Corals, while a free state of existence is 
associated with the concentration and integration of the colony into 
an individual of a higher order. 

So far the various theories of the subject ; detailed criticism is •! 
impossible, but some synthesis and reconciliation must be attempted. 
Starting from the cell as the morphological unit, wo find these 
forming homogeneous aggregates in some Protozoa and in the early 
development of the ovum. But integration into a wliole, not 
merely aggregation into a mass, is essential to the idea of individu- 
ality; the earliest secondary unit, therefore, is the gastrula or 
ineridc. This stage is permanently rejiresentcd by an nnbranched 
Hydra or Sponge or by a Planarian. These secondary units may, 
however, form aggregates cither irregular as iu most Sponges, in- 
delinitel}' branched as in the Hydroids and Actinozoa, or linear as in 
such Planarians as Catcnula. Such aggregations, colonies, or domes, 
not being aggregated, do not fully reach individuality of the third 
order. This is attained, however, for the branched series by such 
forms as Siphonophores among Hydrozoa, or Renilla or Pennatula 
among Actinozoa ; for linear aggregates again b^' the higher Worms, 
and still more fully by Arthropods and Vertebrates. Aggregates 
of a yet higher order may occur, though rarely. A longitudinally 
dividing Hais or laterally branclied Syllis are obviously aggregates 
of these tertiary units, which, on Haeckel’s view, become integrated 
in the Echinoderm, which would thus reach a complete indivi- 
dualit}’ of the fourth order. A chain of Salpaj or a colon j’ of Pyro- 
Eoma o.xhibits an approximation to the same rank, which is more 
nearly obtained by a radiate group of Botryllus around their central 
cloaca, while the entire colony of such an Aseidian would represent 
the individual of the fiftli otxler in its incipient and unintograted 
state, — those and the preceding intennediato forms being, of course, 
readily intelligible, and indeed, as Spencer has shown, inevitable 
on the theory of evohitiou. 

The exclusion of tissues and organs from rank in this scries is 
thus seen to necessarily follow. Ectoderm and endoderm cannot 
exist alone ; they and the organs into which they dillbrontiate 
arise morel}’, as Jiigor expresses it, from that concentric lamination, 
or, with Perrier, from that polymorphism of the members of the 
colony, which is associated with organic and social existence. The 
idea of the antimore is omitted, as being essentially a promornho- 
logical conception (for a Jlodusoid or a Star-llsli, tho_u"h of widely 
distinct order of individuality, .are equally so divisible) ; that of 
the motamero is convenient to denote the secondary units of a 
linear tertiary indiWdual ; the term persona, however, seems un- 
likely to survive, not only on account of its inseparable psycho- 
logic.al connotations, but because it has been somewhat vaguely 
applied alike to aggregates of the second and third order ; and the 
term colony, conn, or demo may indiilbrontly bo apjdicd to those 
aggregates of primary, secondary, tertiary, or quaternary order winch 
are not, however, integrated into a whole, and do not reach the 
full individuality of the next higher order. The term zooid is also 
objectionable as involving the idea of iudividualizod organs, a viou 
natural while the medusoid goiiojdiores of a Hydrozoon were looked 
at ns evolved of its homologuo in Hydra, whereas the latter is 
realty a degenerate form of the former. Passing to the vcgotahlo 
world, here as before the cell is the unit of the first order, u liile 
nggregates representing .almost every stage in the insensible evolu- 
tion of a secondary unit are far more abundant than nmongammals. 
Complete unitv of the second orderc.au hardly bo .allowed to the 

thallus, 

tortis 

ami as loading to\iiroct results. Such a unit is clearly proscii 
by the embryo of higher piants in which the_ cell-ag"a*pto is a 
once difToreutiated into parts and integrated into a , , i 

an embrvo possesses axis and appendages as when fully dor i <- 
(fig. 2). ' The latter, however, being as organs mci-e Woral expan- 
sions of the concentric layers into w^iich the plant cdd’R'’®’ . , 

animal, is ditlorentiated, and so neither stages of 
capable of separate existence, are not entitled to ' 

The embryo, tiio bud, slioot, or uni-axial plant, all thus q , 
the second order of individuality, like the Hydroid they • 
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bo admitted to have attained, while a " " 
comiiound inlloresceuce is on the way 
to a yet liighor stage. 

If, as seems probable, a nomencla- 
ture bo indispensable for clear ox- 
jircssion, it may be simply arranged 
in conformity with this view. Start- 
ing from the unit of the first order, 
the plastid or monad, and termin" 
any undiiferontiated aggregate adem^, 
we have a 7iioiiad-dcmc integratiii" 
into a secondary unit or dmd, this F'P' 2.— Embryo of DicotvIMon 

triad, this forming Inad-dctncs, and tlu' three concentric embryonic 
these when diflerentiated becoming layers. 
tetrads, the Botryllus-colony with winch the evolution of compomul 
individuality terminates being a tetrad-derne. The scix-irato living 
form, M hethor monad, dyad, triad, or tetrad, requires also some dis- 
tinguishing name, for which pciwiin will probably ultimately bo found 
most appropriate, since such usage is most iu harmonywith its inevi- 
table physiological and psychological connotations, while the genea- 
logical individualof Gallesio and iluxlev,eon\inon also to all the cate- 
gories, may bo designated with Haeckel the oi-iim-jirodiict or ovum- 
cycle, the complete series of forms needed to represent the species 
being the spccics-eycle (though this coincides with the former rave 
in cases whore the sexes are separate, or polymorpliisin occurs). 
For such a peculiar case as Viplozooii 2 ’aradoxam, where two 
sep.avate forms of the sanio species coalesce, and still more for such 
heterogeneous individuality as that of a Lichen, where a composite 
unit arises from the union of two altogether distinct forms — Fungus 
and Alga, — yet additional categories and terms are required.' 

§ 6 . Promorphology, — Just ns the physiologist constantly seeks 
to iuterpi-ct the phenomena of function in terms of mechanical, 
physical, and chemical laws, so the morphologist is tempted to 
inquire whether organic as well as mineral forms are not alike 
reducible to simple mathematical law. And just ns the crystallo- 
grapher constructs an ideally perfect mathematical form from an 
imperfect or fragmentary crystal, so the morphologist has frequently 
attempted to reduce the complex-curved surfaces of organic beings 
to definite mathematical expression." Canon Moseley {Phil. Trans., 
1838) succeeded in showing, by a combination of measurement and 
mathematical analysis, that the curved surface of any turbinated 
or discoid shell might be considered as generated by the revolution, 
about the axis of the shell, of a curve, which continually^ varied its 
dimensions according to the law of the log.irithmic sjtiral. For 
Goodsir this logarithmic spiral, now carved on his tomb, scemeil 
a fundamental expression of organic curvature and the dawn of a 
now eiioch in natural science— that of the mathematical investiga. 
tion of organic form— and his own elaborate measurements of the 
body, its organs, and even its component cells seemed to yield, 
now the triangle, and again the tetrahedron, as the fundamental 
form. But such supposed results, savouring more of the >atur- 
philosophio than of sober mathematics, could only serve to di.s- 
courage further inquirv and interest in that direction. J hirs ne 
find fliat even the best treatises on botany and zoology abandon 
the subject, satisfied with merely contrasting the simple geometnea 
™d-forms of crystals with the highly, curved and hoiKdessly 
Complicated lines and surfaces of the orgiinism. 

Ilnr tbore .are other considerations which lead up to a niatht- 
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form higher nggregates wliich ho terms zoidcs. Sueh zoiiles ma}- be 
irregular, radiate, or linear aggregates, of whieh the two former 
classes especially are termed dimes. The organ— Haeckel’s idor^an— 
is excluded, since tissues and organs result from division of laboiir 
in the anatomical elements of the meridcs, and so have only a 
secondary individuality, “carefully to bo distinguished from the 
individuality of those parts whose direct "rouping has formed tlie 
organism, and which live still, or have lived, isolated from one 
another.” Perrier further points out that undiflbrentiatod colonics 
are sessile, as Sponges and Corals, while a free state of existence is 
associated with the concentration and integration of the colony into 
an individual of a higher order. 

So far the various theories of the subject ; detailed criticism is •! 
impossible, but some synthesis and reconciliation must be attempted. 
Starting from the cell as the morphological unit, wo find these 
forming homogeneous aggregates in some Protozoa and in the early 
development of the ovum. But integration into a whole, not 
merely aggregation into a mass, is essential to the idea of individu- 
ality; the earliest secondary unit, therefore, is the gastrula or 
meridc. This stage is permanently rejiresentcd by an nnbr.anched 
Hydra or Sponge or by a Planarian. These secondary units may, 
however, form aggregates either irregular as iu most Sponges, in- 
delinitel}' branched as in the Hydroids and Actinozoa, or linear as in 
such Planarians as Catcnula. Such aggregations, colonies, or domes, 
not being aggregated, do not fully roaeirindividnality of the third 
order. This is attained, however, for the branched series by such 
forms as Siphonophores among Hydrozoa, or Renilla or Pennatula 
among Actinozoa ; for linear aggregates again by the higher Worms, 
and still more fully by Arthropods and Vertebrates. Aggregates 
of a yet higher order may occur, though rarelj’. A longitudinally 
dividing Hais or laterally branclied Syllis are obviously aggregates 
of these tertiary units, which, on Haeckel’s view, become integrated 
in the Echinodorm, which would thus reach a complete indivi- 
dualit}’ of the fourth order. A chain of Salpaj or a colony of Pyro- 
soma o.xhibits an approximation to the same rank, which is more 
nearly obtained by a radiate group of Botryllus around their central 
cloaca, while the entire colony of such an Ascidian would represent 
the individual of the fifth oixlcr in its incipient and unintograted 
state, — those and the preceding intermediate forms being, of course, 
readily intelligible, and indeed, as Spencer has shown, inevitable 
on the theory of evolution. 

Tlio exclusion of tissues and organs from rank in this series is 
thus seen to necessarily follow. Ectoderm and eudoderm cannot 
exist alone ; they and the organs into which they dillbrontiate 
arise merely, as J.'igor expresses it, from that concentric lamination, 
or, wth Perrier, from that polymorphism of the members of the 
colony, which is associated with organic and social existence. The 
idea of the antimere is omitted, as being essentially a promorpho- 
logical conception (for a Jledusoid or a Star-llsh, tho_u"h of widely 
distinct order of individuality, are equally so divisible) ; _that of 
the motamero is convenient to denote the secondary units of a 
linear tertiary indindual ; the term persona, however, seems un- 
likely to survive, not onlj’ on account of its inseparable psycho- 
logic.al connotations, but because it has been somewhat vaguely 
applied alike to aggregates of the second and third order ; and the 
term colony, conn, or demo may indillbrontly bo apjdied to those 
aggregates of primary, secondary, tertiary, or quaternary order which 
are not, however, integrated into a whole, and do not reach the 
full individuality of the next higher order. The term zooid is also 
objectionable as involving tire idea of iudividualizod organs, a view 
natural while the medusoid goiiojrhores of a Hydrozoon wei'o looked 
at ns evolved of its homologuo in Hydra, whereas the latter is 
realty a degenerate form of the former. Passing to the vegotablo 
world, here as before the cell is the unit of the first order, while 
nggregates representing almost every stage in the insensible evolu- 
tion of a secondary unit are far more abundant than among animals. 
Comploto uni tv of the second order c.iu hardly bo .allowed totho 
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and as loading to direct results. Such a unit is clearly prosentcu 
by the embryo of higher plants in which the_ cell-ag"rcpto is a 
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an ombrvo possesses axis and appendages as when fully dor ciopn 
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animal, is ditlorentiated, and so neither stages of V 
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bo admitted to have attained, while a 
compound inllorescence is on the way 
to a 3 'et liighor stage. ’’ 

If, as seems probable, a nonioncla- 
tiiro bo indispensable for clear ex- 
pression, it niaj' be siuiplj' arranged 
in conformity with this view. Start- 
ing from the unit of the first order, 
the plastid or monad, and termiii" 
any undiiforontiated aggregate adem^, 
we have a 7iwnad-demc intc"ratin" 
into a secondary unit or dijeuL this Fio. 2.— Embryo of DicotvIMon 

triad, this forming Inad-dcmes, and tbe three concentric embryonic 
these when diflerentiated becoming layers. 
tetrads, the Botrylliis-colony with winch the evolution of couipomul 
individuality terminates being a tetrad-deme. The scimrato living 
form, u hethor monad, dyad, triad, or tetrad, requires also some dis- 
tinguishing name, for which persona will probably ultimately bo found 
most appropriate, since such usage is most in harnionywith its inevi- 
table pjiysiological and psychological connotations, while the genea- 
logical individualof Gallesio and Huxlev,coinnion also to all the cate- 
gories, may bo designated with Haeckel the ovum-jiroiiiict or oritm- 
cycle, the complete series of forms needed to represent the species 
being the spccics-cyclc (though this coincides with the former s.ivo 
ill cases whore the sexes are separate, or potyniorpliisni occurs). 
For such a peculiar case as Viplozooii pnradoxiim, where two 
sep.irate forms of the same species coalesce, and still more for such 
heterogeneous individuality as that of a Lichen, where a composite 
unit arises from the union of two altogether distinct forms — Fungus 
ami Alga, — j'ot additional categories and terms are required.^ 

§ 5. Promorphology. — Just ns the physiologist constantly seeks 
to interpret the phenomena of function in terms of mechanical, 
phj’sical, and chemical laws, so the morphologist is tempted to 
inquire whether organic as welt as mineral forms are not alike 
reducible to simple mathematical law. And just ns the erystallo- 
graphor constructs an ideally perfect mathoiiiatical form from an 
imperfect or fragmentary crystal, so the morphologist has frequently 
attempted to reduce the complex-curved surfaces of organic beings 
to definite niatliematieal expression.® Canon Moseley {Phil. Trans., 
1838) succeeded in showing, by a combination of mcasuremciit and 
mathoiiiatical analj’sis, that the curved surface of any turbinated 
or discoid shell might lie considered as generated by the revohitiqn, 
about the axis of the shell, of a curve, which contimtally_ varied its 
dimensions according to the law of the log.irithmic spiral. For 
Goodsir this logarithmic spiral, now carved on his tomb, scenicil 
a fundanient.al expression of organic curvature and the dawn of a 
now eiioeh in natural science— that of the mathematical investiga- 
tion of organic form— and his own elaborate measurements of the 
body, its organs, and even its component cells seemed to yield, 
now the triangle, and again the totrohedron, as the fundamental 
form. Blit such supposed results, savouring more of the >atur- 
philosophio than of sober mathematics, could only serve to di.s- 
coura "0 further inquirv and interest in that direction. Jims no 
find tliat even the best treatises on botany and zoology abandon 
the subject, satisfied with merely contrasting the simple geometneal 
™d-fonns of crystals with the highly, curved and hoiKdessly 
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ns another part or organ in n difforent animal {c.n nnnpl„,f„ 
Draco and wings of Bird) " He further disting, .ishes^hree khidl 
of homolop' :-(l) special, being “that above defined, namely ti e 
corrcspondeiico of a part or organ dotemined by its relative nosltimi 
and coiinexions with a part or organ in a Aifforent animal, the 
dotcrimnation of which homology indicates that such animals are 
constituted on a com, non typo,” e.g., basilar process of human 
occipital_ witli basi-occipital of fish ; (2) general, that “liiTlior 
relation in which a. part or series of parts stands to the fundamental 
or general typo, involving a knowledge of the typo on avhich the 
group 111 qiicstion is constituted,” e.g., the same hiimaii bone and 
centrum of the last ci-aiiial vertebra ; (3) serial homolo"y “i-cnre- 
sontativo or repetitive relation in the sogmonts of the same skeleton ” 
(demonstrated when general and special homologies have been 
doterminod); thus usually tho basi-occipital and basi-sphenoid 
are “homotypes.” Those tonus were hcncofortli accepted by 
natiii-alists ; but tho criterion of analogy and homolog)’ becaino 
for Agiissir. and other embryologists developmental as well as 
comparative, reference to the ideal archetype becominn less 
and loss frcmient. Passing over tlio discussions of Agass?z and 
Broun, of which tho latter is criticized and partly incorporated 
by llacckcl, wo find tho last-named (1) placiiig serial under general 
homology ; (2) crocting categories of homology partially corre- 
sponding to those of individuality,— (o) /mmoti/py (of antimeres), 
honco distinct from that of Owen, (h) fiomodt/namij (of imtaumcs), 
(c) homonoiivj (of parts arranged on transvorso axes) ; (S) defining 
special homology in terms of identity of embryonic origin. In 
1870 this lattor point was more fully insisted upon by Kay Lan- 
kestci-, who, decomposing it into two othci’s, proposed to supersede 
tho town homology by homognuj, being tho eoiTOspondoncc of 
common descont, and Jiomojilast/, denoting any superinduced 
correspondence of position and structuro in jiaits embi-yonically 
distinct Thus, tho foi-o-limb of a mammal is homogenous with 
that of a bii-d, but tho right and left vcnti'icles of the heart in 
both are only homoplastic, these having arisen indopcndcntly since 
tho divoigencc of both groups from a uni-vonti'iculato ancestor in 
relation to similarity of physiological needs. Miv.art next pro- 
posed to retain homology as a gouerie term, with honiogcny mnl 
iiomoplasy as two species under it, and carried tho .analysis into 
great detail, distinguishing at first twenty-five, but later fifteen. 
Kinds of corrcsponuonco : — (1) parts similar in function only, e.g., 
legs of Lizard and Lobster ; (2) parts similar both in function and 
relative position, wings of Bat and Bird ; (3) parts of coiiinion 
dcscont, lorc-liinb of Horse and llhiiiocoros j (4) parts of similar 
embryonic origin, whatever bo their racial gonotio relations, c.g., 
occipitals of Panthor and Porch ; (5) parts of dissimilar embryonic 
origin, whatever bo their racial genetic relations, e.g., legs of 
Diptcra; (G, 7, 8, 9, 10) laterally, vertically, soi-ially, antoro- 
postoriorly, and radially homologous parts ; (11) subordinato 
serial liomologucs, c.g., joints of antenna; (12 and 13) secondary 
and tertiary subordinato serial homologues ; (14 aiul 15) special 
and general homologies (in Owen's souse). In his AalhscJiwiiinntc 
Ilneokcl proposed to term homophyhj tho truly phylogonotic 
homolog)- in opposition to homomorphy, to which gencalogic basis 
is wanting ; ami finally Von Jheriug has published a ropotitioii ol 
Lankestor's view. , . . u <■ 

In this discussion, as in that of iiidividualit)’, it is evident that 
wo aro dealing with numerous logical cross-divi.sious largely coi re- 
sponding, no doubt, to the complex wob of iutor-rolatioiisproscntoa 
by nature, yet romaiiiing in need of disoiitangloment. Ihoiigli wo 
must sot aside analogies of functional activity, tho resemblances 
in extonial shape or geoinetrio ground-form which corrospqiul to 
these, c.g., Ilydrozoa and Bryozoa, Fishes and Cetaceans, 
Organisms, are iiovcrthcloss, as our historic survey sliowcn, r i 
first whicli attract attention ; and these homoplastic or liomomo - 
phic forms, as Haeckel has shown, come as fairly within tlm P'°' * ' . 
of tho proinoriihologist ns do isomorphic crystals w itlun 
his an-orgaiiologicnl colleague tho crystallographor. ’ 

would bo°consif'lorod “rad?al,” ‘‘vertical,’' “later.al 
“ homotypy of antimcrcs," and all questions of syinmctr) , , 

Hacckol’s nomonclaturo of homa.ronial, homqpolic, &o., is i j 
preferable. Entering tho field of tcctology 
ordinary sense, wo inay next consider whctlior two ■ . . 

pared aro of tho same category of individuality /lo ^ 
and under this serial homology, for instanco, wo ■ 

minor division, tlio correspondence between 
units of a linear dyad-demo or triad. From a thiri ) multi- 
that of tho oinbrydlogist, wo trace tlio development ‘ 
cellular organism (1) from tho embryonic layers an ,.i. 
which tho secondary unit (gastrula or plairt ciiibr) ) of 

(2) from a unit-demo or unit of the i'i'^»cior order or 
individuality. Tho p.arts and units thus rccogmzci } 
research, respectively or successively {'O'"®*''”'' /imlilVcrently 
and honwdcmic, may then conveiiiontly bo rtwn t 
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with niorphological knowledge. Hiat it requires mueh reform at 
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reseaicli IS constantly confirming) involves a final nbamionmeut of 
the medifoyal figment of three kingdoms of nature, ami a revival of 
tlio Orgaiiisata of Liiinajus. riiysiologienl jirejmlices, too, are not 
completely expelled ; hciiee, for instance, tho constant attempts 
to separate Animalia and Vcgctibilia by physiological charaeter- 
istics, which would bo irrelevant even if in themselves lalid. A 
strictly morphological standard must boapplieil to the constnietion 
of classifications and the pruitiiig of goiio.ilogieal trees ; organi-ms 
aro “ higher "or “ lower ’ not aeconling to their stage of evolution 
in beauty or intclligonco but (as Huxley has most clearly pointed 
out ill the essay referred to under § G) to the degree of inoridiologieil 
dillerciitiation by excess, siipprcs.sioii, or coalcsecnee which they 
c.xliibit. Thus tho supremo position of Sfan in classification imist 
bo nbandoiicd, since tho I’riniates aro simply one of the le-s speenb 
ized, i.c., lower orders of Jlainmals, and tho Mammals theinsehcs 
aro on tho wliolo distinctly less specialized than tho lliriB, or p'r- 
haps oven soino of tho higher Keptilcs. The inorjdiologieal inqiort • 
aiico of tho “vegetable kingdom ” sinks when tested by such .a 
standard. Tho Cormopbytes aro all nothing more than an axis 
with appendages, and ns such may fairly be cnnqvired, not with 
tho oiitiro animal assemblage, but merely to that grmqi which is 
homomorphic (or rather isomorjdiic) with them as reducible to 
axis and appondages too. Such a group wo find in the Ilydroine- 
diisa;, which wo can easily model in imagination into all the sp'ciil- 
izations of tho floral world, a single genus like Clava or Tuhiilaria 
aflbrding a starting-point for countless “natural oialers." 

§ 9. Jlclntion of Moryhology (o /’hy.eioiogy.— Although the ptip’ 
morphologist investigates laws of structuro only, and rightly elimi- 
nates tho conceptions of life, environment, atnl function, yet if kept 
poniiancntly apart from physiologic,al considerations his lawnis 
would bo inconqiloto and his results inexidie.able, if not indred 
almost illusory. For, however deeply one penetnates through .snjv'r- 
ficial and adaptive characters to an appan-ntly pcrinaiienl amt 
fundamontol niorphological type, this is it.sclf but an earlier adapta- 
tion, .showing tho fading traces of an earlier adaptation still. Am . 
coiivorsoly, tho most .superficial of adaptive characters, if Iran • 
mittod to numerous varying descendants, mayatt.ain high morjvho- 
lomcal importance. Tho morpliologiral asiicct of an organi m is 
morcly static.al, and, like that of an eddy or a vortc.x-nng, Kionu 
only truly intolligiblo when viewed in its dynamic | 
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fis another iiart or organ in a difforent animal (c.n., nnraclmto of 
Draco and wings of Bird)." He further distinguishes^ three kimh 
of homolop :-(l) special, being “that above defined, nanioljt the 
corrcspoiidenco of a part or organ dotemined by its relative position 
and connexions with a part or organ in a (different animal, the 
determination of which homology indicates that such animals are 
constituted on a cominon typo,” c.g., basilar process of human 
occipital_ witli basi-occipital of fish; (2) general, that “hiThor 
relation in which a part or series of parts stands to the fundamont.al 
or gonoi-al typo, involving a knowledge of the typo on which the 
group in question is constituted,” e.g., the same human bone and 
centrum of the last cranial vertebra ; (3) serial hoiiiolo'')-, “repre- 
sentative or ropotiti\ o i elation in the sognionts of the same skeleton ” 
(demonstrated when general and special homologies have boon 
doterminod) ; thus usually the basi-occipital and basi-sphonoid 
are “homotraies.” Those terms were hencoforth accepted by 
naturalists ; but the criterion of analogy and homolo")’ bocaino 
for Agiissir. and other embryologists dovolopmontal as well as 
comparative, reference to the ideal archetype becoming less 
and loss frcmient. Passing over the discussions of Agassiz and 
Broun, of whicli tho latter is criticized and partly incorporated 
by lincckcl, wo find the last-named (1) placing serial under general 
homology ; (2) erecting categories of homology partially corre- 
sponding to those of individuality,— (u) /mmofi/pg (of aiitimorcs), 
hence distinct from that of Owen, {b) homodynamy (of motamcros), 
(c) Itomonomy (of parts arranged on transverse axes) ; (8) defining 
special homology in terms of identity of embryonic origin. In 
1870 this latter point was more fully insisted upon by Kay Lan- 
kestcr, wlio, decomposing it into two others, proposed to supersede 
tho torni liomology by homogrny, being tho correspondence of 
common descent, and Jiomoplasy, denoting any superinduced 
correspondence of position and structure in parts ombryonically 
distinct. Thus, tho fore-limb of a mammal is Jiomogciions with 
that of a bird, but tho right and left ventricles of the heart in 
both are only homoplastic, these having arisen independently since 
tho divergence of both groups from a nni-vontriculato ancestor in 
relation to similarity of physiological needs. Mivart next pro- 
posed to retain homology ns n gouerio term, with homogony and 
iiomoplasy ns two species under it, and carried tho analysis into 
gi-cat detail, distinguishing at first twenty-five, but later fifteen, 
kinds of corrcsponuonce : — (1) parts similar in function only, c.g,, 
legs of Lizard and Lobster ; (2) parts similar both in function and 
relative position, wings of Bat and Bird ; (3) parts of common 
descent, ibro-liinb of Horse and llhinocoros; (4) parts of similar 
ombryonio origin, whatever bo their racial gonotio relations, c.g., 
ocoipitals of Panther and Porch ; (fi) parts of dissimilar embryome 
origin, whatever bo their racial gonotie relations, e.g., logs of 
Diptora; (G, 7, 8, 0, 10) laterally, vertically, serially, antoro- 
postoriorly, and radially homologous parts; (11) subordiuato 
serial homologues, c.g., joints of antenna; (12 and 13) scconuayy 
and tertiary subordinate serial homologues ; (14 aiul Id) special 
and general homologies (in Owen’s sense). In his Kalhsclncammc 
Haockol proposed to term homophyhj tho truly phylogonotic 
homolog}' in opposition to homomorphy, to which gencalogic basis 
is wanting ; and finally Von Jhering has published a repetition oi 
Lankcstcr's view. . . . , ^ 

In this discussion, ns in that of individualit}', it is evident tlia 
wo are dealing with numerous logical cross-divisions largely con • 
sponding, uo doubt, to tho complex web of inter-relations proson oi 

by nature, yet remaining in need of disentanglement, ihoiig i 
must sot aside analogies of functional activity, the rosom a 
in external shape or geometric ground-form which 
these, c.g., Ilyiirozoa and Bryozoa, Fishes and Cotacc.ans, m 
Organisms, are novorthcloss, as our historic survey suou > 
first wliicli attract attention ; and these hqinoplastic or . 
phic forms, as Haeckel has shown, come as fairly nf 

r>f no i\n 7.00711 DI'dIiIC CrVStnlS itllin. 

Here, too, 
homology, 

“ homotypy of aiitimcrcs," and all questions of symmetry, 1' 
Haeckel’s nomoiiclatiiro of homa,ronial, homopohe, &c., is i 
preferable. Entering the field of tectology 
ordinary sense, wo may next consider whotlior two . 

pared are of tho same category of individuality are ho/ . ^ 

and under this serial homology, for instance, mrts of 

minor division, tlio correspondence between ^1'®.'"}'“ . . I'r 
units of a lino.ar dyad-demo or triad. From a third f 
that of the embryologist, wo trace tlic development o • 
cellular organi.sm (1) from tho embryome layers am 
which tho secondary unit (gastrula or plant embr} o) oj-ders of 
(2) from a unit-dme or'W of the inferior ®[, 
individuality. The p.arts and units thus locognizci ) g,%tcmic, 
research, respectively or successively /loniorfe'wuo,^ /;,„lilViwcntlv 

and ho//iodc//iic, may then 
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of phylogenetic theory, 'riiese throe great classes of morpUoio, 
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‘ the greatest discovery in the natural sc: 


leiUi'i 


unjustly regarded as ’ 
of niodorn times. ” ^ 

noint "'“'Tbological advance have b. ei, 

pointed out aboyo, and taxonomy tiiiis never quite ivaehes a h-vol 
vith niDiphologieal knowledge. That it requires mueh reform at 

IS nn'lL? the dogma of tie ennstaiiev ofsiv', ics 

13 110 longer maint'iniod, its results jptirrTi'rt *»»»<! 


‘ iuiu uju 1 roiisia (a gcncniiiratiou wiiieh 

research IS constantly confirming) involve.s a final abandonment of 
tlio mediroyal figment of three kingdoms of nature, and a revival of 
tlio Org.amsata of Liiiiireus. Physiologienl jirejmlice.s, too, are not 
completely expelled ; hence, for instanee, tho constant attempts 
to separate Aninialia aTul VegetabiUa by ]>bysiological cbaravtiT* 
istics, which would bo irrelevant even if in themselves valid. A 
strictly iiiorphological standard must beapplieil to tlie constnietion 
of classifications and the nnmiug of cauealogie.al trees ; organi^ius 
are “ higher ’’ or “ lower ’ not aecouhng to their stage of evolution 
in beauty or iiitelligonco but (as Huxley has most clearly pointed 
out ill the essay referred to under § G) to the degree of moridiologieil 
difiorcntiatioii by c.xcess, suppression, or coalescence which they 
exhibit. Thus tho supremo position of Jlan in clas'.ifieation imift 
bo abandoned, since tho Primates are simply one of the le-s speenl- 
ized, i.c., lower orders of Mammals, ami the Mamniahs theniM hes 
are on tho whole distinctly less specialized than tho ItiriB, or p'r- 
haps oven soino of tho higher Reptiles. The niorjdiologieal imjHirt • 
aneo of tho “vegetable kingdom ” sinks when tested by siieh .a 
standard. Tho Cornioidiytes are all nothing more thaii an axis 
with appondagcs, and ns such may fairly be comjvired, not with 
tho entire animal assemblage, but merely to that group which is 
homomorphic (or rather isoiiiorpliic) with them ns reducible to 
axis and appendages too. Such a group wo find in the Hydrome- 
dusni, wliicli wo can easily model in imagination into nil the sp'civl- 
izations of tho flor.al world, a single genus liko Clavn or 'riibiilaria 

Trtvs nn^inflnco **jnlUral OnlCfS, ** 


nflbrding a starting-point for countless ** natural onlcrs, 
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almost illusory. For, liowevcr deeply one penetrates through .siqi-'r- 
ficial and adaptive characters to an appanuitly perinaiienl amt 
fundamental morphological type, this is itself but an earlier ndap..i- 
tion, showing tho fading traces of an earlier adaptation still. Ami, 
convorsoly, tho most superficial of adaptive characters, if Iran - 
mittod to numerous varying dcscciid.ants, may f ® 
logical importance. Tho morpliologiral a.^iicct of an orgam m i 
nmrely static.al, and, like that of an eddy or a vorte.x-nng, Keonu 
only truly iutolUgiblo wbcu viewed in its dyimimc ■ , 

thus tlioii"!! tho demonstration of tho structural iimp o 
rS.il wor'id isinitselfasre.at result, yet the .h-rv of aj^^r 
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-there in ISOS, and, in addition to liis official duties con- 
nected Avith this post, laboured with intense application 
at a Chinese Gmmma)' and a translation of the New 
Testament, both of which Avero published in 1814. In 
1S17 ho published A Vim< of China for IViilolofficaf Pur- 
poses, and his translation of the entire' Bible Avas completed 
in the folloAving ycjir. llis next enterprise was the estab- 
lishment of an Anglo-Chineso college at Alalacca for “ the 
reciprocal cultiA-atiou of Chinese and European litoiature ” 
Avhich was opened in 1820. In 1821 his Chinese Diedonan/ 
Avas published by the East India Company at an expense 
•of £15,000. Leaving China at the close of 1823 ho spent 
tAA-o years in England, Avhere ho advocated Chinese missions 
before largo and enthusiastic audiences, and atos elected a 
EelloAV of tho Eoyal Society. Eeturning to China in 182G 
J)o set himself to promote education and to prepare a 
Chinese commentary on the Bible and other Christian 
literature. Ho died at Canton on 1st August 1834. His 
Jfemoirs, compiled by his widoAv, Avero published in 1839 
.(2 vols. 8vo, London). 

HOEEISTOWN, a cit}- of tho United States, county 
.seat of Morris county, Noav Jersey, lies on tho Whippany 
xivcE,' 31 miles from Noav York by tho ^lorris and Essex 
division of tho DolaAvare, LackaAvanna, and Western Eail- 
Toad. It AA’as tAvico tho headquarters of tho American 
xirmy during tho War of Independence, and Washington's 
xesidence, oAvned by tho Washington Association, assisted 
by tho State, is a half-milo to tho e.ast. On Whatnong 
mountain, 3 miles distant, stands the State insane as 3 -lum, 
usually called MorristoAvn Asylum, a A-ast granite building 
1243 left long, erected in 1874-1875, and capable of ac- 
'Commodating 1000 patients. The population in 1880 
mas 5418. 

MOESE, Samurl EiKnuY Buersu (1791-1872), artist 
•and inventor, Avas born at tho foot of Breed’s Hill, Charles- 
tOAA-n, Massachusetts, on 27th April 1791. His fathorAA-as 
•tho Eoa’. Jedediah Alonso, D.D., tho author of Morse’s 
GtOffra})In/. At tho ago of fourteen Samuel Morao cutered 
Yale College ; under the instruction of Professora Daj'and 
Sillimau ho received tho first impulse tOAvards thoso elec- 
trical studies AA’ith AA’hich his name is mainlj- identified. 
In 1811 Morse, aa-Iioso tastes during his caiij’ years led 
him more stronglj' toAvanls art than toAvards science, be- 
came the pupil of 'iVashington jtUlston, then tho greatest of 
American artists, and accompanied his master to England, 
Avhero he remained four years. His success at this permd 
Avas considerable ; but on his return to Ainerica in 181y 
he failed to obtain commissions for historical paintings, 
and after Avorking on portraits for tAA’o j'cars at Charleston, 
S.C., ho removed first to Washington and aftenAiiids to 
-Vlbanj', finallj' settling in Noav York. In lS2i) ho lau 

the foundations of tho National Academy of Design, aiu 

Avas elected its first president, an office AA-hich ho i ei 
until 1845. The year 1827 marks tho roviral of Momos 
interest in electricitA-. It AA-as at that time that holeainci 
-from Professor J. F. Dana of Columbia College tho ele- 
mentary facts of electromaunctism. As yet, hoAvcACi, n- 
AA’ns doA-oted to his art, and in 1829 ho again aacii 
E urope to studA- tho old masters. , 

Tho year of his return, 1832, may bo siud to c os 
■period of his artistic, and to open that of his siien m • 
■On board tho packot-ship “ Sull)-,” Avhich sai e 
Havre 1st October 1832, Avhilc discussing o"*’ ^ 
his felloAA--passongei-s tlio properties ot tho elec . . f ’ 
he Avas led to remark: "If the prcsenco ot elcctricitj can 
be made visible in any part of tho circuit, I « 

■AA'lij- intclligenco maj" not bo transmitted bj e ec 
It AA-as not a novel proposition, but tho s 

luting it started in his mind a train of noAV an , 

'ideas. The current of electricit}-, ho kncAA, 
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ire ; and if it Avero 


meuted by his discovery in 1835 of tho “relay," by 
of Avhich the electric current ini"ht be reinforced or r 


instantaneously any distance along a aa- 

ThrSliJikYStT"' 

either e letter „t e tKewS 

anothei part; and the duration of its absence or of the 
spark Itself, a third, so that an alphabet uiiffiit bo ai-ilv 
formed, and Avords indicated. In a feiv dav.s ho' had 
coinple ed raugh drafts of tho necessary a].,,aratus AAhicll 
ho displajed to his felloAv-iiassengcrs.i During tho tivelvc 
years thatfollpAved Morso atos engaged in a paiiiful struggle 
to perfect his invention and secure for it a proper presenla- 
tiou to the public. Tho refusal of tho Goveinnient to com- 
mission him to paint one of the great historical pictures in 
the rotunda of tho Capitol seemed todestrovall his old 
artistic ambition. In poverty ho pursued his ucav enter- 
priso,_ making his oavu models, moulds, and castings, deny- 
ing himself tho common necessaries of life and encountering 
embairassments and delays of tho most dishe.artcning kind. 
It AA’as not until 183G that ho coinjdeted any njij)nrntu.s 
that A\-ould work, his original idea having been sitpjde- 

' means 
reinforced or reneivcd 
AA'liere it became Aveak through distance from its soiucc. 
I’inally, on 2d September 1837, tho in.stniinent aa.as 
exhibited to a fcAv friends at his room in tho univei>ity 
building, Noav York, Avhere a circuit of 1700 feet of cop]>er 
Avire had been set nji, Avith such satisfactory results ns to 
aAA-aken tho practical interest of tho yicssrs Vail, iron and 
brass AA'orkers in Noav Jerae.A', Avho thcnccfortli became ns,so- 
ciated Avith Morac in his undertaking. .Morse's jictition 
for a patent AA’ns dated 28th September 1837, and AAa.s 
soon folloAved by a petition to Congre.ss for an iqipro- 
priatioii to defray tho exjienso of sul>iecting tho telegraph 
to actual exjieriment over a length sntlicient to e.^tablidi 
its feasibility and demonstrate its value. Tho committee 
on commerce, to Avhom tho petition Avas referred, reported 
favourably. Congress, hoAvever, adjourned without making 
tho appropriation, and meainvliilo Me>rse .sailed for h.uropo 
to take out patents there. The trip Avas not a siicce.-s. 
Ill England his application Avas refused, on the alleged 
ground that his invention had been already publiblad; 
and, Avhile ho obtained a I'atent in France, it aa.v- Mib-e- 
quently approjiriatcd by tho French Government Aviihout 
comiiensation to himself. His negotiations al-o Aviih Ku-'i.i 
ni-oved futile, and after a year's absence he returned to 
New York. On 23d February 1843 Congre.-s ias-M the 
long-delayed aiiproiiriation, steps were at once taken to 
construct a telegraph from Baltimore to Mndungton and 
on the 24th of -May 1844 it Avas med for tl.e bT>. turn 
yforac's patents Avere already secured to him ami hm * ' 

dates, aiKl companies Avere ‘l,r;he''i w 

telcraAiDh lines all over the Inited St.atcs. In t!u yrar 
1847 Moi-so Avas compelled to defend hm imeu mn n m 

coiu s and successfully vindicated his cl.um to be c-M.M 

rori.ffinl inventor of the electromagnetic reaudmg tc.h^ 
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-there in ISOS, and, in addition to liis official duties con- 
nected Avith this post, laboured with intense application 
at a Chinese Gramma)' and a translation of the New 
Testament, both of which Avero published in ISU. In 
1S17 ho published A Vim< of China for IViiloiogicaf Pur- 
poses, and his translation of the entire' Bible avos completed 
in the folloAving ycjir. Ilis next enterprise was tlio estab- 
lishment of an Anglo-Chineso college at Alalacca for “ the 
reciprocal cultiA-atiou of Chinese and European literature ’ 
Avhich was opened in 1820. In 1821 his Chinese Diedonarit 
Avas published by the East India Company at an expense 
•of £15,000. Leaving China at the close of 1823 ho spent 
tAA-o years in England, Avhere ho advocated Chinese missions 
before largo and enthusiastic audiences, and Avas elected a 
EelloAV of the Eoyal Society. Eeturning to China in 182G 
J)o set himself to promote education and to prepare a 
Chinese commentary on the Bible and other Christian 
literature. Ho died at Canton on 1st August 1834. His 
jre)no{)'s, compiled by his widoAv, Avero published in 1839 
.(2 vols. 8vo, London). 

HOEEISTOWN, a cit}- of the United States, county 
.seat of Morris county, Ncav Jersey, lies on the Whippany 
xivcE,' 81 miles from Ncav York by the ^lorris and Essex 
division of the DolaAvare, LackaAvanna, and Western Eail- 
Toad. It AA’as tAvicc the headquarters of the American 
xirmy during the War of Independence, and Washington's 
xesidence, oAvned by the Washington Association, assisted 
by the State, is a half-mile to the e.ast. On Whatnong 
mountain, 3 miles distant, stands the State insane as 3 -lum, 
usually called MorristOAvn Asylum, a A-ast granite building 
1243 left long, erected in 1874-1875, and capable of ac- 
'Commodating 1000 patients. The population in 1880 
vA'as 5418. 

MOESE, S.VMURL FiKnEY Buersr (1791-1872), artist 
•and inventor, Avas born at the foot of Breed’s Hill, Charles- 
tOAA-n, Massachusetts, on 27th April 1791. His fathorA\-ns 
•the Eoa’. Jedediah ilor.se, D.D., the author of Morse’s 
GtOf;)'aphi/. At the ago of fourteen Samuel ilorao entered 
Yale College ; under the instruction of Professora Daj'and 
Sillimau ho received the firat impulse towards those elec- 
trical studies Avith AA'hich his name is mainlj- identified. 
In 1811 Morse, Avhoso tastes during his earlj’ years led 
him more stronglj' tOAvards art than toAvards science, be- 
came the pupil of 'Washington jtUlston, then the greatest of 
American artists, and accompanied his master to England, 
Avhere he remained four years. His success at this period 
Avas considerable j but on his return to Ainerica in 181y 
ho failed to obtain commissions for historical pamtmgs, 
and after Avorking on portraits for tAvo j'cars at Charleston, 
S.C., ho removed first to Washington and aftenvards to 
-Vlbanj', finallj' settling in Ncav York. In 182i) ho nu 

the foundations of the National Academy of Design, nn< 

Avas elected its first president, nu office aa-IucIi ho i ei 
until 1845. The year 1827 marks tho_roviA-al of 
interest in electricitA-. It AA'as at that time that ho eainei 
-from Professor J. F. Dana of Columbia College tho ele- 
mentary facts of electromagnetism. As yet, Iioavoa ei, n 
Avas doA-oted to his art, and in 1829 ho again aacii 
Europe to studA- tho old masters. , 

Tho year of his return, 1832, may bo siud to c o. 
■period of his artistic, and to open that of his snen 
■On board tho packet-ship “Sullj-,” aa-IucIi . , 

Havre 1st October 1832, Avhilc discussing 
his felloAA--passongera tlio properties ot fho e ec . f ’ 
he Avas led to remark: “If the P>'ef ot elect nutj ^ 
be made visible in any part of tho circuit, I seo j „ 
■AA'lij- intclligenco moA" not bo transmitted 'J o e 
It ,v„s imCn novel pto,,o«tion, tat the I’™','" ” 
dating it started in his mind a tram of iioaa ai , , 

'ideas. The current of electricit}-, he kncAA, 
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instantaneously any distance along a AA-ire • and if ii , 
interrupted a spark would appear It nl- n 
to him that tho spark miffi,t ra Lo 'vnt „ ? /*«iirrcil 

either a letter or a mun&rj tile absC^rol tte'srt’ 
another part; and tho duration of its absence, or of the 
spark itself, a third, so that an alphabet uiigh’t bo c-i-ilv 
fonned, and Avords indicated. In a fcAv doA's lin'lm’i 
eonipletcd raugli drafts of tho necessary apparatus aaiSI 

wnrall "n During tlio tuelvc 

.A cam that folbAved Morso atos engaged in a painful stnu-glo 

to perfect his invention and secure for it a luoiter presenla- 
tion to the public. Tho refusal of tho Govorniiient to com- 
mission him to paint one of the great hi.storical luctures in 
the rotunda of tho Capitol seemed to de.strov all his old 
artistic ambition. In poverty ho pursued Id's ucav enter- 
priso,_ making his oavu models, moulds, and casting.s, deny- 
ing himself tho common necessaries of life and encountering 
embarrassments and delays of tho most disheartening kind. 
It AAas not until 18ob that ho coinjdeted aiiA* a}tparatu.s 
that Avonld Avork, his original idea having been supple- 
mented by his discovery in 1835 of tho “relay," by means 
of Avhich the electric current might be reinforced or reneivcd 
AA'here it became Aveak through distance from its soimcc. 
Fiimllj-, on 2d Sciitcmber 1837, tho instrument aaos 
exhibited to a feiv friends at his room in tho univei>ity 
building, Noav York, Avhere a circuit of 1700 feet of copper 
Avire had been set up, Avith sucli satisfactory results ns to 
aAA-aken tho practical interest of tho Jlcssrs Vail, iron ami 
brass Avorkers in Ncav Jerae.A’, Avho thenceforth became ns,so- 
oiated Avith Morao in his undertaking. Morse's jictition 
for a patent aa-os dated 28th September 1837, and AAa.s 
soon folloAved by a petition to Congre.ss for nu iqipro- 
priation to defray tho oxpenso of subjecting tho telegraph 
to actual exjierimcnt over a length sullicient to e.'tablidi 
its feasibility and demonstrate its value. The committco 
on commerce, to Avhom tho petition Avas referred, reported 
favourably. Congress, hoAvever, adjourned without inaking 
tho appropriation, and meanAvliilo Mor.'e .sailed for Imrope 
to take out patents there. The trip Avas not a smre.-.s. 
In England his application Avas refused, on the alleged 
ground that his invention had been already publish ^ ; 
and, Avhile he obtained a ]>atont in France, it aa.a- .Mib-e- 
Aiuently appropriated ly tho Ireneh Government Aviihout 
comriensation to himsolf. His negotiations al-o Aviih hn-'ia 
proved futile, and after a year's absence he returned to 
New York On 23d February 1843 Congre.-s iiavid the 
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their rights But if the third mortgagee gets an assi<m- 
ment of the first mortgage, he can tach his third mort<^«e 
to the first, and so postpone the second mortgagee. And 
if the first mortgagee himself makes an additional advance 
after the date of the second mortgage, but without notice 
of it, his whole debt will take precedence of the second 
mortgagee._ A similar result of equitable rules is seen in 
the consolidation of securities. Two separate estates 
mortgaged at different times and for different sum's of 
money by the same mortgager to the same mortgagee, are 
regarded as consolidated, so that the whole o^the land 
becomes security for the whole of the money, and the 
ornier cannot redeem either mortgage mthout redeeming 
the other. So that, as Mr Justice ^\illianis reasons, no 
person can safely lend money on a second mortgage, for, 
in addition to the risk of a third mortgagee tacking, there 
is the danger that, if the mortgager should have mortgaged 
another estate for more than its value, the holder of the 
deficient security may buy in the first mortgage, consoli- 
date it with his own, and exclude the second mortgagee. 

An equitable mortgage is constituted simply "by the 
deposit of title-deeds in security for money advanced. 
The enactment of the Statute of Frauds that no action shall 
be brought on “any contract or sale of lands,” <fcc., or any 
interests in or concerning them unless the agreement be 
in crating and signed by the party to be charged, has been 
cited as incompatible •\\'ith the recognition of equitable 
mortgages, but it is argued by Lord Abinger that the Act 
was never meant to affect such a transaction. The deeds 
which are the evidence of title could not be recovered in 
an action at law, and, if they were claimed in equity, the 
court would require the claimant to do equit.v by repaying 
the money borrowed on the deposit. Any subsequent 
legal mortgagee, having notice of the deposit, will be post- 
poned to the equitable mortgagee, and when the legal 
mortgagee has not inquired as to the title-deeds the court 
■will impute to him such knowledge as he woxdd have 
acquired if he had made inquiry. 

As to mortgages of personal property see Pledge. _ 

United States . — In the United States there is great diversity in 
the extent to which equitable principles have been formally substi- 
tuted for the rules of the common law in dealing with mortgages. 
"Washburn (Law of Seal Fropcrtij, vol. ii.) arranges the States into 
three “pretty well-defined cla-sses.” In the first, the inortgaTO 
deed is held to create a seizin of and an estate in the premises, with 
all its common law incidents, to be enforced if need be by eject- 
ment. In the second, the mortgagee’s rights are limited to such 
as the rules of equity prescribe, and may not be enforced by a suit 
at law. In the third, the mortgagee’s interest is not deemed an 
estate at all, but is here only to be enforced by the sale of the pre- 
mises as a means of paying the debt. In the first class come 
ilassachusetts, Maine, Connecticut, Hew Hampshire, Rhode Island, 
'\’'ermont, Indiana, llissonri, Horth Carolina, Jlissi^ippi, Minn^ota , 
in the second, Iowa, Illinois, Pennsylvania, Kentucky, tmio, 
AVisconsin, and Texas ; in the third, California, Georgia, 

York, to which may be added Oregon. -“y 

MOETIFICATIOX, a term used in surgery signifying 
a local death. Any cause which interferes with the bloo 
supply of a portion of the body 'R’ill, if sufficiently 
longed or sufficiently severe, give rise to mortification, 
some cases tbe death may be preceded by inflammation, 
in others, as in old people with diseased vessels, the par 
may die in consequence simply of insufficient bloo J 
ndthout any previous inflammation. The part is sai 
niortify ; the process is termed gangrene ; the dead par s 
called a slough. A severe injury may end in mor i 
tion. Extreme heat as in severe burns, or ®x 
as in frost-bite, may give rise to tbe condition. _ 
parts of tbe body farthest from the centre of the emem - 
tion are most liable to mortification. Frost- i e, 
ample, may attack the toes or fingers as "sve . 
parts which are most exposed to the cold, more P , 
Jarly the point of the nose or the ear.-. The par 
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becomes pale, bloodless, cold, and insensible Tt,« 

Eg geftirfriltior°H the° gradiSuJ, 

action may issue m a severe inflammation, which may he 
foUowed by mortifi^tion. Chilblain is a mUd S of 
frost-bite occurring m young people with sluggish circula 

fire’' w-ifb^ ^ strong 

Sud suffering from cold feet or 

hands should take plenty of exercise, and if after a return 
from a sharp walk the feet remain cold the heat should bo 
restored by rubbing ai-ith a rough towel. 

MOBTMAIM, ST.iTUTES or. The object and effect of 
mese enactments are treated in the articles Charity and 
Corporation (q.v.). The following is a list of the Jfort- 
mam Acts : — 

® E^nxy III. c. 36 (Magna Cliarta) ; 7 Edward I. st. 2, c. 1 
(De Rohgiosis) ; 13 Edward I. c. 82 ; 13 Edward I. c. 41 ; IS Ed- 
^rd I. St. 1, c. 3 ; 27 Edward I. st. 2 ; 34 Edwanl I. st. 3 ; 18 
Edward III. st. 3, c. 3 ; 15 Richard II. c. 5 ; 21 Henry VIII. c. 6 
s. 5 ; 23 Henry AHII. c. 10 ; 1 and 2 Philip and Alary, c. S, s. 5U 
3a Elizabeth, c. 4 ; 21 James I. c. 1 ; 13 and 14 Charles II. c. 6, 
s. 10 ; 29 Charles II. c. 8 ; 7 and 8 William III. c. 37; 9 George II. 
c. 36 ; 43 George III. c. lOS ; 9 George IV. c. 85 ; and 2 and 3- 
AVilliam IV. c. 115. 

MORTON, J.nrES DotJGL.AS, foiutli earl of (1530-1581), 
regent of Scotland, second son of Sir George Douglas of 
Pittendriech, was born at Dalkeith in 1530. Having 
married Elizabeth, daughter of the third earl of Jlorton, 
he through her succeeded in 1553 to the title and cstatc.s 
of his father-in-law. After the return of Queen Mary in 
1561 he was chosen a privy councillor, and in 1503 he 
became lord high chancellor. Though his s^inpathies were 
Protestant, he took no part in the combination of Protestant 
barons in 1565, but he headed the armed force of 150 men 
who took possession of HoIjTood Palace to effect" the assas- 
sination of Eizzio, and it was to his house that the leading 
conspirators adjourned while a messenger was sent to obtain 
Mary’s signature to the “bond of security." The queen, 
before complying with the request, escaped to Dunbar, 
and on her return to Edinburgh with an escort of 2000 
men Morton and the other leaders fled to England. .-Ifter 
her marriage with Bothwell, Alorton returned, and vith 
600 men appeared before Borthwick Castle, where the 
queen, in dread of a rising, had taken refuge He was 
present at the remarkable conference at Carberry Hill, 
and he also took an active part in obtaining t!m consent 
of the queen at Lochleven to an abdication Thereupon 
he was reappointed lord high chancellor, and also succeeded 
BothweU as lord high admiral. On 
of Alar he became regent (October Tliroi- 

Morton djenied if prndsnt *<> 

slSisSsss 

headed on 2d June loSl. 
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their rights But if the third mortgagee gets an assimi- 
ment of the first mortgage, he can tack his third mort^^cre 
to the first, and so postpone the second mortgagee. And 
if the first mortgagee himself makes an additional advance 
after the date of the second mortgage, but without notice 
of it, his whole debt will take precedence of the second 
mortgagee._ A similar result of equitable rules is seen in 
the consolidation of securities. Two separate estates 
mortgaged at different times and for different sums of 
money by the same mortgager to the same mortgagee, are 
regarded as consolidated, so that the whole of the land 
becomes security- for the whole of the money, and the 
ornier cannot redeem either mortgage mthout redeeming 
the other. So that, as Mr Justice ^\illiams reasons, no 
person can safely lend money on a second mortgage, for, 
in addition to the risk of a third mortgagee tacking, there 
is the danger that, if the mortgager should have mortgaged 
another estate for more than its value, the holder of the 
deficient security may buy in the first mortgage, consoli- 
date it with his own, and exclude the second mortgagee. 

An eqnilahh mortgage is constituted simply "by the 
deposit of title-deeds in security for money advanced. 
The enactment of the Statute of Frauds that no action shall 
be brought on “any contract or sale of lands,” &c., or any 
interests in or concerning them unless the agreement be 
in crating and signed by the party to be charged, has been 
cited as incompatible •\\'ith the recognition of equitable 
mortgages, but it is argued by Lord Abinger that the Act 
was never meant to affect such a transaction. The deeds 
which are the evidence of title could not be recovered in 
an action at law, and, if they were claimed in equity, the 
court would require the claimant to do equity by repaying 
the money borrowed on the deposit. Any subsequent 
legal mortgagee, having notice of the deposit, will be post- 
poned to the equitable mortgagee, and when the legal 
mortgagee has not inquired as to the title-deeds the court 
■will impute to him such knowledge as he woidd have 
acquired if he had made inquiry. 

As to mortgages of personal property see Pledge. _ 

United States . — In the United States there is great diversity in 
the extent to which equitable principles have been formally substi- 
tuted for the rules of the common law in dealing with mortgages. 
"Washburn {Law of Leal Properly, vol. ii.) arranges the States into 
three “pretty well-defined cla-sses.” In the first, the mortgaTO 
deed is held to create a seizin of and an estate in the premises, with 
all its common law incidents, to be enforced if need he by eject- 
ment. In the second, the mortgagee’s rights are limited to such 
as the rules of equity prescribe, anil may not be enforced by a suit 
at law. In the third, the mortgagee’s interest is not deemed an 
estate at all, but is here only to be enforced by the sale of the pre- 
mises as a means of paying the debt. In the first class tome 
Massachusetts, Maine, Conneeticut, New Hampshire, Rhode island, 
"i-ermont, Indiana, Missouri, North Carolina, Jlissi^ippi, ’ 

in the second, Iow.a, Illinois, Pennsylvania, Kentucky, 
AVisconsin, and Texas ; in the third, California, Georgia, ® 
York, to which may be added Oregon. 

MOETIFICATIOX, a term, used in surgery signifying 
a local death. Any cause which interferes with the bloo 
supply of a portion of the body ■will, if sufficiently P^ 
longed or sufficiently severe, give rise to mortification, 
some cases the death may be preceded by inflamma ion , 
in others, as in old people ■with diseased vessels, the par 
may die in consequence simply of insufficient bloo J 
without any previous inflammation. The part is sai 
niortify ; the process is termed gangrene ; the dea ^ 

called a slough. A severe injury may end m mor i 
tion. Extreme heat as in severe burns, 
as in frost-bite, may. give rise to the condition, 
parts of the body farthest from the centre of the c 
. •■'• ation. Frost-bite, 

fingers as well as those 
old. more pi 
The part affected 
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ample, may attack the toes or fingers as we . 
parts which are most exposed to the cold, more^ 
larly- the point of the nose or the ear.-. 
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becomes pale, bloodless, cold, and insensible Tt,n 

Sg geffiirfriltior°H the° "K‘='''^tion gradiSuJ, 

action may issue m a severe inflammation, which may be 
foUowed by mortffi^tion. Chilblain is a mild fom'i If 
frost-bite occurring m young people with sluggish circula 

firTi-ilb’^ f ^ strong 

Sud ? Ti*! suffering from cold feet or 

hands should take plenty of exercise, and if after a return 

from a sharp walk the feet remain cold the heat should bo 
restored by rubbing u-ith a rough towel. 

MORTMAIN, ST.yTUTES or. The object and effect of 
mese enactments are treated in the articles Charity and 
CopORATiox (g.v.). The following is a list of the Mort- 
main Acts : — 

® denry III. c. 36 (Magna Cliarta) ; 7 Edward I. st. 2, c. 1 
(De Rohgiosis) ; 13 Edward I. c. 82 ; 13 Edward I. c. 41 ; IS Ed- 
ward I St. 1, c. 3 ; 27 Edward I. st. 2 ; 34 Edwant I. st. 3 ; 18- 
Edward III. st. 3, c. 3 ; 15 Richard II. c. 5 ; 21 Henry VIII. c. 6 
s. 5 ; 23 Henry AHII. c. 10 ; 1 and 2 Philip and Jlary, c. 8, s. 5U 
Sa Elizabeth, c. 4 ; 21 James I. c. 1 ; 13 and 14 Charles II. c. 6, 
s. 10 ; 29 Charles II. c. 8 ; 7 and 8 William III. c. 37; 9 George II. 
c. 36 ; 43 George III. c. lOS ; 9 George IV. c. 85 ; and 2 and 3- 
AVilliam IV. c. 115. 

MORTON, J.VSTES Dotjgl.as, fourth earl of (1530-1581),. 
regent of Scotland, second son of Sir George Douglas of 
Pittendriech, was born at Dalkeith in 1530. Having 
married Elizabeth, daughter of the third earl of Morton, 
he through her succeeded in 1553 to the title and estatc.s 
of his father-in-law. After the return of Queen Mary in 
1561 he was chosen a privy councillor, and in 1503 ho 
became lord high chancellor. Though his sympathies were 
Protestanb he took no part in the combination of Protestant 
barons in 1565, but he headed the armed force of 150 men 
who took possession of HoljTood Palace to effeefthe assa.s- 
sination of Eizzio, and it was to his house that the leading 
conspirators adjourned while a messenger was sent to obtain 
Mary’s signature to the “bond of securitj-.” The queen, 
before complying "with the request, escaped to Dunbar, 
and on her return to Edinburgh with an escort of 2000 
men Morton and the other leaders fled to England. .-Ifter 
her marriage ■with Bothwell, Morton returned, and uith 
600 men appeared before llorthwick Castle, where the 
queen, in dread of a rising, had taken refuge He was 
present at the remarkable conference at Carberry Hill, 
and he also took an active part in obtaining the con.'cnt 
of the queen at Lochleven to an abdication Thereupon 
he was reappointed lord high chancellor, and also succeeded 
Bothwell as lord high admiral. On 
of Alar he became regent (October Id ' 2). Throi. 
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■concrete and cement ^ere botli set, the surface of thepave- 
inent as rubbed do^m and polished. This kind of m^aic 
aaas largel}- used for floors of hj-pocansts • the concrete bed 

rortX;'*’'’"*"' 

If used for upper floors very strong joists avere re- 
qmred, and both Pliny (xx.wi. 25) and"l4uvius (vii. n 
recommend a double layer of boards, one crossing the other'^ 
•on which the concrete and cement bedding avas to be laid. 

ilie usual Eoman paa-ement aras made of pieces of 
marble, averaging from a half to a quarter of an inch square 
but rather irregular in shape. A feav other, but quite 
•exceptional, kinds of mosaic pavements have been foimd 
such as that at the Isola Farnese, 9 miles from Eome’ 
made of tile-like slabs of green glass, and a fine “ seetile 
pavement on the Palatine Hill, made of various-shaped 
pieces of glass, in black, white, and deep yellow. In some 
cases c.g., in the “ House of the Faun ” at Pompeii — ^glass 
tesserie in small quantities have been mixed with the 
marble ones, for the salce of greater brilliance of colour. 
Pompeii is especially rich in its mosaics both on floor and 
'ualls, almost every house having at least its vestibule 
paved in this way. 

_ In addition to gi-aceful flovring patterns and geometiieal de- 
picture-like subjects of grc.it elaboration frequently occur; 
of these the most important is the largo and mimitelj'-executcd 
scene of the battle of Issus, found in the ‘‘ House of the Faun." It is 
ef special value as being the chief classic.rl liistorical picture stilt 
■cHsting. It is a veil-designed though somewhat crowded com- 
position, representing tho moment of Alexander’s victorious chaige 
against the cavalry of Daiius. The expression of the faces and 
the characteristic dresses of the Greeks aud Persians are repre- 
sented with great skill (see fig. 2). Tho tessenv, as was .alw.iys 
the case in this sort of work, are not all the same size, the smalleH 
(only about one-tenth of an inch square) being reserved for the faces, 
where greatest refinement of detail was requireil. This was a floor- 
mosaic, though generalh’ these niinuteli'-exeeuted works were 
affixed to walls. 

• The most skilfully-executed of all existing mosaics of this pictorial 
kind is that known as “ Pliny's Doves," found in Hadrian’s villa 
at Tivoli, aud now in the Cap’itolinc ifuseum. It may possibly be 
the one so highly praised by Pliuv’ (xxxvi. 25) as the work of Sosus, 
for, although he describes it as beiiigat Pergarauui, yet it was a 
common practice with the Konians to transpoit these mosaics from 
one place to another, aud this very celebrated one may well have 
been brought to Tivoli to adorn the emperor’s villa. It is treated 
ill a ver}' realistic way : the light on the gold bowl, the plumage of 
the doves, and especi.ally the reflexion in the water of the diiiiKing 
■dove, are represented with woudeiful skill. It is, in fact, far too 
pictorial, and, like the late mosaics in St Peter’s, Koine, is more 
lemarkable for its technical skill than for auy real artistic inci'it. 
This excessive realism, produced ivith givat difliculty and cost, is 
■a not uncommon fault of the more elaborate Rouimi mosaics, and 
was the inevitable result of the lu.xury and ostenrariou of in)|ienal 
Romo, which made art the bond-slave of the wealthy, rather than 
the flee aud natural expression of a whole people, as it was among 
the earlier Greeks. 

Anotlier interesting mosaic from the wall of a hon^ at Ponijieii, 

•of extremel}' delicate woik, is a rehe.ai'sal scene in a t>rcck theatre, 
where the choregus is instructing the actors: ir is specwlly le- 
maikahle from its being signed as the vork of Dioscondes ol 
Samos. Other figure-subjects are not uncommon, such as v .inou» 
representations of the victor}* of ’Tlieseus over the Minotaur, others 

■of Achilles in Scyros, many hunting scenes, and the like.^ _ 

Tbroughout Enslan'd, Germany, France, Spain, Asia 
Minor, and Hortbern Africa in no vay have signs of 
Eoman occupation been left so clearly and in so con- 
spicuous a form as by tbe niuneroiis large aud generally 
well-preserved mosaic pavements which ha^e at various 
times been discovered in all these countries. In maiq 
cases, long after all traces of the walls of the huil ngs 
have disappeared, owing to their being dug up an^ re- 
moved for building purposes, the mosaics^ still reraaiii to 
testify of the artistic power and mechanical skill ot tue 
Eoman colonists. 

Few countries are richer than England in the^ rcm. s , 
the great pavements of York, 'Woodchcster, Cwences er, ^ 
and many other places are as elaborate m design and as ^ 


mosaic 

skilfully executed as any that 
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itself. ■ In wbatevei^ 

their style and method of trratment nrTabrav^’^"' 

same; the materials only of Jliich the ^ 

country. In England, for instance, limestone or'ch-iik 
often takes the place of the white karble rLTmtt 
Italian and Eorth African mosaics; while, instead of red 
marble, a fine sort of burnt clay or red sandstone i« goim- 
rallyiised; other makeshifts had to be resorted to^and 
® Anglo-Eoman mosaics are made entirelv with- 
out marble It IS perhaps partly owing to the’ great 
araalth of Northern Africa in marbles of manv colourfaml 
of vap-ing shadp that tbe finest of all Eoman mosaics 
have been found m Algeria and Tunis, especially tho-e 



from Carthage, some of which have been brought to tho 
British Museum. See Archxohpia, vol. xxxxiii. j). ’202. 

The range of colour in the marble tes^enc i^^ v cry great, 
and is made use of with wonderful taste and .skill : thiro 
are three or four diflerent shades ol rad, and an oqital 
number of yellows and greens, the last colour in all its 
tints being almost peculiar to this jxart of .•Vfriea, and one 
of the most pleasant and liarraonioiis in alino-t any com- 
bination. Deep black, browns, and biuisli-grey.-, are abo 
abundant. The white marble which foniis tho ground of 
nearly all the designs is often not pure white, but .slichtly 
striated with grey, giving great softness ami Ivauty of 
texture to the surface, and doing awny with too gri.it 
monotony of tone. The Homan practice, common to rdl 
their mosaics, of not fitting the tc-sene quite clo-riy 
together, but allowing the cement joints to chowfra.iy, 
w^ also of great v.alne in p'ing ctTcct to the giicird 
te.xture of the surface— a Jicint quite forgotteu by 
later mosaic-workers, who thought that the cc’y.r -l.i.r 
tessene were fitted together tlio lH.tter the ino-suc wou.J 
be. This remark does not apply to .-i.otile mr.--nc. i!i ^ 
sufiicient variety can be given by the iinr..ir.p 
in each piece of m.arblc. To return to .he 
Carthage, they .are no less c-xcellcut in ow.i.i *• ->■ 
the richnejs and beauty of their rmiterja.- 
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. -concrete and cement rvere botli set, the surface of the pave- 
ment ^vas rubbed dorm and polished. This kind of 25ic 
rvas largely used for floors of hj-pocausts j the concrete bS 

If used for upper floors very strong ioists rvere re- 
quired, and both Pliny (xx.\-vi. 25) and Yitruvins (vii 1) 
recommend a double layer of boards, one crossing the other 
■on which the mncrete and cement bedding was to be laid! 

liie usual Eoniaii pavement -a-as made of pieces of 
marble, averaging from a half to a quarter of an inch square 
but rather irregular in shape. A few other, but quite 
•exceptional, kinds of mosaic pavements have been foimd 
such as that at the Isola Fariiese, 9 miles from Pome’ 
made of tile-like slabs of green glass, and a fine “ sectile 
ixyement on the Palatine Hill, made of various-shaped 
pieces of glass, in black, white, and deep j'ellow. In some 
■cases — e.p., in the “ House of the Faun ” at Pompeii— glass 
tesserie in small quantities have been mixed with the 
marble ones, for the salce of greater brilliance of colour. 
Pompeii is especially rich in its mosaics both on floor and 
avails, almost every house having at least its vestibule 
paved iu this way. 

_ In addition to gi-accfiil flowing patterns and geomcti-ical de- 
«igns, picture-like subjects of great elaboration frequently occur: 
of these the most import.aiit is the large and minutely-executed 
scene of the battle of Issus, found in the “ House of the Faun. ” It is 
of special ralue as being the chief classic.al lustorical picture still 
■existing. It is a_ well-designed though somewhat crowded com- 
position, representing the moment of Alexander’s victorious chai-ge 
-against the cavalry of D.-u-ius. The expression of the faces .and 
the ch.aracteristic dresses of the Greeks and Persians are repre- 
sented with great skill (see fig. 2). The tessera’, as was ahr.vj's 
the case in tins sort of w'ork, are not all the same size, the smallcH 
■(only about one- tenth of an inch square) being reserved for the faces, 
where greatest refinement of detail was require^l. This was a floor- 
mos.aic, though generally these minutely-exeeuted works were 
■affixed to walls. 

• The most skilfully-executed of all existiug mosaics of this pictorial 
kind is tliat knowm as “ Pliny’s Doves,” found in Hadrian’s villa 
-at Tivoli, and now in the Cap’itolino Jluseum. It may possibly be 
the one so highlj" praised by Pliu}' (xxxvi. 25) as the work of Sosus, 
for, although he describes it as 'being .at Pergaraum, yet it was a 
common praefciee with the Romans to transport these mosaics from 
one place to another, and this very celebrated one may well have 
been brought to Tivoli to adorn the emperor’s villa. It is treated 
ill a ver}’ realistic way : the light on the gold bowl, the plumaOT of 
■the doves, and especially the reflexion in the -water of the drinking 
■dove, are represented with wonderful skill. It is, in fact, far too 
pictorial, and, like the late mosaics in St Peter’s, Rome, is more 
remarkable for its technical skill than for any re.al artistic iiicriu 
This excessive realism, produced with gi'c.at diflicultj' and cost, is 
n not uncommon fault of the more elaborate Roiiiaii mosaics, and 
was the inevitable result of the luxury and osteiitariou of inijierial 
Rome, which made art the bond-slave of the wealthy, rather than 
the free and natural expression of a whole people, as it was among 
the c.arlier Greeks. 

Anotlier interesting mosaic from the w.all of a hoiire at Pompen, 

•of extremely delicate work, is a reheai'sal scone in a Circek theatre, 
where the chorogus is instructing the actora : it is specially re- 
markable from its being signed as the work of Dioscondes ol 
Samos. Other figure-subjects are not uncommon, such as v;mous 
representations of the victorv of Tlieseus over the Alinotaur, others 
■of Achilles in Soyros, manv hunting scenes, and the likc._ 

Tbroughout England, CJnnuany, France, Spain, Asia 
Minor, and Nortbem Africa in no way have signs of 
Homan occupation been left so clearly and in so 
spicuons a form as hj tlie numerous large and genemlly 
■well-preserved mosaic pavements which have at various 
times been discovered in all these countries. In 

s, lonw after all traces of the walls of the builmngs 
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skilfully executed as any that 
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itself. ' In whatever count^^'^lm-T 
their style and method of treatment wTSv 

same: the .„i.. .r ’'"ch the 


; the materials only of which are made 
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conntrj. In England, for instance, limestone or'eh-dl- 
often takes the place of the white marble so common' in 
Italian and Jsorth African mosaics; while. Instead of red 
marble, a fine sort of burnt clay or red sandstone is gene- 
rally used • other makeshifts had to be resorted to^and 
many of the Anglo-Eoman mosaics are made entirelv’witb- 
ont marble It is perhaps partly owing to the great 
wealth of Northern Africa in marbles of manv colonic and 
of vap-ing shades_ that the finest of all Homan moraics 
have been found m Algeria and Timis, especially tho.-^o 


cases, 


have' disappeared, o-iving to their being dug up and re- 
moved for building purposes, the moraics still remain o 
testify of the artistic pow^er and mechanical skill ot the 

Homan colonists. , . 

Few countries ai-e richer than England in these remains : 
the great pavements of York, lYoodchcster, Curences er, 
and many other places are as elaborate in esign an as 



from Carthage, some of which have been brought to the 
British ^luseum. See Archxologia, vol. xxxviii. j). 202. 

The range of colour in the marble tessene i.-^ very great, 
and is made use of with wonderful taste and skill : there 
are three or four difl'erent sliadcs of red, ami an equal 
number of yellows and greens, the Inst colour in all its 
tints being almost peculiar to this jurt of .-Vlrica, and one 
of the most pleasant and liannonious in alnio.-^t any com- 
bination. Deep black, browns, and bluish-grevs are nl-'-o 
abimdant. The white marble which fonns the groum! of 
nearly all the designs is often not })ure white, lutt .“^lightly 
striated with grey, giving great softness and l>e.iuty of 
texture to the surface, and doing away with too grc.it 
monotony of tone. The Homan practice, common to all 
their mos-iics, of not fitting the te.sseae quite clo-elr 
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be. This remark does not api>ly . , ^ 
sufficient variety can b-e given by the marking.^ a::il 
l>i«e ot mrUc. To ,o!»™ » 

Carthage, they are no less c-vcelicnt in . 
the richness and beauty of their inatcna.s. 


Large 



MOSAIC 


decoration,^ In many cases vaulted ceilings vcrc covered 
with these mosaics, ns the tomb of Qalla Placidia, 450 
A.D., and the two baptisteries at llavcnna, 6th and Gth 
centuries. Por exteiiors, the large use of mosaic was 
usually confined to the west facade, as at S. Mininto, 
Florence, S. Maria ilaggiorc. Home, and S. Mark’s, 
Yenicc. In almost all cases the figures are represented on 
a gold ground, and gold is freely used in the di esses and 
Ornaments— rieh jewels and embroidery being lepresented 
in gold, silver, sparkling reds, blues, and other colouns, so 
jis to give the utmost splendour of offcct to the figures and 

.their drapery, _ , . t i 

Tim revival of the art of iiamtmg m Italy and tlio 
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pupils Jacopo da Turrita, Giotto, and Taddeo Gaddi 
was equally applicable to painting or mosaic, yet soon the 
development of art into greater realism and complevity 
requhed a method of expression unfettered by the necessi- 
ties and canons of mosaic-work, Pietro Cavallini, a Homan 
artist, was one of the last who worked accoiding to the 
old traditions. Uis mosaic of the biith of the Virgin in 
S. Maria in Cosmedin, Home, executed about the middle 
of the 14th century, is not without merit, though his 
superior knowledge of form has only caused his composi- 
tion to bo somewhat feeble and insipid compared with the 
works of the earlier artists. Even in the 15th century a 
few good mosaics were produced at Venice and elsewhere. 
Since then many largo jricturcs have been copied in glass 
mosaic, generally attempts to imitate oil paintings, executed 
with great skill and wotrderful jiatience, but all rrtterly 
worthless as works of art, merely costly monurnerrts of 
Irrrnrarr folly and misapplied labour. The mosaics from 
Titian’s jricturcs on the west end of S. Mark’s at Venice, 
llaphael’s in the Chigi Chapel in S, Maria del Popolo, and 
rrrany large pictures in S. Peter’s in Home, are the most 
strikirrg examples of these. 

The followtng list, in chronological order, coiirnriscs a selection 
fiorn among the most important mtdiicvnl glass uall-riiosatts during 
the period when mosaic- working was a real art 

nth Century. 

OrUiodox Uaiillsttry-vaiirt. 

Tmnr) of Gidla riiiclilla-saiilt, «0 
ArchblRliop’n Cliaptl— vault. . 

Cntiicilrar-apsc. 

Citlaiirat-niisr . 



ilfitiii. 

1 nmti. 
iVold. 

liavenna. 


Otli century 





processor •• rcsiorauun, ""V „ ^ q„ito nidestiuci 

11^^ S. Mark’s Imp^ 

at Pisa, and many other places hat or 

Ruthin the last few years. 


}!nme, 

HiUin. 

< mflantinoyle. 
Ihcisatonica, 

Trehhond. 


Home, 

Jerusalem. 

Home. 

Jr} 

Jl/ovnl.Siiinl. 

home. 


Milan. 

Cordova. 


Jrrvsnlm. 

Constantlwple. 

Vinlce. 

rupueu 

I orcello. 

Mura}to. 

Siihrtio. 

Halerma. 

Monreale. 

Hethleliem. 

Vefalu. 

Houte, 


t,lh CctUnry. 

B'^'A'rnr'lIuM(f'^Nuo\o-nii'!C niid nave, wltti 

8 Vltnr'"-ni«e and wlioto "sm tnary, elrm M7. 
s: Aporilnarl In Cln»»e-npse eiur nave, DID, 
hS Cosinns amr 

H horenro, Clmpcl of H Mmlln i; v^^ 

B feoplilft— wnllRnud Nftult, ciw SonWa— 

Clmrcl. of St Gcoujo-ttpso, A'c , and ». aopu.d- 
riTHC 

S. Bopljlft— 

•Jth Century 

8 ApurHO fuori lo miira- apse, C2G. 

Jorne o?tr.o Itoele ■■-ardros of ambulatory. 088. 
m Century. 

llaptisteryofS GlnvannHnLaU.rano 

bS Ncrum and Adillli-s. 

Mosnuo ofAl AUHn--ondomc. 

Cbapcl of trio TraiiHllgurallou. 

m Century 

B Cecilia In IVastcv CIO— apse 

|^lrTdra»lla-apse.and"Cl.a^ 

8. 1 ’rannde- trlumplial ardi. 
hi I’uden/inin, 884. 

8. Ambroglo— arise, 83.. 

lOrt Century. 

Jlilinalr (flanotunry) of Slostiuc. 

nth Cetittiry. 

B. Mark'B-narOrU apse, and walls of nave and alslis. 

Catliednil— apse. 

Catliedral— arise. 

Catlicdral— apse. 

g"pdluUC; licpru " 

i•Sco"srl';;;™na-ar.se. 

8. JIarlalnTrastcVoro-ar.se. _ 


Floronee. 

Hotne. 


irth Century. T<,/anno. 

.. » i. loor, ^)y rn 

'“'S 

»v£S“S"i3“S-' 






MOSAIC 


decoration,^ In many cases vaulted ceilings vcrc covered 
with these mosaics, ns the tomb of Qalla Placidia, 450 
A.D., and the two baptisteries at llavcnna, 6th and 6th 
centuries. Por exteriors, the large use of mosaic was 
usually confined to the west facade, as at S. Miniato, 
Florence, S. Maria ilaggiorc. Home, and S. Mark’s, 
Yenicc. In almost all cases the figures are represented on 
a gold ground, and gold is freely used in the dresses and 
Ornaments— rich jewels and embroidery being represented 
in gold, silver, sparkling reds, blues, and other colouns, so 
jis to give the utmost splendour of elTcct to the figures and 

.their drapery, _ , . t i 

Tl>o revival of the art of iiamtmg m Italy and tlio 
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or teo .oA in KS. s 

•deathblow to tho tine art Ciinabuo and his 

fi rst the simple and_ ar^ — 

T UnfortuantcTy tho world- wiilol^o • _ pic fiitil 


rtool'b. wars 8 unu o 

1 Unfonuanicij- u.u . exlraonlinnry works to tne i > 


least CXO..S0 wUl. worttlos.s .uodorn 

rosaic.rS tZ^S. Maria’s 

at l-isa, ami many other places ha^ 0 I 

•^vithia tho last few years. 


pupils Jacopo da Turrita, Giotto, and Taddeo Gaddi 
was equally applicable to painting or mosaic, yet soon the 
development of art into greater realism and complexity 
requhed a method of expression unfettered by the necessi- 
ties and canons of mosaic-work. Pietro Cavallini, a Homan 
artist, was one of tho last who worked according to the 
old traditions. His mo.saic of tho birth of tho Virgin in 
S. Maria in Cosmedin, Homo, executed about the middle 
of tho 14th century, is not without merit, though his 
superior Icnowledgo of form has only caused his composi- 
tion to bo somewhat feeble and insipid compared with the 
works of tho earlier artists. Even in tho 15th century a 
few good mosaics were produced at Venice and elsewhere. 
Since then many largo i)icturos have been copied in glass 
mosaic, generally attempts to imitate oil paintings, executed 
with great skill and wonderful jiatience, but all utterly 
worthless as works of art, merely costly monuments of 
human folly and misapi)liod labour. The mosaics from 
Titian’s jiictures on tho west end of S. Mark’s at Venice, 
llaidmel’s in tho Chigi Cliapol in S, Maria del Popolo, and 
many largo pictures in S. Peter’s in Home, arc tho most 
striking examples of these. 

Tho following list, in chronological order, comnri.scs a selection 
from among the most important mcdiieval glass wall-mosaics during 
the period when mosaic- working was a real art 

nth Century. 

Orlliodox naiillatcry-vttiilt. 

Tmnl) of Gnlln rinclilla-vaiilt, «0. 

AtcIiIiIrIiop’h Cliapel— vault. 

Catlicilral-apso. 

Cathedral-apse. 

m Century. 

8 Vltala-apaa and whole sanctuary, clna UlT. 

s: Apollinarc In Claaso-apac and nave, S.10, 

KS. Co,sinaa and W!'';;i"J'7Sinus-vault. 

H. norcmio, Chapel I'.o , 

8. Sophla-walla and ''"''h 'iff. g. Sophla-domc and 
Church of St Georsc-apso, Ac. , anu i 
apse. 

8. Sojihla— apse. 

^th Century. ' 

8. ARnese fiiori Ic mura- apse, 020. 

Joine of the nock"-arch08 of ainhulatory. 088. 
m Century. 

naptiateryofS.GInvannllnLaterano. 

S3. Nereua and Achilles. 

Mosnue of Al.AliHn--on dome. 

Chapel of tho TranallRuratlou. 

Olli Century. 

B Cecilia In SY.astcvcro— apse 
|;JlrTcdrNavloella-apse.and^ 

8. 1 ’ras.sedc— triumphal arch, 
si I’udenziana, 884. 

8. Amhrot'lo— apse, 83.. 

lOrt Century. 

Jlilmah (flanotuary) of Jlo.sriuc. 

nth Century. 

8. Mark'B-narthU apse, and walls of nave and alsUs- 
Cathednil— apse. 

Cathedral— apse. 

Cathedral— apse. 

g"lS"lUina, hcRun n 32 -the whole walls. 

i-ScJlJSr^Sna-.U;- 

gijInrlalnTrastcVcro-apsc. _ 

lS(h Century. T,„„ro. 

r loor, r,y Fra Jacopo. 


Milan. 

I'nndi. 

iVela. 

Itavenna. 


Jlnme. 

Milan. 

Craislantinoyle. 

Thesstttonica. 

Trehhond. 

Jtotne. 

Jerusalem. 

Home. 

Jerusalem. 
Mount .SinnL 

Home. 


Milan. 

Cordova. 

Jerusalem. 

Constanllwple. 


Venlee. 

Ciipueu 

Tarcello. 

Murano. 

.Ualerno. 

ralermo. 

Monreale. 

Jletidehem. 

Cefalu. 

Jv’ouie. 


Ploronce. 

Home. 


“■sstsves-. 
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^ Tt. . 11 y'*'' »'i'l fii-0 oxtromolv licaiiti- 

ful. J lio s ails lu Siuiia i-atluslnil and in S, I'ictro do’ Casinensi 
at 1 liiUi'i' liom Knidiaol’s designs, are ainoiig the finest 

iMirk.s ot this .sort, whioli are very numerous in Italv. It has also 
' to ornament lurnitmT.'and esiiecially 

1 .." ..um.!!."/.’ .".'’...“'F the most costly 


y y \ * 1 ulC lliusb tUsUV 

an; eln .orate decorations Mere often lavished. Some traditional 



'’•T ; Murin'^. rnijir-t »fc rarH. 1SJ2-:KS • 

iifdl .\ft,.rt) Uyrhyjuco, ynrit.us datis; Ito’icU Smith, i.'oajtm /.omhm, 1SM»- 



I (iirmo, isv.i sq. ; NTmairiico, .Uoarraff nUir chir^'i 
Salft7.in>, Moa. t/Wr Jrff .tfrrfth <ntaUn, 18S2 ; M. 1), ^Yyatt, (.VomffricitJ ^Vo^arct.’ 
r/fA^ .tf?-**, ISIO ; Silronlvrjj, All'Chriytlh'he lUMHlcuhnnlf fon ('oiKfrtafi. 

; ^uI^h(■r, ]hi:nniin(^ dr 18SU; Toxh*r and 

rnllnri, ArvhiftKfjitr, I8Gt; Qtmst, AU’Chri^tlkJini jUtuu'crkc mi 

;.VnY«an, 1812; h VVrn* ISOO; MJhiie^il, Dd At If 

del IVfn>;vl .t/avijni, inili ccJJtnry (roprintod at Holo^jaa in 18d4): HolmuUdo 
n»‘ury, .\fon»u»vpfii ifr ISOd; Kroutr, Undliftt di IVarrhi, 18)n; 

Ually KulK^it, ^livAii/^r/arr n/ ihih/, 1S12'1; Vtwsatl, vl»trt 

18.VJ; DMnm, ‘M/\ ivintun* tn Mtw.utpu*,” hVir. /h vol. xl., p. 412 ; 

Gi'J^ivirh, f,<i .Vtwnrpi/*, lss.'». 

.V( .(njAf-'Ar itiui Alf-Kidirtu^dir /*«TtJ*lVriiVriMio«’a, IS/iU; 

IVK-'* «l*Av<‘nn<*i, J.'Arf .titrV, l.S7‘l*18'^0 l*niti^'t*y, .Vo-t'/arV (?<• ron/oiif, ISW; 
t>«t‘n JoiJos ..l/AnnArt?, 1S42; ])»' Tfiiijdr df Jt^ntstthtn^ 1801; IVxior, 

A*> Mtnfurr, l''02,nntl //Jr» .i‘7nVr//a iVw, 1812-02 ; Bourjtoln, //ft? 

tf.fk'h/MfJnV hr 1S07; riaiuUii ftiul Ctwto, roytti;c 

fti /’»?'«', lsi:’..'l. 

iri‘.»i..Vtwtir — Or/iafi dd Coro 5. VUtt'O Vasdttntsf di Penujia^ 

IShi; Cntll, AM»rk'? t>n Itnf.v?*Un tla Hrosoia atul other tntnr>»ialoii, l85t, 

Ac. ; fti jMfii'i?? di S. I\ ffaro tfu fiViion?, IS78. (J. H. M.) 

}i[OSCHELKS, If)N.\2 (179-1-1870), one of tho most 
roUiiod nud ncooiuplislicd pianist.s of tho prc-scnt century, 
was liorn at Pragno, IlOth Jlay 179-1, and first studied 
iimsic at the Coiisorvutorintn in that city under tho direc- 
tion of Dionys ^Vellor. At tho ago of fourteen ho made 
lii.s first nppoaraneo l>eforc tho public in a pinnoforto con- 
certo of his own composition with luarked succc.ss. Soon 
after this lie removed to Yienna, where he studied coun- 
terpoint under Allirocld-sliergcr and composition under 
Salieri. In 181-1 lie ])roiiarod, witli llectliovcn’s consent, 
the ])ianof()rto arrangement of /Vde/m, afterwards published 
by Jfessrs Arlaria. In the following year bo published 
bis celebrated iibcrxh'H Ahwamki'iiiam'/t, a con- 

cert piece of great dilliculty, which bo played with so great 
effeet tiiat bo was at once recognized as the most brilliant 
performer of the day. He then started on a tour, during 
the course of wbicli be visited most of the great capitals 
of Eurojic, making bis first appearance in London in 1822, 
and there .secnriiig tlic friendship of ^Inzio Clcmcnti and 
John Cramer, the" fathers of the I'liiglish school of piano- 
forte playing. Por a concert given by the latter ho 
wrote bis famous J/diiniuifjc d Ih'imkl, a duet for tno 
iiianofortcs, which afterwards became a lasting favourite 
with tho public. 11 is recept ion in England was sntUciently 
cnconroging to justify bis return in 1829, when bo again 
met with a be.arty welcome. During a visit to Perim in 
182-1 be first liecnme acquainted witli Mendclssolm, Uien 
a boy of fifteen ; and a friendship siiraiig up ^'Ctwcen tliem 
which wa.s severed only by ^lemlclssobu’s early death. 

In 1S2G Jfoseheles reliuqui.shod liis wandering habits, 
and settled iicrmanently in London, surronndmg himself 
with a cUmteh fully capable of appreciating his t«>onts ns 
an artist and his -social worth as a f.riii 
Ilis position wn.s henceforth a more than onlma > 1 ^ 
viable one. Ho was recognize* from end ^ of Lui^ 
ns a virhmo of the highest rank ; and bi-s populai tj tiot 

cfleetually secured it from the caprice o elm png f" 
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conducted Beethoven’s Ninth Syiti- 
phony at the 1 liilhannomc Society’s concerts with oxlra- 
ordiimry success; and on this nud other occasions contri- 
buted not a little, by his skilful use of tho baton, to tho 
prosperity of tho time-liououred association. Duriim the 
course of his long rcsidonco in London ho laboured incc.s- 
santly in the cause of art, playing at immmorablo concerts, 
both public and private, and instructing a long lino of 
pupils, who flocked to him, in unbroken succession, until 
the year 1848, when, at iicndolssolm’s earnest solicitation, 
ho removed to Lcipsic, to carry on a similar work at tho 
Conscrvntorium then recently founded in that city. In 
this now sphere lie worked ivith unabated zeal for more 
than twenty years, dying 10th Marcli 1870. 

Moscliolcs’s most imiiovtniit compositions nro lii.s Pinnoforto Con- 
ccrto.s, Soniitiis, niul Stmlics; lii.s llommagc it Handel; ami his 
tiu'co celobr.ited AUegri tU Bravura^ 

MOSCIIUS, of Syracuse, is one of tho Greek bucolic 
lioots ; lio was a friend of tho Ale.vnndriau grammarian 
Aristarchus (about 200 ii.c.). His chief work is tho ojii- 
tnph of Bion of Smyrna, another of the bucolic poets, 
who seems to Imvo lived in Sicily. It is probable that tho 
miscellaneous collection of ]ioeius which wo iiossess by the 
three jioets 'rhcocritns, Bion, and ^fosclms was known to- 
Artemidorus in 200 ii.o. His poetry is the work of a well- 
educated man with a trained artistic eye ; ho models his 
works on those of Bion, writing epigrammatic, oiiic, and 
idyllic or elegiac ver-ses, all except n few lines being in 
hexameter verso; hut ho treats all his subjects inn do- 
scrijifii'o, not in a imrrativo or an epigrammatic stylo. 
Besides tho epitaph of Bion, ho wrote two little epic poems, 
“Europa" and "Jlcgara,” and a pretty little epigram, 
“Love tho Bunawny ;” and a few short pieces of his are 
also jireservcd. They nro written with much elegance, but 
tho style is perhaps too refined and carefully wrought, and 
ho has few of tho higher qualities of a poet. 

I^fOSCOW, a government of Central Russia, hounded 
by 'Iver on tho N.W., Vladimir and Ryazan on tho E., 
Tula and Kaluga on tho .S., and Smolensk on tho W., and 
having an area of 12,858 sqnaro miles. The surface is 
undulating, with broad depressions occupied by tho rivers, 
and varies in ulovntiou from ftOO to 8u0 feet. Moscow is 
situated in tho centre of tho so-called Jfoscow coal-ba.siii, 
which c.xtonds into tho neighbouring governments, and 
consists of limestones of tho Upper arid Lower Carboiii 
foron.s, tho latter containing beds of inferior coal, n 'I 
tho former contains several good quarries of marble. 1 ’ 
Carboniferous formation is covered with Jurassic clny.s 
sandstonos, and sands, which yield a good chma-clny a 
Gieli, copperas, a sniidstoiio much employed for hmlding 
and a white sand used for tho manufacturo of glas.s. J 
whole is thickly covered with hoiilder-clayand alluvial sands 
Tho ..ovormnoiit i.s iwitorod hy the ^ olga, which shirt.s i < 
few miles on its northern boiimhiry, by the navigablo Se-'^tm.^iWiv- 
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;.,i)Y»nn, lhl2: lie 1 }:,j!!^rs ,!f M Terrt .CitMe, ISCO; Milaiiosi, Ikl Ark 

tifl J mill c(iitiiry(roiniiit<'il n( tloliiKiia In IStU); KolmultiKi 
ni iir.v,_.Uoninn.-iif« tk I'kf, isail; IkAlini ill .e. ,1/iiiw, IViir.-fii, ISia; 

OaUy Klilulit, J.Vf/c.ii.u'i.vil rlivliilfr/iiir n/ Ilfil;/, ISIC-t; I'lWsall, jli;rt So;i/iin, 
1F.VJ-, DMom, "Iia j>i ltilnn' on Mesnnmo," (li’i:. ties II. Ark, vol. xl., i'. 442 ; 
[aj 

.Vi’-.'.Vr.j.-- HcsmMttrr, /nrH*? VrjiVruiK/f'Ji, ISAJi; 

IVIs-*' J.'Jrt ISTMvSSOj l*r:jn^vy» Con/our, lS:iO; 

0\vot\ 1S4‘J; Pt' VcvnA, dt* Jth'nsittnn, )J'Ci4 ; iVxier, 

MhirutY, IStViJ, mul /iMn-it «i>f/ fa ; Uonr^>ln, /^5 Artt Artiiir.^, 

iN'S; CoHto, .'fnninMfuf.t fa JVjvv, 1S07 ; Klaiuliu t\m\ CtwU*, To^ti/c 

ru ISCl-.'i. 

Tam (U S, /VV/rr? 

1S:U*»‘ CnJIl, v.irloiH works oji ItuTifllo tin Urosoia ami other Intarsintoii, 1851, 
Ac. ; 7or:^i> rtf iMfiiofi tfi vS*. Ixrcnto <ii (tViiont, ISTS. (J. II. M.) 

MOSCHELES, loNAZ (170-f-1870), one of the most 
reiiiicd and accomplished pianists of the jircsout century, 
was horn at rragiie, .‘10th Jlny 1701, and finst .studied 
music at the Couservatorium in that city under the direc- 
tion of Diony.s Weher. At the ago of fourteen lio made 
Ids first appearance before the public in a pianoforte con- 
certo of his own composition with marked sncoc.ss. Soon 
after this lie removed to Vienna, where ho studied coun- 
terpoint umler xMlirochtslierger and composition under 
Salieri. In 18M lie prepared, avifli llectliovcn’.s consent, 
the jiiauofortc arrangement of J'idili'n, afterwards published 
by :jre.4sr.s Artaria. In the following year ho published 
his ceiebrateil J'driiifiuiicti iiber dai Ah'.vdiuhTmarsrfi, a con- i 
cert piece of great dillicuUy, which ho played with so great i 
effect that ho was at once rcci'gnized as the mo.st brilliant | 
performer of the daj'. lie then started on a tour, during 
the course of which ho visited most of tho great ca])itals 
of Europe, making his first appearance in London in 1822, 
and there securing tlie friendship of Jlur.io dementi and 
.John Cramer, tho fathers of the Ihiglish school ol piano- 
forte pla 3 ’ing. h’or a concert given by tho latter ho 
wrote his famous Jlommarje. d Jfdndcl, a duet for t-\vo 
])i.auofortos, which afterwards became a lasting fnrouiito 
with tho jiublic. His recejjtiou in England was sutlicieutlj 
encouraging to justifj’ his return in ^^2.‘l, when lio again 
met witli a heart}’ welcome. During a vi.sit to Berlin in 
1821 ho first became acgnainlcd with Jifendclssohn, then 
a boy of fifteen ; and a friondship sprang up between them 
which was severed only by Jfeudelssohn’s early death. 

Tu 1S2G Jiloscheles relinquished his wandering habits 
and settled permanently in London, .surroundmg himself 
with a rlhdch fully capable of aiipreciatmg his talcids as 
an arti.st and liis social worth as a firm and loyal friend. 
Ilis position was licnceforth a more tlinn ® 

viable one. Ho was recognised from end to end ofLu.opo 



ephemeral patronage. Ho was undoubtedly for 
sidcrablo time tho greatest o.xocut.aut o 1''^’ "f ’ ° 

his brilliant touch ns a means and not n.s an end, 1 
£,“llv.<l«v„lo,l lo ll.« rurtlw-<lc.-cloi.mo..l of lUo 
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In 183/ Jfoschcles conducted Boctliovcn’.s Ninth Rvn. 
phony at tho 1 hilharmonic Society’s concerts with oxka- 
oidmaiy success; and on this and other occasions coutri- 


bated not a little, by his skilful uso of tho baton, to tho 
prospoiity of tho time-honoured association. Duritm the 
course of his long rcsidenco in London ho laboured iuces- 
saiitly in tho cause of art, playing at innumorablo concerts, 
both public and ])nvnto, and instructing a long lino of 
pupils, who flocked to him, in unbroken succession, until 
tho year 1848, wlion, at Hcndolssolm’s earnest solicitation, 
ho removed to Lcipsic, to carry on a similar work at the 
Lonservatorium then recently founded in that city. In 
this now sphere lie Avorked rvith unabated zeal for more 
than twenty years, dying lOtli March 1870. 

Jloscholcs’s most impovtnnt compositions mo his Pimioforto Con- 
certos, Sonntiis ami Stiulics; his Jlommagc il Jlcimk! : and liis. 
three celebrated AUegH di Bnxvura, 

MOSCIIUS, of SyracusCj is one of tho Greek bucolic 
poets ; ho was a friend of tho Alc.vnndrinn grammarian 
Aristarchus (about 200 ii.c.). His chief work is tho epi- 
taph of Biou of Smyrna, another of tho bucolic jioots, 
who seems to havo lived in Sicily. It is jirobablo that tho 
miscellaneous collection of ])ociiis u’hich wo possess by tho 
three poets Theocritus, Bion, and Jfoschus was known to. 
Artemidorus in 200 ii.o. His poetry is the work of a well- 
educated man with a trained nrti.stic eye ; ho models hi.s 
Avorks on thoso of Bion, Avritiiig opigraniiiintic, o[)ic, and 
idyllic or elegiac vor-ses, nil e.vcopt a fcAv lines being in 
hc.vamoter verso; but ho treats all his subjects inn do- 
scriptiA’c, not in a nnrrativo or an opigraniniatic stylo. 
Besides the epitaph of Bion, ho Avroto tAvo little epic poems, 
“Europa” and ‘‘Jfcgnra,” and a pretty little epigram, 
"Lovo tho BunaAvny ;” and a foAv short pieces of his are 
also preserved. They are Avrittcii u'ith much elegance, but 
tho stylo is perhaps too refined and carcfuiiy Avrougiit, and 
ho lias fcAV of the higher qualities of n I'oot. 

JIOSCOW, a goA’crnmout of Central Bu.ssin, hounded 
by Tver on tho N.W., Vladimir and Byazaii on tho E., 
Tula and Kaluga on the 8., and Smolensk on tho W., and 
having an area of 12,S.')8 square miles. Tho surface is 
uiidulatiug, Avith broad depressions occupied by tho rivers, 
and A’aries in elevation from 500 to 850 feet. Moscow is 
situated in tho centre of the so-called IiIoscoav coal-ba.siu, 
Avhich c.xtoiids into tho iieighbouriiig govoninient. 4 , and 
consists of limestones of tho Upper and LoAver Cnrboiii 
ferous, tho latter coutniuiug beds of inferior coal, '> ' b 
tho formor contains several good quarries of marble, lb 
Carboniferous formation is covered Avitli Jurassic clay.^. 
sandstones, and sands, Avhicli yield a good china-clay ni 
Gjcli, copperas, a samlstono much employed for builcimg, 
and a white sand used for tho mamifnctiiro of glass 1' 
Avholo is thickly covered AA’ith hoiildcr-clayand alluvial sands 
Tlio .^ovonimout is w.ntorod by the ^ olg-.i, Avlucli skirl.s it for 
row miles oil it.s novtlieni boumbivy. by tlie navigaWo So.stm.^vbw; 
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MOSCOW 


-prWon. Closo by, tbe great campanilo of Ivan Veliky i 
’Sictccl in the Loinbardo-Byzantino stylo by Bens Goclnnolf ! 
^1600, rises to tbo height of 271 feet (328 feet incluchng 
the cross), and contains many bolls, one of winch weighs 
1 oV) cwts The view of I^foscow from tins campanilo is 
re"any wonderful, and its gilded cupola is seen from a great 
.distance. Close by is tho well-known TsarfColokol (C/ar o 
the Bolls), 60 feet in circiimforenco round the rim, 19 feet 
irrh and weighing 3850 cwts. It was cast in 1(35, and 
hroken during the fire of 1737 before being hung ilio 
treasury of tho patriarchs (riznitsa) contains not only such 
arSof value as the mU-o. of tho metropolitan Foty with 
70 000 nearls but aho very remarkable monuments of Ru^ 
liaf aUmologj" The liLry has 500 Greek and 1000 


very rare Russian !MSS., including a Gospel of tho 8th 
centuiy. 

Tho great palace of tho cinporors, erected in 1849, is a 
fine building in white stone with a gilded cupola. It con- 
tains the terems, or rooms erected for the young princes in 
1G3C (restored in 1836-1849, their former character being 
maintained), a remarkable memorial of tho domestic life of 
the czars in tho 17th century. In tho treasury of tho cram, 
Granovitaya Palata and Orujoynaya Palata, now public 
museums, tho richest stores connected with old Russian 
arclneology are found— ci owns, thrones, dresses, various 
articles of household furniture belonging to tho czars, 
Russian and hlongoliaii arms, carriages, &c. _ 

Tho four sides of tho Senate Square are occupied by 
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;prlson. ^ Close by, llic great campanile of Ivan Veliky, 
•erected in the Lombardo-Byzantine style by Boris Godnnolf 
in 1600, rises to tlio liciglit of 271 feet (328 feet includiim 
•the cross), and contains ninny bolls, one of which weighs 
1285 cwts. The view of hloscow from this campanile is 
really wonderful, and its gilded cupola is seen from a great 
.distance. Close by is the ivcll-known Tsar-Kolokol (Czar of 
the Bolls), 60 feet in circumference round the rim, 19 feet 
.high, and weighing 3850 cwts. It was cast in 1735, and 
broken during the fire of 1737 before being hung. The 
treasury of the ])atriarchs (riznitsa) contains not only such 
•articles of value as the ml-Icoa of the metropolitan Foty with 
70,000 pearls, but also very remarkable monuments of Rus- 
.sian nrclueology. The library has 500 Greek and 1000 


cStiuy ° Russian JISS., including a Gospel of the 8th 

The great palace of the cmporor.s, erected in 1849, is a 
fine building m white stone with a gilded cupola. It con- 

® ^or the young princes in 

1636 (restored in 1836-1849, their former character being 
maintained), a remarkable memorial of the domestic life of 
uic czars in tlio 17th century. In the treasury of the czans, 
Granovitaya Palata and Orujeynnya Palata, now public 
museums, the richest stores connected with old Russian 
nrchicology aro found — crowns, thrones, dresses, various 
articles of household furniture belonging to the czars, 
Russian and Jlongolian arms, carriages, etc. 

The four sides of the Senate Square aro occujiied by 
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still tiicso aro insufficient for the population, ami the innnicipal 
schools every year refuse mlmission to about 1500 boys and mtls. 

The scientific societies are specially distingnishetl for their wrviecs 
in the esploi-ation of the country. The following ileser\-e parti- 
cular mention the society of naturalists (foumled in ISO.")) ; the 
society of Russian history and antiiiuities, which has published 
many' remarkable works ; the society of ainntoui's of Russian Ktenr- 
turc'; the ph)-sical and medical society ; tlio inatiicnmtic.al society • 
the society for the dilTusion of useful hooks ; the very active archa'o- 
logieal society, founded in ISG-J : a society of ginilening and of 
agricnltnix'; several technical, artistic, amrmusical societies; and 
t iie very active young society of the friends of natural scieiiee, wliicli 
.already has published many usofnl volumes. 

Among the nuisemns of Moscow, the museum, formerly Ruman- 
tsctr.s, now connected with theso-c.alicd "public museum,” oeeuiiics 
tiic first rank. Itcontains a library of 1.50,000 volumes ami ‘ISOO 
31SS., remarkable collections of old pictures, .sculptures, ami prints, 
as well as a rich ininci-alogioal collection, .ami an othnograpluc.al 
collection representing very accurately tlio various iubalhtauts of 
Russia. The historical inuseuin has already been nmntioncd. Tlio 
private nniseuin of Prince Golit;;yn eontaims a good collection of 
pintings ami MSS.; and great trea-sures of aivimology are amassed 
in v.arions priiaite eollootions in Moscow ami its suburbs. 

The periodical press does not on the whole exercise groat influ- 
ence; hrenty-livc periodicals are published, besides (hose of scientific 
societies. I'hit ^Moscow puldislics .a far larger number of books for 
primary instruction ami of the humblest kind of literature .and prints 
for the use of peasants than any other Russian city. 

The philanthrepic institutions .are numerous, tlie first tank being 
occnpieil by the iininonso Foundlings’ Hospital, erected in l/fit. 
The hospitals, municiixal, military, and private, .ai-e very largo, but 
much bcHow the staudaral of other capitals. The number of private 
philantliropic institutions is very considerable. 

Though the drama was introduced into Russia at Kieft', Moscow 
was the place of its dcvelopinont. The earliest stage representations 
were made at Moscow in 1610, ami the first comedy — a translation of 
.Valijn! Liii — wasplayedin the palace before Sophie, 
the sisferof Peter 1. It was only in 1750 that a thcirtreu-nscrvcteil. 
A large stone theatre was erected in 1776, and rehiiilt in 15,56 after 
.a fire. It is for the Moscow stage that the host Russian dramas 
have bocn written, and it was in uie “small theatre” that the best 
Eusshan actors — Schepkin, Sndov.sky, Shmnsky, and Mnd.amo Vasi- 
lielT— exhibited the comedies of Gogol, Grihoyedolf, and Ostrovsky. 

Moscow, whore the Great-Rnssiatt langtiage is spoken in its 
gre.atest purity, was the birthplace of the two chief Russian poets, 
Pushkin and Lormontoif, as well as of GrihoyodotT, Ostror’sky, and 
Ilciren. A luomuncnt to Pnslikin was erected in ISSO, on the 
Tverskoy Ivoulov.atri. Griboyedotf, in his remarkable comedy (tOiv 
< t i.'mo, has given a lively picture of the higher Jloscow .society of 
tlie Iwginning of this century, which continued to hold good until 
yithin the last few years. ' His remark as to the unmistakable 
imlividualih- of the Moscow type also maintains its truth ; although 
the physiognomy of Moscow has much changed since his day, it 
still has its special features that distinguish it from every otlier 
c.apit.il. The division of classes is mucli more felt at Moscow than 
elsewhere. The tendency touamls originality, the love of grandiose 
nndertakings, a kind of' brag, together witli little feeling of iiule- 
pendeuce, a good deal of laziness, and much conliality, still charac- 
teri'o the educated classes. The. merchants live quite aloof from 
any political or even intellectual luovemcut, under a rude patri- 
archal system, well described in the dramas of Ostrovsky. A farw 
proportion of them are nonconformists, Thoir sons, the well- 
knmvn kupeeheskivo sviiki, “merchants’ sons,” when they leave 
this kind of life, astonish the capit.al with thoir extravagances and 
ahsiml display of wealth, lint .Moscow takes its present phpiog- 
noray chieily from its busy lower classes. Tho streets are lull of 
merchants and pe.asants, who continue to wear the old Russian g:irb, 
go on foot in tlio streets, drink tea in modest restaurants, and trans- 
act largo Imsine^s. Prom being a towm of the aristocracy, Mrereow 
is coming to ho more and more a town of the wealthy mmd'p 
classes, ivho persist in keeping the low educational level of tlic 
pe.apnts in the villages, and li.ave but one .asninitioii, to hcoomo in 
“mcrcliahts’’ of tho type described by Ostrovskj. ^ 
Suhtrlis. — Moscow is surrounded by bc.autiful jwrks and pietiire 



liemleucios (bot.anic.al ganlcn. oxiwrimcntai farm, 

kirround an iiuporml palace in ^J***.'' 'fi 
of O^nkiuo. The private estates ot Kuzminki, Iviiskoao, > 
Ivuuteovo are also surrounded by parks : tho last has , 
of a yorv old graveyard, supwsed to lielong to the pagan ' 
Twenty-eight miles westward from the citvis the Savinn-btoreji - . 
monaatety. situated, like so nianvother Russian inouastenes. m axw^ 
fertile country-, amidst Wautifiil forests : it has .a pretty 
a rich treasury, ami lihrarv. Farther westw-anl still m tin - 
Jerusalem monastery erected by tho jiatriarcli Fikoii. 
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Aikolo-Ugijcbhskiy, 12 miles from the citv, between tl>c Kursk 

"i®" ‘^oupics a broutiful .site, .wd is mneb 
visited l y Moscow merelmnts, to venerate a holy picture hv whioli 
Dmitry Dousko} is saul to have boon blesscil l>eforo goiiic'to tiiyht 
tlio ilongols, ® ^ 

In the north, the forest of Sokolniki, covering 41 square milos 
wnth its radial allej-s and numerous summer residences, the I'lrt of 
Moscow most frequented by the middle classes. Close bv, towmis 
the cast, is situated the Preobrajenskove suburb, the ceiitre of tho 
nonconformists, and farther smith the' village of Izmailovo, with a 
home for nmilids and a model fann for apdeuiture. To the west 
ot Sokolniki is situated tho wood of Jlariina, the favourite resort 
of the merehants and “ merchants’ sons,” who there spend f.ibnloas 
sums of money on choirs of Gipsy singers. 

IHstorii . — ^The Russian annals first mention Jloseow in 1147 as a 
place where Yuri polgoriiki met with Sriutoslav of Syerersk and 
his .allies. The site wais inhabited from a vcia- remote antiquity 
by tbc Mcrj’a and Jlordvinians, whose remains .are numerous in 
tiio neighlwnrhood, and it was well peopled by Great-Kussians in 
the 12tli century. To the end of the 13th centiire Moscow re- 
mained a doMud'ency of the pvinees of Madiniir, and had to .snfler 
from the itiids of the Mongols, who hunievl and plundered it in 
1237 and 12?3, It is only under the rule of Damii, son of Alex- 
ander A'evsky (1261-1302)1 that the prince of iloscow anpiireil 
some imiwta'nce for tlie wart he took in tho wars against the 
Litlmanians. lie .annexeii to his princiivality Kolomna, situate I 
nt the confluence of the Moskva wath tlio Ok.a. His son in 1302 
nimexcd Pereyaslavl Zalessky, and next year Mojaisk (taking thus 
iiossession of' the Moskva frein its head to its mouth), _.aud so 
inaumirated a wliev which lasted for centuries, and con«lste^l m 
the annexation hv purchase and other means of the neigmionring 
towms and rillages. In 1500 the Kremlin, or fort, was enclosed 
hv a strong wall of earth .and wood, ofTcring a protcctron to nn- 
inerons eimgrants from the Tver and 
wont to settle around the new city, hndcr John Kahta (lo^ 
1841) the pTineirvality of Tladimir-w here the princes of huff 
and the mriropoiitan of Russia had taken wfnp after the 
that desolated south-western 
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still tlicso aro insufficient for the population, ami tlio innnieipal 
schools every year refuse mlmission to about loOO boys and sjirls. 

The scientific, soeiotics are specially distingnished for their wrviees 
in the exploration of the country. The following deser\-e parti- 
cular ineiition tlic society of naturalists (founded in ISO.")) ; the 
society of Russian history and antiiiuities, whicli has published 
inanv’remarkable works ; the society of ainntoui's of Russian litoM- 



, , . , . . 1 giuiloning .and of 

agriculture ; several technical, .artistic, .and musical societies ; and 
t iie very active young society of the friends of natural scieiiee, wliicli 
.already has published many usofnl volmncs. 

Among tlie nuisemns of iloseow, the museum, formerly Rumau- 
tsctr.s, now connected witli the so-called "public museum,” oecuiiies 
tiie first rank. Itcontains a library of l.‘')0,000 volumes and ‘JKOO 
31SS., remarkable collections of old pictures, sculptures, ami prints, 
as well as a rich ininci-alogical collection, ami an cthnograpluc.al 
collection representing very accurately tlio various iubalntauts of 
Russia. The historical museum has already been mentioned. Tlie 
private museum of Princo Golib-yn eoiitaims a good collection of 
pintings ami MSS.; and great trea-sures of arelucology are amassed 
in v.nrions prirate eollootions in Moscow ami its suburbs. 

The periodic.al press docs not on the whole cxereise gro.at influ- 
ence; hrenty-iivc perioclicalsare pitbltshed, besides (liose of scientific 
societies. Pmt ^loscow puldislics ,a far larger number of books for 
primary instruction and of the humblest kind of literature .and prints 
ter the use of nea.sauts than any other Russian city. 

The philanthropic institutions are numerous, tlie first rank being 
occnpictl by the iinmonso Foundlings’ Hospital, erected in l/fif. 
The hospitals, municiixal, military, and private, .are very large, but 
nmcb benow the st.andaral of other capitals. The number of private 
pbilantliropic institutions is very considerable. 

Though the drama was int rod need into Russia at Kieft', Moscow 
was the place of its (Icvelopmont- The earliest stage represeni.ations 
were made at Moscow in ItilO, ami the first comedy— -a translation of 
Moliere’s.Vfd(Vi'i!.l/ir7(7n'7ii!i' — wasplayedin thcpalacebcforeSophio. 
the sistcrof Peter I. It was only in 1759 that a tUratrewnscrvctoil. 
A large stone theatre was erectial in 1775, and rebuilt in 15,56 after 
a fire. It is for the Moscow st.ngc that the best Russian dramas 
have been written, and it was in uie “small theatre” that the best 
Errssi.an actors — Schepkiu, Sndovsky, Slmmsky, ami Madame Vasi- 
lielT— exhibited the comedies of Gogol, Grilioyedolf, amt Ostrovsky. 

Moscow, where the Great-Russian language is spoken in its 
gre.atest purity, was the birthplace of the two chief Russian poets, 
Pushkin and Xirmontoil', as well as of GriboyodotT, Ostroraky, ami 
Ilcrien. A luouuincnt to Pushkin was erected in ISSO, on the 
Tverskoy lioulevatil. Griboycdolf, in his remarkable comedy <7<’iv 
ft lima, has given a lively picture of the higher Moscow society of 
tlie. beginning of this century, wliich coutluned to hold good until 
rrithin the last few years. His remark as to the nnmistaknhlo 
imlividualih- of tlie Moscow type also maintains its truth ; although 
the physiognomy of ^loscow has much changed since his day, it 
still nas its special features tlmt distinguish it from every otlier 
capit.il. Tlie division of classes is mucli more felt at Moscow than 
elsewhere. The tendency towanls originality, the love of grandiose 
undertakings, a kind of' brag, together with little feeling of iiule- 
pcndeuce, a good deal of laziness, and mneh conliality, still charac- 
terize the educated classes. The merehauts live quite aloof froni 
.any political or even intellectual niovemcut, under a rude p.atri- 
archal system, well described in the dramas of Ostrovsky. A larw 
proportion of them are nonconformists. Their sons, the well- 
knmvn kupeeheskivo sviiki, “merchants’ sons,” when they leave 
this kind of life, astonish the capit.al avitli their extravagances and 
absiml display of ave.alth. But .Moscow takes its present phpiog- 
lioray chieily from its busy lower chasscs. Tlio streets .are Jull of 
merchants and pe.as,ants, who continue to wear the old Russian g:irb, 
go on foot in tlio streets, drink tea in modest restaurants, and trans- 
act largo business. Prom being a toani of the aristocracy, Mcgcou 
IS coming to bo more and more a town of tbo WTaltliy muldio 
classes, who persist in keeping the low educational level of tlio 
pe.arants in the villages, and li.aa’O but one .aspiration, to become ui 
tlidr turn “merchants” of tlio type described by Ostrovskj. ^ 

Siiburkf . — Moscow is surrounded bv bc.antiful jwrks and pictur- 
esque suburbs. Of tbefornicrouo oftlie'most frequented isthel etrov- 
^y Park, to the north-west, A little farther out is tlie Pctroa>ko\c 

•Kazuiiioyskoyc estate, with an agricultural academy and us m 

liemleucios (bot.anic.al ganlcn. oxiaerinicntal farm, ‘ky.). . 

large park and wood surround an imperi.al palace an the a i - ^ • 
of Osbitikitto. The private estates ot Ivuzniinki, Iviiskovo, . 
lyinitzevo are also surrounded bv parks ; the last has , 
of a yorv old graveyard, supwsed to liclong to the pagan 1)^^ , ' 
rwenty-oight miles westward from the citvis the Sai"nn-t>toroj>- y . 
monaatety, situated, like so manvother Russian niouastenes, in aa^O 
torhle countn,-, amidst Iteautiful forests : it has a pretty e-atb<w ' 
a rich treasury, and library. Farther westwuril atill is tin - 

Jerusalem monastery erected by the jiatriarcli Rikou. 
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Moscowaristoemcv, ami o for L rW L f"' of the 
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Vik-nlf I I Olid a bcaiitinil park. Till- moiwstcn- 

Rikolo-Ugi-yeshskiy, 12 miles frain the eitv, between the Kmsk 
and Rraan railways, also occupies a be.aiitiful .site, ami is miieb 
visited by Moscow iiieretiants, to venerate a holy picture bv wliioli 
Dmitry Donskoy is said to have been blessml tiefore going'to fight 
the Mongols, ® 

.111 the north, the forest of Sokolniki, covering 41 square miles, 
with its radial alleys and numerous summer rcsidenees, i-; the I'art of 
Moscow most frequented by the middle classes. Close bv, tommis 
the oast, is situated the Proobrajenskoye suburb, the centre of the 
nonconformists, and farther south tlie' village of Izmailovo, with a 
home for nmilids and a model fanii for apdcultiirc. To the west 
of Sokolniki is situated tlio wood of Jlariina, tlie favourite resort 
of the merehauts and “ merchants’ sons,” who there spend fabiiloas 
siiuis of money on choirs of Gipsy singers. 

//isfori/. — ^flie Russian annals first mention JIoscow in 1147 as a 
place where Yuri Dolgoriiki met with Sraaitoslar of Syerersk and 
his .allies. The site was inhabited from a very remote antiquity 
by the Merya and Jlonlvinians, wliose remains .are numerous iii 
the neiglilwiirliood, and it was well T>copled by Groat-Kussians in 
the I'ltdi century. To the end of the 13th reiitniy Moscow u'- 
niained a depend'eney of the princes of Madiniir, and had to snflVr 
from the raids of the Mongols, who bunieil and plunden'd it in 
1237 and 1293, It is onlv under the rule of Damii, son of Alex- 
ander Revskv (1261-13021 that the prince of Moscow acipiireii 
some imiwta'nce for tlie wart lie took in the wars against the 
Utlmaniaiis. He .ainiexeii to his prineiivality Kolomna, situated 
at the confluence of the Moskva wath the Oka. His son in 1302 
minexed IVrevaslavl Zalesskv, and next year Mojaisk (taking thus 
possession of' the Moskva from its head to its month), .and so 
inaimiiratcd a iioliey whicli lasted for centuries, and cons^ste^l in 
the annoxation bv pnrebase and other means of the ncigliMtirittg 
towais and i-illam's. In 1500 the Kremlin, or fort, was enclosed 
bv a stroll"- wall of earth .and wood, olTering a protection to nn- 
morons emigrants from the Tver and 

wont to settle around the new city, bnder John Kalita (lo-- 
RDI the iwinciwality of Tladimir-w here the pnnecs of Uff 
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Moses 


J>,\xp. Ev., ix. 27) ; sho named the boy jM(Di‘(n]s, not because 
slio used the Hebrew verb nt;>D to express the fact that ho 
was drawn out of the water, but because the Egyptian word 
for water was /«w, and vonji applies to those wlio have been 
delivered from it (Ant., ii. 9, 6 ; comp. Philo, ed. Mange}', 
ii, 83 ; Euseb., f.c., ix. 28). Sho took care to have him 
trained in all the wisdom of the Egyptians (Acts vii. 22) 
and in that of the Greeks, Assyrians, and Chaldmans as 
well (Philo, ii. S4). To his great intellectual endowments 
corresponded his personal beaut)', of which Josephus speaks 
in extravagant terms (yin/., ii. 9, G-7). It was on account 
of this beauty that, when on one occasion, as n young man, 
he led an Egyptian army against iMcroe, the Ethiopian 
■princess Thnrbis opened the gates of the capital to him in 
order to make him her husband (yin/., ii. 10; comp. Numb, 
xii. 1). 

For reasons explained in Exod. ii. 11 sq., Moses left 
the land of Pharaoh and came to Midian to the Kenito 
priest Jethro (also called Hobab Ben Eagucl and Eaguol), 
whose daughter Zipporah ho married, becoming by her the 
father of two sons, Gershom and Eliczer (Exod. ii. 21 sq.; 
xviii. 2 sq.). During his stay in Midian ho received, at 
the foot of Sinai (Uoreb), the divine revelation at the 
burning bush whereby he was called to become the liberator 
of Israel from Egyptian bondage. With much reluctance 
he at last accepted this vocation, and, already e.xpected by 
his brother Aaron and the elders, returned to his people.* 
Arrived in Eg)’pt, ho associated Aaron with him as his 
interpreter, being himself no orator, but a man of counsel 
and action, and appeared before Pharaoh to demand of the 
king in Jehovah’s name permission for the pco{>lo to go with 
flocks and herds into the wilderness to celebrate there a 
festival (the spring festival of the Passover) in honour of 
their God. Jehovah gave emphasis to the demand by 
great signs and wonders, — the plagues of Eg)*;)!, which have 
their explanation for the most part in evils to which Egypt 
is periodically liable, but are treated by Israelite tradition 
as the weapons of Jehovah in his cvcr-iiitcnsifyiug conflict 
with the king and the gods of Egypt. At length, by the 
slaying of the first-born, the stubbornness of Pharaoh was 
broken, so that ho consented to, and oven urged, the de- 
parture of the Hebrews. By and by, however, ho changed 
his mind, and, setting out in pursuit of the Hebrews, over- 
took them at the Bed Sea ; but Jehovah fought for them, 
and annihilated Phai'aoh’s chariots and all his Iiost. In 
order to present themselves in proper festal array at the 
celebration for the sake of which they were going into the 
wilderness, the Hebrew women had borrowed dresses and 
ornaments from those of Eg)‘pt ; the Egyptians could now 
only blame themselves and their hostile conduct if those 
articles wore not returned." 

By the miracle wrought at the Red Sea Moses was 
pointed out to the Hebrews as the man of God, to whom 
accordingly they now committed the task of caring for 
their outward life ns well ns their siriritunl guidance. Ho 
led them first to Sinai, where the law was revealed and the 
worship in connexion with the ark of the covenant insti- 
tuted. When ho had communed face to face witli the 
Godhead for forty days on the holy mountain, the skin ot 
his face shone so that ho had to wear a veil (hence the 
horns, properly rays, on his forehead). Driven from Smai 
in consequence of their worship of the golden calf, t lo 
Israelites removed to Kadesh with the view of entering 


. * On the road occurred the romnrkn'blo incident wWcU, 

of the narrator, led to the circumcision of infants heiug substitincu 

for that of the bridegroom (Exod. iv. 2't, 2.’) ; yJHh to mark 
tho substitHtlriM flm AitrOtnrnicni l)» V1J« 20)» 
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close of his life that ho led tho Israelites from Kadesh into 
northern Monb, which he wrested from tho Ainorito kim:, 
bihon of Heshbon. Hero he died on Mount Pi.sgah or 
JN oho, after taking leave of the people in tho great legisla- 
tive address of Deuteronomy. According to Deuteronomy 
.xxxiv. G, ho “was buried in a valley in tho laud of Jloab, 

. . . ^ but no man knoweth of his sepulchre unto this day.” * 
As his successor in tho leadership, Moses had named Joshua 
ben Nun, but tho real heirs to his position and influence 
were the priests at the sanctuary of tlio ark of tho covenant. 
Of his personal character tho Bible tells us nothing (for 
Wy in Numb. xii. 3 means only “ heavily burdened ’’) ; but 
later Judaism is all tho more at liberty on this account to 
expatiate upon it (see especially Josephus, iv. S, 49). 

Such in brief iXsnmi .arc tho accounts of Jloses given in tho Bible* 
and tho Midrash. In addition to those wo have also tho statements 
of llollenistic writers, preserved chiefly in tho Conln Jpionem of 
Josephus. Tliose aro .all of an Egyptian comjdcxioii, and prob.ibly 
embody no ancient and independent tradition, but, in all that 
relates to tiio Hebrews, wlioro they do not rest tmoii mire conjec- 
ture, merely go back upon obscure ruiuours of Jewish origin and 
dress tliom up after tho manner of tho Midrash— only in a con- 
trary sense, with hatred and not with love— and then seek to fit 
them as well as may be into tho Egyptian historj' and chronology 
as known from other sources. Tlio great number of now projicr 
names of places and persons which occur in tho writings of Jlanetho 
and his like cannot bo urged against this view, for tho Midrash also 
is full of them. Tho very iiamo Os,avsiph, given to Moses Imnsc f, 
moreover, suggests a suspicion of dciietidctiee on tho Asaphsunli, 
“mixed multrtudo" of Hmnb. xi. 4 (coinp. Exod. .xn. 3S) j wkt 
is said in these places is known to have played a great part m the 
rise of tlio idle Egj'ptian talcs about tho origin of tho Jews and ol 
tlicir lawgiver. 


For iiteraturo, sco tho various commcnttirics on the Pentateuch, 

and cspeciallv Dillinaun on Exodus. _ . ' Tot*.. 

JIOSES OF Chokexx was a native of Ivlior ni *" Tama, 
a district of tho Armenian province of 
inrr to tlio only trustworthy authority— the 
Armenia^ which boars his name— ho was a pupil of he 

two fathers of Armenian literature, l’«^' %horUy 
licos Sahak tho Great and tho vartabed Jlcsrob. Short ) 
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J>,\xp. Ev., ix. 27) ; sho named the boy jM(oi‘(n)s, not because 
slio used the Hebrew verb to express the fact that bo 
was drawn out of the water, but because the Egyptian word 
for water was /«w, and imjs applies to those wiio have been 
delivered from it (jbit., ii. 9, 6 ; comp. Philo, ed. Mangey, 
ii, 83 ; Euseb., f.c., ix. 28). She took care to have him 
trained in all the wisdom of the Egyptians (Acts vii. 22) 
and in that pf the Greeks, Assyrians, and Chahheans as 
well (Philo, ii. 84). To his great intellectual endowments 
corresponded his personal beaut}', of which Josephus speaks 
in extravagant terms ii. 9, G-7)._ It was on account 
of this beauty that, when on one occasion, as a youim man 
he led an Egyptian army against iMcroe, the Ethiopian 
princess Thnrbis opened the gates of the capital to him in 
order to make him her husband (Ant., ii. 10 j comp. Numb, 
xii. 1). 

For reasons explained in Exod. ii. 11 sp, Jloses left 
the land of Pharaoh and came to Midian to the Kenito 
priest Jethro (also called Hobab Ben Eagucl and Eagnol), 
whose daughter Zipporah ho married, becoming by her the 
father of two sons, Gershom and Eliczer (Exod. ii. 21 sp; 
xviii. 2 sg.). During his stay in Midian ho received, at 
the foot of Sinai (Horeb), the divine revelation at the 
burning bush whereby he was called to become the liberator 
of Israel from Egyptian bondage. With much reluctance 
he at last accepted this vocation, and, already expected by 
his brother Aaron and the elders, returned to his people.* 
Arrived in Eg}’pt, ho associated Aaron with him as his 
interpreter, being himself no orator, but a man of counsel 
and action, and appeared before Pharaoh to demand of the 
king in Jehovah’s name permission for the people to go with 
flocks and herds into the wilderness to celebrate there a 
festival (the spring festival of the Passover) in honour of 
their God. Jehovah gave emphasis to the demand by 
greatsigus and wonders, — the plagues of Eg}*])!, which have 
their explanation for the most part in evils to which Egypt 
is periodically liable, but are treated by Israelite tradition 
as the weapons of Jehovah in his ever-intensifying conflict 
with the king and the gods of Egypt. At length, by the 
slaying of the first-born, the stubbornness of Pharaoh was 
broken, so that ho consented to, and oven urged, the de- 
parture of the Hebrews. By and by, however, ho changed 
his mind, and, setting out in pursuit of the Hebrews, over- 
took them at the Bed Sea ; but Jehovah fought for them, 
and annihilated Phai-aoh’s chariots and all his host. In 
order to present themselves in proper festal array at the 
celebration for the sake of which they were going into the 
wilderness, the Hebrew u’omen had borrowed dresses and 
ornaments from those of Eg}‘pt j the Egyptians coidd now 
only blame themselves and their liostilc conduct if those 
articles wore not returned." 

By the miracle wrought at the Red Sea Closes was 
pointed out to the Hebrews as the man of God, to whom 
accordingly they now committed the task of caring for 
their outward life ns well ns their siriritunl guidance. Ho 
led them first to Sinai, where the law was revealed and the 
worship in connexion with the ark of the covenant insti- 
tuted. When he had communed face to face witli the 
Godhead for forty days on the holy mountain, the skin of 
his face shone so that ho had to wear a veil (hence the 
horns, properly rays, on his forehead). Driven from Sniai 
m consequence of their worship of the golden calf, the 
Israelites removed to Kadesh with the view of entering 

* On tlio road occurred the romnrknblo incident wldcli, *"'*^*® ' V’')' 
of the narrator, led to the circumcision of infants being substituted 

for that of the bridegroom (Exod. iv. 24, 2.''. ; to nmrk 

tlio substitution, — compare the euphemism in Is.a. vii. 20). 
o contr.ary to tlio sense of the Biblical narr.ative, Justm t-xsiw. 

2. 13) say.s, ''Sacra yEg)-ptiorum furto abstulit and still '“o™ I'"' 
'erse is the gloss which E\v.ald, proceeding upon this e.xprcssi 
Justin, gives. . 
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and faintheartLlnesV’m'id''as unbelief 
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(Paran, Sin). It was 1101 -^! i * of Kadcsli 

tn Hero ho showed himself 

to bo at once the father and mother of the people their 

illo n towards^the very 

close of Ins life that ho led the Israelites from Kadesh inti 
northern Moab which he wrested from the Ainorito king, 
bihon of Heshbon. Hero ho died on Mount Pi.sgah or- 
Nobo, after taking leave of the people in the groat legisla- 
ti\o address of Deuteronomy. According to Deuteronomy 
xxxiv C, ho “was buried in a valley in the land of Jloab, 

A * knoweth of liis sepulchre unto this day/^^ 

As his successor in the Icaderslii]), Moses had ziariied Joshtta 
ben Nun, but the real heirs to his position and iiifliieiico 
were the priests at the sanctuary of the ark of the covenant. 
Of his personal character the Bible tells us nothing (for 
liy in Numb. xii. 3 means only “ heavily burdened '’) ; but 
later Judaism is all the more at liberty on tliis account to 
c.xpatiate upon it (seo especially Josephus, A/if., iv. S, 49). 

Such in brief n’siimi are the accounts of Moses given in the liiblo' 
and the Jlidrash. In addition to these wo have mso the statements 
of Hellenistic writci-s, preserved chiefly in the Contra Apionem of 
Josephus. Tliose are all of an Egyptian comjdcxion, and probably 
embody no ancient and independent tradition, but, in all that 
relates to the Hebrews, wliero they do not rest upon imro conjec- 
ture, movely go back upon obscure rumours of Jewisii origin and. 
dress tlicm up after the manner of the Midrash— only in a con- 
tr.ary sense, with hatred and not with love— and then seek to fit 
tiiem as well as may be into the Egyptian historj- and chronolog)' 
as known from otlier sources. Tlio great number of new projicr 
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is said in tlicso places is known to liavo played a great part in the 
riso of tlio idle Egj'ptifin tales about the origin of tlio Jcivs and ot 

For literature, see the various comment. arics on the Pcutatciich,. 
and especially Dillinaiiii on Exodus. _ 

JIOSES OF CiiOKEXi' was a native of Klior ni m lamn, 
a district of tho Annenian province of Turuberan. Accord- 
ing to tlio only trustworthy authority- tho Eiftoryo 
Armenia^ which bears his iiamc-howas a pupd of he 
two fathers of Armenian literature, 

Rnbnl- the Great and tho vnrtabed Jlesrob. Short } 
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■Geography, is of opinion tlint wc have in it a writing of tlio 7tli 
century. In this judgment wo must concur ; and, if tlic limits 
within which tlie Geography was composed arc to ho more ucaily 
.lefinod, wo may say tliat, from isolated traces of Arab rule* (wliich 
in Armenia dates from C51), it must have been written ccrtaiiilv 
•after that year, and porlia])s about the year 057.- 

Another c.xtaut work ol Closes is a Manual of Rhetoric, in ten 
books, dedicated to his pupil Thcodorus. It is drawn up after 
Greek models, in the taste of the rhetoric and sophistry of the later 
imperial period. The e.yamples are taken from Hermogenes, Thcon, 
•Apnthonius, and Libanius ; although the author is also acquainted 
with lost writings,_ c.g., the Pcliades, of Euripides. On account of 
tlio divergence of its stylo from that of the History of Armenia, 
Armenian scholars have hesitated to ascribe the Rhetoric to Moses 
•of Khor'ni ; but, from what has been said above, this is rather to 
bo regarded as a proof of its authenticity. 

Smaller works bearing the same honoured name^ are— the Letter 
.to Saliah Ardcruni ; the History of the Holy Mother of God and her 
Inuujc (in the cloister of Ilogotsvanch in the district Andzovatsi of 
the province of Vaspurakan), which is also addiesscd to Sahak ; 
■and the Panegyric on Saint Rhipsime. Of the sacred poems attri- 
buted .to him, there is only one short l)ra 3 'cr, contained in the 
hymnal of Sharakan, which can really claim him as its author. 

Of works passing under the name of Moses of Khor'ni, the follow- 
ing are regarded by the historians of Armenian literature as spurious : 
•a History (distinct from the Panegyric) of the wanderings of Saint 
Rhipsime and her companions ; a Homily on the transfiguration of 
Christ ; a Discourse on JFisdom (i.e., the science of grammar) ; the 
•Commentaries on grammar (an c.xposition of Dionysius Thrax). In 
the case of the gr.ammatical WTitings, it has been suggested that 
there may have been some confusion between Moses of Khor'ni and 
•a JIoscs of Siunich, who lived in the 7th century. (A. v. 6.) 

MOSHEIM, Johann Lorenz von (c. 1694-1755), well 
Itnown us a church historian, but also distinguished in his 
, day as a master of cloqueuco, was born at Liibeck on the 
9th of October. There is some unced-tainty as to the year, 
hut the probability is in favour of 1693 or 1694. He 
received a somewhat irregular education at the gymnasium 
of his native place, and afterwards entered the university 
of Kiel, where ho took his master’s degree in 1718. His 
first appearance in the field of literature was in a polemical 
tract against Toland, Vindieix antiqnx Chrislianonm dis- 
ciplinx (1720), which was soon followed by a volume of 
Obseroationes sacrx (1721). These works, along with the 
reputation ho had acquired as a lecturer on philosophy, 
and also as a fervent and eloquent preacher while acting 
as assistant to Albrecht zum Felde, his teacher and future 
father-in-law, secured for him a call to a theological chair 
at Helmstiidt, in 1723. The Institutiomim Ilistorim Ecch- 
siasdex lihri IV. ajjpeared in 1726 (2 vols., 12mo), and 
in the same year lie was aiipointed by the duke of Bruns- 
wick abbot of hlarionthal, to which dignity and emolu- 
ment the abbacy of Michaolstein was added in the folloudng 
year. Mosheira was much consulted by the authorities 
when the now university of Gottingen was being formed ; 
especially had ho to do with the framing of the statutes 
of the theological faculty, and with the provisions for 
making the theologians indcj)endent of the ecclesiastical 
courts. But having signed in 1726 a promise to remain 
in Helmstiidt he was unable to accept the call to the 
Georgia Augusta ivhich was urgently pressed upon him, 
until the year 1747, when the duke of Brunswick at last 
released him from his obligation. To enhance the dignity 
he already possessed as a learned and brilliant theological 
professor at Gottingen, a new office was specially created 
for him, that of chancellor, which, however, i)roved some- 
what burdensome, exciting the jealousy of the nobles whom 
he governed. He died at Gottingen on 9 th September 

, , p.assage about tbo trade of Bnsrab, wbicb was founded in 635, 
® 2 point (Saint Martin’s edition, ii. p. 368). __ 

the peculiar interest wbicb tbe author (Saint Martin, ii. p. 340) 
WKCs m the origin of tbo Slavs in Thrace is best explained by tbo war 
g.amst thorn which called the emperor Constans II. .away from tlio 
Mst in the year 657. In other respects the writer displays the most 
indifference, and even ignorance, with reg.ard to the state o 

affairs m the West. 6 . ° 
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MOSQUE {Jdmi' , or more fully .Va-vid JanH, the place 
of congregational pyer). Owing to the almo.st complete 
absence of ritual m the Moslem wor-shij), the mosque, at 
least m its earlier forms, is one of the siiniilc-st of all re- 
ligious buildings,— its normal arrangement being an open 
court {Sahn) surrounded by a covered cloister (f/rndn), in 
the centre of which is a cistern for the ablutions requi’ ito 
before prayer (M'ida’a) the side of the mosque which is 
towards Mecca is occupied by a roofed building (Mahmira), 
or place reserved for prayer, sometimes screened off froin 
the court, but frequently quite open towards it. In the 
centre of this sanctuary is a niche (Mibrdb or Eibla) 
showing the direction of Mecca; and bythc.>.ide (if the 
niche is a lofty pulpit {Mimhar). In front of the imlpit is 
a raised platform {Dakka) from which certain exhortations 
are chanted, and near it one or more seats and lecterns 
combined from which chapters of the Koran are read to 
the people. 

hlinarets {Ma'ddhin, sing. Ma’dhana) were not built 
during the first half-century after the Flight, but now as 
a rule no mosque is without at least one. From the upper 
gallery of this the IIoedhdMn announces to the faithful 
the times for prayer,— five times during the day, and twice 
at night. Blind men are generally selected for this oflice, 
BO that they may not overlook the neighbouring houses. 

Most mosques have endowed property', which is admi- 
nistered by a warden {Kdzir), who also ajipoints the iinanii 
and other officials. The larger mosques have two imams.: 
one is called (in Arabia and EgypQ the A/mhi, and he 
preaches the sermon on Fridays (the Moslem Sabbath) , 
the other, the Rdtih, reads the Koran and rccitc-s the five 
daily prayers, standing close to the and k.-idmg 

the ^congregation, who repent the jirayers with him, and 
doselY follow his postures. The imbiis do not form a 
nriesBy sect • they generally have other occupations, such 
as teachiim i'n a school or keeping a shop, and ma) a nuj 
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■Geography, is of opinion tlint we have in it a writing of tlio 7tli 
century. In this judgment we must concur ; and, if tlic limits 
within which tlie GcogragjJiy was composed are to he more ucarlv 
ilefmod, wo may say tliat, from isolated traces of Arab rule* {which 
in Armenia dates from C51), it must have been written ccrtaiiilv 
•after that year, and porlia])s about the year 057.- ^ 

Another c.xtaut work ol Closes is’a Manual of Rhetoric, in ten 
books, dedicated to his pupil Thcodorus. It is drawn up after 
Greek models, in the taste of the rhetoric and sophistry of the later 
imperial period. The examples are taken from Ilermogoncs, Thcon 
•Aplithonius, and Libanius ; although the author is also acquainted 
with lost writings,_ c.g., the Fcliadcs, of Euripides. On account of 
tiio divergence of its stylo from that of the History of Anncma 
Armenian scholars have hesitated to ascribe the Rhetoric to Moses 
•of Khor'ni ; but, from what has been said above, this is rather to 
bo regarded as a proof of its authenticity. 

Smaller works bearing the same honoured name** are— the Letter 
.to Sahttk Anlcruni ; the History of the Holy Mother of God and her 
Image (in the cloister of Ilogotsvanch in the district Andzovatsi of 
the province of Vaspurakan), which is also addressed to Sahak ; 
■and the Panegyric on Saint Rhipsime. Of the sacred poems attri- 
buted .to him, there is only one short l)ra 3 'cr, contained in the 
hymnal of Sharakan, which can really claim him as its author. 

Of works passing under the name of Moses of Khor'ni, the follow- 
ing are regarded by the historians of Armenian literature as spurious : 
•a History (distinct from the Panegyric) of the wanderings of Saint 
Rhipsime and her companions ; a Homily on the transfiguration of 
Christ ; a Discourse on JFisdom (i.e., the science of grammar) ; the 
•Commentaries on grammar (an exposition of Dionysius Thrax). In 
the case of the gr.ammatical witings, it has been suggested that 
there may have been some confusion between Moses of Khor'ni and 
•a Moses of Siunich, wlio lived in the 7th ccntuiy. (A. v. 6.) 

MOSHEIM, JoHANiT Lorenz von (c. 1694-1755), well 
Itnown us a church historian, but also distinguished in his 
, -day as a master of eloquence, was born at Ltibcck on the 
9th of October. There is some uncertainty as to the year, 
hut the probability is in favour of 1693 or 1694. He 
received a somewhat irregular education at the gymnasium 
of his native place, and afterwards entered the university 
of Kiel, where he took his master’s degree in 1718. His 
first appearance in the field of literature was in a polemical 
tract against Toland, Vindieix antiqux Christianorum dis- 
■ciplinx (1720), w'hich ivas soon followed by a volume of 
Observaiiones sacrx (1721). These works, along with the 
reputation ho had acquired as a lecturer on philosophy, 
and also as a fervent and eloquent preacher while acting 
as assistant to Albrecht zum Felde, his teacher and future 
father-in-law, secvired for him a call to a theological chair 
at Helmstiidt, in 1723. The Instittdionuvi Ilistorim Ecch- 
siasdem lihri IV. aiipeared in 1726 (2 vols., 12nio), and 
in the same year lie was aiipointed by the duke of Bruns- 
wick abbot of hlarienthal, to which dignity and emolu- 
ment the abbacy of Michaelstein was added in the folloudng 
3 ’ear. Jlosheim was much consulted by the authorities 
when the now university of Gottingen was being formed ; 
especially had ho to do with the framing of the statutes 
of the theological faculty, and with the provisions for 
making the theologians indcioendent of the ecclesiastical 
courts. But having signed in 1726 a promise to remain 
in Helmstiidt he was unable to accept the call to the 
. Georgia Augusta ivhich was urgently pressed upon him, 
until the year 1747, when the duke of Brunswick at last 
released him from his obligation. To enhance the dignity 
he already possessed as a learned and brilliant theological 
professor at Gottingen, a new office was specially created 
for him, that of chancellor, which, however, proved some- 
what burdensome, exciting the jealousy of the nobles whom 
he governed. He died at GSttingen on 9 th September 

h A passage about tbo trade of Bnsrab, wUicb was founded in 635, 

aecisivo on this point (Saint Martin’s edition, ii. p. 368). _ 

- riio pecnliar interest wbicli tbo author (Saint Jlartin, ii. P- ^*”1 
‘"the origin of the Slavs in Thrace is best explained by the war 
gainst them which called the emperor Constans II. away from the 
Msc m the year 657. In other respects the writer displays the most 
J’lP 'jniin'erence, and even ignorance, with reg.ard to the state of 

affairs m the West. b . » 

Cf. haiigloi.s, ii. .19. * Cf. Langlois, I.e. 
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MOSQUE {Jdmi' , or more fully Jlasjid Jdmi', the place 

to the nlmo.st complete 
absence of ritual m the Moslem wor-shi]), the ino.squc, .at 
east m Its earlier forms, is one of the simplc.st of all re- 
ligious buildings,— its normal arrangement being an oi.en 
court [Sahn) surrounded by a covered cloister (lAmhi), in 
the centre of which is a cistern for the ablutions rcqui.dto 
before prayer (Mnla’a) the side of the mosque which is 
towards Mecca is occupied by a roofed building (JAj/.-.ti?m), 
or place reserved for prayer, sometimes screened off froin 
the court, but frequently quite open towards it. In the 
centre of this sanctuary is a niche {Mihrdh or Kilt a) 
showing the direction of Mecca; and by the .side (if the 
niche is a lofty pulpit {Mimhar). In front of the imli.it i.s 
a raised platform {Dakka) from which certain exhortations 
are chanted, and near it one or more seats and Ieclern.s 
combined from which chapters of the Koran are read to 
the people. 

hlinarets {Ma'ddUn, sing. Ma’dhana) were not built 
during the first half-century after the Flight, but now as 
a rule no mosque is without at least one. From the upjier 
gallery of this the Mocdhdhin announces to the faithful 
the times for pr.aycr,— five times during the day, and twice 
at night. Blind men are generally selected for this oflice, 
so that they may not overlook the neighbouring housc.s. _ 

Most mosques have endowed property, which is admi- 
nistered by a warden {Ndzir), who also appoints the imams 
and other officials. The larger mosques have two imams.: 
one is called (in Arabia and EgypQ the ^ 

preaches the sermon on Fridays (the Moslem .,ab mt i) , 
the other, tho Rdlih, reads the Koran and recites the five 
daily prayers, standing close to tho d/i/ovd., and _le.-idmg 
the congregation, who repeat tho prayers with him, and 
closely follow his postures. The imfmis do not form a 
nriestlv sect • they generally have other occupations, such 
\s teachiim in a school or kcciiing a shoii, and may at any 
Le be ffisiliissed by the warden, in which case they lo- 
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mosque 


The inosquo at KairayAn Tunis, said to Imvo been founded by 
Okba(seo supra, p. 56/), follows tlio normal plan, with 439 fine 
anticuio inavWo coluinns, hoyo-shoo arches, some pointed and others 
round, and Hat coiling of dark wood, once mnguificoutly painted 
Its sanctuary is ten aisles deep by sovontoon wide. In the contip of 
the court is a marble fountain over the sacred well, said to communi- 
cate with the spring Zomzom at Mecca. Its minaret, a rather later 
addition, is very massive and stately ; it is square, in three stories 
each battlcmcutcd, the walls battering considerably. The sanctuary 
is domed, and the Mihr&h is decorated ndth magnificent tiles^ 
Adjoining the sanctuary is a small room for a library. 

The other great mos(iuo of Sidi-'Okba, built soon after his death 
in 682, and containing his tomb, is in Algeria near Biskra • it 
much resembles the Kairawan mosque, but is less splendid, some 
of the columns being not of marble but of baked cky decorated 
with painting. 

The great mosque of Fez, about the same date, is also very largo 
and magnificent, -ndth Mimbar and Mihrdb richly ornamented with 
minute mosaics ; it has also a fine inlaid and painted wood ceiling, 
and some elaborately-carved doors. It still possesses a fine library! 
(.See Amici, Journey io Fez, 1878.) 

The great mosque of Damascus was built on the site of a 
. Christian basilica, orooted by Theodosius in 395-108. From 636, 
when the Arabs conqiiercd Damascus, until 708 this basilica 
was used jointly both by the Christians and the Moslems. The 
basilica was then pulled down, and the present mosque built by 
the caliph Walfd. It has the normal plan, and is 508 foot by 320 
feet. Its s.anctuary is only three aisles deep ; it has a central 
dome on the south or Mecca side, and on the cast and west a largo 
porch. Samlnidi records that one of the conditions of peace con- 
cluded between the Byzantine emperor and Wah'd was that the 
emperor should furnish a certain number of workers in mosaic 
for the decoration of the mosques at Jlccca, Medina, Jerusalem, 
and Damascus. 

The mosque of Ahmed Ibn Tviliin, in Cairo, completed in 879, 
has the normal plan, with the e.vcoptional addition of an outer 
court, or wide passage, running round three sides of the rectangle, — 
probably to cut it off completely from the noise of the surrounding 
streets. It is built of brick, coated with delicate reliefs in stucco, 
once enriched -with painting. The Mihrdb has beautiful mosaics, 
and the Mvnbar is a marvel of delicate carving and inlay. The 
pillars and arches are of brick cnrlohed with elaborate stucco-work. 
It has a very remarkable minaret on the west side, \vith a spiral 
cxtermil stairctiso. The architect was a Copt, an Egyptian Chris- 
tian. It is perhaps the earliest important building in wiiich the 
pointed arch is largely used. 

The mosque Al-Azhar, ” The Splendid," was built in the centre 
of FTow' Cairo about 970 and, though frequently restored, has 
in the main been little altered. It is on the normal plan, with 
ranges of pointed .and slightly horse-shoe arches, supported on more 
than 400 lino antique columns of marble and porphyry, chiefly from 
Roman buildings. Among its later decorations are magnificent 
w.all-covcrings of the most beautiful Persian tiles. It has a special 
interest in being the chief university of the Moslem world, con- 
taining some thousands of students { 7 >uijdwirln), for whom certain 
parts of the mosque {Fiwdh) are screened ofl', according to tlic 
country from whicli they come. Thus special p.arls are reserved 
for natives of the various qirovincos of Egypt, of Morocco, bj'ria, 
Arabia, India, Turkey, &c. Each student can, if ho is too poor 
to hire lodgings, live, oat, and sleep in the mosque. Each Jias 
a largo clicst in which to keep his clothes and books ; these are 
piled ag.ainst the walls to a height of seven or eight feet, iho 
students pay no fees, but the richer ones give presents to tno 
lecturers, who sit on the matting in various iwrts ot the sanctu.a^ 
or cloister, while the students sit round each lecturer in a eirci . 
The usual course of study lasts for three years, though some 
students remain for much longer. The chief of the leotureis, 
the Sheikh al-Azhnr, receives about £100 a yc.ar, the othc” “ttlo 
or nothing, ns regular pay. The Koran, sacred i ’ 

logic, poetry, and arithmetic, with some medicine and gcogr p ) , 
are the chief subjects of study. , , 

Of mosques which are not built on the normal 
and most important are the two in the HarJm al-Siic t o 


Sanctuary) at Jerusalem (see vol. xiii. p. 642). 

The Kubbet al-Sakhra (Dome of the Rock), nopularly, ’ 

called the “Mosque of Omar," is not, strictly 

at all. It belongs rather to the class of “ shrines "--geimrallj^ 
square, circular, or octagonal buildings erected o\or s 
sp^t o'r tomb. It is avWl^ccntiful ^ing, with 
dome, and double ambulatory round it,— the outer , ^ 

gonal, and the dome, with the pillars ttmt carry i , cul^^ , nappies 

It is decorated in a voiy sumptuous way bj j pf the 

and very splendid glass mosaics. The outer wall and most oy 
internal mosaics are later tlian the dome 'tse . 
mosaic-like stained glass are very beautiful, and 
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glas, 101™® into'aiarbWrfujc“® 

tooM, .rilli Al.AW, i, 

ung. ,1,. ” “I" 'lal'o 

with a wing for a tomb. 

In plan it is cruciform, 
the central part being 
open to the sky; the " ' 

c.astern arm of the cross 
is the sanctuary, and 
farther eastis the stately 
domed tomb of tlie sul- 
tan himself. All four 
arms of the cross are 
vaulted in stone with a 
plainwaggonvault. Its 
magiiificentontranco on 
the north, with an en- 
ormously liigh arch, do- 
comted with stalactite 
reliefs in stone, is sot 
somewhat askew to fol- 
low the lino of the old 
street. It has two mi- 
narets, one of great 
height and grandeur. 

Tlio JluristAii Kalaun 
is a combination of 
hospital, tomb, and 
mosnuc, — an enormous 
builaiiigcovering a very 
largo area. It was built 
by Sultan Kalaun at the 
beginning ’of the 14th 
century; his tomb, built 

1320, which forms part _ , ' 

of this great building, is F'"- et >''’^<1"' "f Sult.m Il.iwa, Cairo, 

a massive square edifice j, 2 . Jtaln entrance. 3 . Court open to > 1 .):, 
Wit’ll n. vfirv frrAiul mul 4 , 5 * FountAtnSt P* I'orth ond south ijiultpl 
n 1 •!. a InfoL, n transept-s (the (lotted lines sliow the ctm-e uf the 
well-designed octagonal g 'p pjkpn. lO. S-mctinry. 11 . Jllmlnr. 

dome. Its wall-mosaics jo Kibla. 13 . Dixir to tomb. It. Domol tomh- 
in noarl and precious chamber. 15 . Tomb within screen. 1 C. Kil>!». 
Ill puui .luu Jllnarcts. 18 . IP, 20 . Varieas entram^ i to 

stones are ,„psqHC. 21 . Small rooms connecti^l "Ith smlre 

magnificent. Even a j,f tlm mosque. 22 . Sultan’s prh ate entrance. 

b. aro list of the mosques e 1 . 1 t 

of Cairo would occupy a largo space ; they are over four hundred 
in number, and are mostly remarkable /or some beauty in design 
orrichness in their ornament and material. 

The mosque of Ibrahim Agha should specially be noted lor tlm 
splendid Persian tiles which cover the east wall of its .‘.anctinn , 

briSt yTL c^loiirs-porfect masterpieces of rolour^l 

Barkiik, with a ,oneaehFideoflhcFauctuary 

tioii to an oxtensivoopcn ^ bodies of the raltan 

a magnificent toinb-clmrabcr of l,i, family, 

himself, who died in ‘iJloofiil of all these mosques is tint which 

Thomostbc.autifulnn(lgmeofdofafl iicsem^q^^ 

contiiiiis the tomb of ^,“1!“," -^Yiy^^rith beautiful and delicate 
dome is entirely ‘'™,ret is a mastcn>iere of imr.-iticn 

reliefs carved in sto’f’.j „cd with the rich«t a”d.n"‘- 

nnde.vtremo graco of outline CO nunc ^ „ 

c. yquisito detail; hko mo alternating with the yefloy 

oriinmcntod by bands of r ^ . I ;,j pavements and 

Mokattaiii limestone. Inside marmc in j „ 



r-1 

iS .. C mS •is.i'TSS i 


on tUc waus, - * 

„,,1 i.I.ld ^ 


1 Sec 


DeVogof. 3 'c-iptr(fr/.'r’-«tm, 1 . ^yj __ 109 



The inosquo at KairayAn Tunis said to have been founded by 
'Okba(seo supra, p. 56/), follows the normal plan, with 439 fine 
anticuio inavWo coluinns, horse-shoe arches, some pointed and othe^ 
round, and flat coiliiifc of dark wood, once magnificently paintoil 
Its sanctuary is ten aisles deep by sovontooii wide. In the centre of 
the court is a marble fountain oyer the sacred well, said to commuiii 
cato with the spring Zomzom at Mecca. Its minaret, a rather later 
addition, is very massive and stately ; it is square, in three stories 
each battlementcd, the walls battering considerably. The sanctuaiw 
is domed, and the Jfi/trill) is decorated ndth magnificent tiles^ 
Adjoining the sanctuary is a small room for a library. 

The other great mosiiue of Sidi-'Okba, built soon after his death 
in 682, and containing his tomb, is in Algeria near Biskra • it 
much rcsorablos the Kairawan mosque, but is less splendid some 
of the columns being not of marble but of baked cky decorated 
with painting. 

The great mosque of Fez, about the same date, is also very Wo 
and magnificent, -with Mimhar and Mikr&h richly ornamented with 
minute mosaics ; it has also a fine inlaid and painted wood ccilinK 
and some claboratoly-carved doors. It still possesses a fine library 
(.See Amici, Journey to Fez, 1878.) 

The great mosque of Damascus was built on the site of a 
. Chmthii hssilios, ereoted by Theodasuts in SSS-iOS. ftom C‘,i6 
when the Arabs coiiqiiorcd D.amascus, until 708 this basilica 
was used jointly both by the Christians and the Moslems. The 
basilica was then pulled down, and the present mosque built by 
the caliph Walfd. It has the normal plan, and is 508 foot by 320 
feet. Its s.anctuary is only throe aisles deep ; it has a central 
dome on the south or Mecca side, and on the cast and west a largo 
porch. Samhudi records that one of the conditions of peace con- 
cluded between the Byzantine emperor and Wali'd was that the 
emperor should furnish a certain number of workers in mosaic 
for the decoration of the mosques at Jlccca, Medina, Jerusalem, 
and Damascus. 

The mosque of Ahmed Ibn Tiiliin, in Cairo, completed in 879, 
has the normal plan, with the exceptional addition of an outer 
court, or wide passage, running round throe sides of the rectangle, — 
prob.ably to cut it off completely from the noise of the surrounding 
streets. It is built of brick, coated with delicate reliefs in stucco, 
onco enriched Avith painting. The Mihnlb has beautiful mosaics, 
and the Mvnhar is a marvel of delicate carving and inlay. Tlio 
pillars and arches are of brick cnrlohed with elaborate stucco-work. 
It has a very remarkable minaret on the west side, Avith a spiral 
external staircase. The architect was a Copt, an Egyptian Chris- 
tian. It is perhaps the earliest important building in which the 
pointed arch is largely used. 

The mosque Al-Azhar, " The Splendid," was built in the centre 
of ETcw' Cairo about 970 and, though frequently restored, has 
in the main been little altered. It is on the normal plan, with 
ranges of pointed .and slightly horse-shoe arches, supported on more 
than 400 lino antique columns of marble and porphyry, chiefly from 
Roman buildings. Among its later decorations arc magnificent 
w.all-eovcrings of the most beautiful Persian tiles. It has a special 
interest in being the chief university of the Moslem world, con- 
taining some thousands of students {jiiujdivirln), for whom certain 
parts of the mosque {Fiiodk) are screened ofl', according to the 
country from whicli they come. Thus special p.arls are reserved 
for natives of the various qirovincos of Egypt, of Morocco, »8j'ria, 
Arabia, India, Turkey, &c. Each student can, if ho is too poor 
to hire lodgings, live, oat, and sloop in the mosque. Each has 
a largo clicst in which to keep his clothes and books ; these are 
piled ag.ainst the walls to a- height of seven or eight feet. The 
students pay no fees, but the richer ones give presents to tlio 
lecturers, who sit on the matting in various iwrts ot the sanctu.ary 
or cloister, while the students sit round each lecturer in a circle. 
The usual course of study lasts for three years, though some 
students remain for much longer. The chief of the lecturers, calleu 
the Sheikh al-Azhar, receives about £100 a yc.ar, the others little 
or nothing, ns regular pay. The Koran, sacred and socu a ].w, 
logic, poetry, and arithmetic, with some modicme and gcog apli) , 
are the chief subjects of study. , , ,.1 _ 

Of mosques which are not built on the normal plan the 
and most important arc the two in the Hanim al- Slier ( „ 
Sanctuary) at Jerusalem (see vol. xiii. p- 642). 

The Kubbet al-Sakhra (Dome of the Rock), popularly, 
called the “Mosque of Omar," is not, strictly i,.. ^.n 

at all. It belongs rather to the class pf ‘ ‘ shrines, 
square, circular, or octagonal buildings erected ®. , p(,',itral 
spot or tomb. It is a very bc.autiTiij! btttMiHg; 
dome, and double ambulatory round it,— -the outer , 
gonal, and the dome, with the pillars that carry it, marbles 

It is decorated in a voiy sumptuous way by j pC 

and very splendid glass mosaics. The outer wall and most oi the 

internal mosaics arc later tlian the dome . ^ the only 

mosaic-like stained glass are very beautiful, and are almost the only 
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with a wing for a tomb. 



In plan it is cruciform, 
the central part being 
open to the sky; the 
c.a3torn arm of the cross 
is the sanctuary, and 
farther castis the stately 
domed tomb of tlio sul- 
tan himself. All four 
arms of the cross are 
vaulted in stone with a 
plain waggon vault. Its 
in.agiiificontontrance on 
the north, with an en- 
ormously liigh arch, de- 
corated with stalactite 
reliefs in stone, is sot 
somewhat askew to fol- 
low the lino of the old 
street. It has two mi- 
narets, one of great 
height and grandeur. 

TlioSlnristAii K alaun 
is a combination of 
hospital, tomb, and 
mosque, — an enormous 
buililiiigcovoring a very 
largo area. It was built 
by Sultan Kalaun at the 
beginiiing ’of the 14th 
century; liis tomb, built 

1320, which forms part .. , 

of this great building, is F'"- =•-1’)“'' of Mosque of Sult.sn II.ss,vi, Cairo, 

a massive square edifice j, 2. Jfaln entrance. 3. Court open to sip. 
wtfli n. vorv [irciul mul 4. &• Fountfttns. P* C. Isortli ond soutli 

I 1 flnfoL, n transepts (the dotted lines stow the cim-rof the 
well-designed octagonal g p pakpa. lO. S-snetuary. ll. Jllininr. 

dome. Its wall-mosaics io_ KiUa. 13. Door to tomb. it. Dome"! tomb- 

in pearl and precious ebamber. 15. Tomb witbln screen. IC. KIW». 
Ill pmui .luu yiieeiu Jllnarcts. 18. IP, 20. Various entranoa to 

stones are uniisuallj ,„p 5 nuc, 21. Small rooms Conneetril avitb serslM 
magnificent. Even a j,f tlm mosque. 22. Sullan’.s private entrance, 
bare list of the mosques ri.it 

of Cairo would occupy a largo space; they are over fourbumlrc. 
in imraber, and are mostly remarkable for some bc.iut\ in uc.sigii 
orriclmcss in tlieir oniamont and material. 

The mosque of Ibrahim Agha should specially be noted lor tlio 
splendid Persian tiles which cover the east wall of ib .sanctuan , 

[riSt yet hamonious c^loiirs-porfcct masterpieces of colour^l 
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Barkdk, with a B«P«rhdomo .and t 

tion to an extensive open bodies of tlie raltan 
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flexing backwards in its middle • tbc srtm r 

remain straight and enter the akin 
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em, lirmlygronp’d (ogrtix'r, 
'» ncri the .sctai have cntrn ,i 


body cS'ihJ'LS ’“^5b~iLSj 


]»gh. latitudes they are driven ofThy anointing the body 
avith hsh-oil ; and in hot climates “mosquito curtains" are 
part of the ordinary hed-fumiture. It is only the female 

that bites , and, as it IS hut a very small proportion of them - 

animal blood would not appear to be essential to their wel- out of acHon by 1 £ LndS s‘S I’' 

fare. ^ It has been suggested that warm blood may have "^‘bdraws the sLv, perhap SdinJ tiKhS^ 
an influence on the ova, but it cannot be supposed that Sti*e.rw.tlulra..alby themusdn 

the eggs of those multitudes of individuals that never get a 
chance to taste blood are necessarily infertile : everything 
tends to prove the opposite. ^ 

mosquitoes have been accused of playing a 
hitherto unsuspected part in the dissemination of certain 
entozoic diseases. According to the researches of Drs 
Manson and Cobbold and others, it appears certain that 
the insects, in sucking the blood of persons who are hosts 
ot the entozoon known as Filaria sanguis-hominis, take 
these parasites into their own system, and it is believed 
that they afterwards (by their death and otherwise) con- 
taminate drinking water wdth them, and thus convey the 
entozoa into the blood of persons previously unafi'ected. 

. Mosquitoes are aquatic in their early stages. The 
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th-parti, &c., of female Culrz (after DlmmocU). a anteorr- 
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Flo. 2. — A, larva of Culcx; B, pupa. 
(After Packard.) 


Fro. 1.— Mosquito (Cnlez). A, natural size ; B, enlarged. (After Curtis.) 

female deposits her eggs in - boat-shaped masses on the 
surface of the water. The larvaj are very active, and hat'c 
a peculiar jerking mo- 
tion ; the last segment 
is furnished with a 
respiratory apparatus, 
the form of which pro- 
bably varies according 
to the species, but it 
is usually a long tube, 
the extremity of which 
can be exposed to the 
external air. Thepupm 
are also active (contrary to the condition in nfost dipterous 
pup®), and are odd-looking creatures owing to the great 
development of the thoracic region ; the respiratory ap- 
paratus is in the thorax in this state, the extremity of the 
body having two swimming-plates ; the pup® do not eat, 
but their activity is very great. 

No notice of the mosquito or gn.it would bo complete without an 
e.xpi.in.ition of the mouth-parts by which it i.s enabled to c-m-se 
sucli extreme irritation. When these part.s are clo.sed one upon 
the other the whole looks like a long proboscis ; but in reality thi.s 
consists of seven distinct slender pieces sen.imtcd to theb.i.se, viz.— 
tiio labium, two maxillre, two mandiblc.s, the lingua, and the 
labrum. The nomenclature of the mouth-parts varies with different 
authors. G. Dimmock [Analomij of the. Mouth-parts and of the 
Suddng-apparatus of some ZUptera), the latest invo.stigator of this 
complex apparatus, states that the labium has for function, for the 
most part, the protection of tlio fine .scfic which fonn (ho fnie 
piercing organ of Pulcx. In the female of CiiJex the protectne 
sheath is formed by the labium alone. When the mosqmta Ii.is 
found a place which suits it for jiicrcing- 
jdaccs on o 
lirnily upon 


-for it often tries different 


viyiitiit. «, ; ir-e, i.iunim-ctiiTi 

mandibles ; mx, maxilbi: (with tlic tip of one of them ohhrgrd), 

of the labium, for during the process of extracting the .sel.r from 
the skin, while they are slowly sinking back info the groove tm,n 
the upper side of the straightening labium, the mo-iiiiito krvt.s 
the label], T pressed firmly upon the skin. The withdraw.il of 
blood is effected by means of a pumping appiratu.s at tlie bi-^o 
of the mouth -parts. As no investigator amiears to have Wen 
able to detect a poison gland, it has been considered that the irri- 
tation caused by the bite of a mosquito was solely of mcclnnic.il 
origin ; but the extreme irritation and its duration have not cau'od 
this idea to be commonly accepted. Dimmock avow.s his Wliif 
that there is u.sc made of a poisonous saliia. In the male of 6'id« 
the mouth-parts vary considerably from tho'c of the fimale,— a 
conspicuous point of difference being that in thi.s sex the mandihhi 
arc absent, and the maxilla: arc not barbed. 

About 35 species of Cuter (mosquito or gnat) have been dc'criWd 
as inhabiting Europe, and .about 130 fiom the re.st of the world, 
but their differentiation is involved in great difficulty and uncer- 
tainty, and it is probable that the number of true sprh s may W 
very much less. A species from Cuba has received the name Cvt'z 
mosquito; but there is not one species that sjiceially de'< rrc « tl," 
name more than another from a popular (loint of vifw, nor from a 
scientific point of view is there any difference between a mo'-piito 
and a gnat. 

MOSQUITO COAST. Sec Nicabagca. 

MOSSES, or Musci, one of tlie two divisions of the 
botanical class Muscinex, which includc.s also tlic Liver- 
worts or Hepatic^. See JIusciNi:-f;. 

MOSSLET, a manufacturing town of Lanra^hirc, 
England, is situated on the London and North-Wr^t'rn 
Eailway and on the Hudder-sfiekl c.anal, luar the wv^l 1-ank 
of the Tame, which here separates Lanradiire from 
Che-shire, 3 miles north-o.ast of A.sIiton-mider-Lync. ami JO 
castrnorfh-east of Manchester. The houses arc Ow th'- 
most part built of stone. To snpcr.-=cde the old rlnirch of .‘-t 
George, erected in 1 T.’if, a new building was kgun in l_b ^ L 
A mcclmnies’ institute svns erected in 1 80?. In the s innny 
oftlic town is an eminence called U.irtflic-'id Jhkv, on r.l.ir./ 
is a lofty circular tower surmounted by .a !.p:ro r. bmit o. 
stone in l/fiS. ^fo-S-sloy 1ms rben into itnj-;r!.ii.-.< fui-' 
introduction of the cotton mawif.ariurc ab-u; 

4 fair i.s bold annually. Tie' town v. p, ■ - ’ 




the 

under the Local Government Act in L fit. th- i.i 
which its provisions e.xfcnd inrlndinj-' a!-o j-’.rt < 
worth in Yorkshire. The total poj.u!, -dK-n v.i 
lO.-'iTS, and 13,372 in 1881. 

lifOSTAE, the chief town of U 
both banks of the Xarcnl.xal^-ut -■’•'mm 
and -10 mile-s .voufh-wr=t of .‘^-ranvo (1^;-; 

the f.uhhc I- 

palace, two Greek chnrciic^, and f-rty m v ;> 
cases with Eoiimn or f’— -f-c trao rv m t 
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our skin before deciding on ouc-it ptanta its l.abell^ ^ ^ 

n the spot, and a moment later the labium is teen to be I The line Old 
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Iiigh- latitudes they are driven off by anointing the body 
with fish-oil ^ and in hot climates “ mosq^uito curtains ” are 
part of the ordinary bed-furniture. It is only the female 
that bites ; and, as it is but a very small proportion of them 
that can ever taste human blood or that of any warm-blooded 
animal, blood would not appear to be essential to their wel- 
fare. - It has been suggested that warm blood may have 
an influence on the ova, but it cannot be supposed that 
the eggs of those multitudes of individuals that never get a 
chance to taste blood are necessarily infertile j everything 
tends to prove the opposite. ° 

Of late mosquitoes have been accused of pla)dng a 
■hitherto unsuspected part in the dissemination of certain 
entozoic diseases. According to the researches of Drs 
Manson and Cobbold and others, it appears certain that 
the insects, in sucking the blood of persons who are hosts 
of the entozoon known as Filaria sanguis-hominis, take 
these parasites into their own system, and it is believed 
that they afterwards (by their death and otherwise) con- 
taminate drinking water with them, and thus convey the 
entozoa into the blood of persons previously unafiected. 

. Mosquitoes are aquatic in their early stages. The 
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remain straigM ami cn\S'X'’4b “ (ogrti.rr, 

to nearly their full lem^!, V i i •' • 'i 

body of the insect & -I *>» 

witiiclraws the setm, perhaps aiding their ivithdraival by the tnusdes 






Fio. 2.— A, larva of Culcx: B, pupa. 
(After Fackanl.) 


Pro. 1.— Ifosqufto (Citlex). A, natural size ; B, enlarged. (After Curtis.) 

female deposits her eggs in - boat-shaped masses on the 
surface of the water. The larvm are very active, and have 
a peculiar jerking mo- 
tion ; the last segment 
is furnished with a 
respiratory apparatus, 
the form of which pro- 
bably varies according 
to the species, but it 
is usually a long tube, 
the extremity of which 
can he exposed to the 
external air. Thepuptc 
are also active (contrary to the condition in nfost dipterous 
pupae), and are odd-looking creatures owing to the great 
development of the thoracic region; the respiratory ap- 
paratus is in the thorax in this state, the extremity of the 
body having two swimming-plates ; the pupae do not eat, 
but their activity is very great. 

No notice of the mosquito or gnat would bo complcto without an 
e.xplanatioh of tlio mouth-parts by which it is enabled to cimsc 
such extreme irritation, when these parts are closed one upon 
the other the whole looks like a long proboscis ; but in reality tins 
coiiststs of seven distinct slender pieces sop.amtcd to the base, w,— 
the labium, two maxillre, two mandibles, the lingua, and tlic 
labriim. The nomenclature of the mouth-parts vanes vntli difrerciit 
authors. G. Diininock {Anatomy of the. Mouth-parts and of the 
SucMwj-apparatus of some Diptera), the latest invvstigafor of Uiis 
complex .apparatus, slates that the lahium has for hmotaon for 
most part, the protection of the fine .sc(w wdneli fonii <bo Jnie 
vloTcin" orman of PiiIct. In the female of Ciiicz the protcclne 
Sicatli'is formed by the laWum alone. When the 

5 . _•* _..t '-t. I#- /Vat" tainrAinfT— -.irtr if, offt'n frits uiZi^iCiir 


Fia. 3.— Jlcnth-parts, fee., of female Cuin (sfler Dimmocl;). a, ent'nrr- 
c, clypein; A, liypopliarjaii ; Ir-t, tatnim - epiiiharjmi ; I, hlici !- r.' 
maiJtlibles ; mx, inaxill.T: (with the tip of one of llicm enttryed), ' 

of the labium, for during the process of extracting flic from 
the skin, while they are slowly sinking back into llie groove njioa 
the upper side of the straightening l.ibiiiiii, the nio^iinito kfcjn 
the labclla: pressed firmly upon the skin. The withdraw, il of 
blood is eficcted by means of a pumping ,app.anitii.s at the bi‘-.o 
of the mouth -parts. As no investigator aiijie.irs to have Won 
able to detect a poison gland, it li.as been considered th.it the irri- 
tation caused by the bite of a mosquito was solely of mcclmniMl 
origin ; but the extreme irritation and its duration have not c.au'<>tl 
thLs idea to be commonly accepted, Dimmock .avow.s his Mii f 
that tliere is use made of a poisonous saliva. In the male of C’ulez 
the mouth-parts vary considerably from those of the female,— .a 
conspicuous point of difTcrence being that in this sex the m.imlibles 
are absent, and the maxill.v arc not barbed. 

About 35 species of Cider (mosquito or gmat) have been dc'crikd 
as inhabiting Europe, and .about 130 from flic re.n of the world, 
but their ditlerentiation is involved in grc.it difliculty and uncer- 
tainty, and it is probable that the number of true sf-ccica may 1« 
very much less. A species from Cuba lias received the name OoUr 
mosquito; but there is not one species that sjieeially des< rre « tb" 
name more than another from n popular (wint of view, nor from a 
scientific point of view is there any diirorcnco between a mo-qui!<i 
and a cnat. 
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found a place which suits it for piercing— for it often In- s di^eirt 
places on onr skin before deciding on onc-it plant.s its laW m 
lirinly upon the spot, and a moment later the labium is seen to be 


